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Preface 


The first edition of this book appeared in 1923 as Synthetic Resins and Their 
Plastics. The overwhelming number of synthetic resins and synthetic plastic 
products germinating in the twelve years intervening, together with the recogni¬ 
tion of a broader knowledge of the causes and nature of resinification, have le<l 
to a change in the title of the jiresent volume to The Chemistry of Synthetic 
Resins. 

This, however, does not signify that any condensation or elimination of sections 
on plastics and plastic molding has CK*curred in the preparation of the second 
edition. On the contrary, the treatment of material on the subject has brought 
about a considerable expansion in the numljer of jiages devoted to plastic molding. 

Thus while a complete revision of the text has l3een required to provide the 
present edition, both the scientific and technical aspects of synthetic resins have, 
it is hoped, been given about equal weight. At the same time effort has been 
made to provide a complete literature survey of all sjiecies of syUtiffitic resins. 

Data, information and assistance have l>een received from so many sources that 
an impartial acknowledgment of all of the.se founts of infonnation and help is 
difficult. My thanks, therefore, are given whole-heartedly to tho.se (especially the 
members of my personal .^tnlT and of the Ellis-Foster Company) who have ren¬ 
dered assistance in one v *>' or another in the completion of thi.s exacting task, 
an undertaking the extent of which by comparison with the first edition clearly 
indicates the enormous degree of activity the pa.st years have brought in the 
realm of synthetic re.sm.s. 

Carleton Ellis 


Ellis Laboratories 
Montclair, N. J. 
1935 
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THE CHEMISTRY OF SYNTHETIC RESINS 

Chapter i 

Introduction. Definitions. Classifications 


On all sides the comment is heard that the present time constitutes the era 
of synthetic materials. The resources which nature provides now seem pitifully 
inadequate both in quantity and in quality to cope with the demands of industry 
and it is greatly to the credit of the scientist and more particularly to that of 
the chemist that the ever-increasing and varying demands of mankind can still 
be satisfied. The number ol products which can be made from more elemental 
substances seems almost incredible. Naturally it is outside the scope of this book 
to consider them all but it is hoped that the present text provides a comprehensive 
survey of one important section—that of the chemistry of synthetic resins. 

Progress in the synthetic resin industry can'be said to have taken steps in 
two directions: (1) There has been a continuous development of new types of 
resins and (2) new applications have been made of the better-known materials. 
To adapt the more or less standard resinous products to new uses has necessi¬ 
tated, in some cases at least, modifications of various kinds. 

The possible substitution of synthetic plastics for wood, metal and glass has 
received much consideration. The advantages of jilastics have been repeatedly 
emphasized and are only too obvious. Cheap resins, as well as cheap methods of 
fabrication, are essential, however, before any extensive use can be made of 
molded or laminated products as structural materials. The manufacture of large 
molded cabinets and tanks and the employment of laminated board in table and 
desk tops and in wall paneling are dependent on the relative cost of these materials 
as compared with others now in use. 

To produce a resin which promises any hope of commercial success, the 
chemist is limited to the use of relatively cheap raw materials—for example, 
phenol, urea, formaldehyde, glycerol, phthalic anhydride, acetylene, rubber and 
petroleum. For his laboratory preparation to remain other than a curiosity, it 
must have some properties superior to those of already existing products. In 
many cases the only apparatus required to make a synthetic resin is a test tube. 
f This fact perhaps in part explains the cause of existence of several thousands 
of synthetic resins which have been reported and are discussed in the following 
jiages. The huge number of recognized synthetic resins constitutes a figure which 
does not appear quite as disheartening, however, when it is realized that none of 
the known commercial synthetic resins is without a fault. There are usually one 
or more characteristics of a particular’ re.sin which preclude its application for 
some purpose to which other resins have been adapted. It is therefore evident 
that modifications of resins to improve their properties in one respect or another 
are necessary and must keep pace with the introduction of new types of resins 
of improved characteristics. Progress in the resin field, more so than in perhaps 
any other chemical industry, is largely conditioned by advances from the research 
laboratories. 

Improvements in molding-technic have advanced the art of fabrication of 
plastics to such an extent that material costs of the molding composition 
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now much more important than formerly. Among other things, perfection of 
automatic presses and mastery of the method of bobbing molds have reduced 
labor costs considerably. The introduction of injection molding methods is also 
in this direction. Cheaper molding compositions are therefore needed in order 
to keep pace with cost reduction on the mechanical side.^ 

Going back over the dozen years which have elapsed since the first edition of 
this book was published, one may enumerate the more important events in the 
field of synthetic resins as follows: 

1. The expiration pf certain patents on making and using phenol-formaldehyde 
condensation products has caused a greater diversification in the manufacture of 
these materials as well as a very substantial reduction in cost to the public. 

2. A great concentration of effort has been applied to the development and 
production of certain resins of the phenol-formaldehyde type which would dis¬ 
solve in drying oils to yield varnishes of an improved character. This effort has 
been productive of important results and having been contemporaneous with the 
rise of the nitrocellulose lacquer industry in the United States has, to a considerable 
extent, succeeded in putting a curb on the expansion of lacquers in the coating 
field. One great advantage arising in the use of lacquers was their quick-drying 
profierties (since lacquers are generally made from nitrocellulose and resins dis¬ 
solved in volatile solvents and the coating is dry as soon as the solvent has evapo¬ 
rated) . Various forms of phenol-formaldehyde resins have, therefore, been brought 
forth which not only dissolve readily in drying oils but yield a varnish basis which 
when applied to a surface dries with comparative rapidity. This feat of increasing 
drying speed has given rise to numerous terms based on the rate of drying such 
as ''2-hour'' varnishes and "4-hour" varnishes. (See Chapter 19.) 

3. The development and marvelous growth of alkyd resins, especially those 
containing a drying oil component, is another feature of the era. Alkyd resins 
are made by reaction between a polyhydric alcohol and a polybasic acid. For a 
great many years it has been known, as noted in the 1923 edition, "Synthetic Resins 
and Their Plastics," that a dibasic acid, typified by phthalic anhydride, and a poly¬ 
hydric alcohol, illustrated by glycerol, would combine to form a resin, but it 
remained for the inauguration of the lacquer industry to stimulate research on 
the preparation of resins which would be compatible with nitrocellulose and pro¬ 
duce durable lacquers. In the infancy of the lacquer industry the principal source 
of resin suitable for incorporation with nitrocellulose was dammar, the supply 
of which was limited and the quality variable because of the natural origin of 
the resin. The development of synthetic resins of the alkyd type supplied the 
lacquer industry with an adequate source of resinous material of uniform quality 
and such an abundance of compatible synthetic resin undoubtedly was in part 
instrumental in aiding the rapid expansion of this industry. A further develop¬ 
ment in the alkyd resin field is the type of resin in which a modifying agent is 
present to establish controlled resinification of the resin complex. The acids 
of drying oils were found adapted to the purpose. It is well recognized that drying 
oils lose much of their desirable siccative qualities if they are chemically changed 
or altered, yet the drying oil radical was found in the case of the alkyd resins 
still to be capable of drying. As a result these compositions, applied as coatings, 
yielded quick-drying finishes which were extremely durable even on outside ex¬ 
posure. Such compositions departed entirely from the usual lacquer formulation. 
Nitrocellulose was omitted. The drying oil alkyd resin was used alone dissolved 
in a cheap solvent instead of being mixed with nitrocellulose in a much more 
expensive solvent vehicle. Despite the profound alteration of the drying oil 

^Ct^rleUm EUia, Ind, Sfig. Chem., 1934, 26. 37. 
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glyceride molecule by resinification, the high rate of drying of this type of siccative 
resin was striking. (See Chapters 41-49.) 

4. The introduction of chlorinated rubber under the trade name of Tornesit 
has provided the coating industry with another material for making paints or 
varnishes of unusual resistance to alkali and acids. (See Chapter 55.) 

5. The recrudescence of vinyl resms also should be noted. These had been 
fairly well studied at the time the first edition of the book was pubhshed in 1923, 
but commercial development was lacking. In the intervening years, however, sev¬ 
eral large companies have undertaken the manufacture of vinyl resins and the 
output is becoming substantial. (See Chapters 51-52.) 

6. The rapid rise of urea resin molding compositions is another characterizing 
feature of the past twelve years. Beginning, in the first instance, with unproduc¬ 
tive efforts to make clear glass-like articles which would be permanent, the industry 
eventually developed in the molding field, since the absence of dark colors in 
the resin enabled attractive new shades of molded goods to be placed on the 
market. This development was stimulated by the fact that urea resins could be 
rendered thermosetting and could therefore compete with many of the phenol- 
formaldehyde products. The urea resins possess an advantage over the phenolic 
resins in that molded articles can be made which enjoy a degree of translucency 
greatly superior to that of the phenol-formaldehyde molded goods. The light- 
stable qualities of the urea resins, coupled with the abihty to make the delicate 
pastel shades which hitherto had been denied the industry by phenolic resins, 
created an unprecendented demand for the products made from urea sources. (See 
Chapters 26-32.) 

It is not intended from the foregoing to imply that the natural resins lack 
many useful properties. On the contrary, some of them, e.g., shellac, have been 
difficult to duplicate in the quality of hardness and toughness. (See Chapter 
2.) Yet there is a limit to the supply of the best qualities of natural resin. In 
consequence they are subject to adulteration and to price fluctuation. The search 
for substances to replace the natural products was instigated many years ago with 
a view to having a guaranteed quality of material at hand, thereby overcoming 
these two serious drawbacks. Correlated problems naturally arose from these 
researches, soon to assume major significance. The discovery of a class of fusible 
resins which when heated above a certain critical temperature formed infusible 
as well as insoluble resins is one such instance. Some of these products, generally 
designated as thermosetting resins, are now, as is well kitown, the basis of the 
resin-filler molding powders. 

An idea of the rapid growth of the synthetic resin industry is obtained by a 
study of Table 1 which has been compiled from various sources.® 

In discussing the subject of synthetic resins it is of course necessary to define 
a resin. One cannot rely solely on the picture presented by the thought of the 
familiar natural resins since the common synthetic resins have very little re¬ 
semblance to the natural resins. It is probable that for this reason the term 
‘‘synthetic plastic” has often been used when speaking of synthetic resins. How¬ 
ever, as is pointed out later, plastics include a much broader field. 

A resin may be defined as a solid or semi-solid, complex, amorphous mixture of 
organic substances, having no definite melting point and showing no tendency to 
crystallize. A resin is characterized by such physical properties as a typical luster 
and a conchoidal fracture rather than by any definite chemical composition.* 

«0. Wilson. Ind. Eng. Chem., 1927, 19, 917; 1933, 25, 227. J. N. Taylor, Report of Chemical Di¬ 
vision, XJ. S. Bureau of Foreign and Domestic Commerce. 1933. See also Chem, Age (London), 1929, 
20. 528; 1931, 24, 418; 1982, 26, 62. J.S.C.L, 1928, 47, 1270; 1938, 52, 662. Literarv Digest, 1932, Jan. 
2, 40. 

*It is interesting to note the derivation of the word "resin.’* The word is probably derived 
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TxBliE L —Production of Synthetic Resins in the United States.^ 
1920-1933 


Year 

Tons Produced 

Year 

Tons Produced 

1920. 

.. . . 2000 

1927. . 

. 7,500 

1921 . 

... 800 

1928 . 

10,000 

1922...... .. 

3000 

1929 

16,600 

1923. 

3500 

1930. 

. 16,600 

1924... 

6000 

1931. ... 

17,600 

1926.. 

. . . 6000 

1932. 

.... 16,600 

1926. 

. 6000 

1933. 

22,600 


• The figures for 1920-1926 are for phenol resins only. Those for 1927-1931 are for resins of coal-tar 
origin only. About 60-65 per cent of the fatter can be considered phenolic The 1932 production is distributed 
as follows: Coal-tar origin, 14,500 tons; Non-coal-tar origin, 1000 tons. The production for 1933 was divided 
thus: Phenol, 12,500 tons; Phenol-cresol, 3250 tons: Alk^d 5000; Urea or thiourea. 1600; All others, 150 tons. 
For purposes of comparison 6500 tons of pyroxylin plastics were produced in 1933. 

The term '^resin*^ was originally applied to the natural resins which occur in 
certain plant secretions.* The naturally occurring resins are for the most part light- 
colored vitreous substances, perfectly hard or at most only slightly sticky at 
ordinary temperatures, but capable of softening or melting when heated. They 
are insoluble in water but can be made to dissolve in certain organic solvents." 

A synthetic resin is merely, as the name implies, a resin formed by synthesis, 
using non-resinous organic materials as reactants. Synthetic resins do not neces¬ 
sarily possess the same properties as the natural resins. It is for this reason that 
the term ^'synthetic resin” is preferred to ‘^artificial resin.” An artificial resin 
would be one made to imitate a natural resin in it^ properties whereas a synthetic 
resin can possess properties which are entirely its own. The term “synthetic balsam” 
has come into use to designate the synthetic resins which are of the nature of 
VISCOUS syrups, analogous to the naturally-occurring oleoresins and balsams. Thus 
the field of synthetic resins covers a group of organic materials ranging from viscous 
liquids to hard, infusible amorphous solids. 

In the broadest sense the various bitumens, tars and pitches must be included 
as resins. It is of course difficult to define specifically the words “bitumen,” “tar,” 
“pitch,” etc., since in common usage the terms are somewhat interchangeable. This 
is only natural because these substances are very similar in chemical and physical 
characteristics. 

The international definition for bituynen^ decided upon in 1928 states that it 
is a generic term for the “mixtures of natural and pyrogenous hydrocarbons and 
of their non-metallic derivatives, which may be either gaseous, liquid, viscous or 
solid, but must be completely soluble in carbon disulphide.” In popular usage 
only the solid or viscous-liquid bitumens have been included in the definition. 
The solid or semi-solid bitumens containing only a small proportion of volatile 
constituents are now called asphaltic bitumens? Asphalt is defined as a natural or 
mechanical mixture of solid or viscous bitumens with inert mineral matter.® 

from the Latm word rasvs and the Greek word rhasts. The Latin rasts means “a kind of rough pow¬ 
dered pitch used to mix with wine,” thus denoting one of the early uses of natural resins. The Greek 
rhaiM is a gradation variant of rhetxne. The letter combinations re and rh^ are from a word 
meaning “to flow.” This can be .seen m the prefix rheo and the word Btream. “Universal Dictionary 
of the English Language,” £. P. Dutton and Co., New York, 1932. 

♦A notable exception is shellac, which is exuded by an insect rather than by a plant. See 
Chapter 2. 

® Natural resins are often called "gums” or "gum resins” by the varnish maker. They are not true 
gums, however. The true gums are also excreted from plants but they are water-soluble, or at least 
form gels in water, and are insoluble in alcohol. Gum arabic and gum tragacanth are examples of 
true gums. 

•W. J. A. Butterfield, J.S.C.L, 1928, 47, 294T. 

An account of the various uses of solid and semi-aolid bitumens is given by T. Temme, Anphalt 
u. Taer, 1934. 10. 167; J, /rwt. Pet. Tech., 1934, 20. 432A. 

®F. J. Nellensteyn (/. Inst. Petroleim Tech., 1924, 10, 320; 1928. 14, 134) concludes that asphalt 
contains elementary car^n in colloidal form aa its essential constituent. 
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Tors are the viscous liquids obtained in the destructive distillation of organic 
substances (e.g., wood tar, coal tar). Their composition is of course dependent 
upon the initial materials and the temperature of distillation. Pitch is the black 
or dark brown, solid or semi-solid residue obtained bv the partial evaporation or 
fractional distillation of a tar.® 

Synthetic resins are often referred to as plastics, thus denoting that one of 
their uses is as molding material. Plastics of course include all substances capable 
of being worked and molded (e.g., clay, plaster, cement, putty, metals). Naturally 
such a broad field is not to be covered in this book. Such organic plastics as 
nitrocellulose, cellulose acetate and casein are likewise outside the scope of syn¬ 
thetic resins. It may be argued that these substances are resins according to the 



Courtesy Bakelite Corp. 

Fig. 1. —Compounding Polystyrene with Coloring Agents. 

definition given, but at the same time they are not truly synthetic resins but are 
modified natural products.’® 

The term ''plastic’' is applied to anything which possesses plasticity; that is, 
anything which can be deformed under mechanical stress without losing its 
coherence and is able to keep the new form given it.’^ It is often stated that the 
term "plastics” as applied to the molded articles on the market is a misnomer 
since such rigid materials are anything but plastic. The term is applied in the 
industry to those materials (i.e., cellulose nitrate, cellulose acetate, casein, syn¬ 
thetic resins) which are in a plastic state during some part of their manufac¬ 
ture.’® It is obvious that materials which are plastic at ordinary temperatures 

• See D. M. Wilson, J.S.C.I., 1924, 3, 924. H. Abraham, Ind. Eng. Chem., 1913, 5, ll. J. Le Braa 
Olaces et verves, 1934, 538, 4; Chem. Abs., 1934, 28, 6991. 

'^Some exception is made to this rulmg, however, and such materials as modified natural lesins 
(Obapters 87-39) and modified rubber (Chapters 54-55) are discussed in this book. 

Plastioi^ is discussed more fully in Chapter 8. 

“See J. Obrist, Kclloid-Z., 1928, 45. 82; Chem. Abs., 1928, 22, 4208. C. Stark, Qummi-Ztg., 1981. 
45. 1242; Chem^. Abs., 1981, 25, 3778. W. J. Jenkins, J.S.C.I., 1933, 52, 241. H. C. Parker, J.S.C.I., 
1938, 52, May 19, 818. 
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will not form useful molded articles. Hence substances are used which are either 
thermoplastic or thermosetting." 

A thermoplastic substance is one which is adequately rigid at normal tempera¬ 
tures and under ordinary conditions of stress but is capable of deformation under 
heat and pressure. This property is permanent in a thermoplastic substance; that 
is, the process of deformation under these.conditions can be repeated. In contrast 
to this is the term 'Thermosetting^' or "thermohardening." A thermosetting 
substance is one which possesses initially the properties of a thermoplastic but 
which under the influence of heat undergoes chemical change so that it is no 
longer thermoplastic but is permanently infusible. In the case of synthetic resins 
there are two types of thermosetting materials. The quick-thermosetting resins 
(e.g., phenol-aldehyde and urea-aldehyde) undergo rapid chemical change to an 
infusible form during the molding process. The slow-thermosettmg resins re¬ 
quire considerable time for conversion to an infusible condition. 

It is of course obvious that the quick-thermosetting type of resin is always 
sought for in molding operations since the process is speeded up considerably in 
this case. In molding a thennoplastic material it is necessary to cool the mold 
every time in order to avoid distorting the finished article, but in the use of a 
thermosetting material the molded piece can be removed without any preliminary 
cooling. The speed with which the molding can be done depends greatly on the 
time taken for the hardening operation. 

Classification op Resins 

The various methods of classification of synthetic resins fall into three groups: 
by physical characteristics, by chemical characteristics and by initial reacting 
materials. The last-named method is the one employed in the present work. A 
jierusal of the table of contents shows that the general order of starting materials 
IS as follows: hydrocarbons, phenols, aldehydes, ketones, amines, natural resin 
acids, polyhydric alcohols and polybasic acids, vinyl compounds, rubber, sulphur 
and fatty oils. This sort of classification is necessary because of the large number 
of resins reported and because most persons are familiar with resins from such 
standpoint. 

In the classification adopted by Kienle" synthetic resins are grouped according 
to their behavior after the initial condensation. There are three mam divisions: 

1. Heat-convertible resins. Those which become infusible by the action 
of heat. Included in this group are the glycerol-polybasic acid resins, acetylene 
derivatives, polyolefin resins and the phenol-aldehyde resins. 

2. Heat-nonconvertible resins. Those which remain thermoplastic. Ex¬ 
amples are the glycol-poly basic acid resins, vinyl resins and certain of the phenol- 
aldehydes (acid type). 

3. Element-convertible resins. Those which become infusible through the 
action of certain elements such as oxygen or sulphur. This group includes the 
glycerol-polybasic acid-drying oil resins" and olefin-sulphur resins. 

Synthetic resins may also be classified as: 

A. Monomeric 

E.g., phenolphthalein, aroclors. 

“The term “resin” is restricted by some to thermoplastic resins, and the word “resinoid” is used 
to designate the heat-hardening resins. Sec H. L. Bender, H. F. Wakefield and H. A. Hoffman, Chem. 
Review*, 1934, 15, 128; Chem. Ab*., 1984, 28. 7042. 

“ R. H. Kienle, Ind. Eng. Chem., 1980, 22. 690. also Chapters 4 and 41. 

“ See Chapter 44. 



1. INTRODUCTION, DEFINITIONS, CLASSIFICATIONS 


15 


B. Polymeric 

1. Linear macromoleciiles 

E.g., vinyl resins, polystyrene, polyindene, novolacks and heat-noncon- 
vertible alkyds. 

2. Tridimensional macromolecules 

E.g., heat-convertible alkyds, phenol-aldehyde resins, urea-aldehyde 
resins and the drying oil alkyds. 

Another method of classification is that used by Carothers.'* Polymers are 
divided into two classes: 

1. Addition or A polymers. In this class the molecular formula of the 
monomer is identical with that of the structural unit. Included here are poly¬ 
olefins, polyoxymethylenes, polystyrene and unsaturated hydrocarbons. 

2. Condensation or C polymers. In this type the molecular formula of the 
monomer differs from that of the structural unit. Examples are polybasic acid- 
polyhydric alcohol esters, phenol-aldehydes, urea-aldehydes, etc. 

The importance of the field of synthetic resins is indicated by the large number 
of articles which have appeared on the subject. The appended list includes a great 
many of the general reviews already published. 

Aladin, Kunatstoffe, 1927, 17, 278; Chem. Abs., 1928, 22, 3307. 

I. Allen, Jr., V. E. Meharg and J. H. Schmidt, Ind, Eng. Chem., 1934, 26, 663. 

L. H. Baekeland, Ind. Eng. Chem., 1935, 27, 538. 

W. Baer, Chem.-tech. Rundschau, 1929, 44, 208; Chem. Abs, 1929, 23, 3587. 

A. Bahls, Gelatine, Leim, Klebstoffe, 1934, 2, 11; Chem. Abs., 1934, 28, 6578. 

E. Balani, Kunststofje, 1932, 22, 30; Chem. Abs., 1932, 26, 2332. 

G. Barsky, Plastic Products, 1933, 9, 402. 

H. L, Bender, Chimie et Industrie, 1933, 30, 525; Chem. Abs, 1934, 28, 1877; Alex¬ 
ander’s “Colloid Chemistry,” IV, 351, Chemical Catalog Co., New York, 1932. 

H. L. Bender, H. F. Wakefield and H. A, Hoffman, Chem. Remews, 19^4, 15, 123; 
Chem Abs. 1934 28 7042. 

E. A. Bevan and F. J. Siddle, J. Oil Col. Chem. Assoc., 1932, 15, 177; Bnt. Chem. 
Abs,, B, 1932, 851. 

K. Bittner, Farben-Ztg, 1933, 38, 962; Chem. Abs., 1933, 27, 3626. 

K. Brandenburger, Kunststoffe, 1934, 24, 168; Chem. Abs., 1934, 28, 6001. 
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Chapter 2 

Need for Synthetic Resins and Types Desired 

As was pointed out in Chapter 1, the principal motive in creating synthetic 
, resins is not to imitate the natural products but to improve on them. As wonder- 
/ ful and useful as the natural resins are there is not one that is entirely perfect and 
all of them have faults which should be eliminated. Then too, the day must be 
faced when the supply of natural resins will be exhausted; and even before that, 
the time when the best specimens are gone and only inferior grades remain.^ 

In the development of many fields in which synthetic materials are to replace 
natural ones the first step is to imitate the natural product, but later the trend 
is toward the creation of substances never before encountered. Witness, for in¬ 
stance, the dye industry which has grown to enormous proportions The first 
accomplishment was the actual synthesis of the naturally occurring product and 
later the imitation of natural colors. Finally with increasing discoveries entirely 
new dyes were produced which were far superior to anything to be found in nature. 
In the case of synthetic resins the same trend is not only possible but has actually 
taken place. The search is now for resins having properties not possessed by any 
material in existence. In spite of all the resinous products mentioned in this 
j work, very few have many desirable properties and not one is perfect. 

‘ A large use for natural resins has been in protective and decorative coatings, 
i.e., varnishes and lacquers. Of course there have been numerous other uses in- 
eluding the forming of molded articles, adhesives and fabric-impregnating mate- 
I rials. In the case of shellac, more than half of the amount produced is employed 
I in moldings, principally for phonograph records. As has just been stated, how- 
‘ ever, the natural resins have been used mainly in varnishes. There are two prin¬ 
cipal types of varnishes, oil varnishes and spirit varnishes. The latter type, the 
spirit varnish, is merely a solution of a resin in a volatile solvent. Drying in this 
case involves the evaporation of the solvent, leaving the resin as a film on the 
surface to which the varnish has been applied. In a drying-oil varnish the oil 
and the resin together give the desired film. The oil itself on drying would supply 
a tough elastic film which however lacks sufficient ha^^dness and gloss. The resin, 
on the other hand, when used alone may lack toughness and elasticity, but it im¬ 
parts to the varnish film the necessary hardness and gloss and frequently improves 
atmospheric resistance. 

The fossil resins at first glance appear almost perfect for varnishes because 
of their hardness and high gloss, but the disadvantage arises from the fact that 
they are insoluble in drying oils, owing to their high degree of polymerization. 

' According to A. J. Qibson (/.S.C./., 1983. 52, (May 19), 88) the annual world-production of 
natural resins is approximately 760,000 tons. This is distribute roughly as follows: Hosin, 800,000; 
Copal, 38,000; Shellac, 32,000; Dammar, 11,000; Kauri, 6000; Accroides, 1200. 

Among the various books dealing with natural resins may be mentioned: R. S. Morrell, '‘Varnishes 
'Hind Their CJomponents,*’ D. Van Nostrand, New York, 1923. H. Wolff, "Die nattirlichen Harse," 
Wiss^schaftKche Verlags-G.m.b.H., Stuttgart, 1928. H. Hadert, "Tropisohe Lackrohstoffe," O. Eisner 
V^rlags-G.m.b.H., Berlin, 1932. T. H. Barry, "Natural Varnish Resins," £. Benn, London, 1932. 
A. Tschirch and S. Qtock, "Die Harse," GebrUder Bomtraeger, Berlin, 1933. 
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The resins must first be subjected to a melting process, known to the trade as 
running,in order to render them soluble in drying oils. The result of the 
running is a depolymerization and a partial decomposition into oily constituents, 
causing a small, though not serious, loss of hardness. The difficulties encountered 
in using oil varnishes are evident. The work of “running’^ the varnish resin, add¬ 
ing driers and thinners, maturing and filtering could all be eliminated if a resin 
could be found which needed merely to be dissolved in appropriate solvents and 
applied to surfaces to form durable films.* Another difficulty found in the use 
of oil varnishes is the long time required for the drying of the film. This is of 
course eliminated in the spirit varnish or lacquer. In this case the characteristics 
of the film depend on the resin or cellulose compound used. Thus far, how- ' 
ever, few substances have been found which possess luster and hardness and 
at the same time are tough and elastic. 

Hence the work on new coating compositions is toward more rapidly dry¬ 
ing varnishes which give tough lasting films. This work can be carried out 
along at least two different paths. 

(1) Incorporate a drying element within the synthetic-resin molecule. This 

has already been tried with remarkable results in the drying oil-polyhydric alco- 
hol-polybasic acid resins. (See Chapter 44.) ♦ 

(2) Synthesize a resin soluble in a cheap solvent which on evaporation leaves 
a hard, tough enduring film. 

It may well be said that as yet the coating industry has not found the perfect 
resin. For coating compositions the ideal resin must not only possess the sum 
total of all desirable physical properties demanded of a film-forming material, 
but must also present economic advantages in its production and in its use. The 
cost of the resin is not the entire consideration. More important is the cost of 
the final film; that is, solvents are of prime importance. 

Accordingly, the present trend of the coating industry is towards the de¬ 
velopment of a resinous substance of suitable properties, the one requisite of 
which is that it must be soluble in cheap solvents. Moreover, the resin should 
not retain the solvent in a tenacious way. On the application of a coating solution, 
the solvent should evaporate freely, at least to the degree where the film becomes 
dry and hard. 

Other properties wished for in the resin, or properties which should be obtained 
through admixture with other materials, are that it must be of proper color and 
it must give films of proper gloss and adhesion. The melting point must be high 
enough so that no softening occurs under ordinary rise of temperature. The 
flexibility must be such that no cracking takes place at low temperatures, the 
film remaining free from brittleness. The film must be hard enough to wear 
well and resist abrasion. It must be waterproof, heat-resistant, noninflammable, 
and light-stable. It should resist alkalies, acids and other reagents, and should 
satisfactorily combat corrosion. Change to an insoluble form shortly after appli¬ 
cation also is desirable. The film should undergo little or no progressive change 
on aging such as is encountered with ordinary drying oil paints where continued 
oxidation occurs with consequent .volume changes and chalking. All these quali¬ 
ties may be comprised in the condition that the resin must produce films which 
are light-colored, tough and durable. 

In addition to a search for the perfect resin more study must be made on 
the causes of defects produced in varnish films, sometimes through no fault of 
the resin itself but through the wrong method of application, the wrong choice 

•See Carleton Ellis, Ind, Eng, Chem., 1938, 25. 125. 
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of solvents or mistakes in preparing the surface to be coated. Gardner* has 
classed the causes of opacity in films into 3 groups. 

1. The action of actinic rays. This may lead either to a chemical decomposi¬ 
tion or to physical changes resulting in a lowering of the elasticity or a decrease in 
hardness. 

2. The production of heterogeneity in a film during drying through the pre¬ 
cipitation of solid matter. This difficulty arises principally from differences in 
the rates of evaporation of solvents. When mixtures of solvents are used the 
more rapid evaporation of one solvent may cause the solid matter to precipitate 
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Fig. 2.—storage Tank for Phenolic Resin Used in High-gloss Varnishes. 

in the remaining liquid. Also, the rapid evaporation of a solvent may cause 
cooling, resulting in the condensation of moisture on the film and a subsequent 
clouding effect. 

3. Adsorption of liquids into the pores of a dry film. If the liquid adsorbed 
possesses nearly the same refractive index as the film a translucent film will be 
produced. If the refractive index varies widely from that of the film, opacity 
results. It should be noted however that the mere whitening of a film does not 
prove that the protective power has been lost. 

A study on the tackiness of films from resin solutions has been made by 
Wolff.* It was concluded that tackiness vis caused by the formation of colloidal 

* W. H. Gardner, Ind. Eng. Chem., 1031, 23, 1402. 

«H. Wolff, Farben-Ztg., 1020, 25. 008; 1022, 27, 2080;C/iam. Aba., 1020, 14, 2002; 1022, 16, 2010. 
H. Wolff and 0. Dorn, ibid., 1022, 28, 31; Chem. Abe., 1023, 17, 210. 
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gels consisting of resin and residual solvent. To overcome this difficulty Wolff 
suggested either: 

(1) The use of as large a proportion as possible of a single solvent in which 
the resin is very soluble; 

(2) The incorporation of an additional solvent of suitable evaporation rate to 
slacken the fractional evaporation of solvents; or, 

(3) The selection of such a combination of solvents that the least volatile is 
the best solvent. 

Another problem in the study of solvents for varnishes and lacquers is to 
find those which will give the proper viscosity to the hquid being applied and 
at the same time will dissolve enough film-forming material so that only the 
minimum number of coatings will be necessaryThe cost of the solvents must 
be kept in mind, also, as was stressed previously. It might be mentioned that 
the odor and toxicity of solvents must be considered when the coating composi¬ 
tions are to be used on a small scale.® In large-scale operations, however, such 
properties are of minor importance if the solvents are cheap enough, since suitable 
means can be provided for eliminating dangerous or objectionable odors (e.g., 
conveniently placed vents for withdrawing the vapors). 

The advent of cellulose lacquers and then the development of new synthetic 
resins (particularly the alkyd resins, Chapters 41-49) have been the cause of 
considerable rivalry in the coating field. As was mentioned before, the oil 
varnishes in most cases give desirable coatings but possess the disadvantages of 
slow drying and of poor weather-resistance. Consequently the perfection of low- 
viscosity nitrocellulose and cellulose acetate solutions was welcomed because it 
meant that quick-drying, moisture-resistant films were available. The lack of 
proper adhesion and flexibility in the early cellulose ester coatings as well as poori 
resistance to light hindered the full development of their use and paved the way 
for synthetic resins which would yield rapid-drying solutions and at the samef 
time give films with the proper gloss, durability, adhesion and weather-resistance.*^ 
Advantages which have been pointed out* for the synthetic resin solutions include 
fast drying, excellent appearance, high hiding power, good adhesion, great re¬ 
sistance to light and to weather conditions and ease of application. The covering 
power, adhesion and resistance to light are qualities which make these finishes 
superior to the cellulosic lacquers. 

Although one object in the manufacture of synthetic resins has been to replace 
or improve upon natural resins in coating compositions, another and undoubtedly 
greater development has been the making of plastic materials. The advantages 
of plastics have been emphasized repeatedly and are only too obvious. A plastic ‘ 
material has far greater adaptability than wood, metal or glass for the forming ofj 
articles of furniture, structural material and the like, provided that sufficient 

® See Carleton EIIis, Ind Eng. Chem., 1933, 25, 125. D B. Keyes, ibid, 1925, 17, 558. 

•See V. E. Yarsley, Synth, and Applied Finishes, 1933, 3, 80, 127, 172, 1933 , 4, 21 

For general articles oh coatings involving synthetic resins see Carleton Ellis, Ind. Eng Chem., 

1933, 25, 125. M Bottler. Kunststoffe, 1927, 17. 149; Chem Abs, 1927, 21, 3137 H Chase. Synth, 

and Applied Finishes, 1933 . 4, 11 B S. Covell. Plastic Products, 1933 , 9, 56. 137. P. H. Faucett, 
Paint, Oil, Chem. Rev., 1934, 96 (12), 22; Chem. Abs. 1934 , 28, 5260. C. E. Fawkes, Paint, Oil, Chem. 
Rev., 1931, 91 (23), 13: Chem. Abs., 1931, 25, 3853. E. Fonrobert, Farben-Ztg., 1934, 29, 548; Chem. 
Abs., 1934 , 28, 5690; Verfkroniek, 1934 , 7. 333; Brit. Chem. Abs B, 1935, 161. A. Foulon, Farhe u. 
Lack, 1933, 358, 380, 390; Chem. Abs., 1933, 27, 5558. H A. Gardner, Circ., V. S Point Mfrs. Assoc, 
1926, 261, 275; Chem Abs, 1926, 20, 2756. G Genin, Rev gen. mat. plastiques, 1932, 8, 195; Chem. 
Abs., 1932, 26, 4485. J. Geschelin, Automotive Ind, 1931, 65. 950; Chem. Abs, 1932 . 26, 3390. L. A. 
Jordan, Synth, and Applied Finishes, 1933, 4, 163. E. C. B. Kiraopp, Am. Paint 1932, 16 (27), 54f; 
^28) 54f; Chem. Abs., 1932, 26, 3123. H. H. Morgan, Times Trade and Eng. Suppl., 1931, 28. (664), 
10; Chem. Abs, 1931 25, 2862; J. Oil, Col. Chem. Assoc., 1932, 15, 106; Bnt, Chem Abs. B, 1932, 
562. H. G. Rains, OH, Col. Trades J., 1933. 83, 583; Chem. Abs., 1983, 27, 4940 A. F. Suter, ibid., 

1984, 85, 606. M. G. Verhev. Verfkroniek, 1980, 3 (1), 13; Chem Abs., 1930, 24, 3660. S. Werthan, 

Paint, Varnish Prod. Mgr., 1931. 6 (4), 10; Chem. Abs., 1932, 26, 2068. A short review of the history 
pf paints and varnishes in Amenoa is given hv G B. Heckel, /. Chem. Ed., 1934. 11. 487. 

•*‘J. G.,*' Peintiires, pigments, vemis, 1984, 11, 203. 
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strength can be imparted to it and, more important, that the material can be 
produced cheaply enough. 

In order to form a perfect molding material a synthetic resin must meet 
a number of requirements. The most fundamental of these is that the resin 
can be easily molded or cast. Of course its melting point or softening point 
must be sufficiently high so that the molded article will keep its shape under 
the conditions in which it is used. A desirable quality in this connection is that 
the material will become infusible during the molding operation. This is ex¬ 
hibited notably in the urea-formaldehyde and phenol-formaldehyde resins. 

Not only must the material mold easily but in the molding operation the 
resin should not stick in the mold since this involves loss of time and material. 
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Fig. 3. —Molding a Phenol-formaldehyde Resin. Molds Are Made of Lead. 


The molded article should be capable of reproducing the high polish of the mold 
so that very little work is necessary on the finished article before it is ready 
for marketing. It should be noted here that if the resin has any chemical action 
on the metal of the mold, staining will result and as a consequence the finished 
article will be poorly made. 

Not only should molded articles show a high polish but they should possess 

attractive colors. There is a great demand for light colors in synthetic resins 

because of the beauty which can thereby be imparted to molded articles. Hence 
the investigator in synthetic resins attempts to produce colorless or light-colored 
refeins.* This does not mean, however, that new dark-colored resins will be 
valueless, since they may possess other properties which outweigh the disad¬ 
vantage of the dark colqr. For insta-nce, if the resin is thermosetting, it can be 
used in moldings in which the primary requirement is strengtli and hardness, 
and color is of minor significance. 

;The electrical resistance and dielectrib strength of synthetic resins is of im- 

•For a review on light-colored resins see C. W. Rivise, Ptastics, 1W9, 5, 189, 211, 254 , 266, 317; 

Chem. Abe., 1929, 23, 6600. 
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portance since the great development in the use of electrical apparatus and appli¬ 
ances of all kinds has created demands for an insulating material which can be 
formed into almost any shape conceivable and at the same time possess sufficient 
mechanical strength to make its use feasible.^ 

The chemical inertness of a synthetic resin has a great deal to do with its 
commercial success. It should at least not become stained or spotted by hot 
or cold water and should resist the action of mild acids and alkalies. In addition 
it should be immune to the action of some of the common organic solvents. It 
may seem paradoxical to expect a synthetic resin to dissolve in cheap organic 
solvents to form a varnish and at the same time expect a finished surface or 
a molded article of the resin to resist the action of these same solvents. What 
is meant is that the resin should be initially soluble in these solvents to form the 
varnish and at the same time should be capable of conversion into an insoluble 
form either by baking or by mere exposure to the oxygen of the air. Chemical in¬ 
ertness, fire-resistance and absence of odor help very much in promoting the 
use of synthetic resins in place of other materials. 

Most important of all is the cost of a synthetic resin. Before any extensive 
replacement of wood or metal by molded or laminated products can be brought 
about, it is necessary to reduce production and fabrication costs to a minimum. 
This is of course accomplished by continued efforts to reduce the costs of raw 
materials and to improve the methods of resin manufacture and molding. 

In discussing the properties desired in a synthetic resin it is well to present 
the characteristics of a few of the natural resins which have been found quite 
satisfactory, though not entirely perfect. Among the natural resins shellac pos¬ 
sesses a good number of qualities desired in a synthetic resin. Shellac stands I 
out from the other natural resins both in its origin and in its properties.*^' 
Whereas the other natural resins are strictly of vegetable origin, shellac occurs i 
as a secretion from multitudes of lac insects feeding on certain types of hardwood 
or semi-hardwood trees. The resin is obtained principally from India, and m ^ 
small quantities from Indo-China and Siam. For the most part shellac is culti¬ 
vated; that is, the insects are placed on trees selected for the purpose. The 
insects suck sap from the host tree and exude resinous matter in which they 
become imbedded. Most of the resin is secreted by female insects since they 
outnumber the male of the species. The invsects undergo two or three life-cycles 
a year, a new brood being produced during the process of resin-formation, and 
the parent insects dying in the secreted resin. 

The shellac is harvested by breaking off the small branches incrusted with 
resin and then subjecting them to a crushing and winnowing operation to remove 
wood and bark. The material remaining, known as sticklac, consists of about 
80 per cent resin contaminated with woody matter, wax and water-soluble con¬ 
stituents, principally a red dye, albumin and secreted sugars. The sticklac is 
broken into small pieces and washed to remove water-soluble material and 
woody particles. The cleaned resin, dried to about 2 per cent moisture, is known 
as seed-lac, in which form a great deal is exported. 

In the process of making flaked shellac the,material is subjected to what 
is essentially a filtering or straining operation to remove most of the dirt. The 

H. Chase, Plastici and Molded Producti, 1902, 8, 183. W. D. Owen and A. M. Thomas, 
/. Oil, Col, Chem. Aseoc., 1931, 14, 290; Bnt. Chem. Abe. B, 1931, 1104. E. A. Bevan, E. N. Straf¬ 
ford and E. E. Walker, Tram, Jn$t. Rubber Indu$trv, 1931, 6, 384; Chem, Abe,, 1931, 25, 4722; JJS.C.L, 
1931, SO, 134. With reference to insulating-varnishes see H. C. P. Weber, Ind, Eng, Chem., 1925, 17, 
n and C. O. Harvey, /.S.C.7., 1925, 45, 233. 

^ For general reviews on the preparation and uses of shellac see W. H. Gardner, Ind. Eng, Chem,, 
1988, 25, 550. B. H. Knight, The Chemitt, 1984, 11, 155. 1. Mellan, Chem. Jnduetriee, 1984, 35, 815. 
A. F. Suter, Brit. PUutiee, 1980, 2, 77. 
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seed-lac is placed in a long, narrow fabric bag and heated over an open-hearth 
charcoal fre. The ends of the bag are twisted so that the lac is extruded through 
the cloth“ and drops onto a smooth hearth in irregular shapes which can later 
be worked into thin sheets, and, when cold, broken into flakes to form the ordi¬ 
nary shellac of commerce “ The principal uses for shellac have been in spirit 
varnishes, adhesives, fabric impregnation and moldings/* 

For use in coatings, shellac has proved to be practically the best natural spirit- 
soluble resin. It forms films which are peculiarly tough and elastic and very 
resistant to abrasion. These properties can be demonstrated by attempting to 
grind a few flakes of orange shellac in a mortar. Not only is it difficult to reduce 
the flakes to a powder, but also the elasticity of the flakes causes them to fly 
out of the mortar. One disadvantage encountered with shellac films, however, 
is that they become stained and spotted by water and gradually lose their luster.’" 
This has not been a serious drawback because the effect is not entirely permanent 
and because the hardness and toughness and quick-drying qualities of shellac 
varnishes far outweigh this slight fault.'® The tough quality of shellac is a prop¬ 
erty to be sought for in synthetic resins intended for coatings.''^ 

The thermoplastic character of shellac led to its extensive use in molding, 
principally in the production of insulating materials'® and phonograph records.'® 
The fact that it has a low coefficient of expansion enables shellac to be used for 
objects which must follow faithfully the intricate details of a mold. The low melt¬ 
ing point of shellac is one drawback associated with its use, since moldings exposed 
to warm temperatures are apt to become distorted. 

It is true that shellac polymerizes to an infusible product under the influence 
of heat*® but the process is so slow that the heat-setting of the resin is not prac- 

“The residue remaining m the cloth bag is known as “Kin " The resm contained in this by¬ 
product has been used m cheap molduigs. S Ranganathan and R. W. Aldis, Bnt. Plantics, 1934, 

6, 148. 

“ The estimated yearly production of shellac is 32,000 tons. A. J. Gibson, J. S C 1., 1933, 52, 
(May 19), 88. Of this the United States consumes 40, Great Britain 25 and all other countries 36 
per cent. The distribution of uses is said to be: Phonograph records, 40 per cent. Varnishes and 
Electrical Insulation, 40 per cent; Hat- and Fabric-Stiffenmg, 10 per cent, Sealing Wax, Pyrotechnicvs, 
etc., 10 per cent. 

The chemical composition of shellac is considered in Chapter 50 For a method of determining 
insoluble matter, wax and ash in shellac see O. M. Olsen, Ind Eng. Chem , Anal, Ed , 1932, 4, 47. See 
also W. H. Gardner, Chem. Met.. Eng , 1933, 40, 144. The solubility of shellac in various organic sol¬ 
vents is discussed by W. H Gardner and W. F. Whitmore, Ind. Eng Chem , 1929, 21, 226. W H. 
Gardner and H. J. Harris, Ind. Eng. Chem., Anal. Ed., 1934 , 6, 400. See also M. Rangaswami and M, 
Venugopalan, Indian Lac. Rea. Bull., 1928, 1; 1929, 2; Chem Abs ^ 1929, 23. 5050; 1930, 24, 3660. 
Compatibility of shellac varnishes with nitrocellulose has been studied by W. H Gardner and B. 
Gross, Ind. Eng. Chem., 1935, 27, 168 

“See M. Venugopalan and M. Rangaswami, Ind. Eng. Chem., 1930, 22, 9U. W. H. Gardner, 
ibid., 1931, 23, 1402. Accordmg to J W. Paisley (tbtd., 1932 , 24, 163), the addition of up to 10 
per cent of tricresyl phosphate to shellac increases the moisture-rtsistance See, however, Hutter, 
Farbe u. Lack, 1932, 547, 656; Chem Aha., 1933, 27, 624. M Rangaswami and R. W. Aldis, Indian 
Lac. Rea. Inat. Rea. Note, 1933, 9; Chem. Aba., 1934, 28, 2202 

“ It has been found that increased water-resistance, hardness and flexibility are imparted to 
shellac films by a baking operation in which the temperature rises from 60® to 140®C in 1.5-2 hours. 
These properties are likewise improved by the addition of sulphur or sulphur chloride to the shellac 
varnish. See M. Rangaswami and R. W. Aldis, Indian Lac. Res Inat , Res Note, 1933 , 4; 
Brit. Chem. Aba., B, 1933, 316. M, Venugopalan, ibid., 1938, 10, 12; Bnt Chem Aba., B, 1934, 370. 
R. W. Aldis, ibid., 1934, 18; Chem. Aba, 1935, 29, 946. Water-resistance is improved also by in¬ 
corporating 2-3 per cent of urea or thiourea. M. Venugopalan, S. Ranganathan and R. W. Aldis, 
Synth, and Applied Finiahea, 1934 , 5, 161, 

The possibility of applying shellac coatings by electrodeposition from alkali carbonate solutions 
is discussed by N. Narasimhamurty and M. Sreenivasaya, Ind. Eng, Chem., 1934, 26, 882. 

“See W. H Nuttall, J.SC.I., 1928, 47. 1867, 

“For a general discussion on materials and methods in the manufacture of phonograph records 
see H. C Bryson, Bnt. Plastica, 1931, 3. 10^, 160 , 223, 259; 1932, 4, 48, 206; J.S.C.I., 1933 , 52, 495. 
See also R. Jones, Brit. Plaatiea, 1982, 3, 88t. 

•®See, for instance, Swiss P. 95,239, 1923, to Mantle Lamp Co. of America; Kunatat., 1938, 13, 
3a. See also A. F. Suter, Brit. Plaatiea, 1930, 2, 77 and W. Nagel and E. Baumann, Wtss. Verdffent- 
lich, Siemena Komem, 1932, 11, 99; Chem. Aba., 1933, 27, 866; Bnt. Plaatiea, 1932, 4, 250. Consid¬ 
erable study has been made on rendering polymerised shellac soluble. See R. W. Aldis, Indian Lac. 
Rea. Inat. Rea. Note, 1988, 7, 11; Chem. Aba., 1938, 27, 3092; Brit. Chem. Aba. B, 1934, 370. 
M. Venugopalan and R. W. Aldis, ibtd., 1084. 17; Chem. Aba., 1935, 29, 946. M. Rangaswami and 
R. W. Aldis, Indian Lae. Rea. Inat. Bull., 1934, 19; Chem. Aba., 1935, 29, 946. 
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ticable in good molding technic Therefore, in making molded articles from 
shellac and fillers the mixture is treated as a thermoplastic rather than a thermo¬ 
setting rnaterial.” It is quite evident why the search is continually being made 
for plastic materials which will harden very rapidly when subjected to the pressures 
and temperatures used in molding.^ 

In addition to shellac, another natural product exhibits many desirable proj^- 
erties which should be possessed by synthetic resins. This is the material knpwn 
as Japanese lac, which occurs as the sap m the Oriental tree, Rhm vernidferal* 
The coating produced by this material is noteworthy for its hardness, luster and 
durablllcy. In the opinion of Morgan* the type of resin towards which investi- 



Courteay Catalin Corp. 

Fig. 4.—Removing Finished Product from Lead Molds Shown in Fig. 3. 


gators should strive is a product of this nature which preferably could be applied 
in the liquid condition at ordinary temperature without the use of a volatile 
solvent.* 

Another method of approach in the development of new resins is to modify * 
natural resins so that they will be more adequately suited for the uses intended for j 

S. Ranganathan and R W. Alclis (Indian Lac. Rea. Jnat,, Res Note, 1933, 14; Bnt Chem / 
Ahs. B, 1933 , 719) state that conversion of shellac to a tough mass requires 8 minutes at 220®C. and ( 
127 minutes at 120®C., increase in pressure delaying the reaction Urea, hexamethylenetetramine and/ 
mineral and polycarboxylic acids (eg., hydrochloric, oxalic) accelerate the change By preheating 
shellac at llO^C. before molding, the heat-stability of finished specimens is said lo be improved. 

S. Ranganathan and R. W. Aldis, xbid , 1933, 13; Chem. Abs., 1934 , 28 , 3918. 

Methods of molding shellac are described m Chapter 68. 

Ordinary shellac contains 76-80 per cent of ether-insoluble resin, termed “pure lac resin." It 
IS stated that this resin has a quicker rate of thermohardening and greater water-resistance than 
ordinary shellac. L. C Verman and R, Bhattacharya, Tech. Paper, London Shellac Res. Bur., 1934, 

1. L. C. Verman, J.8C.I., 1935 , 54. 86T. 

**See K. Miyama, J Coll. Eng. Imp. University, Tokyo, 1908, 4, 89, 201; J S.C.I , 1908 . 27 , 456; 
1909, 28 , 318. H. Pudor, Z. offentl. Chem, 1910, 16, 315, J.S.C.I.. 1910, 29, 1119 Anon., Bhill. Imp. 
Inst., 1910, 8 , 32; J.S C.I., 1910, 29, 639. 

*®H. H. Morgan, Appl. Chem Reports, Soc Chem. Ind , 1921, 6, 346. 

For investigations on the constitution of Japanese lacquer see R Majima and S Cho, Ber, 1907, 

40, 4390. R. Majima and J. Tahara, Ber., 1915, 48 , 1606. R. Majima and G. Takayama, Ber., 1920, 

53. 1907. R. Majima, Ber., 1909, 42, 1418; 1922, 55, 172, 191; /. Tokyo Chem. Soc., 1919, 40. 91; 
Chem. Abs., 1919, 13, 28M. 
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them. Thus has come about the production of ester gum and chlorinated rubber.^ 
These can be considered '^semi-synthetic resins'' since they do not exactly fit into 
the class of synthetic resins nor are they truly natural materials since their prop¬ 
erties have b^n modified. 

Because of its acid nature, and consequent lack of resistance to moisture, rosin 
was once a greatly despised member of the natural-resin group. Reduction of 
of the acidity through esterification with glycerol to form ester gum helped a good 
deal in promoting the use of rosin in varnishes. A greater move was the dis¬ 
covery that excellent varnishes are formed from rosin and tung oil. Although 
the fossil resins were not entirely compatible with tung oil, rosin was found 
to have exceptional merit in this respect. In addition rosin prevents the gela- 
tinization of tung oil at the temperatures used in preparing varnish. At the 
same time the tung oil gives sufficient waterproofness to the varnish, so that the 
two raw materials are mutually beneficial.** Ester gum is likewise compatible 
with tung oil, giving even better results. Consequently the modification of a 
once-despised natural resin has placed it in the ranks of the most useful resins. 

The chapters which follow present a great number of attempts to produce 
synthetic materials to meet the demand for new and better coatings and improved 
molded articles. It should be borne in mind that relatively few of these have 
been really successful and that as a consequence the search still continues both 
for resins with improved qualities and for new uses for those resins already 
developed. As the public becomes more and more "synthetic-resin conscious" the 
number of resins and the diversity of their uses increase. 

Modified rosin and other resins are treated in Chapters 87-39. Chlorinated rubber is discussed 
in Chapter 85. 

»R. L. Houck, Paint, OU, Chem. Rev., 1928, 86, (21), 10; Chem. Abs, 1929, 21, 5336, has sug¬ 
gested there may be a reaction between the acid resin and the tung oil to form mixed esters so that the 
varnish film in this case may be regarded as a synthetic resm. 



Chapter 3 
The Resinous State 


The nature of solids and liquids is perplexing and complicated save in idealized 
cases. Between the solid and the liquid there are a number of transitions which 
are of a puzzling character. A great number of names has been used to distinguish 
these intermediary states. They have been called gels, glasses and also vitreous, ) 
plastic, colloidal, mesomorphic and amorphous states. By considering matter as 
being divided into two classes,^ it is possible to avoid some of the ambiguity. 

In the crystalline state, matter is arranged in a definite order according to the^ 
laws of lattice stnicture. In the amorxdiQUs state, matter is in complete disorder. 

When a solid material is dissolved in a volatile solvent and the solvent allowed 
to evaporate, three very distinct phenomena may take place: (1) the solvent 
on evaporating deposits crystals; (2) the solid may precipitate as an amorphous 
mass; or (3) no solid separates but the solution becomes more viscous, yielding the 
solid as a vitreous or glassy mass. In the first instance there is such a directing 
force between the molecules that at the point of crystallization the molecules become 
arranged in a lattice structure and solidification takes place rapidly. In the forma- , 
tion of amorphous materials, however, the attraction forces do not necessarily dis¬ 
appear but no one force predominates and no regular lattice can be formed. 

The formation of a glassy mass can be observed not only when a solid is dis¬ 
solved in a liquid but also in the case of a pure substance. If a pure molten 
compound is cooled below its melting point, the melt begins to crystallize at one 
or at several points. At a certain temperature, i.e., a few degrees below the 
melting point, it is almost impossible to prevent the tendency to crystallization. 

If one quickly passes through this range of temperature, the tendency toward 
crystallization vanishes and the melt becomes viscous and solidifies to a glass.* 

Normally the glassy state is associated with transparent silicate glass, but an 
obvious extension is to such a material as vitreous arsenious oxide. The general 
physical characteristics of a glass are, however, shown by many brittle synthetic 
resins, and indeed lines of demarcation are exceedingly ill-defined. 

The case of dextrose can serve as an illustration of a typical non-siliceous 
glass. Crystalline dextrose, when heated at 160®C. for 10-15 minutes and cooled 
to the ordinary temperature at a pressure of 4 atmospheres in nitrogen, forms 
a clear colorless material, which softens at 40® and forms a thick viscous liquid 
at 60®. The refractive index-temperature curve shows a change in slope over ’ 
the interval 20-30®, i.e., at below the softening point.* Other glassy materials 
of a similar nature (e.g., from glycerol-glucose, propylene glycol-glycerol-glucose) 
have been prepared.* Reference may be made in this connection to the remark¬ 
able adhesive properties of overheated glycollic acid. By heating glycollic acid 


^ This classification is due to M. Polanyi, Umschou, 1980, 34, 1001; Chem, Abs., 19SJ, 25, 1182. 
* For appUoation of this phenomena to mineral oils to account for variation of meltine points 
accompanying the change of state, see P. Woog, B. Qanster and F. Coulon, Compt, rend., 1981, 193, 
fifiO; Chem. Ah$., 1982, 26, 1424. 

•G. S. Parks, H. M. Huffmaim and R, F. Cattoir, /, Phy. Chem.. 1928, 32, 1880. 

*Q. 8. Parks, S. B. Thomas and W. A. Bilkey, /. Phjf. Chem., 1980, 34, 2028; Chem. Aht., 1980, 
24. 8210. 
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gradually to 150°C. and maintaining the temperature at this point for several 
hours and cooling a hard compact product is formed with excellent properties 
as an adhesive. This material may well be a glass.'’ Fused sucrose octa-acetate 
is found also to have a glassy or resinous character, and its use as an ingredient 
of anhydrous adhesives, as a gum substitute of lacquers and as a plasticizer 
has been suggested.® 

Berger‘S considers the formation of a glass from the liquid state as continuous 
process, taking place through the viscous (supercooled) state to the brittle state. 
Accordingly a break occurs in the property-temperature curve at the transition 
from the supercooled to the vitreous state. Brittle glass is, according to this 
conception, not merely a supercooled liquid, but represents a definite state of 
matter. According to a theory of the vitreous state developed by Rosenhain® 
glass is considered as an assemblage of atoms in which certain molecular groupings 
may occur. Even in irregular assemblages of atoms, there are tendencies toward 
some aggregation even though most of the linkage bonds are unsatisfied. A 
small portion of the interatomic linkages is operative and the latent heat of 
fusion (representing the energy stored m unsaturated bonds) is largely retained 
in cooling and setting. This accounts for the low absorption of heat during 
melting and the little or unnoticeable evolution of heat on cooling which is a 
characteristic property of glasses. There is an intermediate stage between the 
elastic solid and the viscous liquid in which the rupture of bonds may occur 
for a time after the application of stress but with a storage of sufficient energy 
to arrest any further rupture Morey,** on the other hand, on the basis of x-rav 
])atterns considers that the distinguishing feature of the gla^^^’ state is a random, 
non-repeating atomic network 

Zachanasen*'* maintains that the atoms in glass are linked together bv forces 
which are essentially that kind which exist in crystals. The mechanical ])ro])- 
erties of glass are directly comparable to those of crystals, in fact, the strength 
of glass may excel that of the corresponding crystalline form. Tn glass, however, 
the atoms oscillate around definite equilibrium positions over large ranges of 
temperature and even though one may consider a three-dimensional network 
in glasses as in crystals, the network is not periodical and symmetrical. The ar¬ 
rangement can not be entirely one of randomness, however, inasmuch as the in- 
terniiclear distances do not sink below a given minimum value. The principal 
difference between the network in a crystal and that of glass is the symmetry 
and periodicity in the first instance and the absence of these properties in the 
latter. Each unit cell in a crystal must contain an integral number of stoichio¬ 
metric molecules because all the unit cells are alike. In glass, however, the unit 
cell IS infinitely larger. As in crystals the transparency of glasses can be explained 
on the basis of an extended network. 

Very few of the known oxides readily produce a glass. Whereas silicon dioxide 
and boron trioxide form glasses, attempts with titanium oxide and aluminum 
oxide have not been so successful. Goldschmidt” has tried to correlate the ability 
to form glass with the value of the radius ratio Ra/Ro for the oxides A„,On. The 
radius ratio of the oxides which have been prepared in the vitreous form is about 

•'■'Report of Adhe^iives Research Committee; Chem. Age (London), 1932 , 27, 167. 

® C. J. Cox and J. Metsohl, Ind Eng, Chem. News Ed., 1932, 10, 149. 

E Berger, J Amer Cernm Soc , 1M2, 15, 647; Chem Abs , 1933 , 27 , 821. 

^W. Rosenham, J. Soc Cfla»s Tech, 1027, 11. 77; Chem. Abe., 1928, 22, 1833. See P. Mondain- 
Monval, Ann. chim., 1935. (11) 3, 5; Chem. Abs., 1935, 29, 2042. 

*G. W. Morey, J. Amer. Ceram. Soc , 1934, 17, 315; Brit. Chem. Aba B, 1935, 148. 

i»>W. H. Zachariasen. J.A.C.S., 1932, 54, 3841. 

V. M Goldschmidt, “Geochemische Vertedungsgeaetxe der Elemente VIII,” Vid. Akad Skr , Oslo, 
1926, rS), 137. 
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0 2-0.4. Thi.s arningiement corresponds to the tetrahedral arrangement of oxygen 
atoms around the atom A. Zachariasen derives a formula for the gross chemical 
composition of a glass to be A^BnO where B represents the cations, A represents 
other cations, m and n give the number of cations A and B i)er oxygen atom. It 
is concluded that a glass will have the most advantageous properties if n has a 
value of about 0.5. Cations A must carry a small charge and have a large radius. 
Hagg,'^ however, believes that large and irregular groups exist in melts. In the 
inorganic glasses the formation of these groups is due to the possibility of coordi¬ 
nating oxvgen atoms in a definite way. If the numVier of available oxygen atoms 
IS less than necessary for -the formation of polyhedral groups with the required 
coiirdination, the polyhedra are linked together sharing oxygen atoms. The re¬ 
sulting groups delay crystallization and thus cause the formation of glass.^‘ 

rannnann,'* to whom much of our knowledge of glas.ses and supercooled 
IkiukIs is due, has described an experiment which illustrates a similarity between 
a resin and a glass. The height of rebound of a steel ball from a rosin surface 
at temjieratures l^etween 20-70'T' was mea.sured. An almost constant rebound 
was ol)ser\ed between 20-50°, and then there was a shar]) decrease to no rebound 
at. 70° Somewhere in tins tem]>erature range rosin lost its brittleness, just as a 
glass does, though it showed no sign of softening^'' In this respect rosin be¬ 
haved as a typical glass The hardne.ss of the surface of glass, as measured by 
the jiressure needed to caii.se initial rupture of the .surface, dinnni.shes continuously 
over the .'softening range, but this diminution commences liefore softening sets 
in. The hardness vanishes at the lowest lemiierature at which threads can be 
drawn from the gla.ss’" 

The kmetics of the transformation of the sujiercooled melt to the crystalline 
pha.se has been studied esjieciallv by Tammann'^ Tn a supercooled liquid, the 
molecules do not tend rapidl\ to assume their jiositions in the space lattice of 
the crystal fiecause crystallization would .set m immediately below the melting 
point. 'Only a small ])ortion of the molecules are jirojx'rly onented and the.se 
serve as nuclei or cr>stallization centers from which hirther cr\stallization takes 
place. Tn sujiercooled melts, lho.se molecules po.s.vessing a low enough kinetic 
energy wall stick together to form a minute cr\stal which act> ms a nucleus At, 
lowTr temperatures, liowtHcr, the production ol nuclei becomes le.ss favorable be¬ 
cause of the decrease m molecular motion and the mcrea.se in Mscosity. Roth of 
these factors are unfavorable for the formation of nuclei. 

There is considerable experimental evidence to indicate that one of the factors 
influencing crystallization is the treatment of the liquid previous to cooling. 
Othmer"* observed a diminution in the tendencx to crystallize with increa.sed pre¬ 
heating of the liquid. No simple explanation can be offered to explain this be¬ 
havior. Certain solutions can not be made to crystallize except by inoculating. 
Supersaturated solutions of sugar and tartaric acid remain stable.'® On careful 
filtration through glass wool, supercooled melts of salol, thvmol, benzophenone, 

^2 0. HiiRK, /. Chem. Physics, 1935 , 3, 42; Chnn Abs , 1935 , 29. 1302 

For a consideration of ftla.‘<.‘«e.s as a fourth .state of mutter, see F. Beiger, Z. tcrii Phi^tk, 1931, 
12, 344; Chem. Aba., 1931, 25, 5068 Also O Koerncr njid H SalrnanR, Z. nunry. Chem 1931, 199, 
235;Bn^ Chem Abs A, 1931. 220 and Glashutte, 1932, 62, 852; Chem Abs, 1933, 27, 821. H .Sahnang, 
NatxMrwissenachaft, 1933. 21, 391; Chem Aba., 1933. 27, 4975. O. Koerner, H. Salmang and W Lerch, 
Sprechaaal, 1932, 65, 925; Chem Abs, 1933, 27. 4975 
G. Tammann, Glaatech Ber, 1930, 7, 445. 

See P P. Kobeko and I. G. Nebdov, Physik. Z Sowjet union, 1933 , 4, 516, 680 , 69.5, 703; Chem 
1934 , 28, 1234, 1235, for electrical conductivity and dielectric constants of substances in Uie soften¬ 
ing interval, 

G. Tammann and R. Klein, Z. anoro. Chem., 1930, 192, 161; Brit. Chem Abs , A, 1930, 1358. 

G. Tammann, “Knstallisieren und ScliinelKen,” Leipzig, 1903. 

Othmer, Z. nnorg. Chem., 1915. 91, 209; Chem. Aba., 1915, 9. 1866, 

A. Schweitzer, Rec. trav. chim., 19M, 52, 678; Brit. Chem. Abs. A, 1933, 897. 
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o> and m-cresol, acetophenone and guaiacol have no tendency toward spontaneous 
crystallization* 

Although crystallization centers can not exist in a melt at temperatures above 
the melting point," Richards* has suggested that the crystal form may persist 
above the melting point provided an adsorbent is present for which the heat of 
binding of the crystalline adsorbate is greater than the liquid adsorbate. 

Haber* differentiated two distinct processes in the formation of the nuclei: 
one, the rate of aggregation and second, the rate of arrangement. The rate 
of aggregation corresponds to the coagulation velocity whereas the rate of arrange¬ 
ment is related to the formation of nuclei and of crystallization proper. The 
disparity between the rate of aggregation and that of arrangement determines 
whether the particle precipitates as crystalline or amorphous. When the rate of 
aggregation is large and that of arrangement is small, the particle will appear as 
amorphous, which may become crystalline after a long time. On the other hand, 
when the rate of arrangement is also large, no amorphous mass will be formed. 

Von Weimarn* has developed an elaborate theory to account for crystallization 
and the supercooled state. Crystals may be divided into three classes: first are 
those crystals in which not any one of the three dimensions shows a marked 
development over the other two. These are termed ^'neutral” crystals. In the 
second class are those- crystals in which one dimension is less developed than 
the other two. The third class takes in those crystals with one dimension highly 
developed; an example of this last class is to be found in the fibrous crystals. 

In solution there exists around each crystal a vectorial field or vectorial atmos¬ 
phere which prevents the crystals from approaching one another and which 
allows parallel orientation. Due to differences in concentration there will be 
diffusion currents but these again will be vectorial: Crystallization can therefore 
be looked upon as a vectorial polymerization.^' 

From a very extensive investigation on the form of precipitates, von Weimarn 
sums up his results in the following equations: 

p 

AT-Xf 


where 


N is the number of crystallization centers, 
A is a factor involving viscosity, 

P is the degree of supersaturation and 
L is the solubility. 


If K and P are small and L relatively large then the value for N will be aniall. The 
resulting precipitate will be in the form of a small number of large crystals. If K 
and P are large and L small, then N will be large and the precipitate will be in the 
form of a large number of very small crystals. Under these conditions the whole mass 
sets to a gel. In other words, when the solutions are very dilute, the solid separates 
as a crystalline form. At low concentration, the velocity with which nuclei are formed 
is very small and the crystals grow slowly in this weakly supersaturated solution. In 
concentrated solutions, however, jellies are formed inasmuch as at high concentration 
the rate of the formation of nuclei is very great and these nuclei form a felt-work 
without crystallization.* Low solubility and high molecular • weight are properties 


•*J. Meyrr and W. Pfaff, Z. anorg, aVgem. Chem., tW4, 217, 257; Chem. Ahf., 1034, 28, 4653. 

G. Tammann and H. E. von Gronow, Z, onorg. Cham., 1981, 200, 57. 

«T. W. Richard?*, 1932, 54, 479. 

» Haber, 5cr., 1922, 55. 1717. ....... 

P. P. von Weimarn, “Theory of the OoHoidel State of Matter” in .T. Alexander, Collojd Chemistrv, ’ 
New York, Chmn. Co.. 19M, I, W. “Rtihber-like and Liquid-ciy*4aJline States,” ibid., 1981, III, 
90.^ See also P. P. von Weimarn and T. Hagiwara, KoUoidchem, Beihefie, 1927, 28, 400; Chem. Ah^., 
lOaftr. 21, 3293. 

• P. P. von Weimarn has shown that one can obtain any anhydrous salt^ in a gelatinous form bv 
precipitating under conditions where the supersativation Is wiormous. By mixing concentrated solutions 
of manganous sulphate and barium sulphocyanafe a gelatinous preeipitaie of barium sulphate comes 
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which are associated with gels. Conditions which bring about supersaturation, such as 
rapid cooling or slow mixing, also favor gelation. 

In crystals of ultramicroscopic size, the vectorial fields will be liquid and the 
whole aggregate will appear either liquid or semi-liquid. At no time, however, 
does crystallinity cease to exist and crystals can be macro-, micro- or ultramicro¬ 
crystalline. The amorphous state arises more through the limits of microscopic 
resolution than through any differences in structure. 

Moreover when crystals become sufficiently disaggregated mechanically, mate¬ 
rials are obtained which, though solid, can not be distinguished from liquids. A 
supercooled melt, therefore, is considered to be identical with that produced 
mechanically. 


Plasticity 

Plasticity as well as viscosity both imply the meaning to flow but it is gen¬ 
erally conceded that soft solids do not behave in the same manner as viscous 
liquids. Because of the overlapping of solids and hq\iids, differences in interpreta¬ 
tion arise and no one definition can satisfactorily account for all of the conflicting 
phenomena. One of the most satisfactory definitions is as follows: plasticity 
is the susceptibility to and the retention of deformation." In contrast, a brittle 
body under mechanical stress loses its coherence. An elastic body, on the other 
hand, though easily deformed, readily assumes its original shape. 

Several factors are involved, however, in the susceptibility to deformation. 
Both wax and sealing wax are brittle if the pressure is applied rapidly; they can 
be considered^ plastic if the rate of deformation is slow. Glass under the same 
conditions can be considered as plastic at ordinary temperatures. Under high 
temperatures, it behaves as a deformable liquid which retains its shape by rapid 
cooling. Spring*^ reported that under sufficiently high pressures, solids behaved 
like mobile liquids; this apparent fluidity only occurs when there is a shearing 
force together with pressure.® 

Part of the anomaly in plasticity can be avoided by the use of the classification 
of Polanyi,® namely, that there are two forms of matter, crystalline and amor¬ 
phous. In the ordered state are included metals and salts whereas in the amor¬ 
phous state are such substances as glass, varnishes and the like. These substances 
differ markedly with respect to plasticity. When amorphous materials change 
their form, the molecules change places. Increasing the temperature causes an 
increase in the mobility of the molecules. The plasticity of amorphous sub¬ 
stances, therefore, is greatly dependent on temperature. In crystalline substances, 
the plasticity even at high temperature (that is, below the melting point) changes 
but very little due to the fact that the molecules are bound and can not change 
places." 

Metals, however, do have a plasticity; this can be shown in the case of poly¬ 
crystalline metals which can be forced through an orifice under pressure.” The 
plasticity depends upon the movements of the molecules over one another.” 

Athermal plasticity arises in unicrystals (zinc and cadmium). They possess 

down temporarily. Concentrated solutions of calcium chloride and ammonium carbonate yield gelatinous 
calcium carbonate. See “Grundsilge der Diapersoid Chemie,” 1914. 
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a low elongation limit which at low temperatures becomes independent of loading 
velocity and temperature. It appears, therefore, that at absolute zero, deforma¬ 
tion would occur under conditions not markedly different from that of room 
temperature.® In the thermally plastic substances (glass, pitch and shellac) wher 
plasticity depends on heat motion, one would expect that at absolute zero th 
plasticity would disappear.®^ 

Another type of plasticity occurs in which two phases enter, one the soliu 
and the other liquid. Apart from such factors as fineness, softness, laminatej 
structure and roughness of surface, one must consider the viscous layer between 
the particles and the surface reaction between the liquid and the solid phases.' 
This type of plasticity has been termed ^^colloidar’ because the most important 
factor appears to be the development of an active surface.® Substances which 
are wetted by a suitable liquid (which will not dissolve the particle) will fon 
plastic masses provided the material is sufficiently divided. Silica, tungstic o\u 
and red phosphorus will give good plastics with water alone. Other oxide 
(titanium, zirconium and thorium) gave no plasticity with water; with a stror , 
acid solution in place of the water the plasticity improved markedly. A suffi¬ 
ciently great thickness ol the* liquid layer is important for obtaining strong 
plasticity 

There is another phenomenon closely related to both the particle size and 
to loose packing and this is known as '^thixotropyA material is considered 
thixotropic which when at rest becomes solid but which liquefies again on agita¬ 
tion. This process of solidification and liquefaction can be repeated as ol’tf 
as desired. The phenomenon requires a sufficient thickness of liquid la>ers be¬ 
tween the particles and also demands some sort of attractive forces between the 
solid particles. These same forces influence the consistency of plastic mas^e^. 
Freundlich and Juliusherger® emphasize that plasticity and thixotropy exist when 
packing is not too close, where there is a large volume of sedimentation and when 
no Osborne Reynold phenomenon enters.® 

The importance of the particle shape m plastic masses was pointed out by 
Le Chatelier.*® When the particles are of a decidedly non-sphencal shape, they 
display characteristic streaks on stirring showing a persistent layering effect. Con¬ 
centrated suspensions of quartz powder stirred in water reveal streaks of Mlky 
luster 

Wiener^® as a result, of theoretical investigations showed that any substance 
which was intrinsically lamellar in structure would in sufficiently small layers 
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show the phenomenon of double refraction, the “rod double-refraction.” A case 
of this type was early found in fibrous alumina.'*' Ambronn" investigated the 
$ simultaneous double refraction by rods and the specific double refraction. Rods 
'^if celloidin (nitrocellulose) and cellulose, when examined, showetl that the celloidin 
.^ad a negative sign whereas cellulose was positive. This ap^ieared to Ambronn 
:o be a confirmation of Niigeli’s'*’' theory of crystalline micellae.'® 

[ Particle size as well as shape likewise has a definite bearing. To form plastic 
inasses there seems to be a distinct optimum in size which varies from 
When the particle is too small, even the influence of the non-sphencal shajie, so 
necessary for cohesion, falls off rapidly. The smaller particles, moreover, have a 
stronger Brownian movement and this movement tends to make the mass less firm. 
I The particle size cannot be too large. The maximum diameter appears to be 
^ the neighborhood of Particles when too large become more closely packed 

t thereby decreasing the amount of liquid between the layers, as well as decreasing 
{he area of the interfacial surface. Both of these iactors are detrimental to 
\ ?)lasticity. 

The effect of mechanical treatment, and especially that of the fineness of dis¬ 
persion, on plastic properties is of prime importance in the case of certain syn¬ 
thetic resins, just as it is m the case of clays and similar systems. Manfred and 
Obrist'® have discussed this phase of the problem for plastics made from casein. 
Casein itself is not inherently plastic.*’® When pulverized or finely* ground casein is 
mixed with 15-45 parts of water, an immediate swelling of the casein jiarticles 
'fets in. The subsequent plastification is carried out either entirely l'>y mechanical 
ineans, or by a combination of mechanical and chemical treatment. In the first 
case extrusion machines arc used, resembling those employed in the rubber in¬ 
dustry. The casein jiarticles are gradually compressed; uiuler these conditions 
.their mutual interference and friction causes considerable disaggregation. When 
ithis change has proceeded to its full extent, the particles pass into a zone heated 
to 80-85°C., where they become welded together, forming a more or less homo¬ 
geneous product. 

On this basis, the process of forming a plastic material consists first of all 
t in a disintegration of pre-existing aggregates. The re-aggregation to form a plastic 
substance occurs between rod-hke particles, which set into chains. If the dis¬ 
aggregation IS carried to a stage at which the rod-hke jiarticles themselves are 
broken down, the chain structures do not form so readily. The elastic properties 
of artificial and natural jilastics, therefore, depend more on their condition of 
orientation, which is determined by the plasticizing treatment they receive prior 
to hardening or setting, than upon the initial chemical condensation.®' This theory 
has been called the “principle of conformation by assemblage. 

Against such an extreme view there is much to be said. One very important 
- fact which must not be overlooked is that resins, either natural or synthetic, are 
“not composed of a single entity, but usually of several types of molecules. It 
may, indeed, be necessary for this condition to be fulfilled if a resin is to form. 
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In addition to this, specific chemical effects do undoubtedly enter into resin forma¬ 
tion, though in a number of well-known instances it is the long rod-like mole¬ 
cules which form resins. 

Measurement of/Plasticity. Bingham” defined plasticity in terms of two 
independent factors. Under a small shearing stress, the solid would permanently 
hold its shape. Under a larger shearing stress, the solid could readily be deformed, 
worked or molded. In the case of a viscous fluid, a linear relation exists between 
the volume of flow and the rate of shearing stress. Plastic solids behave differ¬ 
ently in that a definite amount of the shearing force is used up in overcoming 
the internal friction of the material. When the rate of stress is just equal to 
the yield value, that is, the point at which the plastic solid responds to the shearing 
stress, then the material is said to have reached its elastic limit. Increase in the 
stress beyond the elastic limit results in plastic flow. 

Karrer” has suggested the following quantitative definition of plasticity: 

a substance has unit plasticity which deforms a definite amount under some stand¬ 
ard conditions when a force of 1 kg. per sq. cm. acts on it for 1 second, and the whole 
of this deformation is permanently retained. The name “pla” was suggested for the 
unit which could be measured m a plastometer. A sample of the substance to be 
measured is cut in the form of a small cylinder 1 cm. long and 1 cm. in diameter 
and is placed between two jaws of the same diameter as the sample; the upper jaw 
being movable in a vertical direction. A spring is then released, which causes the 
upper jaw to move down, imparting to the sample a deformation which depends upon 
its softness. 

The amount of deformation is recorded on a dial. The pressure is released after a 
definite time (e.g., 1 second), and the amount of recovery in, say, 5 seconds, is also 
recorded automatically. The plasticity is then defined by 


where C is a constant, D is the deformation retained (expressed as a percentage of the 
initial length) and F is the deforming force. F, therefore, is a function of the hardness 
of the material, whereas D is governed by the permanent set. 

Karrer has also dev^eloped expressions for the retentivity of the material and 
for its softness, some typical relative values can be seen in Table 2. 


Table 2. —Plasticity of Certain Maierials.^ 


Material 

Temp. 

Softness 

Retentivity 

Plasticity 

Chewing gum 

Unmasticated. 

... 20° C. 

0.342 

0 722 

243 

Masticated 15 times. 

20* 

0 284 

0 843 

2410 

Masticated 30 times ... 

.... 20° 

0.256 

0 814 

2070 

Beeswax. 

.... 20° 

0.0545 

0 25 

13.6 

Asphalt. 

.... 20° 

0.0211 

0 20 

4.22 

Cast steel. 

.... 20° 

0.0000121 

0 0278 

0.00034 

Crude rubber. 

.... 30° 

1.16 

0.0748 

8.73 

Smoked sheet. 

.... 100° 

1.66 

0.0346 

50.7 

Unmasticated. 

.... 140° 

2.02 

0.0692 

139.9 


• E. Karrer, Ind. Eng. Chetn., 1929, 21, 770. 

These figures give a general idea of the differences which arise in materials, all 
of which have some claim to be considered as plastic. Definition of temperature 
will also be necessary in defining plasticity, since for a great number of synthetic 
resins there is a large temperature coefficient. 

Williaimson” has pointed out that many dispersions do not exhibit a real yield 

**E. C. Bingham, ''Fluidity and Plasticity," McOraw-Hill, N. Y., 1922, 216 ff. See also J. Alexander, 
"Colloid Chemistry," I, 720. 
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value and cannot be molded, yet their flowing properties resemble in some re¬ 
spects those of ideal plastics. Such dispersions are called pseudo-plastics, de 
VVaele®* gives as examples of this type of system cellulose nitrate sols, gelating 
gelatin sols and some liquid-liquid emulsions. True plastic systems resemble those 
which are pseudo-plastic, at a rate of shear which is above a certain critical 
value. The rigidity component manifests itself at low values of shear, but 
disappears progressively as the rate of shear is increased. The difference between 
the two states, then, appears to depend fundamentally on the lower rigidity of 
the pseudo-plastic state. 

Bingham and Green®^ have shown that paints do not flow in accordance with 
the law of viscous flow but show certain properties of plastic flow. This failure 
of yield value and mobility constants in the equation of flow, Williamson, Patter¬ 
son and Hunt“ took as a measure of the brushing and flowing properties of paints. 
The method was based upon the manner in which the apparent fluidity varies 
with shear at low rates of shear in a modified Stormer^viscosimeter. McMillen,” 
however, showed that this instrument does not allow accurate measurement of 
apparent fluidity in leveling, due to friction. The method was, in effect, one of 
extrapolation. 

A paint or an enamel is plastic in the sense that a certain amount of force 
is necessary to change its shape. The necessary force is termed yield value. One 
substance which lowers the yield value and at the same time increases the dis¬ 
persion of pigments is bodied linseed oil. McMillen*® points out that paint at a 
shearing stress below its yield value must be considered a gel; above the yield 
value, it must likewise be considered a sol. Upon the removal of the higher shear¬ 
ing stress, the sol reverts to the gel condition. In this sense, therefore, paints 
exhibit thixotropic phenomena. 

Oil paints, which are essentially suspensions of pigments in a non-volatile 
liquid medium, must not remain fluid too long while being brushed else they 
will flow due to the action of gravity and all leveling power would be lost. 
Reasonably quick solidification is necessary apart from the other physical and 
chemical effects of drying. This initial solidification is due to thixotropy. If 
the solidification is too rapid, brush marks will remain due to the fact that sur¬ 
face tension forces have been arrested. 

An oil color varnish represents a very complex colloidal system in which a 
large number of colloids are simultaneously present. It ordinarily consists of 
oils, resins, thinners, driers and pigments, each of which can be considered colloidal. 
The changes which take place on drying either by oxidation or polymerization 
likewise give rise to colloidal material. Moreover, in such a system the colloids 
may be of the irreversible and of the reversible types. The latter may in a sense 
function as a protective colloid. In the making of a varnish, the resins must 
be first heated in order to break down the complex molecule into more sim¬ 
ple components in order that they can be dispersed. If the resins are in¬ 
sufficiently heated before they are dispersed, some of the particles may be thrown 
out of solution. Oils are then added together with driers and thinners. On aging, 
certain components are precipitated leaving the varnish which is thus rendered 
less viscous but of easier working properties. Upon loss of the solvent, a 

“A. de Waele. /. Rheolouv* 1920. 1. 139; Chem. Ab$„ 1930, 24. 2023. 
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resin^ike layer obtained, a layer which behaves like a gel in one sense and not 
unlike glass in another.” 

Wolff** has discussed the colloidal chemistry problems of varnish making. 
When lead resinate is dissolved in linseed oil at 150°C. to increase the rate of dry¬ 
ing, a precipitate may form slowly or not at all owing to the mucilaginous mate¬ 
rial in the oil. The presence of a protective colloid was deduced by Schlick** who 
found that Prussian blue settled rapidly when ground with benzene. When 
the color was ground in with a small amount of linseed oil and then diluted with 
benzene, a clear blue solution was obtained which jiassed unchanged through 
filter paper. On filtering through a collodion ultrafiltcr, a colorless solution 
resulted. 

Microscopic observations on drying color varnish films invariably show the 
development of a distinctly cellular structure, usually within 2-10 minutes after 
application of the varnish. Bar tell and Van Loo®^ consider such development to be 
a vortex-ring action produced and maintained by volatilization of the solvent 
which causes a localized decline m temperature and change in density of the 
film. The action ceases when most of the volatile constituents have escaped and 
the rigidity of the remaining film has increased. The ideal varnish, they believe, 
should possess enough fluidity after loss of the volatile thinner to permit suffi¬ 
cient flow to eliminate all evidence of the cellular structure and to effect even 
distribution of the pigment. Various defects observed in color varnish films 
are explained by them®" on the basis of this vortex-nng action. Pitting arises 
from high interfacial tensions between the varnish and the applied surface, 
from the repulsion of the varnish from nuclei (precipitated from the oil body) 
with the same electrical charge, and from the vortex action which may leave 
the centers of the cells as open pores in the films. Seeding is due to the accumu¬ 
lation of the pigment on immiscible solids suspended in the oil, to insufficient 
wetting of the pigment by the oil body, and to vortex action which piles up the 
denser or larger particles at the centers or corners of the cells. Silting results 
from the regular alignment of cells m the varnish film coupled with the same 
vortex action which causes seeding. Surface dulling is caused by the interference 
of light from the uneven-celled surface of the film, the accumulation of the pig¬ 
ment or other immiscible phase at the air interface, and the addition of water 
to the mixed varnishes. 


Colloidal Phenomena 


It has been noted that in an amorphous substance a gradual transformation 
occurs between the solid and the liquid states. At a certain temperature, there¬ 
fore, the forces between certain molecules will have been overcome whereas other 
molecules will still cohere to the solid mass. The result is a mixture of ^‘liquid'^ 
and “solid” particles and may be considered an “isocolloid,” in other words there 
are freely moving molecules present near fixed ones. Moreover, if under the in¬ 
fluence of heat molecules of a liquid can combine chemically with one another 
(either by polymerization or condensation) with the formation of larger mole¬ 
cules, complexes will eventually be formed where thermal agitation ceases. When- 

Cf, H. A. Gardner, “Oolloidal Phenomena m Paint and Vanush Products" in J. Alexander, 
"Colloid Chemistry," 1932, IV, 491. 
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ever there are freely moving molecules (i.e., liquid) co-existent with fixed mole¬ 
cules (i.e., solid), an isocolloid is again formed~ ^ 

Resins, as a rule, are not composed of single entities but consist of macro- 1 
molecules of varying size. Resins can thus be considered as gels of highly poly-/ 
merized organic substances where the disperse phase consists of a more highly/ 
polymerized form of the material composing the continuous phase.*” 

Another classification which has been made of these high-molecular-weigm 
organic compounds is to call them “xerogels.^' These are gels which have been 
formed by drying. They are poor in liquid but are nevertheless coherent.® The 
term has also been applied to such natural colloids as cotton, wool, silk, hair, 
horn and to such artifacts as gelatin, leather, charcoal and cellulose derivatives 
(esters, ethers and the like) and to completely synthetic products such as phenol- 
formaldehyde resins and silica gel.® 

The question as to just how many phases exist in gels is one which has been 
debated for a long time. Procter'” postulated a one-phase theory on the basis of 
his results on the system, water-acid-gelatm in which equilibrium resulted from 
the combination of the gelatin and acid to form easily dissociable salts. The one- 
phase theory has also found support in Sutherland’s*^ concept of chain molecules and 
in McBam’s” view that identical colloidal particles are present in the sol and 
gel state. 

Hardy*^* on the basis of microscopical study of gelatin concluded that the solid 
phase of gelatin consisted of a solid solution of gelatin in water. Gelation was 
essentially the separation of the sol into a solid open framework with an inter¬ 
stitial fluid phase. Ostwald''* injected the concept of the two-phase liquid-liquid 
theory and this has been accepted by Bancroft.” 

The third possibility remains that gels have a solid crystalline phase. This 
theory was originally proposed as early as 1835 by Frankenheim” and revived 
in 1858 by von Nageli.^^ Gels were considered to be composed of molecular com¬ 
plexes, or micellae, with crystalline properties; the water being held by attraction 
in the interstices within and between the micellae. Butschh” introduced the idea 
that there were definite pores in the jelly and van Bemmelen’”* extended his 
concept to one where this cell-hke structure was one of definite form hanging 
together forming a network. The more concentrated solution acted as a network 
of cell walls enclosing a more dilute solution of the same substance. 

This concept of the crystalline structure existing in gels was studied by 
Scherrer® by means of x-rays. In certain of the rigid gels (silicic and stannic 
acids) there were well-marked interference patterns along with evidence of the 
amorphous state. The gelatin gel, however, yielded no evidence of crystallinity. 
These gels possess other characteristic dissimilarities. Silicic acid gel, on drying. 
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develops pores which contain air and these pores can be filled by imbibition” 
Elastic gjels (gelatin) do not develop such pores and the dried gels will not imbibe 
foreign liquid. The work of Katz and Gerngross,** however, suggests that there 
is a molecular orientation. In the x-ray diffraction sfiectrum obtained from dry 
gelatin films, a diffuse ring and a wide sharp ring occurring in the unstretched 
material changed on elongation. The sharp ring dissolved into two crescent 
shaped parts. 

Von Weimam** considers as a gel any liquid which assumes throughout its 
mass a half solid, elastic consistency, keeping at the same time in a more or less 
degree its former transparency. Jellies may be classified as follows: (1) accord¬ 
ing to the method of formation. This class includes network jellies (gelatin) 
which gelatinize uniformly throughout the mass and also membranous jellies which 
gelatinize only on definite interfaces between two liquids m the act of mixing. 
(2) They may be classed according to the degree of dispersity of the primary 
particles. In network jellies this includes macro-, micro-, ultramicro- and sub- 
ultramicrocrystalline jellies; in membranous jellies, ultramicro- and subultramicro- 
crystalline jellies. (3) Jellies may be considered with respect to their consistency 
as being resin-like pastes, soft-elastic or solid jellies (glasses) or (4) according to 
the concentration of the disperse part; or (5) according to whether they are 
temperature-reversible or temperature-irreversible. In the formation of mem¬ 
branous gels, it is necessary to have a high specific supersaturation and low 
solubility of the precipitating substance. The less the solubility, the longer the 
gel remains. Membranous gels, on shaking thoroughly, sometimes pass over 
into the network gel. In the formation of network gels, the solubility must 
be low, the specific supersaturation high and in addition there must be abundant 
solvation. 

Thomas and Sibi** have foimd that when aqueous solutions of such compounds 
as sorbitol acetate, benzoyl cystine, benzoyl tyrosine, quinine sulphate, opto- 
quinine sulphate and the like, are cooled they form transparent gels which 
initially appear homogeneous under the microscope. On standing, or on the 
addition of organic solvents (alcohol or acetone), the gels are transformed into 
masses of crystals in the form of flexible, intertwining hairs. When stirred 
or shaken, the structure is destroyed. The separation of the dispersion medium 
offers an explanation for the general phenomenon of syneresis. The crystals 
separating from the dispersion medium may be filtered, dried, re-dissolved and 
cooled to again form a gel. These experiments favor the view that gels contain 
a solid phase. 

All of the gels so far considered have been those which are dispersed in 
water. Whitby* has called attention to the fact that hydrophilic colloids are 
always treated with respect to water. Organophilic colloids bring in a new 
problem inasmuch as various organic liquids may be used. There should, how¬ 
ever, be a relation between the swelling of substances and the structure of the 
liquids in which the immersion takes place. In the case of the swelling of rubber 
in solvents, it was found that compounds with an active group (nitrile, aldehyde 
or ketone) were more effective as the length of the hydrocarbqn chain increased. 

Mardles,* in a study of the solvents for cellulose esters, determined that 
hydrocarbons, ethers and fhe like exert little or no solvent action whereas such 

E. Hatsohek, **The ViMoaity of Liquids/’ Q. Bell and Sons, Ltd^ London, 1928. 

**J. R. Kats and O. Gerngross, N<Uunpia9en$ehaftt 1925, 13, 900;, Chem. Aha., 1926, 20, 628. 

•P. P. von Weimam, Rep. Imp. Ind, Rea. Inat. Oaaka, 1928, 9, 18; Chem. Aba., 1928, 22, 4029. 
See Wo. Ostwald, Kolloid-Z., 1928. 46, 248; Chrm. Aba, 1929, 23, 1334, for another classificatton of gels. 

•*P. Thomas and M. Sibi, Rev. gen. colloidea, 1980, 8, 68, 105; Chem. Aba., 1980, 24, 6570. 

•• O. S. “(piloid Sympoeium Monograph,” Chem. Cat. Co., N. Y., 1926, 203. 

•• B. W. J. Mardlea, /.3.C.I., 1923, 42. 184T. 
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compounds as acetic acid, methyl formate or acetate, benzaldehyde, acetone, 
epichlorhydrin and ethyl tartrate are excellent solvents. Whitby®' further pomts 
out that the solvents for cellulose esters are in general non-solvents for rubber. 

In additional studies, it was found that polyvinyl acetate swells and disperses 
in organic liquids of high dielectric constant \ whereas polyacrylic acid is soluble 
in water and formamide but insoluble in acetone and alcohol. By treating the 
polymerized methyl acrylate with magnesium methyl iodide in anisole at 100®C., 
an impure tertiary alcohol is obtained.®* This alcohol is soluble in alcohols and 
m benzene. The corresponding hydrocarbon is soluble in benzene and precipitated 
by ethanol.®* 

In further work with cellulose acetate, Mardles*® traced the gelation in benzyl 
alcohol through three distinct stages: 1) the coalescence of fine particles into larger 
ones; 2) the aggregation of the large particles into clusters; and 3) the linkage 
of the clusters to a rigid gel structure. The reaction was measured by the 
equation 


~ no ** 

is the apparent viscosity of the gelating sol 
no is the original viscosity of the sol, a, depending on 170 and 
K is the rate of gelation 

The temperature at which k becomes nil was taken as the maximum gelation 
temperature. Beyond this point the sol was relatively stable with time; below this 
point, part or whole of the dispersed particles aggregated to form a gel structure. 

Wornum” has discussed the phenomenon of gelation on the basis of primary 
and secondary valence of the resin particle. The large molecules do not exist 
in the free state except in dilute solution. In more concentrated solutions, they 
exist as micelles. Tlie molecules cannot be bound together except by the van 
der Waal forces and any micelle formed will be of an evanescent character. 
When secondary flocculates do form, the action is reversible (see Table 3—a, 6, 
c). When the micelle (d) is built up by primary valence forces, it is not pos¬ 
sible to disperse the mass without the rupture of bonds. Under conditions 
where no chemical interaction takes place (e, /), the forces are cohesional and the 
mass may be redispersed by using a proper solvent. When primary valence 
is involved, structures of varying degrees of complexity are built up (g, h, i) ana 
can be redispersed only when cohesional forces are used to build up the par¬ 
ticle (h). 


Table 3. —Reversible and Irreversible Gelation* 
Molecule 

Micelle (a) Micelle {d)- 


Secondary flocculate ( 6 ) 

gI^(c) 

HeaircoTweriible 


Secondary flocculate (e) Secondary flocculate (g) 

11 n \ 

Gel (/) Gel (h) Gel (t) 

Heat-nonamvertible 


■ indicates reversibility; involves secondary valence, 
indicates irreversibility; involves primary valence. 


* W. E. Wornum, loc, cit. 


” O. S. Whitby, J. G. McNallay and W. Gallay, “Colloid Sympowum Monograph,” 1928, VI. 225. 
** See H. Staudinger and E Urech, Helv. Chim, Acta, 1929, 12, il07; Bnt. Chem Abft. A, 1930, 64 
"•For a discussion of the choice of solvents for naixtures of pyroxylin and resins see R. Calvert, 
/nd. Knq. Chem., 1929, 21. 213. 

E W. .1. Mardles: Trans. Faraday Soc., 1923, 18, 327 
»'W. E. Wornum, /. 0x1, Colour Chem. Assoc., 1983, 16, 231. 
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Wornum has extended this concept to the formation of films. Where the 
oxidation of tung oil is rapid, the flocculates are small in size and the oil sets 
to a clear film. The webbing of tung oil is considered to be due to the random 
coagulation of the large flocculates. When partial orientation has a chance to 
take place, there is local coagulation resulting m the formation of small irreversi¬ 
ble gel particles. This leads to a crystalline or '^frosty'' appearance. In the heat- 
bodying of tung oil at temperatures below 270°C., the acid in the ^-position of 
glyceride has not sufficient energy to allow primary cross-valency to take place. 
It is only when the temperature reaches approximately 270° that cross-linkages 
occur with any ease and under the conditions flocculate growth occurs. Higher 
temperatures (310°) cause a very much greater increase m the number of cross- 
linkages which can take place with the result that a large number of small 
flocculates form. In under-cooked tung oil, the /3-position has not been used. 
This favors the formation of large flocculates and hence “webbing.’^ “Blooming’^ 
of the film is ascribed by Wornum to be due to the swelling of the large par¬ 
ticles by water. Linseed oil has little tendency to produce large flocculates and 
consequently there is no tendency toward webbing. Varnishes can thus be di¬ 
vided into two types depending on whether the disperse phase consists of a large 
number of small flocculates or a srnall number of large flocculates. 

Other factors also enter. The concept of a rnonornolecular film on a surface 
has become familiar from the work of Langmuir,®® Adam®® and others, and it is a 
well-established observation that in such a film the molecules may be oriented 
(e.g., in the case of substances with chain-like molecules, they may all be on 
end or tilted). Tamrnann^ has concluded that the power of orientation in a 
film IS restricted to those molecules which are able, under the conditions of the 
experiment, to undergo crystallization.®’' 

High-molecular-weight organic substances behave differently from the fatty 
acids when spread on surfaces. Measurements were made on the thickness of 
the thinnest coherent films obtained by the evaporation of dilute solutions of 
macropolymers upon a mercury surface. The results are given in Table 4. 


Tablr 4.— Films of Polymers “ 




Comparative 

Film 

Substance 

Solution 

Viscosity 

Thickness 

Rubber.. , . 

Ether 


1 5A 

Gelatin. 

Water 


7 0 

Cellulose diacetate 

Acetone 


4 1 




3 8 




4 2 

Cellulose triacetate . 

Chloroform 

1960 0 

9 85 

Cellulose nitrate 

Acetone 

3025 0 

2 50 



776 0 

3 60 



13 5 

4 23 



2 1 

4 50 



0 2 

5 00 


•8. E. Sheppard, A. H. Neitz and R L Krenau. Ind. Eng, Chem . 1929, 21. 126 

Comparison of these values with the thickness of the rnonornolecular films 
obtained for the fatty acids (e,g., stearic acid, 22 A.u) reveals that the large 

I. Langmuir, J.A.C,S, 1917, 39, 1848; I. Langmuir and D. B. Langmuir, J Phm, Chem,. 1927. 
31, 1719; Chem, Ab«., 1928, 22, 522. 

N. K. Adam, Chem Reviews, 1926, 3, 163, 

»*a. Tammann and H E. Gronow, Z, anorg, Chem,, 1930, 194, 268; Brit, Chem, Abs., A, 1981, 
163. See A. V. Blom, Kolloid-Z„ 1931, 54, 210; Bnt., Chem Abs, A, 1931, 422. 

*R. E Wilson and E. D. Ries, “Colloid Symposium Monograph,” Dept. Qiem., U. of Wis¬ 
consin, 1923, I, 145, found that liquids in thm films take on the properties of plastio solids. 
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molecules are exceedingly thin.*® It has been concluded that the values found 
represent the transverse dimensions of the long chain-like or the sheet forms of 
the molecules which are orientated parallel to the surface rather than end-on as 
in the fatty acids. Inasmuch as in the high-molecular-weight compounds the 
chains are repetitions of certain units, there will be a potential alternating polarity 
along the chain, each periodic element containing both a polar and a non-polar 
grouping. This condition becomes accentuated as parallel orientation of the chain 
occurs. Where this takes place, the alternating polarity levels up the chains so 
that the sub-chains can form a space lattice. 

The dimensions of the rubber film approximate the methyl group in rubber 

CH3 

—CHr 4= CH-CH 2 — 

which is about 1.5 A. In the case of cellulose nitrate there appears to be a 
relation between the viscosity and the thinness of the limit film. Where the chains 
are short, the tendency will be toward vertical piling and overlapping. This 
also occurs in the case of proteins.’" 

R. L. Keenan, / Phys Chem , 1929. 33, 371 S E. Sheppard and R C Houck, J Rheol , 1929, 

1 . 20 . 

E Gorter and F Grendol, Proc K Akad Weten&ch Amsterdam, 1929, 32, 770; Brit. Chem 
Abs. A, 1929, 1141. 



Chapter 4 

Nature of Resin Formation. 
Polymerization and Condensation. 

Fiber Structures. X-Ray Methods. 

In order to prepare resinous compounds it is necessary to start with substances 
of rather low molecular weight. The transformation of various low-molecular- 
weight compounds into complex derivatives is usually termed '‘polymerization,’^' 
but in this polymerization, two very distinct types of reactions can be distin¬ 
guished: one which, for lack of a better term, is called polymerization and the 
other condensation. In a polymerization reaction the reactants are marked by 
a large degree of unsaturation and the resulting more saturated polymer is a 
multiple of the initial reactant, in other words the percentage composition re¬ 
mains unaltered. In condensation reactions, on the other hand, the final product 
is no longer a multiple of the monomer and in order to obtain the formula of 
the final condensate it is necessary to subtract the sum of the simple com¬ 
pounds which have been liberated during the condensation. Polymerization 
has been defined in various ways. Staudinger* considered polymerization as 
the union of like molecules to form a product of the same composition. Caroth- 
ers* defined polymerization as the chemical combination of a number of similar 
units to form a single molecule; this definition embraced not only the condensa¬ 
tion reaction but the true pol 3 nnerization phenomena. 

Other types of polymerization occur however, for example the "heteropoly¬ 
merization” with which the name Wagner-Jauregg is associated and also co- 
polymerization. Moreover, little distinction is made in the use of the term be¬ 
tween the polymerization which involves comparatively few molecules and the 
polymerization wherein a great niunber of molecules enter into the formation 
of a single complex. Polymerization is used to designate the transformation of 
acetaldehyde to paraldehyde and the formation of polystyrene from styrene. 

The term polymerization in this chapter will be used in the sense of macropoly¬ 
merization and a distinction will be made between condensation and polymeri¬ 
zation. The following types will be considered (1) addition or homopolymerization 
together with co-polymerization and heteropolymerization and (2) multicondensa¬ 
tion. Among the polymerization polymers can be included such compounds as olefins, 
polyolefins and unsaturated compounds whereas multicondensation takes into 
account such reactions as polyesters, phenol-aldehydes and the like. 

Classification of Poltmb;rization and Condensation 

Additive or homopolymerization is a species of polymerization in which the 

^ R. H. Kienl« and A. G. Hovey (J.A.C.S., 1929, 51, 809) believe that the study of reain formation 
will develop new ideas oonoerning stereochemistry a^ bring about a better oorrdation between organic 
ehemietry, colloidal nhenomena and statistical mechanics. 

«H. Staudinger, Bet., 1920. 53, 1073. 

•W. H. Carothera, J.A.CJS., 1929. 51. 2848. 
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polymer is built up by the additive combination of the monomer. The process 
may be shown schematically as: 

nA —(i4)nOr.— A — A — A — A —. 

where “n'' represents the number of monomeric groups of A, the monomeric unit. 
Since all of the groupings are alike, this is termed homopolymerization. For 
example, styrene (CeH6CH=CHa) on heating forms a resin of composition 
(CtHg)n which may be represented: 

nCH=CH 2 —rCH==CH 2 "] or.—CH—CHa—CH—CHa—. 

i.H, Li.H. Jn 

Co-polymerization is the term applied when two or more substances polymerize 
at the same time to yield a product which is not necessarily a mixture of polymers; 
its properties differ from that of either polymer alone. The reaction may be con¬ 
sidered to take place 

nB nC —y- {BC)n or.— B — C — B — C — B — C —• • • • - 

or 

CH==CHa-f CH=CH2 — 

([;i A—CO—CH, 

.—CH—CHi—CH-CH,—CH—CH,—CH-CHj—. 

il (!)—CO—CH, <[31 i)—C^O—CH, 

Heteropolymerization is a special case of additive co-polymerization which 
involves the combination of a polymerizable, i.e., unsaturated substance and an¬ 
other unsaturated substance which by itself does not readily polymerize. Though 
maleic anhydride does not ordinarily polymerize, it will combine with stilbene in 
boiling xylene to yield a white amorphous heteropolymer in which the combining 
ratio is I.T.* The structure has been represented as: 


CH-CH- 

i.H. <^.H 


b 


-CH—CH- 


i A 

✓ \/x 
0 0 0 


Condensation reactions take a variety of forms in the same manner as the 
addition polymerization types. A discussion of this type of reaction will be con¬ 
sidered subsequently together with those reactions where additive polymerization 
and condensation occur together. 


Chemical Structure and Polymerization 

Both the physical and chemical concepts of the molecule have been used to 
account for ready ease of additive polymerization. One school considers that 
the resinous state is governed entirely by physical conditions; another that it is 
wholly due to definite chemical groups. Still another that it is a matter of chemi¬ 
cal structure of the entire molecule. 

Scheiber* emphasizes the purely physical aspects of resinification and considers 

«T. Waener.Jaur«gff, Ber., im, 63, 3213. 

»J. Scheiber, Farbe u. Lack, 1929, 86, 102; Chem. Ab$., 1929, 23, 2583; Chem. Utnachau, 1928; 
35, 181; Chem. Ab$., 1929, 23, 1867. See also Farbe u. Lack, 1927, 67; Brit. Chem. Ab$. A, 1928, 
1100. Chem. Ztg., 1929, 53, 048; Chem. Abe., 1929, 23, 5599. 
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the resinous state to be due to the formation of solid solutions (undercooled fusions) 
or to the formation of colloidal aggregates through condensation or polymerization. 
In these solid solutions and colloidal complexes, the orientation velocity lags 
behind the velocity with which irregular molecular complexes form.* Fonrobert’ 
likewise characterizes the resinous state as a mixture of similar high-molecular- 
weight compounds. That high-molecular-weight substances have a profound ef¬ 
fect on the velocity of crystallization from solution can not be questioned in the 
light of the experiments of Marc.* 

Other factors, nevertheless, are in evidence. If the molecule contains groups 
which tend to destroy its symmetry, this fact will in itself favor resin formation. 
Vorliinder* has noticed that para- substitution in the benzene nucleus tends to give 
rise to the liquid crystal or mesomorphic state of matter; the formation of liquid 
crystals he considers a manifestation of molecular regularity. The predominantly 
one-dimensional state is one of the most important factors for the formation and 
cohesion of anisotropic crystals inasmuch as the linear molecule has the greatest 
stability with the closest parallel packing.^® The formation of supercooled liquids, 
on the other hand, is favored by those influences which prevent the formation 
of liquid crystals.^ These influences include branched chains, an uneven number 
of side chain groupings and rneta- and ortho- substitution; in other words, factors 
which bring about a dissymmetry in the molecule and tend to make it more diffi¬ 
cult for a substance to solidify into the crystalline form. Under all conditions 
s-triphenylbenzene solidifies from the amorphous molten condition to a solid crystal¬ 
line mass without marked undercooling. If the hydrocarbon is hrominated, nitrated 
or animated, the substituted products, in consequence of the dissymmetry of the 
molecule, form on rapid cooling transparent colorless amorphous lacs which re¬ 
main in this condition at 15-20°C. On warming, the lacs become crystalline solids.” 
Triphenylmethane derivatives (CeHB)sC-X) are dissymmetrical and such sub¬ 
stances remain permanently in a supercooled amorphous state ” This view on the 
cause of resinification is also supported by data on such compounds as 1-nitro- 
phenyl-3,5-diphenylbenzene (I), l-p-aminophenyl-3,5-diphenylbenzene (II) or 1- 
acetyl-p-ammophenyl-3,5-diphenylbenzene (III). 



(I) (II) (III) 

These substances yield amorphous resins on supercooling.” 

« See Chapter 3. 

TE Fonrobert, C/icm. Ztg., 1934, 29, 247, 273; Chem. Abi., 1934, 28, 3252 

»R. Marc, Z. Elektrochem., 1909, 15, 679; Chem Aba, 1910, 4, 9. Z. physik, Chem, 67, 470, 

640; Chem. Aba, 1910, 4, 404. R. Marc and W. Wenk, ibid., 68, 104; Chem. Aba, 19t0, 4, 404. 

R. Marc, tbid., 73, 685; CJiem. Aba., 1910, 4, 2899 Ibid., 7Ss 710; Chem. Aba., 1911, 5, 1225. Jbtd., 

79, 71; Chem. Aba., 1912, 6, 3042. 

»D. Vorlander, Z. angew. Chem., 1922, 35, 249; Chem. Aba, 1922. 16, 2800. 

Vorlander, Trana. Faraday Soc., 1933, 29, 899. See J. R. Kate, Natwrwiaa., 1928, 16, 758; 
Brit. Chem. Aba. A, 1928, 312 for x-ray diffraction patterns of liquids and liquid-crystals. 

»D. Vorlander, Z. phynk Chem., 1923, 105, 211; Chem. Aba., 1924, 18, 1072. 

«D. Vorlander, E. Fischer and H. Wille, Ber., 1929, 62, 2836; Bnt. Chem. Aba. A, 1930, 79. 

«D. Vorlander. Ber., 1925, 58, 1898; Chem. Abe,, 1926, 20, 584. 

WD. Vorlander, Z. angew. Chem., 1930, 43, 13; Chem. Aba., 1930, 24, 4944. 
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By the ramification and bifurcation of the side chains, the molecule may be¬ 
come large enough in size to remain stationary. Vorlander*® has shown that by 
increasing the size of the linear molecule, which decreases the tendency toward 
crystallization, it is possible to form liquid-crystal resins and lacquers. A substance 
of this type is as follows: 


C2H6-O 


in, 


The formation of varnishes by polymerization and oxidation appears to be 
due to a decrease in the symmetry of the molecule which permits permanent 
supercooling or hardening of the amorphous mass. Something of this nature exists 
in drying oils. The ideal molecular structure to impart film-forming properties 
according to Scheifele^® should consist of a central nucleus bearing three raiatmg 
thread-like groups. This structure is approached by linolenodilinolein and by cellu¬ 
lose esters. 

Boekenoogen^^ has drawn attention to the iinsymmetrical arrangement of car¬ 
bons 


C 


which can be found in many natural resins, gums and rubber. It appears as if 
nature had a special preference for this grouping in building up highly polymerized 
compounds.^® 

The presence of certain unsaturated groups, however, seems to be necessary 
for the occurrence of a reaction in an addition polymerization. The particular 
methods of effecting the reaction and the complex which can be formed depend 
on other factors than unsaturation alone. 

Herzog^® coined a term, ''resinophore,” for groups responsible for resinous 
properties. This term was first used with the carbodiimide grouping and was 
later extended to conjugated linkages.** Eibner^ proposed to restrict the use of 
the term resinophore for the structural group present in the actual resin and in¬ 
troduced the word “resinogen” for the potential group. The presence of a resmogen 
in a molecule does not mean that a molecule is a resin but that under suitable 
conditions it may form one. Wolff,*® on the other hand, considers resinogens as 
groups which tend to form compounds of high molecular weight but believes 
resins to be the result of conditions rather than of certain chemical groups.” 

D Vorlaiicler, Trarc* Faraday Sac, 1933 , 29, 907 See also D Vorlander, Ber, 1908, 41, 2046; 
1934 , 67, 1556, Chem, Abs , 1908, 2, 2798, 1935, 29, 1400 

B F H Scheifele, Fette Umschau. 1933, 40. 141. Bnt Chem. Abs. A, 1933, 1010 
H A Boekenoogen, Verfkrontek, 1932 , 25 ( 6). 13. 15, 17: Chem. Abs, 1932, 26, 4600 
The pre.sence of this group m natural products may arise fiom the fact that nature leans toward 
isoprene as a structural unit. 

i»W. Herzog, Oester Chem Z , 1921, 24. 76; JSC I. 1921, 40. 478A 

Herzog and J. Knedl, Z aagtw Chem. 1922, 35. 465, JSCL, 1922, 41, 771A. Ibid. 1922, 
35. 641; J.SC.I., 1922, 41. 988A 

Eibner, Z. anqew. Chem. 1923, 36, 33; Chem. Abs.. 1923, 17, 3796. Ibid., 1924, 37. 288; 
Chem Abs , 1924, 18, 2611. 

MH Wolff, Z. angew. Chem. 1927, 40, 1010; Chem Abs, 1928, 22, 3055 

23 R Oda (Nia Kemto, 1932, 5, 47; Chem. Abs., 1932, 26, 2711) has developed a theory that in 
unsaturated compounds polymerization can occur only w'here there is a permanent dipole moment 
Unsaturated compounds first arranRe themselves to have a minimum electrical moment and then 
the umon of chemical bonds takes place 

Autocatalysis has been considered by I. L Kondakov {Chem. Listy, 1930 , 24, 271, 293; Chem. Abe., 
1930, 24, 4983) to be a special variety of catalysis produced by the action of molecules of the same 
substance without the interaction of foreign substances. Autocatalyzable substances are characterized 
by unsaturated bonds or possess an unstable ring. 
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Broadly speaking any unsaturated grouping 

—CasO— '^C=c'^ —CsN ^C=N— ^C=0 

/ \ / / 
acts as a polymerizing factor. The capacity for resinification is determined, how¬ 
ever, not only by the grouping itself but also on external factors, among which 
can be mentioned heat, hght, pressure and catalysts. 

If all of the unsaturation is on a single atom, 

^C=C=C'^ ^C=O=0 ^C=C=N— 

—N=C=N— 

the tendency for polymerization is greater. Conjugation of the groupings is even 
more effective 

'^C=m!>-(*>===C^ (!>=0 "^C=(l-(')=N— 

/ \ / / 


o=i:—i=o 


-n44= 




Additional conjugation further increases the tendency toward polymerization 

'^(>4-(!4—<!;===c'^ 44444=0 

/ \ / 


4=c—c--c=c^ 
/ I ^ I \ 


Compounds like styrene which contain a negative group attached to the vinyl 
radical tend to form polymers in which the degree of polymerization is very high. 
Other negative groups include: 


Group 


Compound 


Reference 


Carboxyl. . . 
Aldehvde. 

Acetyl. 

Acetoxy.... 
Ethoxy. . 
Chloride. . 


. ... CH 2 ===CH—COOH Acrylic acid (24) 

. CHg=CH—CHO Acrolein (25) 

. ... CH*==CH—CO—OHg Methyleneacetone (26) 

. CH 2 =CH—O—CO—CH| Vinyl acetate (27) 

.. CH,=M:;H-<)—CFIr-CH, Vinyl ethyl ether (28) 

. CH 2 =CH—Cl Vinyl chloride (29) 


Certain substituents have a definite effect in the ethylene group an^ greatly 
lessen the tendency to polymerize.* A methyl group on the ethylene has a pro- 

•*H. Staudinger and E. Urech, Hfiv Chtm, Acta, 1929, 12, 1107; Chem. Abt., 1^30, 24, 2720. 
See Chapter 53 

*»C. Moureu and C. Dufraise, British P. 141,058, 1920; / S.CJ., 1921, 40, 858A. See Chapter 23. 

» German P 309,224, 1917, to F. Bayer A Co. ; J.S C./., 1920, 39. 624A See Chapter 25. 

*^H. Staudinger, K Frey and W, Starck, Ber., 1927, 60, 1782; Chem. Abs., 1928, 22, 215. See 
Chapter 51. 

*J. Wislicenus, Ann., 1878, 192, 106; / C.S., 1878, 34, 776 See Chapter 50. 

•BJ. Baumann, Ann., 1872, 163, 308; Chem. Zentr., 1873, 28 Sec Chapter 51. 

•*R. Kuhn and A. A^mteratein (Helv. Chtm. Acta, 1928, 11, 87; Chem. Abs., 1928, 22, 1767) have 
shown that the union of the end valenciee of butadiene and iaoprene with a phenyl group destroys 
completely the tendenry to polymerize, and allows the study of the><e polvenes. They prepar^ a 
series of derivatives from stilbeoe (CkHg ~ CH = CH — CeHs) to dipbenvl hexadecaoctaene (C^Hn — 
CH *■ fCH — CHI 7 ** CH — C«H®). For the influence of carboxyl and catbalkoxvl groups in butadiene 
and their influence on polymerisation, see K. Vogt, Mitt, schleritchen Kohlenforsch. Kasser-Wilhelm 
Get., 1925, 2. 69; Chem. Zentr., 1926, 1, 2340; Chem. Abe., 1927, 21, 3890. 





4 . NATURE OF RESIN FORMATION 47 

found effect: o-methylstyrene” forms an octamer whereas /3 methylstyrene” yields 

C.H. 

^C==CHj 

a-^methyUtyrene 

only the dimer. Substituents in the phenyl group have little or no effect." 

The ethylene group may exist in a ring and still retain its ability to polymerize. 
Thus, cumarone," indene," cyclopentadiene" and pyrrole" will form poljrmers but 


do not build giant molecules. 




<XoJ 

y\__ 



w 

u 

1 

cutnarone 

indene 

cydopentadierie 

H 

pyrrole 


Mechanism op Addition Polymerization 


The reaction mechanism of addition polymerization may most easily be shown 
by the migration of a hydrogen atom: 


R—CH==CH, 


i 


R—CH*~-CHa 

(!:=ch, 

i 


R—CH,—CHi 


ri—<!)== ch, 

k 


R—CH:—011,-^11—CH, 

(l:==CH, 


Partial credence to this hypothesis has been given by the isolation of diindene of 
the structure" 

CH==CH CH==CH 


H. Staudinfier and F. Breusch, Ber., 1929, 62, 442; Chem. Abs., 1929, 23, 3213. 

“O. Errent, Gazt. ehim. itaL, 1888, 14, 509; 1885, 43, 772. 

“See Chapter 11 for a further discussion. 

“ Q. Kraemer and A. Spilker, Ber., 1890, 23, 81. See Chapter 5. 

“H. Staudinger, A. A. Ashdown, M. Brunner, H. A. Bruson and S, Wehrii, Helv, Chtm. Acta, 
1929, 12, 934; Ohent, Abz., 1930, 24, 613. 

“ H. Staudinger and H. A. Bruson, Ann., 1928, 447, 97. C/. Chapter 40 and K. Aldu' and G. Stem, 
Ann., 1933, 496, 204. 

“B. V. Tronov and P. P. Popov, /. Russ. Phvs.-Chem. Soc., 1926, 58, 745; Bnt. Chem. Abs A, 
1927, 775. 

“ H. Stobbe and E. Farber, Ber., 1924, 57. 1838; Chem. Abs., 1925, 19, 492. 
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which one may consider to have been formed by the wandering of a hydrogen 
atom." The continual action of the molecules of the unsaturated polymer would 
ultimately give rise to a long chain molecule or macropolymer. 

Chalmers*® has pointed out that the stepwise theory of polymerization is quite 
inadequate to explain macropolymerization. If the rate of consecutive reactions 
in a polymerization is not greater than dimerization, it naturally follows that 
the dimer and other low polymers should be formed in the largest proportion. 
Moreover it should be possible to isolate the intermediate di-, tri- and tetramers 
during a reaction macropolymerization. The absence of lower polymers at the 
beginning of and during the reaction has been noticed by Stobbe and Posnjak*^ 
in the conversion of styrene, by Stobbe and Lippold** m regard to ethyl itaconate 
and by Lebedev and Mereshkowski** in the polymerization of diolefinic hydro¬ 
carbons. 

The mechanism postulated for polymerization reactions is as follows.** 


Ri 

\ 

c=ch 2 —y 

/ 



{unactivaied) 



C=:CH2 

/ 

(activated) 


The reaction rate of this instance is comparable with those of the ordinary reac¬ 
tions of organic compounds. The following reaction, leading to the polymeric 
form is practically instantaneous: 


Ri Ri 

\ \ 

C=CH 2 -h C=CH 2 

JL R 2 

(unactivaied) (activated) 


Ri Rj 

—CH,—i—CHj- 



(polymer) 


A somewhat similar proposal has been made by Staudinger*® wherein each of the 
pol)iners has free terminal bonds (free radicals) and the reaction is imagined to 
proceed at a very rapid rate. 


R, R, 


C==CH2 + 

/ 

R 2 


C==CH2 

/ 

R 2 


Ri Ri 

I I 

-C—CHo—C~CTl 2 

I 

R^ 


R 2 


Ri Ri Ri Ri Ri Ri 

\ ill 

■CH2— 4 - C=CH2 ~C—CH2—C—CH2~C—CH2~ 

/ 

••G. S. Whitby and M. Katz, Can. /. Research, 1930, 4, 344; Chem. Abs , 1931, 25, 3988; J.A.C.S , 
1929, 51, 2548. 

"W. Chalmers, J.A.C.8., 1934, 56, 912 

«H. Stobbe and G. Posnjak, Ann , 1909. 371, 269 , 296; Chem Abs., 1910, 4. 2120 
**H. Stobbe and A. Lippold, J. prakt Chenu, 1914, 90, 336; Chem. Abs, 1915 , 9, 209. 

**S. V. Lebedev and B. K. Mere»hkow&ki, /. Rtus. Phys.-Chem. Soo., 1913, 45, 1367; Chem. Abs., 
1914, 8, 320 

**W. Chalmers, Can J. Res., 1932, 7. 113. 

"H. Staudinger, Ber.. 1920, 53. 1081. 


1^2 R 2 
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The linking of the monomeric units would be expected to proceed at a rate which 
would be almost instantaneous as compared with that of activation. With very 
great chains, the rate should be increasingly slow. The macropolymenzation of 
butadiene and other diolefins would be through the formation of pseudo-molecules 
of the type 


—CH,—CH^CII—CHo- CH,--CH==Cn—CH 2 --. 

In certain instances in the polymerization of diolefins where the action is 
catalyzed by an alkali metallic compound (R-K), the reaction may be explained 
by the hypothesis that the primary compound 

—CHo—CII—CH-=CH2 

IS in itself an alkali metallic compound and can react with a molecule of butadiene 
to yield 

—(^11.—CH=-CH-CH2— 


and the process continues.** In this instance the potassium alkyl acts as a trigger 
for polymerization.*^ The polymerization of vinyl acetate follows a unimolecular 
rate. Benzoyl peroxide acts as a trigger catalyst.** 

Tammann and Pape*” studied the effect of pressure on the polymerization of 
styrene, isoprene, vinyl acetate, dimethylbutylene and mdene. In these polymeriza¬ 
tions there is first a decrease in volume. The decrease in pressure at constant 
volume was taken as a measure of the reaction velocity and it was found that the 
reaction behaved unimolecularly. The pressure-temperature curves show first 
a linear rise, then a break where polymerization begins, a sharp fall during 
polymerization, whereupon there is another rise due to the expansion of the 
polymer. Increasing pressure causes a decrease m the temperature at which 
polymerization occurs. 

Starkweather”* also studied the polymerization of a number of compounds at 
high pressures (2000-9000 atmospheres) at a temperature of 20-74°C. Among 
the compounds subjected to pressure were 4-iodo-l,2-butadiene, 2-bromo-l,3- 
butadiene, 2-chloro-l,3-butadiene, methyl vinyl ketone, 2-phenyl-l,3-butadiene, 1,4- 
dichloro-2,3,5-hexatriene, divinylacetylene, 2-heptyl-1,3-butadiene, styrene, isoprene, 
methylethylvinylethinylcarbinol and the like. The rate of polymerization by sub¬ 
stituent groups in the /3-position of the dienes is in the order of alkyl, phenyl, 
chloro, bromo and lodo. In the a-position, the halogens are less effective whereas 
the alkyl groups are inhibitory.®^ Samples of cracked gasoline under high pressure 
gave no indication of any resinous products although the distillation range indi¬ 
cated that about 10 per cent of the low-boiling material had been converted into 
higher-boiling compounds.®* A series of experiments with tung oil revealed that 
polymerization occurred at 500-600 atmospheres and 50*C. to yield products simi¬ 
lar to those formed at much higher temperature at atmospheric pressure. Tung 
oil under pressure for three hours became more viscous. Longer subjection to 

^ K. Ziegler and H. Kleiner, Ann., 1929, 473, 67; Chem. Abs., 1929, 23, 6181. K. Ziegler and 
K. Bahr, Ber., 1928, 61, 263; Bnt. Chem. Abs. A, 1928, 404. 

W. Chalmers, loc cit 

«H. W. Starkweather and G. B. Taylor, J.A.C.8., 1930. 52. 4708. 

G. Tammann and A. Pape, Z. anorg. allgem, Chem,., 1931, 200, 113; Chem. Abs., 1932, 26, 23. 

» H. W. Starkweather, J.A.C S , 1934 , 56, 1870. 

See W. H. Carothers, Ind. Eng. Chem., 1W4, 26, 30, and Chapter 8. 

“For the polymenaation of the light-ends of gasoline and the effect of these compounds on the 

viscosity index of lubricating oils see> Ind. Eng. Chem., 1935, 27, 7. * 
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pressure caused the sample to become more gelatinous; ultimately a waxy gel was 
obtained which was somewhat drier than that obtained by ordinary heating. 

One of the methods for following the course of a resin reaction of this type is 
the change in refractive index. During polymerization the unsaturation disappears 
and inasmuch as refraction is a function of unsaturation, a polymerization reac¬ 
tion would cause a lowering of the refractive index. Condensation reactions take 
place without the disappearance of unsaturation and no such lowering of the re¬ 
fractive index would be expected. Phenol-formaldehyde reactions are of the con¬ 
densation type inasmuch as the refractive index increases with time. In styrene 
and tung oU the refractive index decreases." 

Katz" applied x-ray diffraction methods* to the study of polymerization. In 
many substances, styrene, indene, tung oil, isoprene, dime thy Ibutadiene, erythrene* 
the diameter of the diffraction ring was the same for the unpolymerized substance 
and for the polymerized derivative. On the other hand, ethyl cinnamate, methyl- 
ethylketone and methyl acrylate on polymerization showed considerable change 
in the diffraction pattern, Clarkhowever, found that with tung oil an addi¬ 
tional new ring of small diameter, that is, of large spacing, often appeared. Mono- 
molecular dihydroxyacetone prepared by distillation of the dimolecular form was 
monomolecular as determined by cryoscopic measurements and gave a character¬ 
istic x-ray pattern. After the crystals had stood for several days, the diffraction 
pattern resembled that obtained by the dimolecular form even though molecular 
weight determinations still revealed only the monomolecular form.®^ 

Catalysis of Addition Polymerization 

Catalysts exercise a profound effect on polymerization processes but their in¬ 
dividual effect is not well understood. The more important catalysts for the 
polymerization of unsaturated compounds" include strong acids (sulphuric, hydro¬ 
fluoric, phosphoric), anhydrous inorganic halides (aluminum chloride or bromide, 
ferric chloride, stannic chloride, antimony pentachloride), certain oxygenated sub¬ 
stances (benzoyl peroxide, ozonides and oxygen) and highly absorbent materials 
(Florida earth, activated charcoal). 

The effectiveness of a catalyst is assisted by heat to a certain extent depending 
on the stability of the polymer at any definite temperature. Catalysts lower the 
limit of stability, thus styrene undergoes the same polymerization in the cold in 
the presence of stannic cWoride that it does at 270°C. by heat alone." 

The catalytic action of the inorganic halides is probably due to the ready 
formation of double compounds between the halides and the unsaturated substance 
undergoing polymerization. Hunter and Yohe" have suggested that an activated 
complex is formed in which one of the carbon atoms momentarily possesses a 
co-valency of three. Such a complex would be an excellent catalyst for polymeriza- 

RR Cl R R R R 

R:C:C:R-f A1:C1 R:C :C :R or R:C :C :R 

Cl C1:AI:C1 :Cl:Ai:Cl 

C\ ’ Cl 

“R. Houwink. Bnt. Plastics, m4. 6, 100; Brit, Chem. Abs, B, 1934, 972. 

®*J. R. Katz, Z. •physik Chem., 1927, 125, 821; Brit. Chem. Abs. A, 1927, 411. See Z. angew. 
Chem., 1928, 41, 329; Bnt. Chem. Abs. A, 1928, 464. 

“For further use of x-ray*i «>ee Intter nait of this chapter. 

“G. L. Qark, Nature, 1927, 120, 119; Brit, Chem. Abs. A, 1927, 816. 

H. Strain and W. H. Dore, J.A.C.8, 1934, 56, 2649. 

" For a summary of these catalvats see H. Staudinger and H. A. Bruson, Ann., 1926, 447, 110. 

“H. Staudinger, Ber., 1926, 59, 8081. 

•» W. H. Hunter and R. V. Yohe, J.A.C.8., 1988, 55, 1248. 
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tion because it could immediately combine with another molecule of olefin. The 
new complex with a higher carbon content would still be in an activated state so 
that a long chain of carbon atoms might result by the interaction of incoming 
olefin molecules with those already present in the activated chain. 

Polymerization of the Diolefins 

Of the diolefin hydrocarbons, those possessing a conjugated system of double 
bonds are of great interest because of their marked reactivity, polymerizing not 
only under the influence of heat but also with catalysts to yield substances of 
widely different properties.*^ Two types may be differentiated, the lower oily 
polymers of an unsaturated nature and macropolymers closely allied to rubber. 
(See Chapter 9.) 

The lower oily polymers are usually cyclic hydrocarbons. Though unsaturated, 
the continued polymerization of these substances apparently does not result in 
the production of rubber-like polymers. This indicates that the unsaturated com¬ 
pounds can not be regarded as intermediates in the synthesis of the macropolymers. 
The dimers of the lower conjugated diolefins appear to be vinylcyclohexenes. 


Isoprene is 

known to yield at 

least two dimers 
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CH, 
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CH, 
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CH, 
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according to whether addition occurs to one or the other double bond of the 
isoprene.** 

The formula assigned by Staudinger” to rubber is a linear structure of the type: 


-CH 2 —C=CH—CH 2 —rCHa—C==CH—CH2l~CH2—C=CH—CHj—. 

in, L <!^h, Jx Ch, 

where the structural unit, or repeating pattern, is the active form of isoprene. 
On heating or by treatment with sulphuric acid, a cyclic product is supposed to 
be formed. This change is regarded as accounting for the alteration which occurs 
in rubber by treatment with vigorous reagents.** 

Examination of unstretched rubber by x-rays reveals only an amorphous ring; 
stretched rubber, however, yields a sharp fiber diffraction pattern.** During the 
stretching process, rubber undergoes transformation from an amorphous to a crystal¬ 
line state. This change is explained as follows: When rubber is stretched, the 
coiled chains pull out and cling together to yield long thin crystallites parallel to 

«See E. N. Gspon, /. Rw, Phv$.-Chem, 8oc., 1980, 62, 1386; Brit. Chem. Ab». A, 1931, 45, for 
a theoretical discuaaion of the polyznerixation of diethylenic oompounda on the basis of a tervalent 
carbon. The energy necessary for this process represents the energy of activation. 

•* G. Egloff, M. Herrman, B. L. Levinson and M. F. Dull (Chent. Rev., 1934, 14, 287) have re¬ 
viewed the thermal reactions of isoprene and other terpene hydrocarbons. 

** H. Staudinger, “Die hochmolekularen organischen Verbindungen—Kautschuk und Cellulose." 
J. Sprmger, Berlin, 1932, 380. See CSiapter 64. 

See Chapter 64. 

«J. R. Kats, Chem.-Ztg., 1925, 49, 353; Chem. Ah$., 1925, 19, 2144. 
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the direction of stretching and are analogous to the long thin crystallites of silk, 
cellulose and wool to be mentioned later “ 

The presence of the double bond in rubber brings about the possibility of 
stereoisomerism not only of ^'cis’^ and ^Trans” forms but of both. 
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The data from x-rays favor the “cis” form.” A large model arranged in the 
“cis” form can be coiled up into a cylindrical spiral and this spiral can be stretched 
out into a long chain. Swelling in solvents is attributed to the effect of solvent 
molecules which force themselves between the turns of the spiral and become 
attached to residual valencies causing a lengthening of the main valency chain. 
Vulcanization effects a union between the rubber spiral chains by sulphur bridges 
A large amount of sulphur, however, causes the structure to be rigidly linked 
together." 

Staudinger" considers rubber to be a trans compound and balata to he a cis- 
derivative. 
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Further differences occur between these two compounds other than the stereo- 

««W. E Singer, J. D. Long and W. P. Davey iPhynccd Rev., 1933, (2) 44, 319; BrU. Chem. 
Aba. B, 1935, 153) have shown by means of x-ray diffraction studies that there is a time lag between 
the time rubber is stretched and the time the fiber structure is produced. The phenomenon of time 
lag has been explained on the basis that rubber consists of a tangle of spiral or "zig-zag'’-shape mole¬ 
cules with firmly fixed ends, the lengths of which can be temporarily untangled by the application of 
an external force. 

^E. Mack, (J.A.C.S., 1984 , 56, 2766) has discussed the various factors which influence "cis" and 
'^trans" addition in the formation of rubber and gutta-percha. 

•®H. Fikentscher and H. Mark, KmUachuk, 1930, 6, 2; Bnt, Chem. Aba. B, 1930, 249. See K. H. 
Meyer and 11. Mark, Ber., 1928, 61, 1989; Bnt. Chem. Aba. A, 1928, 1252. Oelluloid is a perfect 
analogy for rubber. In the unstretched condition the x-ray diffraction pattern yields an amorphous 
scattering due to the fact that the camphor swells up the nitrocellulose. On stretching the celluloid, 
the camphor is expelled from the fiber structure and the nitrocellulose pattern can again be obtained. 
See K. H. Ueda. Z. phyaik. Chem., 1928, 133, 350; Brit. Chem. Aba A, 1928, 818. 

^H. Staudinger, nati^schufc, 19M, 10, 6. I. R. 1. Tranaactiona, W. Heffer and Sons, Ltd.; Cam¬ 
bridge, 1935, 10 (8L 263 See H. Staudinger and H. Bondy, Arm., 1929, 468, 1.; Chem. Aba., 1929, 
23, 3372. C/. D. K. Memmler, “The Science of Rubber," trans. D. F. Dunbrook and V. N. Morris, 

Reinhold Publishing Corp., New York, 1934. 
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chemical arrangement; the molecular weight of balata is much smaller. Mastica¬ 
tion of rubber results in a shortening of the molecule. The smaller molecular 
weight would account for both the increased solubility and decreased swelling 
of the masticated form. (See Table 5). 

Table 5.— Rubber and Balata. 


Compound 

Number of 
Isoprene Units 

Molecular 

Weight 

Length of 
Molecule in A. 

Rubber, benzene soluble. 

1300 

88,000 

5800 

Rubber, ether soluble 

930 

64,000 

4200 

Masticated rubber. . 

300 

20,000 

1350 

Balata. 

590 

40,000 

2650 

Decomposed balata 

100 

6,800 

450 


The molecular weights of rubber and balata and of masticated rubber agree 
in order of magnitude with the particle size deduced by osmosis.*^" It appears, 
therefore, that osmotic pressure determinations do not determine the micelle 
weight of rubber but actually the true molecular weight. 

Rubber is particularly sensitive to oxygen. Staudinger considers that rubber 
decomposes according to the following reaction scheme: 

(C^Hs) 1000 + O 2 ^ 2(C6H8)50oO 

It can thus be readily seen that a very small quantity of oxygen can cause a great 
change in the physical properties. This reaction takes place in solution. In the 
solid state, however, the oxygen acts in such a way a^ to form oxygen bridges 
between the thread-like molecules.'^ Because of this action rubber of unlimited 
swelling capacity is converted into a rubber of limited swelling capacity. On 
this basis, the conversion of rubber from the soluble to the insoluble variety is 
therefore not a colloid chemical action but wholly a chemical action by which 
3-dimensional macromoleciiles are formed from thread-like molecules. 

Condensation Reactions 

In a condensation reaction, the polymer is no longer a multiple of the monomer 
as in the case of the addition polymer. During the reaction no addition of the 
reactants occurs but simple molecules such as water, alcohol, hydracid, sodium 
chloride are eliminated. In the final condensate, therefore, it is necessary to sub¬ 
tract the sum of the atoms liberated in order to determine the structural formula. 

Single condensations do not yield a substance with resinous properties. In 
order to build up a large molecule, the reacting molecule must have more than 
one grouping to allow a multicondensation to take place. 

Dx -f- Dx —>- D — y—D -f z 

CH3COOH + CH,COOH —> CH3CO—O—CO—CH3 + H2O 
In this instance, a condensation has taken place but no polymer results. With two 
reacting groups, or as they are more usually termed, functional groups, several 
reactions may take place: 1) intramolecular condensation: 

xDx —^ j— D — y —I -f- z 


HOOC—CH,—CHj—COOH 


CO—CH2—CH2—CO—O + H ,0 


W w. A. C^spari, J.C.S, 1914, 105. 2139 K H. Mever and H Mark, Ber . 1928, 61, 593. H. Kroep- 
elin and W. Bumshagen, Ber., 1928, 61, 2441. Wo. Oatwald, Kolloid.-Z., 1920, 49, 60. 

^See H. Staudinger and H. F. Bondy, Ann., 1933, 488. 153. Cf. three-dimensional polymers in 
this chapter. 
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2) the reaction may be intermolecular to build up a long chain and then become 
intramolecular 


x—D—x — x—(I>--y—D—y--D---y)n—x — r-(D—y),n 


or 3) the reaction may be wholly intermolecular and yield a linear polymer 
^ X — D — X —^ X — D — y — (D — y)n — D—x 

The question naturally arises as to just when intermolecular condensation 
takes place in preference to intramolecular condensation. Caro the rs"^* has devel¬ 
oped a general rule to the effect that when the number of molecules in a unit chain 
is five, the product is monomeric and cyclic; if the number is six, the product 
may be either mono- or polymeric and if the number is greater than six, it is ex¬ 
clusively polymeric. In other words when stereochemically possible, cyclization 
will take place but this will only occur when the functional groups are very close 
together in the same molecule. When sufficiently separated, intermolecular reac¬ 
tion is to be expected. 

This is at first difficult to reconcile with RuzickaV* discovery that high-mem- 
bered cyclic compounds can be prepared and are in no way less stable than smaller 
ones. That the rings are non-planar and strainless*^* can be seen on the basis of 
the Sachse-Mohr™ theory inasmuch as there is a free rotation around each single 
bond in the chain; the 5-membered ring is planar and free from strain; the 6- 
membered ring is highly strained unless two of the atoms are on a different plane 
from the other four; larger-membered rings possess a marked mobility and can 
assume a multiplicity of shapes. X-Ray measurements reveal that these molecules 
contain double chains.” 

These many-membered rings prepared by intramolecular reaction appear to be 
a peculiar phenomenon in that they are formed more through the accidental 
approach of the terminal groupings. The more general reaction is the inter¬ 
molecular reaction. 


Types of Multicondensation 

In the case of addition polymerization, it will be recalled, there were two types 
of addition: one the homo- and the other co-polymerization. Analogous types 
exist in multicondensation reactions, and they may be expressed as follows: 


x-D-^ 
X — E—X -f y — F—y 



x — D — z — D — z —D— z — D—y 
X — E—z — F—z — E—z~F—y 


An example of the different types of condensation can be seen in the formation 
of polyesters. The hydroxyl and carboxyl g’'oup may exist in the same molecule 
and lead to a homo-condensation or the hydroxyl groups may exist in one molecule 

W. H. Oarothers, Chem. Reviews, 1931, 8, .353. 

”For the formation of many-membered cyclic rings see L Ruwcka et al., Helv Chim Acta, 1926, 
9, 230. 249, 339, 389, 399, 499, 715, 1008; 1927, 10, 695; 1928, 11, 496, 670, 686, 1174, 1159. For a review 
see L. Ruaicka, J.S.C.L, 1935, 54. 2. 

H. D. K. Drew (J.8.C I., 1933, 52, 538) draws attention to the fact that these large rings can 
form a plane structure. 

Mohr, /. prakt. Chem,, 1918. 98, 315; Chem. Abs., 1919, 13, 2661. See H. Sachse, Ber., 1890, 
23, 1363; J,C.8„ 1890, 58, 1386. 

WA. MUller, Helv. Chim. Acta, 1983, 16, 155; Brit. Chem. Abs. A, 1933, 267. See also M. Stoll 
and G. Stolle-Oomte. Helv. Chim. Acta, 1980, 13. 1185. J. R. Kata, Z. angew. Chem., 1929, 42, 828. 



4 . NATURE OF RESIN FORMATION 


55 


and the carboxyl groups in another. In both instances, esters will be formed but 
they will differ in arrangement. 

HOOC—R—OH HOOC—R—OH 

I 

HOOC—R—O—C—R—O—C—R—O—C—R—OH 

iJ & 


H00C~R-<:--0—R-~0—C—R--C—O-^R-OH 

n j( a 

T 

HOOC—R—COOH HO—R—OH 

Numerous other types of condensation-polymerization exist and these may be 
summarized as follows. Long chain paraffins can be built up by the action of 
sodium on the polymethylene bromides followed by reduction in order to replace 
the terminal halogens by hydrogen.” 

Br—(CH2 )io—B r -{- 2 Na -{■ Br—(CH2)io—Br 
Br—(CH2 )io[(CH2),o]x(CH2)io—B r 
reduction 

1 

H(CH2)y—H 

A bi-functional Friedel and Crafts'^® reaction, leading to the formation of 
polymerized material, can be seen in the action of aluminum chloride on benzyl 
chloride: 


n CHj—Cl + AlCl, — 



Other reactions yielding linear polymers by condensation include formation of 
polyamides,^ polyamines," polyacetals," polyanhydrides,®* polymethylene sulphide 
iodides," aniline black," polyphenylene ethers*® and many many others which will 
be discussed in the following chapters. 


Structure of Polymers 


When the colloid chemist dealt with the so-called ‘‘bio-colloids,’’ he used the 
empirical concepts of “particle size” and “micellar structure” and regarded molec¬ 
ular weights and molecular individuality with considerable skepticism. One of 

W. H. Carothers, J. W. Hill, J. E. Kirby and R. A Jacobson, J.A C,S , 1930, 52, 5279. See also 
A. Franke and O. Kienberger, Monat., 1912, 33, 1189; Chem Aba, 1913, 7, 587 

C. Fnedel and J. M. Crafts, Bull. aoc. chim., 1885, 43, 53. See C K. Ingold and E. H. Ingold, 
J C 8., 1928, 2249. 8. N. Ushakov and A. V. Kon, Zhur Pnkladnoi Khxmix, 1930, 3, 69; Chem. Aba., 
1930, 24. 3796. 

wj. von Braun, Ber., 1907, 40, 1835. 

»J von Braun, ibid., 1910, 43, 2853. 

H. 8. Hill and H. Hibbert, J.A.C.8., 1923, 45. 8124. 

wj. W. Hill, J.A.C.8., 1980, 52, 4110. See CSiapter 50. 

•»J. von Braun. Ber., 1910, 43, 8220. 

»* R. Willstatter and O. Cramer, xbid., 1910, 43, 2976. 

» S. Goldschmidt, E. Schuls and H. Bernard, Ann., 1930, 478, I. 
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the earlier explanations offered was that proposed by OstwaId“ who observed 
that these high-molecular-weight substances went through physical changes akin 
to dispersoids and called them “isocolloids/'*’ Krumbhaar,®® Wolff,®® Scheiber,®® 
Auer" and Wornum** have used colloidal concepts in an attempt to explain the 
reactions which occur in drying oils. 

The continued interest in such substances as rubber, resins, cellulose, cellulose 
derivatives, starches, proteins and also in the synthetic resins has brought di¬ 
vergent views concerning their structure. These derivatives can be represented 
very simply by the empirical formulas: 

(CsHg) D —polystyrene 

(CgHg/n —rubber (polyprane) 

(CeHio06)n —cellulose (as anhydroglucose) 

(NH — CH—CO)n —protein (as anhydropeptide) 

ii 

where “n*^ indicates not only an unknown magnitude but also an unknown quality 
or kind of aggregation by which the units are united. 

At least three different concepts have been utilized in an attempt to explain 
the manner in which these basal or structural units are united. The first, with 
which Staudinger’s®* name is associated, is that the structural units are bound 
together by the primary valences of the orthodox organic chemistry. Opposed 
to this theory are those of Hess and Pnngsheim®* and of Bergrnann.®^ They are 
known as the association and the co-ordmation theories respectively. Hess and 
Pringsheim believe that the unit structures are monomeric or dimeric and are 
held together by secondary valence forces or by association. Bergmann's theory 
is that the structural unit is co-ordinated m the solid state and the unit, as such, 
is incapable of free existence in the vapor phase or m solution. Polysaccharides 
and proteins are thus built up of small units associated in the large molecules by 
supermolecular affinities similar to that of molecules in a crystal lattice. The 
structural unit, as in the crystal, loses its independence and individuality, as such, 
within the larger aggregate. 

Following the establishment, by x-rays, of definite periodicity in such substances 
as rubber, cellulose,®® polycyclopentadiene’" and polyoxymethylene,®® Mark and 
Meyer®® proposed their ‘‘micellar'' theory where the high molecular weight organic 
compounds are considered to be linked together into chains by primary valence 
forces. Bundles of these chains are associated laterally by secondary valences to 
form micelles which act as entities and are responsible for the colloulal properties. 

No attempt will be made to evaluate the experimental results on which the 

“ W. Ostwald, “Handbook of Colloidal Chemistry,” p. 103. 

^ See Chapter 3. 

»Krumbhiiar, Chem-Ztg , 1916 , 40. 937; Chem Abs., 1917, 11, 1314 

»H. Wolff, Farben. Ztg , 1926, 31. 1239, 1457, Chrvt Aha, 1927, 21, 1716 

»J. Scheiber, Farbe u Lack, 1927, 75. 135; Chem. Aba, 1928. 22, 3054 

L. Auer, Chem. Um^chau Fette Oele Wachae Harze, i928 , 35 , 9, 27; Chem Aha, 1928, 22, 1695 

WW. E. Wornum, J Oil, Colour Chem. Aaaoc , 1934, 17. 119, Che^n Aba, 1934, 28, 3915 

^ H. Staudinger, “Die hochinolekularen organischen Veibindungen “ See also H Staudinger, Inst 
Inteml. chim. Solvay, Cornell chtm , 4th Conseil, Bruaaeh, 1931, 101; Chem Aba, 1933, 27, 948. 
Kollotd-Z , 1930, 53, 19 Helv. Chtm Acta, 1930, 12, 1183 Naturwiaaenachaft , 1934, 22, 65, 84 
H. Staudinger and W. Heuer, Z. phyaik Chem , 1934, 171, 129 For criticism of K Meyer and 
H. Mark’s theory (Ber., 1931, 64, 1999, Bnt. Chem. Aba. A, 1931, 1276) see H Staudinger, Ber , 1931, 
64, 2721. 

H. Pringsheim, Naturwiaaenachaft, 1924, 12, 360; Chem. Aba., 1924, 18, 2331. K. Hes.s, tbtd., 
1926, 14, 435; Chein. Aba., 1926, 20, 2410 

M. Bergmann, Z. angew. Chem., 1925, 38, 1141; Chem. Aba., 1926, 20, 2684. Ber, 1926, 59, 2973. 

•• See G, L. Clark, “Applied X-Rays,” McGraw-Hill Book Co., Inc., New York, 1932, and Ind. Eng 

Chem., 1929, 21, 128. See also E. A. Hauser, tbtd., 124. 

•7J. Hengstenberg, Ann., 1928, 467, 91; Chem. Abs., 1929, 23, 1625 

••J. Hengstenberg, Ann. phystk,'1927, 84, 245; Chem. Aba, 1928, 22, 728. E. Ott, Jielv. Chtm 
Acta, 1928, 11, 300; Chem. Aha., 1928, 22, 1879. 

••H. Mark and K. H Meyer, Ber., 19!M, 61, 598. See also “Die Aufbau der hochpKilymeren 
organischm Naturstoffe,” Akad. Verlagsges. m. b. H., Leipsig, 1930. 
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individual theories have been based. Consideration will be given, however, to the 
primary valence theory inasmuch as it appears useful in predicting properties. 

According to Staudinger the molecules are long thread-like chains of the mono¬ 
meric groups linked together by primary valence bonds. As the degree of 
polymerization becomes greater, the molecular weight increases and the length 
of the chain likewise increases. The chain is iri effect a single molecule and the 
properties of the polymer depend on the length of the chain. When the length 
of the chain is relatively short, hemi-colloids are obtained. Longer chains lead 
to “eucolloidar' properties. 

In hemi-colloids, the mean molecular weight varies from 2000-10,000 and the 
single molecule consists of ajiproximately 50-100 monomeric units. It is to be 
understood of course that in no instance are the chains in any one product of the 
same length, consequently both the molecular weight and the number of struc¬ 
tural units must be an average figure. Solutions of hemi-colloids show relatively 
low viscosity and after the solution has been heated, the viscosity is not materially 
altered. The thermal softening point of the hemi-colloid is relatively low and 
the substance tends to be precipitated as an amorphous powder from solution 
upon addition of a nonsolvent. 

Eucolloids^®® consist of molecules which are much longer than those of hemi- 
colloids. The mean molecular weight vanes from 10,000 to well above 100,000 
and the chain may consist of as many as 3(X)0 monomeric units. The thermal 
softening point of the eucolloid is high and the substance, m contrast to hemi- 
colloids, is precipitated from solution as a material of a more or less fibrous nature. 
In solution, eucolloids have a high viscosity—a property which may be lowered by 
heat treatment. At the higher temperature, the longer chains are unstable and 
decompose into somewhat shorter ones 

When eucolloids do form, they are the end-products of a reaction which has 
taken place at a relatively low temperature. The lower the temperature, the 
greater tendency there is for the formation of the eucolloid. This is because 
the chain is sensitive to heat and the higher the temperature the shorter the 
chain.'®' Catalysts have the same effect as increase in temperature; rapid 
polymerization produces the hemi-colloid; slow polymerization yields the eucol- 
loid.'®" 

The polymerization of unsaturated compounds to a long thread-like chain 
leaves the end groups unsaturated: 

CHaO —> •—O—CH2-0~CH2(0—CIDn—0-CH,—•• •• 

These ends are troublesome to account for and various methods have been suggested 
to overcome the anomalously resulting structure. Conceivably the free radicals 
may be oxidized or otherwise converted to saturated groupings or the ends may 
combine with the molecules of the solvent. 

HO—CHa—O—CHaCO—CH 2 )n—O—CH 2 —OH a polyoxymethylene 
CH»—O—CH 2 —O—CH 2 ( 0 —CH 2 )n—O—CH 2 —O—CH 3 7 polyoxymethylene 
CH 3 ---CO---O---CH 2 —0—CH 2 ( 0 —CH 2 ) n—O—CH 2 --O—CO—CH, polyoxymethylene 

diacetate 

H. Staudinger {Ber., 1934, 67, 1255) discusses the ongin of the term “eucolloid “ 

It is usually considered that at sufficiently high temperature decomposition to the monomer results. 

low temperature 

Monomer :: Polymer 

high t^perature 

There is a question, however, as to whether this is always true. F O. Rice and K. K. Rice have 
recently reviewed the manner in which the various high polymers would be exji^ted to behave on 
decomposition. See “The Aliphatic Free Radicals,” The Johns Hopkins Press, Baltimore, 1935, 142 $eq. 

“"W. H. Carothers and J. W. Hill {J.A.C.S , 1932 , 54, 1587) found that the linear polyesters in spite 
of the high molecular weiidits are formed at 200-250*0. and show no sign of being degraded by repeated 
exposure to high temperatures. 
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Moreover, the free ends might combine intnimolecularly to form rings. 

CHr--0—CH 2 --O--CH,--.—O—CH,—O 


Carothers,"* however, does not consider such large ring structures feasible. 
In any polymerization, be it condensation or addition, the reaction must be step¬ 
wise and consequently ring closure if it is to take place must occur as the last 
step in the reaction. The longer the chain, however, the more distant the ends 
must be and the less opportunity there is for ring closure. 

The relation between the solubility and the length of chain is not easily dis¬ 
cernible. Some molecular chains of great length are soluble whereas others of 
relatively short length are insoluble. Polystyrene, consisting of perhaps a thou¬ 
sand structural units is soluble but one form of polycyclopentadiene, containing 
6 pentadiene units per molecule is insoluble. Polystyrene consists of a long satu¬ 
rated chain with phenyl groups hung along this chain at each alternate carbon 
and tends to form only linear chains 

-CH—CHr-CH—CH,—CH—CHj—CH—CHr-. 

(kfl, 

Polycyclopentadiene^®* may undergo secondary polymerization between the remain¬ 
ing double bonds resulting in an irregular molecule 

CH2 CH2 CH2 

.—CH -CH ^CH-CH ^CH—. 


H 


(*^==(iH h(!:--==ch Hi= 


I 

=CH 


Linear structures have been suggested for other macropolymers: 



-CH—CH 


CH—CH- 
polytruJene^^ 


-CH—CH— 


-CH2—O—CHo—O—CIL—O—CH2-O—CH2—O—CIL—O—. 

polyoxymeihylene^^ 

-CH—CH2—CH—CH2—CH—CH*—CH—CHj—. 

( 1 )H (*)H ( 1 )H (!)H 

■polynnyl alcohol'^'” 

-CH-CH,—CH-CH,—CH-CH,—. 

O—CO—CH, <*)—CO—CH, (!)—CO—CH, 

polyvinyl acetate^^'^ 



Bakelite 

w*W. H. Carothers, Chem. Reviews, 1931, 8, 379. 

See Qiapter 9 for another version of the structure of ]pol 3 aneri 2 ed cyclopentadiene. 

Staudinger, A. A. Aehdown, M. Bruimer. H. A. JBruson and S. Wehrli, Hetv. Chim. Acta, 
1929,12, 904. 

“•H. Staudinger, R. Signer, H. Johner, M. LUthy, W. Kem, D. Russidie and O. Schweitaer, Ann., 
1929, 474, 145. 

H. Staudinger, K. Frey and W. Starck, Ber., 1927, 60, 1782. 
u*A. £. Blumfeldt, Chem.-Ztg., 1929, 53, 493. See Chapter 14. 











4 . NATURE OF RESIN FORMATION 


69 


Three-Dimensional Polymers 

The distinct illustration of the possible relation between chemical structure and 
solubility is shown in the glycol and glycerol phthalates. Glycol phthalate can form 
only linear polyesters by multicondensation and tends to remain soluble in all 
stages."* Glycerol phthalate, on the other hand, can grow in more than one 
direction and as the size of the molecule becomes greater, it also becomes more 
complex and compact with the result that the solubility and fusibility decrease. 

HOOC—R—CO—O—R'—O—CO—.—R—CO—O- R'—OH 

Fusible alkyd type 

HOOC—R—CO-O—R'—0~C0—.R—CO—O ~R'—OH 

(U.... . 

Infusible alkyd type 

Moreover, wherever a double bond or other sensitive point occurs in the chain, 
the tendency is toward the formation of insoluble products. This apparently is 
due to cross-linkages between the chains. If represents a monomeric group 
containing a double bond or other sensitive group, the action may be expressed: 


.—A—A—A— K —A—. 



For example one may consider two molecules of Bakelite A yielding the insoluble 
and infusible Bakelite C.^^* 

lo* See Chapter 41 and seq. 

On the following page is given the manner in which A. E. Blumfeldt (loc. cit.) represents the 
formula giving the impression that the molecule is aromatic. Actually the compound as worked out on 
hi8 basis IS hydraromatic, and also rontain.s terminal hydroxyl groups. M. Koebner {Chem.^Ztg., IWO, 
54, 619; Chem, Abs., 1930 , 24, 8039) has criticised Blumfeldt's formula because it fails to account for 
the presence of hydroxyl groups. 



H H H H H 
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forms a hard glassy resin; propylene glycol (HO-CHa-CHa-CH,-OH) yields a 
product which is less hard and possesses a lower melting point; whereas diethylene 
glycol (HO-CHa-CHfl-O-CHa-CHa-OH) gives rise to a product of balsam-like prop¬ 
erties.^* 

Essentially the same relation exists in the condensation products of ammoaryl- 
sulphonamides and aldehydes Hardenability depends not so much on molecular 
magnitude as upon the constitution of the resin with respect to ring closure and 
cross-linkages. Hardenability is not observed in the aminoarylsulphonamide con¬ 
densation product with formaldehyde, even when the number of amino groups is 
sufficient for the purpose, if either one or the other amino group does not react 
with the aldehyde or if molecular association is impeded at one of the two posi¬ 
tions. Excessive spatial proximity of the reactive groups (e.g., in the ortho posi¬ 
tion) is a barrier to reactivity. The primary condensation may take place but 
the second group does not react. Depending on the initial starting material and 
the choice of reaction conditions aniline mono- or polysulphonanudes can be made 
to yield crystalline compounds or resins which belong to the fusible or infusible 
type. Condensations with benzaldehyde yielded crystalline derivatives; acetalde¬ 
hyde and furfural gave rise to crystalline compounds or infusible resins whereas 
formaldehyde gave rise to all three varieties.^* 

From evidence obtained in glycerol-phthalic anhydride condensation and in the 
tung oil polymerization, Wornum^^ believes that at low temperature straight-chain 
reaction occurs to form a small number of large units. Under these conditions 
gelation occurs only upon long heating. At high temperature 3-dimensional growth 
occurs immediately, yielding a large number of small units. Cross-linkages occur 
rapidly, bringing about phase complexity and gelation. It appears that at low 
temperature the ^-hydroxyl group is inactive and only the a-hydroxyl groups 
react, consequently a linear polymer is obtained. At higher temperatures all three 
hydroxyl groups enter into the reaction. 

A somewhat analogous vSituation exists when styrene and divinylbenzene are 
allowed to polymerize.'"® Styrene, as has been mentioned, gives rise to a linear 
polymer. Divinylbenzene, having two vinyl groups can build up a 3-dimensional 
polymer. Combination of styrene and divinylbenzene yields a compound whose 
general structure may be represented as follows: 


-CH—CH,- 



L. A Jordan and J. O Cutter, J.8.CJ., 1935, 54. 89T. 
See Chapter 34. 


G. Walter and H. Poliak, Kolloid-Beihefte, 1934, 40, 1; Brit. Chem. Aba. B, 1984, 
W. E. Wornum, /. OU, Colour Chem. Aaaoc., 19M, 16, 231 

H. Staudinger, Kaiutschuk, 1934, 10, 7 
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The reaction between urea and formaldehyde may be considered to give rise to 
a 3-dimensional polymer 


NH, H--CO—H HN—CHaOH HN^Hr-N—CHa—.-N—CHaOH 

(!]J=0 -f- —^ C=0 —^ (!5==0 (!j==o (ij===o 

lifH, H—CO—H Hll—CH,OH Hll—CHr-Jl—CH,—. —CHjOH 

Houwink^ has compared the gelatin gel with the urea-formaldehyde condensation 
product in its initial stages of formation. Both substances contain large amounts 
of water and form strongly lyophilic masses. Following the supposed reaction 
mechanism it can be seen how the presence of the hydroxyl groups in the 
dimethylolurea might be responsible for the hydrophilic properties of the gel. On 
heating and elimination of water with the formation of macromolecules, the hydroxyl 
groups would disappear with a corresponding reduction of the hydrophilic 
properties. 


Natural Products 

These linear polymeric representations of synthetic materials have lent definite 
support to similar structures assigned to natural products. This has already been 
partly shown in the case of rubber. Other natural products which have been 
analogously treated are cellulose, wool, silk and other proteins. As evidence con¬ 
tinues to accumulate, there appears to be a most intimate relation between resins, 
rubber-like products and fiber structures. 

Much of the work which has been carried out on rubber and on fibrous struc¬ 
tures is of immense importance in the field of synthetic resins. Rubber at low 
temperatures is hard and brittle and it may be that rubber owes its chief virtue to 
the fortuitous circumstance of having elastic properties at room temperature. At 
high temperatures, rubber on treatment with air can be converted into a resin 
On the other extreme certain of the high-melting resms approach at high tempera¬ 
ture the rubber-like state. Autopolymerized styrene behaves like raw rubber above 
65®C.“* Above this temperature, the styrene polymer may be “racked.”^* 

Von Weimarn“* has called attention to the fact that linear polymers such as 
rubber, silk, resins, lacs, lubricating oils and the like may exist in the mesomorphic 
state of matterAccording to Friedel,“* there are sharp discontinuities between 
the liquid (amorphous phase), the nematic state (where the long molecules point 
in one direction but are not grouped into parallel planes), the smectic state (where 
the molecules are arranged in parallel planes) and the crystalline state (where the 
molecules are marshalled into a 3-dimensional pattern). An experiment-of de 
Jong'*' is of interest in this connection. A thin film of gutta-percha hydrocarbon, 
obtained by slow evaporation of a benzene solution, consisted in microscopic rosettes 
of needles. After stretching, this film showed straight extinction with polarized 
light between crossed Nicol prisms. 

w* See Chapter 26, 

w R. Houwink, **Physikalinche Eigeruchaften und Feinbau von Natur-und Kunstharzen/* Leipsig, 
Akmd. Verlagages.m.b.H., 1934. "British Plastics Year Book/' 1935, Plastics Press, Ltd., London. 

^ A. Davies. Bntish P 373,228, 1931; Brit, Chem, Abs. B, 1932, 739. 

^ O, S. Whitby, J. G McNally and W. Gallay, "Colloid Symposium Monograph,’’ Chemicnl 
Catalog Co., New York, 1928. 6, 232. 

For "racked" rubber, i.e., rubber which has been stretched and held rigid by excessive cooling 
under stress, see W. A. Gibbons, R. H. Gerke and H. C. Tingey, Ind. Eng. Chem , Anal. Ed., 1933, 

... 

“*P. P. von Weimam, "On the Rubber-Like and Liquid-Crystalline States of Matter," in J. 
Alexander's "Colloid Qiemistry," Chemical Catalog Co., New York, 1931, 3, 89. 

Cf. experiments of D. Vdrlander reported earlier in this chapter 

“•Q. Friedel, "The Mesomorphic States of Matter," in J. Alexander's "Colloid Chemistry," 
Chemical Catalog Co., New York, 1926, 1, 102. 

u^A. W. K. de Jong, Rec. trav. chim., 1931, SO, 1011; Brit. Chem, Abt. A, 1931, 1421. 
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Another development is again due to von Weimarn.“® He has succeeded in 
obtaining an unstable rubber-like substance from elementary sulphur. By pour¬ 
ing hot liquid sulphur at 400°C. in a thin stream into liquid air, solid and brittle 
threads are obtained; on warming, the threads acquire a high elasticity similar 
to that of rubber but the property disappears after a short time whereupon the 
sulphur becomes translucent and changes over to the normal viscous state. 

Due to the rapid temperature drop of approximately 600°, some of the mole¬ 
cules become orientated whereas others form a highly disperse glass. As the tem¬ 
perature rises, the glass melts into a viscous liquid, yielding a system with the 
highly elastic properties of rubber. 

Just what exact relation exists between fibers, resins and rubber is at present 
hypothetical. Resins may be an indiscriminate mixture of rod forms without any 
special attraction or repulsion in any one direction. In the case of fibers these 
same rods might be arranged parallel with attractive forces at the ends of the 
rod whereas in elastic substances there could be repulsive forces at the end of the 
chain so that they would attach themselves at right angles to one another. In 
such a state any deformation would cause the substance to return to its undeformed 
condition.^ 


Cellulose 


The old micellar theory of von Nageli'*® had postulated that in the cellulose 
fiber there were linear anisotropic micelles. Each individual micelle should behave 
as a small crystal. The theory was not accepted seriously. A great many years 
later, Ambronn^*' pointed out that, if cellulose were crystalline, it should reveal an 
x-ray pattern. His own studies on the accidental double refraction in celloidin 
(nitrocellulose) and in cellulose had indicated to him the essential truth of von 
Nageli^s theory of crystalline micelles. The strong dichroism shown by the natural 
fibers as well as by the permanently stretched celloidin appeared to be additional 
evidence.’" 

Both Scherrer’" and Herzog and Jancke’^^ almost simultaneously showed by 
x-ray patterns that cellulose was crystalline. Cotton, ramie, wood, artificial silk 
and viscose all revealed these patterns, moreover wood behaved similarly to cot¬ 
ton and ramie (see Fig. 5). It was further determined that the crystallites were 
parallel to one another and parallel to the crystallographic axis of the fiber.’" 
Sponsler and Dore’" then postulated the long chain structure for cellulose which 
together with the x-ray studies by Mark and Meyer’" and Haworth’s’" proof of 
the structure of cellobiose and the relationships existing between glucose, cellobiose 
and cellulose have placed the polymeric linear structure beyond the hypothetical 
stage. Cellulose may now be considered to be built up of anhydroglucopyranoses 
as follows: 

laep P von Weimam, Z. Chem Jnd Coll., 1910, 6, 250; Chem. Abn , 1910, 4, 2078. 

i2«Spe G. Dnng, J.SC.L, 1934, 53, 422 

K von Nageh, “Pflanavenphysiologischen Untersuchen,” Zurich, 1858. 

H Ambronn, KoUo,d-Z., 1917, 20. 173 

H Ambronn, Nachr. Kgl. Oes. Wins. Gottingen, Mathphynk, Klasse, 1919, 299; Chem Ahs , 
1921, 15, 3393. Kollo%d-Z., Special No, Apr. 1, 1925, 119; Chem. Ahs, 1925. 19, 2877. See Chapter 3. 

Scherrer, Nachr. Oes. Wuss Gottingen, 1918, 96; JCS, 1919, 116 (2), 274. 

O. Hereog and W. Jancke, Z. angew. Chem., 1921, 34, 385 
K. B^»u, R. O. Herzog, W. Jancke and M. Polyani, Z phy<<tk , 1921, 5, 61. R. O. Herzog, 
tbid., 1920, 3, 96. Z. angew Chem., 1921, 34, 385 M. Polyani, Z phystk.. 1^21, 7, 149 

O. L. Sponsler and W. H. Dore, “Colloid Symposium Monograph,” Cliemiaal Catalog Co , 
New York, 1926. 

i«H. Mark and K. H. Meyer, Ber., 1928, 61, 593. 

>»W. N. Haworth, C. W. Long and J. H. G. Plant, J.C.S.^ 1927 , 2809. Cf. also J C. Irvine 
and E. L. Hirst. J.C 8 , 1922, 121, 1585 
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OH OH CHjOH 
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There is considerable disagreement as to the number of glucose units in the 
chain. Meyer and Mark^®® estimate that the number is from 60-100 (i.e., molecular 
weight from 10,000-16,000). Staudinger’^ is disposed to set the molecular weight 
much higher. Stamm,however, by means of the ultracentrifugal method,'^® 
studied the nature of pure cotton linters (a-cellulose) in cuprammoniiim solvent 
and obtained a value, on a copper-free basis of 40,000 ± 50(X), indicating that 
the cellulose molecule is built up of 200-260 simple glucose units. 

Haworth and Machemer'"® determined the length of the cellulose chain by 
strictly chemical means, namely by estimating the terminal groujis. By com¬ 
pletely methylating cellulose the end groups of the product should be tetrarnethyl- 
ated whereas the glucose units in the chain would be tnmethylated. On hydrolysis, 
one of the terminal groups would be isolated as a tetramethylglucopyranose, the 
other terminal group would be hydrolyzed into 2, 3, 6-trimethyl glucose and 
methyl alcohol. From the ratio of the trimethyl to the tetramethylated products 
it was possible to estimate the length of the cellulose chain. It was found by this 
means that cellulose consisted of not less than 100 and not more than 200 i9-glucose 
units. This corresponds to a molecular weight of 20,000-40,000 or a mean value 
of approximately 30,000. 

The most widespread views concerning the structure of cellulose have been 
developed on the one hand by Staudinger and by Meyer on the other. Staud- 
inger'^* undertakes to show that certain structural units under the influence of 
CO- valencies align themselves in one direction to form a fiber-like structure. 
MeyeF" believes that these linear polymers unite to form a bundle, or micelle, by 
means of reciprocal lateral attraction. Other materials than cellulose can participate 
in the formation of this bundle so that a '^mixed micelle” comparable to a mixed 
crystal can develop. 

There are two general types of reaction which cellulose can undergo and these 
have been called the ^‘micellar surface” and the ‘‘permutoid” reactions. These re¬ 
actions appear to depend on whether the reagent penetrates between the micelles 
without attacking the internal structure or whether the reagent penetrates the 
whole structure attacking specific chemical groupings at each point of the 
lattice.'** 

Although a large and definite part of the cellulose fiber is crystalline, there is a 
certain amount of amorphous material in the fibers and in other cellulose products 
such as ramie, hemp, sisal, jute, flax, cotton and wood.'**^ (See Figs. 5 and 6.) The 

«*K. H. Meyer and H. Mark, Ber., 1928, 61, 693. See also H Mark and K. H Meyer, Z. physik. 
Chem., Abt. B, 1929, 2. 1929. H. Mark and G. v. Susich, ibid., 1929, 4, 431. 

H Staudinger and O Schweitzer, Ber., 1930, 63, 2Z17, 3122 H. Staudinger and H. Freunder- 
berger, ibid,, 2331. See also H. Staudinger, Naturwissenschaft, 1934 , 22, 797 , 813 

A. J. Stamm, J.A C.S , 1930, 52, 3047. For the determination of starch by the ultracentrifugal 
method see O. Lamm, Kolloid.-Z , 1934 , 69, 44; BrU. Chem. Aba. A, 1934, 1172 
See the latter part of this chapter. 

N. Haworth and H. Machemer, J.C.S., 1932, 2270. 

H. Staudinger, Z. angew Chem., 1929 , 42, 37. 

K. H. Meyer, Biochem Z , 1929, 208, 1. 

Mark and K. H. Meyer, Z physik. Chem., 1929, (B), 4, 190; Bnt. Chem. Aba. A, 1930, 280. 
R. Thiessen (Ind. Eng. Chem., 1932, 24, 1032) in a study of natural products by means of the 
Spierer lens has found that cotton and ramie are built up of micelles in characteristic arrangement. 
In semi-rotten wood, the cells are similar in arrangement but stand out more clearly than in de¬ 
cayed wood. The transition stages which occur between sound wood and semi-rotten wood indicate 
a close relationship between cellulose and hgnm. 
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Fig. 6a.— 

X-ray Diagram 
Cellulose. 


of Native Cotton 




Courtesy C. V. Holmberg and Prof. Louis E. Wise, 
JnsMuU of Paper Chemistry, Appleton, Wis. 
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amorphous materials which may consist of resins, hemicelluloses and lignin do not 
interfere with the x-ray pattern. The crystalline part may be mercerized, nitrated, 
acetylated and treated chemically in the solid form and the resulting product is 
still a fiber crystal.'" 

According to von Weimarn,'" it is possible to reduce cellulose to a plastic gel 
by treatment with aqueous saline solutions under appropriate conditions of pressure, 
temperature and concentration depending on the type of salt employed. Two 
extreme types of cellulose solution exist: (1) solutions containing elastic continuous 
jellies and (2) solutions failing to produce any aggregatory effect, or yielding precipi¬ 
tates. Between these types various intermediates exist. Cellulose jellies which 
have been washed to remove salts shrink rather rapidly, become denser and acquire 
considerable tensile strength. When completely dried, the jelly becomes brittle 
but preserves its tensile strength. The transition of cellulose jellies to plastics 
(in this case ointment-like masses) is dependent upon the concentration of prod¬ 
ucts of cellulose hydrolysis in the gels. Beyond a certain concentration of such 
products, the properties of the jellies change from elastic systems into the region 
of plastic masses. 

When cellulose is gelatinized in sodium hydroxide solution, heat is evolved; the 
amount increases with the concentration of caustic alkali."® The elasticity of these 
swollen fibers is comparable to that of rubber."' 


Proteins 


The a-amino acids, as is well known, are obtained by hydrolysis of proteins. 
These a-amino acids contain bi-functional groups and would be expected to be 
linked up in the protein molecule as linear polymers, with the structural unit as 
the anhydro-amino acid. 


(NH—C-CO)„ 


R 


Several of these reactions are known to occur. Glycine on heating in glycerol 
at 150-170°C. for 24-36 hours yields an amorphous polymer of the formula 
(C,H,ON) which is reconverted to glycine by hydrolysis."* Moreover^ glycine 
ethyl ester decomposes spontaneously, yielding glycyl anhydride containing 4 unit 
groupings."* This reaction product may be expressed as: 

HaN—CH 2 --CO—(NH—CHa-COr-NH—CO—O—C 2 H 5 

FischerV®** famous synthesis of the octadecapeptide, 1-leucyl-triglycyl-l-leucyl- 
triglycyl-l-leucyl-octaglycyl-glycine gave rise to a linear chain polymer of the same 
type: 


“•See G. L. Qark, Ind. Eng. Chem., 1930, 22, 479. W. A. Siseon, ibid., 1935, 27, 51. W. A. 
Sisson and O. L. Clark, ItuI. Eng. Chem , Anal. Ed., 1933, 5, 296. See also Q. L Clark, "The Macro- 

mdlecule and Micelle as Structural Units in Biological Materials with special reference to ^llulose,'* 

Cold Harbor Symposium on Qualitative Biology, Cold Spring Harbor, Biological Laboratory, 1984, 
11, 28. 

P. von Weimam, Reports Imp. Ind. Research Inst., Osaka, Japwi, 1925, 5 (18), 7; Chem. 
Abs., 1925, 19, 3888. 

i»T. Barratl and J. W. Lewis, Trans. Text. Inst., 1922, 13, 118; J.C.8., 1922, 122 (1), 527. 

J. R. Kats, "Quellung der Cellulose," in K. Hess, "Die Chemie der Cellulose und ihrer 
Begleiter," Adak.Verlagsges.m.b.H., Leipsig, 1928. 

»"L. Balbiano and D. Traeciatti, Ber., 1900, S3, 2323; J.C.8., 1900, 78 (1), 682. L. Balbiano, Ber., 

1901, 34, 1501; J.C.8., 1901, 80 (1), 454. See also T. Curtius and F. Goebel, /. prakt. Chem., 1888, 

(2) 37, 150; 1888, 54. 576. 

’"•T. Curtius, Ber., 1904, 37, 1284; J.C.S., 1904, 86 (1), ATT. J. prakt. Chem., 1904, (2) 70, 57. 
mu £, Fischer, Ber., 1913, 46, 3078; 1919, 52, 809; 1906, 39, 530. 
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Svedberg and co-workers““ have elucidated to a great extent the molecular 
weights^“ of proteins by measuring sedimentation equilibrium in the ultracentrifuge 
and also by measuring the sedimentation velocity in a very much stronger cen- 


Fic 7. 

Principle of Ultracentn 

fuse. 


('ourfc'^y Industrial and Eugineer- 
niq Chemistry 
('ourtesy J B Niehols 




tnfugal field (See Figs. 7^ 8 and 9) It was found that proteins formed 
isodisperse particles, that is, of single molecular weight and that many of the 
proteins have molecular weights that are multiples of egg albumin.^'” (See Table 
7.) By combining the determination of the sedimentation equilibrium and the 
sedimentation velocity, it is possible to obtain a measure of the deviation of the 
particle from the spherical shape. By means of these calculations, it ^vas found 
that protein molecules with molecular weights of 1 or 6 times 34,500 are sen¬ 
sibly spherical whereas those of integrals 2 and 3 are presumably non-spherical. 


Svedberg and R Fahtens, JACS, 1926, 48, 430; and J. B. Nichols, ibid, 1923 , 45, 2910, 
and H Hinde, ibid , 1924, 46, 2677 For reviews on the method see T Svetlberg, “Centrifugal and 
Diftusion Methods for the Study of Disperaity and Hydmtion in Sols’’ in .1 Alexander, “Colloid 
Chemistry,” Chemic 4 il Catalog Co , Inc , New York, 1926, I, 838 See also T Svedberg, Chrm. Reviews, 
1934, 14, 1. J. B Nichols, Jnd. En^ Chem , Anal. Ed , 1932, 4 12 .J B Nichols (Nature, 1930, 125, 
814; Chem.. Abs , 1930, 24, 4202) compared the molecular vvemht determinations by ultracentnfiigal 
measurements with ebullioscopic method.s and found them to be sensibly co-ordinated J. W. McBain, 
C R. Dawson and H. A. Barker (/.A C.S , 1934 , 56, 1021) have studied the diffusion of colloids and 
colloidal electrolytes and especially egg albumm. From their woik it appears as if diffusion through 
porous membranes was one of the simplest, quickest and most ac(»iate methods of determining 
particle size or molecular weights. For egg albumin a value of 34,000 was obtained for the molecular 
weight at the isoelectric point This compares well with the ultracentnfugal method. Other values 
of pH brought divergent results apparertly due to mutual acceleration and retardation of ions. 

There is some question as to whether the doteimmation under these conditions is actually the 
molecular weight or the weight of the separate particles or micelles 

When a solution is centrifuged in a closed cell for a sufficiently long time, equilibrium results 
between sedimentation and diffusion The tune required for a quantity of the solute to be driven 
down by centrifugal force is then the same as that wandenng m the diiection of rotation through 
diffusion. To determine the molecular weight it is only neoessaiy to measure the relation between 
the concentration of the solution at tw'o points from the center of rotation. This value together with 
temperature, speed of the centrifuge, the partial specific volume of the solute and the density of the 
solvent allows calculation of the molecular weight 

The velocity of sedimentation may be obtained by using very much stronger oentnfugal fields, 
that is, from 30,000 to above 400,000 tunes the force of gravity. (A field of 400,000 requires a rotor 
moving at 75,000 r.p m ) 

W. T. Astbury and H. J. Woods (Nature, 1931, 127 , 663; Bnt. Chem. Abs. A, 1032, 752) considered 
multiples in the polypeptides to be due to vibrational instability of peptide chains when they 
became greater than a certam linut. 
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Table 7,— Molecular Weujhta of Proteins. 

Protein Molecular Weight Ref.* 

Egg albumin. 34,500 a 

Hemoglobin. 68,100 b 

Serum Pvlbumin 67,500 c 

Serum globulin. . 103,600 d 

Phycocyan . 106,000 e 

Phycoerythnn. 208,000 e, f 

Edestin . 212,000 g 

Limulus-hemocyanin 2,040,000 h 

Helix-hemocyanin 5,000,000 h 

*T Sveclberg a) and J B Niohol^, JACS, 1926 , 48, mi, b) and R 
Fahraeus, ibid, 430; c) and B Sjorgen, ibid, 1928, 50, 3318, d) and N. B. 
Lewis, ibid, 525; e) and T Katsurai, ibid, 1929, 51, 3574, f) and A J. 
Stamm, tbid , 2170, g) and F F Heyroth, ibid, 539, and h) and E Cliii- 
noaga, ibid , 1028, 50, 1399 


Courtesy Sharpies Corp. 



Fig. 8.—A Super-centrifuge Used for Separation of Proteins. 


Wool, without doubt, is also constructed from long polypeptide chains although 
much is not known concerning the structure.^'’® Two important amino acids which 
are obtained from wool by hydrolytic cleavage are glutamic acid: 

NHs 

HOOC—CHs—CHj—in—COOH 

and arginine 

NH 

NHj—H-NH—CH,—CH,—CH—COOH 

These acids are poly functional and may induce cross linkages between the chains 
of the polypeptides forming a ladder-like structure.^® This may be accomplished 
through a salt-like linkage 

i*»W. T. Asdbury and R. J. Woods, /. Tezt. Inst., 1932, 23, 127; Bnt. Chenh Aba A, 1932 , 451 
See also W. T. Afltbu^>^ “The Fundamentals of Fibre Structure," Oxford University Press,. London 

1933. 

In muscle protein it has been considered that free acidic and basic groups exist in the chains 
At the isoelectrio point the COO“ and NHa^ ions may attract and pull the chain into a spiral. Thi 
has been offered as a mechanism for muscular contraction. (See K. H. Meyer and H. Mark, "De 
Aufbau der hoohpolymeren organischen Naturstoffe," 1930, 238.) 




4. NATURE OF RESIN FORMATION 


69 


W 0 NH ^0 

djH—(CHj ,2—1!—o—NH,—fi—NH— (CH,),— 

io 


NH 


or through a definite polypeptide linkage 


NH O NH io 

in—(CH,),—c— n}i~<!!---nh~(CH2)3-“(^; 

io 


H 

NH 


Another important amino acid found m the hydrolytic products is cystine. This 
acid is likeWise polyfunctional and can directly bring together two chains: 


IsIH CO 

in—CH,-S -S—CH,—ill 

io in 

j j 

Silk differs from wool in that the amino acids obtained by hydrolytic cleavage 
contain no sulphur, in other words, cystine is not obtained. The chief amino acids 
found in silk fibroin^** are glycine (NH.-CH^-COOH), alanine (CHa-CIKNH^)- 
COOH) and tyrosine (p-NIb-CJb-CH,Cn(NH 2 )-COOH). The formula for silk 
fibroin has been considered tentatively as follows:'**® 

CHs 

h,n—OH,—CO—NH- in-CO—NH— c;h,—CO—NH—CO—. 

.—NH—CH,-(X)—NH—CH—CO—. 

in, 

Von Weimarn'®' disintegrated natural silk, coagulated and dried the coagulant. 
Instead of a flexible substance, he obtained a brittle resinous glass-like mass. The 
method of accomplishing this is as follows. Silk wadding was gradually added to 
hot aqueous sodium thiocyanate (86-120°C.) and the silk was dispergated under 
these conditions. After dialysis and subsequent standing the silk solidified to an 
elastic jelly, which, on further standing, developed syneresis and eventually yielded 
a perfectly solid glass. 

The wet masses, however, could be pulled into threads, especially in the 
presence of aggregators. Those salts which readily dispergate silk are poor aggre- 

^For the studies on the colloidal behaviour of silk senoin, see H. Kaneko, BtUl. Chem. Soc , 
^(Fpan, 1934, 9, 207, 241, 283, 409, 344, 461, 610; Bnt. Chem Aba A, 1934, 842; B, 1934, 878; A, 1934, 1069, 
1172, 1306; 1935, 33, 165 

K. H Meyer and H Mark, Ber., 1928, 61, 1932. 

3«i p p Weimani, “Dispergation and Aggregation” in J. Alexander, “Oolloid Chemiatry,” 
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gators. By adding in a thin stream silk solutions in solutions of salt dispergators 
into concentrated solutions of aggregators, threads of good quality can be pro¬ 
duced. When the mass was pulled into threads by one simple pull and dried, a 



Courtesy Industritd and Engnuenng Chemistry 
Cmtrtesy J H Nuholt> 

Fig 9—Optical System for t)il-Turbine Ultrac('ntnfuK<* 

A, Water-cooled lamp house H, Obi«‘ctive 

B, Lamp or mercury arc J. Motor 

C, Water filter K, Stroboscope disk 

D, Light filter L, Resistance 

E, Shutter M, Magiu^to generator 

F, Centrifuge N, Hot wire ammeter, readings m r p in 

G, Camera 


brittle thread resulted. On stretching and relaxing the thread seveial tunes beiore 
drying, silk threads were formed which apjieared to surpass natural ^llk 


Fiber Structure 

There is now almost conclusive evidence that materials v/hich form threads and 
fibers are built up of molecules in which the length is very much greater than 
any other dimension. The analogy has been drawn to floating logs. Their natural 
orientation is that pointing down stream and they will travel in that position (*ven 
if they enter in a random manner. Solutions of many highly polymerized com¬ 
pounds including rubber, cellulose derivatives and polystyrenes exhibit the j)h(‘- 
nomenon of streaming double refraction.^** This same iihenomenon is obseived 
in sols which on stirring yield marked streaks and in liquids that are just begin¬ 
ning to crystallize and therefore contain very fine crystals.^*** Particles suspended 
in a streaming liquid have both translatory and rotational motion about their cen¬ 
ters of gravity. Elongated particles tend to be oriented; this tendency, however, is 
opposed by the Brownian movement.^** Kuhn** inferred that the flow' tlouble 
refraction of rubber, gelatin and pol3rBtyrene solutions occurs only when a flow 
gradient is set up. The disperse particles cannot be linear when they are at rest 
but are coiled up in such a manner that they become effectively isotropic. 

Astbury and Woods^* have deduced from x-ray investigation that fibers may 
exist in fully extended molecules in such compounds as cellulose, natural silk, 
stretched wool or hair and stretched rubber. 'Tolded” or coiled molecules exist 
in unstretched hair and rubber. X-Ray photographs of stretched hair yielded 
a diffraction pattern which resembled closely that given by natural silk at all 

^R. Si«n«r, Z. phynk. Chem., 1#30, 150, 257; Bnt Chern Abs. A, 1930, 1367 

^See H. Freimdlich, "Oolloid and Oapdlary Clionjistry.’' truns H. S Hatfield, New York 
E. P. Dutton and Co , 1922, 408. 

^•*W. Kuhn, Z. physik. Chem., 1932, 161, I; Bnt Chem. Abs. A, 1932, 993. 

Kuhn, ibid, 1932, 161, 427; Brit. Chem Abe. A, 1932, 1201. 

T. Aatbury and H. J. Woods, J. Text. In$t., 1932, 23, 127; Brtt. Chem, Abs. A, 1932, 451. 
Bee also W. T. Astbury, *Tundamentalg of Fibre Structure." 
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stages of extension. Other proteins which give similar diagrams are collagen in 
sinews^'^ and to some extent in hide and gelatin.’'” Similarly, the photograph of 
rubber agrees with that w'hich would be expected from polymerized isoprene in 
the form of chains extended in the direction of stretching The extended mole¬ 
cules lack elasticity, and fibers built up from such molecules extend through 'hn- 
ternal” slippage. Folded molecules can be unfolded allowing the fiber to expand, 
thus conferring considerable elasticity. 

In wool, the change is from the folded keratin molecules (known as o-keratin) 
into the longer molecules (^-keratin). The transformation of a-keratin to 
)3-keratin can be arrested by drying the wool just as it is possible to check the 
contraction of rubber by cooling. When this stretching process is carried out m 
boiling water or steam, an extension of something like 100 per cent takes jdace 
without rupture; under these conditions there is a comjilete transformation to 
the /3-form. The skeleton of the unstretched keratin is considered to consist of 
a polypeptide chain folded into a scries of hexagons which are m effect diketopi- 
perazine rings. The rearrangement can be pictured as follow's: 
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Mark’*'® has made calculations as to tlie strength of te.xtile fibers. Assuming 
that the fiber is made up of infinitely long chains and further assuming that the 
tensile strength represents the work necessaiy to break a iinmary valence bond, 
lie arrives at a figure of S(X) kg. jier square millimeter for cellulose. Tins value is 
much too high. These chains, however, are not infinitely long and moreover the 
break may occur not through the severance of a primary bond but by the slip¬ 
page of the chains w'hich are held together bv van der Waal’s forces. This sup¬ 
position still avssumes that the fibers are in jierfect orientation; local imperfections 
(H'cur which lower this value markedly. 

The similarity of silk and cellulose fibers in respect to tensile proi^erties rests 

II O, Horzog and W Jancke. Ber., 1920, 53, 2162. Chrm, Ahs , 1921, 15, 13r For X-Rav 
diffiartion .s(iuli«‘s of surgical ralKUt ligatuirs set* G. L Doik, R H Fletit* aiul P. F. Ziegler, Ind. 

('hem . 1934 , 26, 440 and P F Ziegler and Ci L Clark, Surycry, (Jynfcohgy and Obstetnes, 
1934, 58. 578 

U Katz and O GeingioHs, KMloui-Z , 1926. 39. 180 Vhnn , 1926, 20. 3608. See alao 
(lerngroas and J R. Katz, Kallmd-chetn, Hethefte, 1926, 23, 368, Chem Abs , 1926 , 20, 3835. 

*”•11 Mark AfvUkuid, Textdbef., 1929, 10, 695. See also H. Mark, BaetUxa, 1932, 51. 405, Chem, 
1932, 26, ’4467. 
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on analogous constitution. Assuming the molar cohesion of glycyl residues to be ' 
about 11,600 calories, a chain of 100 peptide units (length 350 A. U.) would have 
a molecular cohesion of over 10“ calories This approaches the value of the 
cellulose chain 


Methods of Deteuminuncj the Moeect'eak Wekhit of I\)Lymeks 


As has already been indicaterl, ultracenlnfugal metliods have been used for the 
detefmination of the molecular weight (f the proteins In this instance the pro¬ 
teins show uniform particles, i^olymenzation jirocesses, however, yield a variety 
of products in the form of j)ol\mer homologues and inasmuch as no homogeneous 
substance is present, the molecular weight repre.senis only an average value. When 
fractionation of the sample is achieved, there is a much clo.ser approximation to a 
uniform product and the size of the molecmle beconu's a matter of considerable 
interest. 

In many instances the size of the molecule and its structure may be partially 1 
determined through density, index of refraction, .solubility and volatility in com¬ 
parison with analogous compounds. The method consists in preparing a series cif 
compounds having the same structural unit. From the lower more soluble polymers 
molecular weights can be obtained and results extrapolated to the higher values. 

In the case of molecules of known ba.^al units and known end groups but un¬ 
known chain length, it is possible to determine the molecular weight by e.stimating 
the end groups quantitatively. Further, knowing that there are two terminal 
groups in each molecule and with an exact knowledge of the molecular chain, its 
precise length may be calculated. 

The relation between molecular weight and vi.scositv has yielded interesting 
results as developed by Staudinger.”’ Earlier experiments in this field were con¬ 
cerned more with low-molecular weight compounds;^’" Staudinger, however, worked 
with colloids and divided them into two classes on the basis of the viscosity. In 
one class were those colloids whose molecules were spherical, such as suspensoid.s 
and emulsoid.s. In the second class were included comiiounds which were non- 
sphencal and were of fiber structure; this second class was further subdivided into > 
association colloids and molecular colloids. 

In the low-molecular-weight spherical molecules, the specific viscosity is inde- 
jiendent of the molecular weight becau.se this firojiertv depends on the number 
of particles in .solution. Under these conditions Em.slein s*^ rule is valid in that 
the viscosity depends wholly on the volume of th(‘ disperse ])hasc, in other words, 
on the concentration. Long molecules behave ditTerently, howTver. The viscosity 

K H Mrv»*r sikI H Mark, “iJrr Aufbaii fler l«(»chpf>lMn»*n‘n oiKanisrh«'n Naturstofff* ” 

For rev^icws by H StauilinjJCPr, soe Me4aUb()rn€, 1930, 20, 1911, Chcnu Abs , 1930 , 24, 5294 
Ber., 1934 , 67, 1242, Bnt Chem Ab/t A, 1934. 874 Hoh^ Chim Acta, 1932, 15, 213, Chcm Ah^ , 

1932, 26, 2632. Brr , 1932 , 65, 267, C/irw Ahn , 1932, 26, 267. Z phynik Chvm , 1931, 153A. 391 
Ber, 1928, 61, 2427, Bnt Chem Abs A, 1929. 51 Appluation of method to rdhiloso H Staudinger, 

Ber, 1931, 64, 1688; Bnt Chem Ab^. A, 1931, 1040 H StaudinRer and O Schwejtstor, Ber, 1930, 

63, 3132; Bnt. Chem. Abu A, 1931, 202 H. .StaudinRer, K Frey, W Stark an<l G Widmer, Ber, 

1930, 63, 2308. For cntin.Hm see K H Meyer and 11 Mark, Z. Elrktrochem , 1934 , 40, 728; Chem 
Abe. 1935, 29, 597. For H Staudin«er’s reply cf %bid , 729; Chem. Abg , 1985, 29, 597, Methyl cellu¬ 
lose: H Staudinger and H Scholtz, Ber, 1934 , 67, 84; Chem. Abs., 1934 , 28, 1589 Aeptvl celluloao: 

H. Staudinger and H Freudenberg, Ber, 1930, 63, 2331 Poly.wochandes• H Staudinger and O 
Schweitzer, Ber., 1930, 63, 2317 H. Staudinger and H Freudenberg, Ber . 1933 , 66, 76 Bnt Chem 
Abe A, 1933, 149 

For other discuswions, see H G Bungenherg de .Jong, H. R. Kruvt and .J Len^, Kollid-Beihefte, 

1932 , 36, 429; Chem Abs., 1933, 27, 458 G. U Schultz, Z phj/sik. Chtmi . 1932; 161, 441; Chem Abe., 

1983, 27, 10. For opnlJration to sdioic and soliition.i, see R Signer and H Gross, Ann., 1932, 499, 

158; Chem. Abs, 1933, 27, 158. Specific polysaccharides M. Heidelberger and F. K Kendall J Biol 
Chem., 1982, 96. 541; Chem. Abs. 1932, 26, 4309 

^"^For a consideration of this work see E Hntschek, “The Vi.scosity of Liquids," G. Bell and 
Sons, London, 1926, Chapter 7. 

*’*A. Einstein, Ann Physik, 1906, (4) 19, 289; Kollotd-Z, 1920, 27, 137. 
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of equally concentrated solutions is not constant but is proportional to the molecu¬ 
lar weiglit Inasmuch as the molecular weight is proportional to the length of 
the chain, the viscosity would increase with the length of the molecule and Ein¬ 
steins rule would no longer hold. Moreover, a difference in the structure of asso¬ 
ciation colloids and molecular colloids may he shown by the alteration of the 
viscosity of the association colloids on heating due to a disruption of the micellar 
structure. The long fiber molecules have an elastic structure due to the fact that 
they exist as a .single entity bound by primary valence and on heating the specific 
viscosity IS not altered The relation between specific visco.sity and molecular weight 
gives an insight into weight and also length of the macropolymers. 

The specific viscosity (relative increa.se in vi.^cosity caused by the solute) of 
carbon tetrachloride .solutions of jiaraffins, aliphatic esters and ketones is given by 
the equation 


where c — quotient of the concentration in grams per liter by 14, i e , the molecular 
weight of the methvlene, group 71 — number of carbon atoms in the mole¬ 

cule, y IS a constant characteristic of the methylene group and j a constant which 
IS zero for iiarafTins but depends on the nature of the groujis containing oxygen 
For the ecjuation to be valid, n must be greater than h. In aliphatic acids it is 
not the number of carbons m the normal molecule but in the co-ordinated mole¬ 
cule which must be taken into con.sideration inasmuch as acid particles are jiresent 
both in solution and in the crystal as co-ordinated double molecules. 
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In the case of alcohols, however, a lower value is obtained because both the normal 
(ROH) and the co-ordinated molecules (ROHTIOR) are present. The viscosity 
determination offers a means of measuring this di.ssociation. (See Fig. 10.) 

Once the constants for the different senes were known, a relationship was found 
between the various hydrocarbon polymers, namely, that equally concentrated solu¬ 
tions are built up of long fiber molecules of the .same length whenever the specific 
viscosity of the solutions is the same. Structure and chemical behavior do not 
enter into viscosity, only the length of the molecule. 

The equation therefore becomes 


= Km M 
c 

where c is the gnmdinolare Konzentration'' or the concentration in primary 
mols.”* M is the molecular weight, Km a constant and the specific viscosity 
which is determined from the relative viscosity by the relationship 

»7r “ 1 *= yjsp 

^■^^The concentration is expressed in tenns of the repeotin^? luut. In the case of polystyrene, the 
ropcating unit is —CH*—CHfQiHs)- of molecular weaght 104. When c = 1. there will he 104 g. of the 
f'uhstanoo in a liter of solution, or c = 1 for a 10 4 per cent solution The km constant for the lower 
fractions of polystyrene polymers was found to he 1 8 x 10“* (Sec Table 8 ) Substituting 111 the eQua- 
I'on ritp/c = Km M, the values become 0 11/0 001 = 1.8 X 10"* M, or Af — 6.1 X 10^ For the anomahee 
''^hich appear in more concentrated solution.^ of polystyrenes see H. Staudinger and R. Nodsu, Bar., 
>®30, 63, 717’,Ch€m. Abs., IWO, 24, 717 and H. Staudinger and W. Heuer, ibid., 223: Chem, Abs., 
^930, 24, 5716. 
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The relative viscosity is in turn derived from the relation where the t (tune) is 
determined from viscosimeter determinations 

_ t (soluTion) 
t (solvent) 

Ring structures, however, markedly affect the viscosity;”"’ thus, solutions of 
cellulose derivatives are more viscous than solutions of rubber or hydronibber with 



F k; 10 

Relation Between Viscos¬ 
ity and Chain-Len^:lh of 
Paraffins and Paraffin De¬ 
rivatives in 1 4 piT cemt 
C a r b o n Tetrachloride 
Solution. 


Cotirtci^y H Staudmger 


the same length of molecule because of the presence of the glucose ring”® (See 
Table 8.) By preparing analogous compounds having ring members attached to a 
long and extended chain, the increment in viscosity due to the presence of the 
ring may be taken into account. 

Polyethylene oxide exists in two forms as determined by viscosity measure¬ 
ments.”’ The lower polymers possess the ordinary ^‘zig-zag” configuration. 


Ih H2 

o i 

i k 


IB 


H 2 


O C C 

^ \ / \ / \ / 

c o c 

A, n, 


Staudinger and E. Ochiai, Z vhythk Chem , 1931, 158, 35; Brit. Chem Abs A, 1932, 121. 
Staudinger and R C Bau^r, Helv Chim Acta. 1934, 17 . 863 ; Chem Abs , 1934, 28, 6120 
H. Staudinger, "Die hochmolekulaien organischen Verbindungen,” 1932, 301 seq 
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The higher polymers exist in what is termed the ‘'meandering” form and may be 
pictured as follows: 


() 


() 


CHa 


O 


CJI 2 

(*;h, in 


CHj 

in. 


0H2 

U CH 2 v^ri2 

\ / \ / 

o o 

The "meandering” form has been substantiated by x-ray determinations 


TablI!J 8. —Molecular Weight, Specific Viscosity and Chain Length of Highly Polymerized 

Suf}stancc‘i 


Compound 
Polystyrene 
Polyvinyl acetate 
Rubber 
Balata. 



Cone, in 


Primary 


Mols 

0 11 

0 001 

0 26 

0 0125 

0 380 

0 010 

0 886 

0 025 

0 307 

0 0025 


Content 

Per 

V P 

Cent 

c 

0 01 

110 0 

0 108 

20 8 

0 068 

88 0 

0 17 

15 0 

0 040 

121 4 

0 072 

118 6 


Km 

X 

Aver 

JO 

-4 

U W 

1 

8 

600,000 

2 

6 

80,000 

8 

0 

125,000 

3 

0 

50,000 

10 

0 

120,000 

11 

0 

108,000 


No. of 
Atoms 

Forming Length 
Chain in A 
1*2,000 15,000 

1,800 2,200 
7,200 8,100 
8,000 3,400 

8.800 8,900 

1.800 1,900 


Cellulose . 

Tnacetyl cellulose 0 284 0 0025 

•H Staudirigor, “Hochmolekularen Organiachen Verbmdungen,” p 101 


The Viscosity values for very high-molecular-wTight molecules has been ques¬ 
tioned. In the study of the polyoxydecanoic acids,it was found that the molecular 
weights of the polymers could be obtained by titration up to values of 25,000 
These values were checked by ultracentrifuge determinations and were found to 
be in agreement. Comparison with the viscosity determinations, however, showed 
that the viscosity method gave reliable values up to a molecular weight of 16,000 
but from this point up to a molecular weight of 25,000 increasing errors appear. 

Staudingc^F**^ hxas replied that the non-agreement really occurs in the lower 
members of the series as might be anticipated for a highly co-ordinated molecule, 
whereas much better values are obtained for the range 16,000-25,(XX). The specific 
viscosity of a single carbon m the lowest jiolviner (mol. wt. 780) is 3 1 X 10*®; 
the value falls to 1 4 X 10*® for a molecular weight of 9300 and remains constant 
up to the molecular weight of 25,000. 

In the relationship 


= Km M, 
c 


the following equation is also valid 


= A', L 

c 

where L stands for the length of the molecule. According to the Einstein law 

Sauter, Z. physik. Chem., 1933, 21, 161, 186; Chem, Ahs , 1933 , 27 , 3867 C/. Chapter 50. 

W. H. Carothers and F. J Van Natta, J A C.S , 1933, 55, 4714. 

O Kraemer and J. Van Natta J Phys Chem. 1932 , 36, 3175; Chem. AbH, 1933 , 27, 1800 
^ H. Staudinger, Ber , 1934, 67, 92, Chem. Abs , 1934 , 28, 1589 For other cnticisrns see K Hess 
and B. Rabinowitsoh, Ber., 1932, 65, 1856; Brtf Chem. Abs A, 1933, 149. 1, Sakurada and S Lee, 
Kollotd-Z., 1932, 61, 50; Chem. Abs., 1933, 27, 837. I. Sakurada, Ber, 1934, 67, 1045. R. Obogi 
and E. Broda (Kolloid~Z., 1934, 69, 172; Chem. Abs., 1935 , 29,t 1696) compared viscosity and osmotic 
pressure determmations over a senes of concentrations anii found that a parallel existed between the 
viscosity and the molecular weight determinations from osmotic pressure These investigators consider 
that Staudinger’s relation may be used as an approximate empirical relation up to molecular weights of 
about 60,000. 
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the viscosity of the solution is dependent only on the total volume, y?, of the dis¬ 
solved phase 

rjsp = K ip 

For long thin molecules, on the other hand, with the viscosity increasing with 
the length of the chain, the volume of a chain molecule, effective with respect to 
viscosity, is not equal to the volume proper hut increases with chain length. The 
effective volume (expressed by Staudinger as a fiat cylinder generated by the rota¬ 
tion of a single molecule) can be written as 



where d is the diameter of the chain If two chains align themselves to form a 
single chain, the total effective volume changes from 





If, on the other hand, the number of chain molecules is halved due to the forma¬ 
tion of chains twice the length of one chain, the effective volume changes from 




Nr2Ly 

2\2) 


(I 


to 


^^2N 



TT * d 


The effective volumes, therefore, of chain molecules of different length increase 
proportionately to the square of the length of the chain, that is, to the square of 
the molecular weight. 

Because of the large efrective volume of the long chain molecules, even their 
dilute solutions are not ordinary. As the concentration increases, the total effec¬ 
tive volume quickly outstrips the available volume. A gel solution can therefore 
be considered as one where the effective volume of the long molecules is greater 
than the actual volume of the solution. Such a gel condition can not be obtained 
with substances of low molecular weight inasmuch as the molecules extend equally 
in all dimensions, consequently the sphere of activity of a molecule is almost 
identical with its own volume. 


The Application of X-IUy Methods to Mackopolymers 


Mention has already been made concerning the use of x-rays in the elucidation 
of the structure of certain natural products, the linear polymers. The field of 
amorphous products is one of the most recent to which x-ray analysis has been 
applied.'** Much pioneer work, however, needs to be done although enough has 

*** In addition to the references already cited, the following summaries have appeared; G. L. 
Clark, “Applied X-Rays,” McGraw-Hill Book Co, Inc., New York, Ind. Eng Chern , 1929, 23, 128 
S. E. Sheppard, Jnd. Eng Cheni , 1931, 25, 781 See also G Natta, Giom chim ind. applicata, 1934, 
16^ 285; Chem. Abfi , 1935 , 29, 130 H. Staudinger, “Hochmolekularen organischen Verbindungen,” J. 
Springer, Berlin, 1932. R. Houwink, “Physikalische Eigenschaft und Feinbau Natur-und Kunstharzen,” 
AJkad. Verlagsges m b.H.; Leipzig, 1934. K. H. Meyer and H. Mark, “Der Aufbau der hochpoly- 
meren organischen Natursloffo,” Akad. Verlagsges m.b H , Leipzig, 1930. For other discussions on 
x-rays c/. E. Schmid and W. Boas, “Knstallplastizitat,” J, Springer, Berlin, 1935. A. H. Compton 
and S. K. Allison, “X-Rays in Theory and Experiment,” D. Van Nostrand Co., Inc., New York, 1935. 
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been accomplished to indicate that x-ray anal 5 ^sis should prove to be a most useful 
tool. 

The first ai)phca4ion of x-ray methods was to that of crystal structure. Acting 
on the suggestion of Laue,’®^ Friedrich and Knij^pmg^''* found that a crystal acted 
as a 3-dimensional optical grating for x-rays. Shortly afterwards the Braggs^^® 
modified the Lane method to make possible not only the direct determination of 
the actual arrangement in the crystal but also provide a means of determining the 
wave length of x-rays. 

In the Lane method the rays are {Massed through the crystal and the image regis¬ 
tered on the jihotographic plate. The image produced is one of a symmetrically 
arranged group of spots. If, while the photograjih is being taken, the crystal is 
rotated periiendicular to the x-ray beam, all of the sjaits become arranged on a 
series of cuivi'n, one parallel and the other perjiendicular to the axis of rotation. 



The Braggs vere al)le to diow that the diffraction by tlu‘ crystal could be 
treated more easily as reflections from th(‘ successive jilanes of ions (or atoms) 
rather than a ^-dimensional gniting. The treatment is analogous to the refraction 
of visible light from a .-tack of very thin plates of glass. The problem is very 
much simplified, however, if the reflected beam is considered as equal to the anye 
of incidenc(‘ (See Fig 11 ) Under these conditions, an exjiression can be devel¬ 
oped 

n\ — 2(1 sin 0 

where X is the \vave length of the light, d is the distance between the planes, & is 
the angle of refraction (oi the “glancing angle of reflection”) and n is an integer, 
usually small, called the order of diffraction 

Inasmuch as the crystal has several “faces” or planes (see Fig. 12), the analysis 
of the crystal structure by the Bragg method invoUes the determination of the 
relative spacing of the jilanes ])eii)en(hcular to the principal directions of the 
crystal. Either the naturally occurring planes in the crystal may be used or the 
planes may be ground on the crystal, either procedure, however, involving the use 
of a fairly large well-develojied cry.stal. The discovery by lliill'*'’ and by Debye 
and Scherrer"^ that the minute crystals present in a crystalline powder could re¬ 
flect x-ravs, oiiened new fields for x-ray research. It will be noted that under these 
conditions (see Fig. 13) the photograph is characterized by a series of rings. A 
crystal rotating about a fixed axis gives rise to a set of single spots. When the 
crystal is m the powdered condition, each spot \mII be repeated many times with 
the resultant effect that rings are produced. 

i«»M. Laue, Sitzb kais Akad Wi.ss , Munrhni, 1912. 263, Chnn Ahs , 1913, 7. 2010 Ann 
Physik, 41, 971; Chem. Ahs, 1914, 8, 11 

W. PViedrioii, P KnippinK and M. Laue, Sitzb kais, Adak , Munthen, 1912, 303, Chem 

Abu. 1913, 7, 2009 Ann Physik . 41, 989, Chi m Ahs. 1914, 8. 11 

W. H and W. L Bragg, and Crvhtal Stuictnrf,” 1915. W H Bragg, J.C.S , 

1916, 109, 260 

W Hull, Phys Pev . 1917, 10, 661; Chem Abu, 1918, 12, 649 

Debye and P. BcIkmi.i, Phymk. A , 1916, 17, 277; 1917, 18, 291; Chem. Abs , 1917, 11, 1786; 
1918, 12, 786. 
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No discussion of crystallographic work will be given here,“* save for the crystal 
structure of diamond and graphite. (See Fig. 14.) The staggered carbon laj^ers 
in diamond account for its extreme hardness, while the flat layers of graphite can 



Courtef.y G L Clark 

Fin 12—Typical Sets of Parallel Planes in a Cubic Lattice. 


easily be used to explain the latter’s fine lubricating properties, since the bonds 
from carbon layer to carbon layer may be ruptured easily. Many such exami)le« 



Fig 13. 

A Typical Crystalline Powder 
X-Ray Diagram. 


Courtesy .S K Slupporrl 


of the correlation of physical properties and crystal structure are known and 
undoubtedly the microscopic properties of a solid are influenced to an enormous 
extent by the properties of the fundamental crystallographic unit. 

^ For further details, bibliography and discuasion, see R. W. G. WyckofF, J. Franklin Inat., 1923, 
195, 183, 349, 531 and “The Structure of Crystals,” Chem. Catalog Co., N. Y., 1924. 
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In the study of liquids and amorphous solids such as glasses, resins, colloids 
and various natural and synthetic organic compounds, the angles of diffraction 
are not sharp and well defined as in the truly crystalline substances but are quite 
broad. The x-ray patterns show halos instead of sharp rings or spots. A per¬ 
fectly amorphous substance should yield a diffraction pattern consisting essentially 



Courtexy Central Saentific ('o 

Fig. 14—The Structures of Diamond and Grai)hitc as Di'duccd by X-Ray Ditfiaction 

Methods 


of only a general fogging with no signs of halos or jireferred scattering at any 
angle. Any kind of an arrangement of the ultimate units in an imperfectly 
amorphous material, of the most rudimentary variety, would result in the registra¬ 
tion of a broad halo upon the photographic plate A single broad diffraction 
halo indicates, at least, an elementary tendency toward organization. Liquids 


Fig 15. 

A Typical X-Ray Diffraction Pat¬ 
tern of a Liquid 


Courtesy S. E Sheppard 



(see Fig. 15) and gases are known to produce such halos so that even here we 
are not dealing with perfectly amorphous substances. It seems likely that these 
halos, simple as they are, measure some fundamental periodicity associated with 
the pseudo-amorphous solid. 

A measurement of the diameter of the halo together with its breadth and in¬ 
tensity with respect to the general background yields information which, when 
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properly interpreted, is of considerable significance. Especially is this true, in the 
case where it is desired to show that two substances, although of identical chemical 
composition and prepared by similar methods, are fundamentally different This 
difference may arise in a slight shift m the halo, a change m its breadth or an 
alteration of the intensity. If the substances are different, perfectly matched 
x-ray patterns do not occur. 

It can be seen, therefore, that altliougli the theoretical nature of the origin 
of the halos of these ])seudo-amorphoub substances is at best imperlectlv undei- 
stood, information can still be obtained. When this inlormation is ^iroperly cor' 
related with physical and chemical data, conclusions of considerable signihcancc 
may be expected. 

Experimental Procedure. In Fij^uie 16 is a diagrammatic sketch of the general 
cxiienmental set-up. The figure shows a MulN'r-Fcanstniktur copper x-iay tube hav- 



Fi(.' 16 

A Muller Feiiistruklur X-Ray d’ulx' 
A. X-Ray Tube 
B Lead Shield 
C Lead Pinholes 
D Photographic Id ate 
E Diffracted Rav 
F Ci'iitral Und(’vluted Ray 
G. Specimen 


Cotirtcs{/ (i L Clark 


(S('(' Fig 17 ) 


ing an operating voltage of about 30,000 volts and 25 milliampen’s TIk* \-iay beam 
of 1.54 Angstrom units (1 54 X 10** cm.) wave length is defined hy two 025-uich lead 
pinholes. The distance from the plate to the specimen under exMiiiination is 3 00 
cm. Samples are usually adjusted to 1 mm. thickness The mounting is fixed and the 
beam of x-rays transmitted perjiendicularly. In general, to obtain accurate results 
care is taken with the time of exposure of films, control of voltage and amperage of 
the x-ray tube and finally with the development of the negative The developed nega¬ 
tives are best compared by obtaining intensity curves which allow breadth of the 
rings, the intensity and the distance from the source to bo rend directly 

Beal, Anderson and Long'®* studied the resins obtained from the polymerization 
of cumarone and indene'®* by x-ray methods. (See Figs. 18 and 19 ) The resins 
made by polymerizing a coal tar naphtha distillate were not amorphous but gave 
well-defined rings which indicated fundamental spacings within the resin mole¬ 
cules. (See Table 9.) 

’"“F Beal, H V Anderson and J S Long, Ind Eng Chem., 1932, 24, 1068 
See Chapters 5, 6 and 7. 
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Tadi.r 9.— (''utnarone-l tide tie RetiitiH 



Melting Point 

Angstrom 

Units 


in ‘'C. 




(hiule naphtha 

— 

— 

5 3 

— 

Liquid resin 

— 

2 3 

7 5 

9 4 

Soft resin 

20 

2 2 

5 3 

9 2 

M('diuiri sofi resin 

80 

2 3 

5 3 

9 4 

Hard resin 

132 

2 2 

6 2 

9.3 

Nevindene 

153 

2 2 

5 2 

9 4 

Ncvindene 

178 

— 

5 3 

9 1 


Little could ])e learned concerning the effects of i)oIymenzation, except that: “Any 
lh(‘ory for exjdaining the pol}inenzation of tlie resin must take into account 



Courtesy Prof G. L. Clark 

Fig. 17. —X-ray Diffraction Equipment at the University of Illinois. 

several factors revealed by x-ray data. (1) The 5.3 A spacing is evidently caused 
by the thickness of the individual cumarone and mdene molecules, and since this 
spacing persists in the highly polymerized resin, the molecules must be so com¬ 
bined that their thickness can still give rise to an intensity maximum. (2) In the 
polymerization process, a new arrangement of the molecules giving rise to a spacing 
of 9.1 A is formed; and (3) in the liquid resin, which is a very low polymer, the 
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spacing due to the thickness of the molecule has disappeared.’’ Ihey further 
suggested that the molecules first polymerize into groujis which possess the 
thickness of the single molecule. The thickness spacing is lost at this stage due 
to random arrangement. As polymerization proceeds, the molecules align them¬ 
selves into layers separated by a distance equal to the thickness ol the individual 



molecule, thus bringing about the reappearance of the 5 3 A spacing. That it 
returns unchanged is taken as evidence that the layering is due to forces other 
than primary chemical valencies. The precise origin of the outer spacing is not 



Fia. 19. 

Indene, Copper Rudiation 


Courtesy F. Beni, H V Andtrson and J S. 
Long 


clear, but the 2.2 A ring is found to appear in many natural resins. Possibly 
the reappearance of the 5.3 A ring is due to the production in the later stages of 
polymerization of a new repeating unit, not identical with that giving rise to the 
first 5.3 A spacing. 
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Tnllat’*' and others, including the author/®* have investigated the condensation 
jiroducts of phenols with formaldehyde with respect to the x-ray patterns. In Table 
10 are given the results which are very interesting when analyzed in the light of 
liolynienzation phenomena, fusibility and solubility and bear out the current theo¬ 
ries concerning the structure of the phenol-formaldehyde type resin.^®® 

Table 10. — Phenol-Formaldehyde Resins 


Resin 


d^ 


d^ 


d'^ 


R(jf. or Fig 

Phenol-formaldehyde. 

.. 3 

5 A 

4 

6 A 


— 


(“) 

o-Cresol-formaldehyde 

3 

5 A 

5 

0 A 


— 


(") 

m-Cresol-forraaldehyde. 

3 

6 A 

5 

0 A 


— 


(‘‘) 

p-Cresol-formaldehyde. . 

. 3 

5 A 

4 

6 A 


— 

A 

(*) 

Xylenol-formaldehyde (liquid) . 

4 

1 A 

5 

5 A 

17 

5 

20^ 

Xylenol-formaldehyde (soft). .. 

4 

2 A 

5 

5 A 

14 

7 

A 

21 

Xylenol-form aldehyde (infusible) 

4 

2 A 

5 

9 A 

15 

4 

A 

22 

Xylenol-formaldehyde (fusible) 

. 4 

2 A 

6 

2 A 

12 

65 A 

23 


* Data from R Houwink. “Physikalisoh<‘ Eigcnschaften und Fembau von Natur-un Kunstharzen ” 
^ The numbers refer to illustrations 


In the study of synthetic resins and compounds of the type which are suscepti¬ 
ble to polymerization, the determination of the intensity of the lines is of the 
utmost importance. P>om the above table it will be seen that in proceeding from 
the phenol to the xylenol resin, the tendency is to form larger spacmgs. This 
tendency, especially for the spacmgs labeled (f and d®, is probably increased by 
the side chains on the aromatic nucleus. Thus one would expect to find that a 
greater increase in and possibly d* will be found m an o-butylphenol-formalde- 
hyde resin, less of the same tendency in a p-butylphenol resin. In resins 20, 21 
and 22 it will be seen that as polymerization proceeds the intensity of the rings 
becomes less and less. An examination of the intensity curves for these resins 
reveals that the curves are becoming less undulating, that is, the difference between 
trough and crest is becoming less and less. The lessening of intensity of the outer 
halo shows greater spatial distances, indicating a greater degree of polymeriza¬ 
tion. The resin marked 23 is a fusible xylenol resin; its x-ray properties approxi¬ 
mate that of the potentially reactive soft resin 21. 

In Table 11 and Figures 24, 25 and 26 are given three different stages of the 
same phenol-formaldehyde resin: 24 is the phenol-formaldehyde resin made by 
refluxing 1 mol phenol with 1.5 mols of formaldehyde in the presence of sodium 
carbonate, and dried in vacuo) 25 is the same resin cured under 3000 pounds 
per square inch at 120-130°C.; while 26 is the same resin compressed at 3000 
pounds per square inch at 70°C., then removed from the press and heated in an 
oven at 70°C. with the temperature gradually rising to 140°C. until cured. 


Table 11. — Phenol-Formaldehyde Resin in 
Various Stages of Polymerization 


Resin 

d’ 

P 

24). . 

. . 4 8 A 

3 

25)... 

. 6 2 A 

24 

26). 

5.3 A 

33 


In this case only one ring can be detected. The intensity curves are smooth 
and broad, broadening as heating is continued, indicating an increased degree of 

J. Tnllat, a. “Reservement des Groupementa." b. “Lea applications dea rayons-X,” Paris, 

1930 . 

^ Carleton Ellis, private communication from Ellis-Foster Company. 

Acknowledgment is made to Dr. G. L. Clark of the University of Illinois for his help in this 

work. 
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polymerization. The mc'jximiim shifts to a soniovvhat I.'iro^er v;ilur as j)()Iyiiionza- 
tio!i increases, as does the intensity. In the jinmary resin the sing;le band is well 
defined and narrow hut ])olvmerization eaii«>es a })roa(lenin?: and a 'smoothing which 
indicates random elnsterinp; of primary aggregates with less approach to orientation. 
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Fie.s 2(V23—X-Ray Patti'rns and Intensity Piirvi's of Vanous Xvlcnol-Fonnaldc'- 
hyde Resins. 

Fio. 20—A liquid resin made by refluxing 1 mol of mixed xvlenols with 15 mols of 
aqueous formaldehyde in the ])iesence of an alkalme catalvsl Reaction was contuuK^d 
until the xylenol-formaldehvde condensate just piecipilatod After being washed and 
then dehydrated at 105C , the pioduct was a vi'-^cous luiiiid at room temperature The 
ordinate of the intensity cuive i(M>r(‘S(ails iieicentage daiki'ning of the patteni, the 
abscissa is plotted in number of miiliuK lers (meaMued on original negative) from cen¬ 
tral spot. For conversion curse, see Fig 27 

Fio. 21.—Soft resin, solulile in toluene and a mixture of toluene and nu'thyl alcohol, 
prepared by heating liquid xylenol-formaldehydt' loin at 130-140°() until a slightly 
soft product is obtained. 

Fig. 22.—An infusible re«;in .soluble in toluene and toluene-methanol mixture's 
Softens slightly when heated but is not fusible It is obtained b}^ heating soft xylenol 
resin until gelation takes place 

Fig. 23.—Fusible resin resulting from the reaction of 1 mol of mixed xylenols and 
1 mol of aqueous formaldehyde without an added catalv>t 


Fatty oil acid modified glycerol phthalate resins^*” offer interesting x-ray iiatterns. 
(See Table 12 ) 


T\ble V2. —Modified Glycerol Phthalate Resins 


Resin 

28) Stearic glvcerol phthalate 

29) Linolejc glycerol phthalate 

30) Linoleic-elaeostearic glycerol phthalate. 



(P 

P 

P 

4 55 

9 32 

45 

32 

4 60 

— 

48 

— 

4 77 

2 32 

52 

39 


See Chapter 41 and seq 
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Approximately the .same degree of fogging near the central .spot is taken as a 
measure of the same degree of polymerization. P'rom the stearic to tlie Iinoleic- 


Fie 24 


25 


Fig. 26. 



P^ios 24-26 —X-Ray Pattian.s and Intousity Curves of Phenol-Foimaldohydc Resins 
P^iG 24 —A potentially reactive re.sin ])repared in the presence of sodium carbonate 
P’kj 25—Paitially cured re.sin made by heating i)otentially leactive resin at 120- 
130°C under 3000 pounds pressure. 

Fkj. 26.—Cured resin made by compressing at 70°C. and 3000 pounds pressure. 
The H'sin was removed from pre.ss, heated m an oven at 70°C. and then gradually 
heated to 140®C. 




P'kj 27—Conversion Curves for Intensity Graphs, Making Possible the Conver.'^ion 
of Millimeters to Angstrom Units (see Fig. 20). Graph on left applies to Figs. 24, 25 
and 26; the one on the right can be used with all the other intensity curves. 


elaeostearic phthalic glyceride, however, there is a general smoothing out of the 
intensity curves signifying an approximation of the tnily amorphous state in which 
the primary aggregates are joined in perfectly random distribution. 
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In Table 13 and Figures 31, 32 and 33 are data and photographs of glycerol 
phthalate in different stages of polymerization:'* 31 is the half-acid ester, 32 is 
a soft resin and 33 is the hard, infusible, insoluble C-stage. 


Table 13 .—Unmodified Glycerol Phthnlate Resins 


Resin 


d^ 

(/» d* 


n 

P 

P 

31) Half-acid Ester 

4 05 

4 80 

6 30 14 00 

40 

40 5 

36 

28 5 

32) Soft resin / 


4 55 

6 30 


33 5 

30 5 


33) Infusible and Insoluble 


4 55 

6 45 


39 

34 5 



From the patterns it may be seen that m the infusible and insoluble form of 
the resin there is a great deal of fogging close to the center spot, showing a great 






L 

L 

L. 




■ 

H 

■ 




■ 

i 

■ 




7 

X 

_ 




L 

T 




A 


X 




r 



L_ 



















U-. 


> 

/t 

9 


1 



Ficj. 31. 


Fios. 28-31.—X-Ray Patterns and Intensity Curves of Glycerol-Phthalic Anhydride 
Resins. 

Fig. 28.—Rosin modified with stearic acid. * 

Fig. 29.—Resin modified with Imoleic acid. 

Fig. 30. — Resin modified with Jinoleic and elaeostparic acids 

Fin. 31.—Unmodified resin in half-ester stage obtained by heating glycerol and 
phthalic anhydride to ITO^C. The product is a viscous liquid at room temperaturje. 


tendency toward the 3-dimensional polymer. Moreover, the maximum near 8 
mm. from the central spot becomes more pronounced as the reaction becomes 
more complete. This increase in definition of the maximum is explained by an 
increased tendency for definite orientation and a closer approach to crystallinity. 
This does not mean crj^stallinity in the ordinary sense of the word, but an align¬ 
ment of the molecules of the resin to give the semblance of crystallinity. In 
other words, the fully cured resin assumes the properties of a macro-pseudo- 
crystallite. 


^ See Chnptei 42. 
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In casting resins one would expect to observe a similar phenomenon. In 
this instance, as the resin slowly hardens, orientation to a crystallite state can take 
jilace more easily. 

A difference may be jiointed out between the methods of polymerization of 
phenolic resins and that of the phthalic glycerides. In phenolic resin the contrast 
between the maximum and minimum becomes less distinct and the intensity curves 
have a tendency to become smooth; in phthalic glyceride, however, these curves 
become more jagged. Polymerization, therefore, is taking place with orientation 




Fig. 32. Fig. 33. Fig. 34 Fig. 35. 

Figs. 32-35.—X-Ray Patterns and Intensity Curves of Various Resins 

Fig 32—Soft unmodified glycerol phthalate resin, soluble m methanol, formed bv 
heating glycerol phthalate resin in half-ester stage to 210-220®C. until a brittle product 
remained Acid number is 90. 

Fig 33—An unmodified glycerol phthalate resin in the infusible and insoluble stage. 
This was obtained by heating soft glycerol phthalate resin to 245®C. until gelation took 
place. 

Fig. 34—Rosin-modified glycerol phthalate. 

Fio. 35.—Rosin-maleic anhydride adduct. 

and hence a nearer approach to the crystalline state. The polymerization of the 
phenolic resin, on the other hand, takes place through a clustering of primary 
aggregates with no approach but rather a recession from a crystalline state. 

The influence of rosin in the resin molecule may be seen in Figures 34 and 35. 
The first is a rosin modified phthalic glyceride while the second is a maleic 
anhydride adduct of rosinOne might say the two substances were identical, 
so closely do their patterns match. There are some slight differences, only enough 
to show there are two different substances being examined. Beal, Anderson and 
Long'*^ have studied the products obtained by modifying phenolic resins and 
phthalic glyceride with ester gum. (See Table 14.) 

^••860 Chapter 40. 

F. Beal, H. V. Anderson and J. 8 . Long, loc. cit. 
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Table 14. —Resim Derived from Rosins 


Resin d 


Wood rosin W. G 

2 31 

5 75 

Ester gum, light. 

2 25 

5 63 

Ester gum, dark 

2 25 

5 51 

Amberol BS/1 

2 25 

5 57 

Amberol 105/F 

2 25 

5 54 

Amberol F-7. 

2 25 

5 51 

Teglac 6 

2 16 

5 54 

Teglac 15 

2 24 

5 43 

B-K gum 

2 16 

5 25 


Both of these modified resins show precisely the rings associated with raw rosin 
Esterification with glycerol to form ester gum, as well as the subsequent incor- 




Fig. 36 




Fk; 38 


Figs. 36-38—X-Ray Pattenis and Intensity Curves of Sulphur Itcsins 
Fig. 36.—A glycorol-polysulphide plastic prepared by reacting glycerol dichloiohydrin 
and sodium polysulphide. 

Fig. 37.—An ethylene polysulphide plastic made from ethylene dichloride and sodium 
polysulphide. 

Fig. 38.—A phenol-sulphur chloride resin made by treating 100 g. of ])h('nol with 
150 g. of sulphur monochloride. 


poration of synthetic materials, has apparently little effect upon the fundamental 
molecule present in rosin. The fact that even by modifying rosin to such an extent 
as reacting it with maleic anhydride does not change its character is esiiecially 
significant. X-Ray methods would seem to offer a positive methotl of identifying 
this natural substance in all of its fonns in commerce. 

Large atoms, naturally having more mass, give more intense lines in the x-ray 
diffraction patterns and siqierficially may be detected more easily. In the 
following series suljihur is the large atom. Such large atoms are predominant 
throughout a series. In the following table and Figures 36, 37 and 38, 36 is the 
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reaction product of glycerol dichlorhydnn^sodium polysuli)hide; 37 of ethylene 
dichlonde-sodium polysulphide;'""' and 38 of phenol-sulphur chloride.'** 

Table 15. — Sulphur Resins 


Resin 



F 

P 

36) Glvcerol-Sulphur Resin 

4 8 

9.32 

25 

25 

37) Ethylene-Sulphur Resin 


9 35 


21 

38) Phenol-Sulphur Chloride Resin 

4 8 

9 32 

16 

22 


These three substances resemble eacdi other closely as regards their x-ray 
patterns. Proceeding from glycerol-sulphur to phenol-sulphur and to ethylene- 
sulphur resin, it is apparent from the intensity curves that the spacing d' becomes 
weaker and weaker until it is finally non-existent The phenomenon may l>e due 
to a greater polymerization existing in the substance, but the explanation is doubt¬ 
ful. No concept at present can be offered for this interesting fact. 



Fig 39 —X-Ray Pattern of Unstrctchcd Chloroprenc.® 

" Coiutcsy W U Caiolheis PhotoRinph taken by A W Kenney 

The behavior of rubber both in the stretched and unstretched states has already 
been considered. According to Mark'*** all of the synthetic polymerized products 
from isoprene and other unsaturated hydrocarbons yield, even when stretched, a 
diffraction pattern analogous to that of a liquid. Duprene or polymerized chloro- 
prene*®' is the first synthetic rubber-like material to give a characteristic x-ray 
pattern on stretching'®** (See Figs. 39, 40 and 41.) 

Carothers and HilP*® have made a study of artificial fibers produced from hexa- 
decamethylene dicarboxylic acid and trimethylene glycol. Filaments are produced 
from the molten ester by touching it with a stirring rod and then drawing the 
rod away, or by extruding a chloroform solution. If sufficient tension is applied 
during the spinning, lustrous threads of improved mechanical properties result; 
otherwise the thread is opaque and lacks luster. The opaque thread shows an x-ray 
diagram with several fairly well defined rings; with the lustrous material a senes 
of spots is observed, which, while not so complex as in the case of ramie, is of the 

See Cliapter 68 
See Chapter 69 

H, Mark, “Die Rontgentechnik m der Matenalprufung,” Eggert and Schiehold, Akademieche 
Verlagsges.rn b H , Leipzig, 1930, 142 
See Chapter 8. 

203 w. H. Carothers, I Williams, A, M Collins and J E Kirby, J.A C S , 1931, 53, 4203. 

»»W. H. Carothers and J. W. Hill, J.A,C.8 , 1932. 54, 1579. 





90 


THE CHEMISTRY OF SYNTHETIC RESINS 


same type. These results indicate the orientation of the crystal units in a lustrous 
fiber. A similar oriented fiber was obtained with ethylene sebacate, as well as 
with mixed polyesters and polyamides of the type derived from e-arainocaproic acid. 

The polyoxymethylenes,^’" formed by the polymerization of formaldehyde, offer a 
very interesting example of the application of x-rays. The chemistry of these 



Fic. 40. 

X-Ray Diffraction Pattern ot ytrrtched Chloro- 
prene.*^ 


® Court* sy W U Caiotiu’is Pliot**giaph taken by A. W 
“iiney 


substances has been studied exhaustively by Staudmger and his co-workers 
X-Ray examination of the lower crystalline polyoxymethylenes indicates that they 
are linear polymers comparable to the paraffins, i.e., a zig-zag chain structure. 
(See Fig. 42.) 

^ The end groups of the chain-like molecules do not show definite characteristic 
features in the x-ray photograiih. It is only the unit in the chain, and the dis¬ 
tances of the chains from one another which are significant Thus polyoxymetliy- 



Fir. 41 

Stretched Bioinoprene •* 


’* (’ouitt*sv W II C.iinthrrs 
bv A W. Koimoy. 


J'hotograph taken 


lene hydrate and polyoxymethylene dimethyl ether yield x-ray patterns which arc 
almost identical. 

The type of arrangement shown above is obtained only with relatively short 
polymers. In the case of polymers of greater molecular weight, which are as 
a rule insoluble, there is no definite intermolecular distance in the arrangement. 
The molecules in general are still oriented in parallel bunches, though they lie end 
to end without any definite arrangement. 

Sec Chapter 23. 

**H. StaucUnger, "Hochmolekulareil organiachen Verbmdungen," 1932, 224, et aeq. 
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It IS characteristic of x-ray diffraction patterns obtained from very small 
particles that the lines of the photograph become broad and hazy as the particle 
size IS reducedThe case of colloidal gold is illustrative Gold normally gives 
sharp lines and the lattice is cubic. When the metal is in the colloidal state, 
however, with a jiarticle size corresponding to only about 20 atoms, diffuse lines 
are observed, though the cubic symmetry is retained. The same feature is observed 
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Fig. 42 —The Probable Airangemont of Octa-oxymcthylcne Diaceiate Molecules. 


during the transformation from the amorphous to the crystalline state The ag¬ 
gregates formed in the early stages of crystallization are very small, and hazy 
diffraction bands are produced. As the crystals develop the bands sharpen into the 
usual lines. This is true of the polyoxymothylene hydrate gel. Immediately after 
preparation there is a nearly complete random arrangement of the molecules and 
the rings are very diffuse. The appearance after 2 days is somewhp,t different. 
There is a definite pulling together of the molecules into ordered groups and as 
a result the diffraction lines become much sharper. 

2®® See R Zsiginonclv, “Kolloiclchfmie/' 3rd Ed , p 387 







Chapter 5 

Cumarone and Indene 


Cumarone, indene and their homologiies are the parent substances for the pro¬ 
duction of the so-called cumarone resins. Their occurrence and gereral reac¬ 
tions are summarized in this chapter. 

Resins are produced from cumarone and indene by direct horno-polymerization 
in the presence of a catalyst such as sulphuric acid. A.s indicated by its structural 
formula, indene is a hydrocarbon posse^sulg both olelimc and aromatic jiroperties 
In its high chemical reactivity and tendency to })olymonze, indene is similar to 
styrene^ and cyclopentadiene." (hnii.aione i.s the oxygen analogue ot indene. 

The structural relationships can be seen as follows: 


II.C 


HC--OH 

iyideiie 



hc-^Ch 


cu7n(iro7)e 



styrene 


CH--CH 


H,(' 


CH=CH 

cydopentadxene 


All of the compounds are, in efifcct, substituted ethylene derivatives* 

In practice, sejiaration of pure indene and cumarone is both difficult and ex¬ 
pensive; hence, fractions of solvent naphtha (coal-tar distillate) rich in cumarone 
and indene are used as raw materials in resin manufacture, since jiolymenzation 
readily occurs despite dilution by other compounds For various reasons (one of 
which was the presence of other unsaturated, polymerizable substances in sol¬ 
vent naphtha) the first attempts at commercial manufacture of resms yielded 
dark sticky products of limited application. Methods of purification of the raw^ 
material and the technic of resinification have been so developed that light-colored, 
hard resins of manifold uses are now^ easily made. The present commercial 
cumarone resins are clean, nearly odorless products. They differ markedly from 
the offensive tars and acid sludges (obtained in the usual course of acid-refining 
of coal-tar naphtha) which, though containing resins, also include so many un¬ 
desirable substances as to be practically useless. 


Cumarone 

Cumarone is a water-white, oily liquid of peculiar odor, boiling at 172° C. and 
having a specific gravity of 1.096 at 15°. It is insoluble in water and volatile with 

'See Chapter 11 * See Chapter 9 

* See CSiapter 51 for the effect of different substituent groups on the properties of compounds 
possessing the ethylene or vinyl grouping. 
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steam and is present in the fraction of coal-tar naphtha boiling between 168-175'', 
which IS the source of cumarone for resin manufacture. 

Kraemer and Spilker* isolated cumarone from a coal-tar fraction (boiling be¬ 
tween 168° and 175°C ) which had been treated with caustic alkalies and with 
acid. They brominated 1 kilogram of this material by the gradual addition of 450 
grams of bromine while maintaining the temperature below 0°C., and obtained 80 
grams of cumarone dibromide, which crystallized in prisms melting at 88-89'’C. 
By prolonged boiling with alcoholic potash under reflux, the dibromide was con¬ 
verted to bromocumarone (m.p., 39°). From a solution of bromocumarone in 70 
per cent alcohol, cumarone was regenerated by reduction with sodium amalgam. 

Later, these same investigators® obtained cumarone by resinifying, a crude 
coal-tar naphtha (bp. 155-185°C ) with sulphuric acid, destructively distilling 
the resins formed, and converting the cumarone in the 168-172° fraction into the 
picrate. They stated that this method of separating cumarone from hydrindene 
(indane), which occurs in the same fraction, is easier than separating the former 
directly from crude-tar ^najihtha. The method has been criticized by Burda and 
Sukacheva,® who, by using it, secured only 0.11 per cent yield of cumarone from a 
solvent naphtha boiling between 140° and 2()0''C.’ 

Chemical Properties of Cumarone. The name cumarone is unfortunate 
in that it suggests, quite erroneously, this substance is a ketone, whereas it is an 
unsaturated cj^clic oxide. Cumarone has been sythesized by a number of methods, 
which are only of purely scientific interest. It was prepared by Fittig* by dis¬ 
tilling cumanlic acid with lime, the reaction being represented thus: 


H 



Ros.sing^ obtained cumarone by boiling o-aldehydephenoxyacetic acid 

CHO 

/ 

\ 

O—CH2COOH 


with anhydrous sodium acetate and acetic anhydride. Another procedure is the 
treatment of phenoxyacetaldehyde with glacial acetic acid and zinc chloride.^® One 
synthesis of cumarone depends upon the elimination of hydrogen chloride from 
o-hydroxy-/3-chlorostyrene by alkalies.’^ 



-f HCl 


* G Kraemer and A Spilker, Ber, 1890, 23, 78 

Kraemer and A Spilker, Ber., 1900, 33, 2257; J.C S , 1900 , 78 (1), 556. 

® N. I. Burda and U. D. Sukacheva, Ukrain. Khem. Ztvur, 1931, 6, (Sci.), 169; Chem. Abs., 

1932, 26. 2192 

This criticism must be considered carefully because of the uncertainty of the origin of the 
naphtha used by Burda and Sukacheva If it was a commercial product some polymeriBation may 
have occurred previously and it is even possible that the normal traces of other hydrocarbons had 
been increased by the addition of residual fractions from other distillations. 

8R Fittig and G. Ebert, Ann, 1883, 2 1 6, 168; Ber, 1883, 16, 413; Ann, 1884. 226. 354. 

»A Rossing, Ber, 1884, 17, 3000. 

10 R. Stoermer, Ber, 1897, 30, 1703. 

w G. Komppa, Ber., 1893, 26, 2969. 
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One of the characteristics of cumarone is the stability of its oxide ring sys¬ 
tem. This is not affected by potassium cyanide, by hot hydrochloric acid or by 
ammonia at 280°C. Cumarone is not decomposed by boiling aqueous or alcoholic 
potash, although concentrated alcoholic potash at 200° hydrolyzes it with rupture 
of the oxide ring. 

The unsaturated character of cumarone is shown by its numerous addition re¬ 
actions and by its. power of additive polymerization. With bromine in the cold 
it readily forms a dibromide (m.p., 88-89°C.).'^ On hydrogenation, either cata- 
lytically or by sodium and boiling alcohol, the corresponding dihydride, dihydro- 
cumarone. 



O 


results,^® together with o-ethylphenol as a by-product. Cumarone combines with 
nitrous acid to yield mtrosites^* and with hypochlorous acid to give a mixture ot 
isomeric chlorohydrins. From the latter Boes'® isolated a chlorohydrin (m p 
123°C.) convertible by potassium hydroxide into cumarone glycol (mp. 151°). 
Strong inorganic acids, including sulphuric, phosphoric, hydrobromic and hydriodic 
acids, polymerize cumarone, the products being of a resinous nature. By careful 
nitration with concentrated nitric a(‘id, Stoermer and Richter^ obtained a mixture 
of two isomeric nitrocumarones, an oxidation product and resinous substances. 
Oxidizing agents, such as bleaching powder and potassium permanganate react 
violently, the latter causing the formation of a resin. 

Cumarone is distinguished by its stability at high temperatures. Kraemer 
and Spilker” found that 94 per cent of the compound remained unchanged after 
passage through a red-hot tube. The stability of cumarone and its homologuew 
at high temperatures permits their formation in a number of pyrolytic reactions, 
and explains their occurrence among the products obtained by cracking higher- 
boiling phenols of jinmary coal-tar.” Cumarone results from the pyrolysis of 
cumarin at 860°C. and atmospheric pressure” and polymerized methylcurnarones 
have been produced by the pyrolysis of hexahydrodiphenylene oxide.®" 

Cumarone forms a characteristic picrate (m.p. 102-103°C.),®^ and yellow, crys¬ 
talline, unstable double compounds with 1,3,5-trimtrobenzene (m p. of equi- 
molecular addition product, 103.5-104°).®® 

Polymerization of Cumarone. The polymerization of cumarone has been 
studied less systematically than that of indene, but indications are that the 
mechanisms are similar Much of the work, however, is rendered somewhat un¬ 
certain by the fact that investigators have used impure cumarone as the starting 
material. 

R FittiK and G Ebert, Aim., 1883, 216, 169 G Kracnier and A Spilkor, Ber, 1890, 23, 
80. R Stoermer and B, Kahlert, Her , 1902 , 35, 1635 

H. Alexander, Her., 1892, 25, 2409 M Weger, Z atiyev) Chem , 1909, 22, 391 Molybdenum 

catalysts have been suggested foi the hvdiogenation of cumarone reams See British Patemt 247,586, 

1925, to I G Farbenmd. A.-G ; C/icin Aha., 1927, 21, 643. H. Winter and G Free, Brermstoff-Chem , 
1934, 15. 287; Brit. Chem Abif B, 1934 , 914 

M. Dennstedt and C. Aliren.s, Ber , 1895 , 28, 1333 
»J, Boes, Apoth ZtQ., 1908, 23. 153, Chem. Zentr, 1908, 1, 1185, JCS, 1908. 94 (1), 444. 

“R Stoermer and O. Richter, Ber, 1897, 30, 2094 

WG. Kraemen and A. Spilker. Ber , 1890 , 23 , 78; JCS, 1890 . 58, 496 

MW. Gluud and P. K Breuer. Oea. Abhandl Kenntma Kohle, 1918, 3, 238, 

MN. A. Orlov Bn4 V. V Tisohenko, Ber., 1930, 63, 2948; Bnt. Chem Aba A, 1931, 233. 

A Orlov anr? M. A Belopolski, Ber., 1929, 62, 1752; Bnt Chem. Aha. B. 1929, 806. 

^ G Kraemt'r and A Spilker, Ber , 1890, 23, 3276 CJ. Bntisih Patent 1422, 1890, to Chem. Fabrik. 
A.-G.; J8C.I., 1890, 9, 546 German Patent .53,792, 1890; Chem. Zentr., 1891, 1. 111. 

“J. J. Sudborough and S. H. Beard, J.C.8., 1911, 99, 209, 215. 
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Kraemer and Spilker*” found that when a solution of cumarone in benzene 
is shaken with sulphuric acid the greater part of it is converted into a resin 
soluble in benzene and the remainder separates as a brown insoluble powder. 
If 80 per cent sulphuric acid is used as polymerizing agent the soluble resin is 
formed almost exclusively. The yield of the insoluble resin increases with the 
concentration of the acid; with 95 per cent sulphuric acid, the insoluble resin 
is formed quantitatively. A soluble resin melting at 107-108°C. and having a 
specific gravity of 1.25 had a molecular weight corresponding to a tetramer of 
cumarone, When heated at 300-350°, this resin furnished a distillate 

consisting mainly of cumarone together with some phenol, ethylbenzene, and 
small quantities of o-ethylphenol, toluene, and dihydrocumarone. 

Insoluble resins formed by the action of concentrated sulphuric acid were 
found by Kraemer and Spilker"'’" to contain combined sulphur. On destruc- 


Fig. 43 

X-Ray Diffraction Pattern of a Cumarone 
Resin (Cumar) Cojiiier Radiation. 


Courtesy II V Anderson 



tive distillation these substances yielded sulphur, sulphur dioxide, hydrogen 
sulphide and iiractically the same products as those obtained from the soluble 
resins. According to Kraemer and Spilker, the polyinenzation of cumarone 
proceeds with little rise in temperature but that of indene is attended with a 
considerable evolution of heat. 

Besides sulphuric acid, a number of other agents polymerize cumarone to 
substances of a resinous nature. Heusler"” noted that anhydrous aluminum chloride 
converted cumarone into a soluble resin. Steiir’^ observed that aluminum chloride, 
phosphorus oxychloride and stannic chloride (particularly the latter) cause 
resinification. On the other hand, silicon tetrachloride, zinc chloride, hydrogen 
chloride, sulphur monochloride, and potassium hydrogen sulphate exert little or 
no action. Cumarone, exposed to air, undergoes autoxidation and subsequent 
polymerization. 

From the meager data available it appears that the resinification of cumarone 
by catalysts is a purely additive polymerization, although an excess of concen¬ 
trated sulphuric acid effects some sulphonation. 

«G. Kraemer and A. Spdker, Ber., 1900, 33, 2257; JCS, 1900, 78 (1). 656. 

R Stoermer (Ann , 1900, 312 , 237) obtained, during the preparation of cumarone by the dehydra¬ 
tion of phenoxyacetaldehyde, a polymer of cumarone, having a molecular weight corresponding to 
(OBHeO)«, a yellow-brown powder melting at 80-100"C. This polymer was very soluble m ether, 
benzene and chloroform but less soluble in alcohol 

* G. Kraemer and A. Spilker, Ber , 1901, 34, 1887. 

F. Heuslcr, Z. angew Chem., 1896, 9, 318. 

E. Stein, Z. angew. Chem., 1019, 32, 246; Chem. Abe., 1020, 14, 641. 
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The name ''paracumarone'^^ has been applied to the benzene-soluble resins 
obtained by the controlled pol 3 ^merization of cumarone. This material, which is 
of variable melting point, is soluble in many of the ordinary organic solvents 
(with the exception of alcohol) and is stable towards alkalies and most acids. 

Homologues of Cumarone. Isomeric methylcumarones were found by 
Stoermer and Boes“ in the fraction of coal-tar distillate boiling between 185° and 
200°C. By treating a coal-tar fraction (boiling range 1S5-195°C.) with sulphuric 
acid they prepared polymers of methylcumarone which decomposed, on heating, 
into hydrindene and methylcumarone, together with the corresponding cresols. 

Stoermer and Boes also isolated dimethylcumarones from the fraction of tar 
oils boiling between 215° and 225°. These compounds were not resinified by con¬ 
centrated sulphuric acid.*“ 


In DENE 

Occurrence of Indene. Indene is a colorless oily liquid boiling at 182°C., 
solidifying at -2° and possessing a specific gravity of 1.0002 at 15°C.“' It is an 
important constituent of certain fractions of tars and najihthas obtained in the 



high-temperature carbonization of coal and similar bituminous materials. From 
10 kilograms of a coal-tar naphtha, boiling between 176° and 180°C., Kraemer and 
Spilker” obtained 3 kilograms of crude indene. Weissgerber'*" used a 175-185° frac¬ 
tion of solvent naphtha as a source of pure indene. Indene is present to a much 
smaller extent in the so-called primary tars produced by the carbonization of 
bituniinous substances at lower temperatures.®^ This is attributed to the fact 
that indene, like most polynuclear aromatic hydrocarbons, is essentially a product 
of high-temperature pyrolytic reactions.® Accordingly, indene (and other cycKc 
hydrocarbons) is produced during the high-temperature pyrolysis of many organic 
substances, notably in the thermal decomposition of acetylene-hydrogen mixtures® 
and of the higher-boiling phenols of primary tar.®' Pyrolysis of desulphurized 
(Persian) natural gas, at 850° and a pressure of 20 pounds per square inch 
yielded about 5 per cent styrene and 2 per cent indene.® Two carbureted water- 
gas tars examined by Brown and Howard® possessed an indene content of 1.9 
and 1.2 per cent, respectively, of the total volume of tar. 


“Since, in all probability, a whole aeries of polvinenzed cumarones exists, these resins should 
be more properly designated by the term ‘'polyeiiniaioiie.*’ The ordinary euniarone resin of com¬ 
merce 18 fr^UCTitly railed paracumarone, though actually a mixture of polymerixed cuinarone.s and 
mdenes. The name paracumarone was applied by G Kiaemer and A. Spilker (Ber, 1890 2 3 78) 
to the reain produced by polymonzing cumarone with sulphuric acid. * > • j 

*R. Stoermer and J. Boes, Ber., 1900, 33, 3013; J.C 8., 1901, 80 (1), 31; J.S.C.L, 1900. 19, 1098 

“A large number of cumarone homologues has been syntheaized hy R, Stoermer and hua ml 
laboratow; aee Ber., 1897, 30, 1700; Ann., 1900, 312, 237; 1900, 3 1 3, 79. 

“ A. Spilker and A. Dombrowsky, Ber., IMO, 42, 573. 

“O. Kraemer and A. Spilker, Ber,, 1890, 23, 3276. 

•• R. Weissgerber, Ber., 1909, 42, 589. 

WR. Weisegerber, Brennutoff-Chem., 1924, 5, 208; Chem. Abi., 1924, 18, 8705; Ber., 1928 6 1 2111- 
Brit. Chem. Aba. B, 1928, 917. . oi, ziii, 

“See Oarleton Ellis, “The Cliemistry of Petroleum Derivatives," Chemical Cataloa Co Npw 
Y ork, 1934, 81, 83, 180. » . 

“ R. Meyer and W. Meyer, Ber., 1918, 51, 1571. 

“W. Qluud and P. K. Breuer, Gen Abhandl Kenntnia Kohle, 1918, 3, 238. 

“S. F. Birch and E. N. Hague, Ind. Eng. Chetn., 1934, 26, 1008. 

“R. li. Brown and R. D. Howard, Ind. Eng. Chem., 1923, 15, 1147, 
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Although coal-tar naphthas serve as the principal sources of indene for tech¬ 
nical purposes, there are indications that coal gas and carbureted water-gas are 
potential sources of large amounts of both indene and styrene. Indene and other 
reactive hydrocarbons are appreciably volatile in freshly-made gas, and are car¬ 
ried forward in the gas stream, later polymerizing to form gummy deposits in the 
gas-handling equipment. The indene content of freshly-made carbureted water- 
gas may exceed 100 grams per 1000 cubic feet.*" A survey of the gas industry 
in the United States, according to Brown," revealed that 6.5-10 million gallons of 
drip oil were produced annually which contained large proportions of styrene 
and indene. The oily condensate collecting in gas mains is also a potential source 
of indene and allied substances. Examination of representative samples of the 
oily condensate (drip oil) from carbureted water-gas mains revealed that the 
dried liquid contained up to 35 per cent indene and 15 per cent styrene. Fractions 
containing 75 per cent indene were obtainable by rough fractionation. 

Indene has been prepared by a number of syntheses, none of which, however, 
appears to be of industrial significance.*^ 

Chemical Properties of Indene. The olefimc nature of indene is indicated 
by numerous addition reactions Reduction by sodium in boiling alcohol,** or by 
hydrogen and a nickel catalyst at 200°C.,** results in the addition of 2 hydrogen 
atoms to the indene molecule Hydnndene (indane), a stable hydrocarbon^ is thus 
obtained: 



'iridane 


With halogens, indene readily forms the corresponding dihalides (dihalogeno- 
indanes). Indene dibromide, prepared by bromination of indene in carbon tetra¬ 
chloride solution at 0"C., is a crystalline solid**^ (m.p. 31 5-32.5°C.)*" which is 
readily converted by the action of boiling water or steam into the corresponding 
hydroxybromide (m.p. 130.5"). This hydroxybromide, which has proved useful 
in the identification of indene,*'^ possesses the structure: 



I 

H2 


Nitration of dibromoindane yields a yellow sticky resin.** Chlorination of indene 

<0 A L Ward, C. W. Jordan, and W. H. Fulweiler, Ind. Eng. Cfwm , lft32 , 24, 960, 1238. See also 
C. W Jordan. A. L. Ward and W. H. Fulweiler, Ind. Eng. Chem., 1934 , 26, 947, 1028 

L. Brown, Ind. Eng. Chem, f928, 20. 1178; Am. Oas. Asaoc. 1922, 159, 327; J.S.C.I., 1922, 
41, 669A. The problem of gum-fonriatiou in manufactured gas is discussed by W H Fulweiler, Am. 
Oas. Assoc. Proc., 1932, 14, 838; Oas Age-Record, 1932 , 70, 453; Oas J., 1932, 200, 570; Chem. Abs , 
19M, 27, 3318. J. A. Perry, Go« Age-Record, 1933, 71, 387; Chem. Abs, 1933 , 27 , 3318. R. N. Wensel, 
Oas Age-Record, 1933, 71, 413; Chem. Abs., 1933 , 27 , 3318 R. L. Brown, Ind. Eng. Chem., 1925, 17, 
920. 

"See, e.g., F. S. Kipping and H. Hall, J.C.S., 1900, 77, 468. W. H. Perkin, Jr. and G. R5vay, 
Ber., 1893, 26, 2251; J.C.8., 1894, 65, 228 

"The diemistry of indene has been reviewed by C. Courtot, Rev. gen sci., 1923, 34, 607; 
Chem. Abs., 1924, 18. 2699. 

" G. Kraemer and A. Spilker, Ber., 1890, 23, 3281. M. Padoa and U. Fabns, Attt accad. Lmcei, 
1908, (5) 17 (1), 111; J.C.S., 1908, 94, 255 ; 0(uz. chim. lial., 1909, 39, 327; Chem. Abs., 1909, 3. 1868. 
" G. Kraemer and A. Spilker, Ber., 1890, 23, 3279. 

" A. Spilker and A. Dombrowsky, Ber., 1909, 42, 573 
R. L. Brown and R. D. Howard, Ind. Eng Chem., 1923, 15, 1147. 

"W. Borsohe and A. Bodenatein, Ber., 1026, 59, 1915. 
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gives a liquid dichloride which can be hydrolyzed by boiling aqueous alcohol to the 
corresponding hydroxy chloride." Indene combines readily with hydrogen halides 
(except hydrogen fluoride) with the formation (in good yields) of halogenomdanes 
of the general formula: 



(X = Cl, Br, or I) 


The hydrochloride (chloroindane) may be made by saturating indene with dry 
hydrogen chloride at However, the corresponding bromo- and lodoindanes, 

although obtainable in good yields, cannot be purified and, unless immediately 
used, lose hydrogen halide and form polymers of indene.^’" Hydrogen fluoride exerts 
a strong polymerizing action on indene 

Pure indene on exposure to air rapidly absorbs oxygen and is converted into 
a substance insoluble m alcohol and not distillable with steam ^ It can be oxidized 
by aqueous potassium permanganate to 1,2-dihydroxyindane, and subsequently to 
homophthalic acid (2-carboxyphenylacetic acid) '*■’ Like other unsaturated hydro¬ 
carbons, indene yields a mtrosite with nitrous acid and forms a double compouml 
with mercuric sulphate. 

The methylene group of the five-mem be red ring of the indene molecule is 
capable of undergoing a series of characteristic reactions which markedly ac¬ 
centuate the similarity of indene to cycloiientadiene and differentiate it from 
cumarone. Thus, when indene is treated with sodaimde at 110-115°C., one hydro¬ 
gen atom of the reactive methylene group is displaced by sodium to yield sodium 
indene,“ a substance which can be used m the preparation of pure indene. The 
reaction of sodium indene with benzyl chloride®* yields benzylindene (mp. 33-34°). 
Like cyclopentadiene, indene can react with aldehydes in alkaline media, and its 
reaction with benzaldehyde has been proposed as a basis of a method for the 
estimation of indene.®* Condensation of indene with ethyl oxalate in the presence 
of sodium ethoxide at ordinary temperatures jiroduces, after acidification, ethyl 
indeneoxalate,®^ a crystalline orange-red substance (m.p, 85°C.) having the con¬ 
stitution: 



C(OH)COOCJl5 


^A. Spilker, Ber, 1893 , 26, 1541. C. O>urtot, Fajet and Parant, Compt rcud , 1928, 186, 371, 
Chem. Abs., 1928, 22, 1362. 

C. Courtot and A. DondelinRer, Ann. rktm>, 1925, (10) 4, 231; Ch.eni Abff , 1026 , 20. 755. 

C. CJourtot and A. Dondelinger, Ann. chim , 1925, (10) 4, 345; Chem Abs , 1926, 20, 756 
“ M. Weger and A. Billmann, Ber., 1903 , 36, 640. Resins for use as components of black 
punting colors have been made by oxidizing tars or high-boiUng tar oils (Gennan Patent 364,830, 
1920, to RUtgcrswerke A.-G.; J 8.C.I., 1923, 42, 614A) 
wF. Hcualer and H Schieffer, Ber., 1899, 32. 29 
** R. Weissgerber, Ber., 1909, 42, 569 

WR. Weissgerber, Ber., 1911, 44, 1436. Cf. J. Thiele and A. Bahner, Ann., 1906, 347 , 266; JCS, 
1906, 90 (1), 569. The preparation of methvlindene is described by W. Marckwald (Ber., 1900, 
33, 1504). Alkylated or arylated indenes, such as benzylindene, have been suggested as lin.see<I-oil 
substitutes (German Patent 305,515, 1917, to Farbenfabriken vorm F. Bayer & Co ; J S.C 1 , 1920, 
39. 165A). 

•• M. Weger and A. Billmann, loc. cit. W.. Marckwald, Ben, 1895, 28, 1503. J. Thiele, Ber, 1900, 
33 3395 

’ W. Wishcenus, Ber., 1900, 33, 771. J. Thiele, Ber., 1900, 33, 851. 
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These ehanicteristic reactions of the methylene group provide methods of separat¬ 
ing indene from cumarone. 

With an aqueous solution of picric acid, indene readily yields a crystalline 
precijiitate of indene picrate (m.p. This compound, which has proved 

useful in the partial separation of indene from crude materials, is soluble in ben¬ 
zene and alcohol and may be decomposed into its constituents by steam distillation. 

Separation of Indene from Solvent Naphtha. For the isolation of 
indene from complex mixtures, such as coal-tar fractions, Kraemer®'* used the picrate- 
precipitation method as follows: The-fraction of crude benzol boiling at 176-182°C. 
is treated with sufficient picric acid to combine with all the unsaturated hydro¬ 
carbons present. The resulting crystalline precipitate, containing the picrates 
of naphthalene and cumarone, as well as of indene, is subjected to steam dis¬ 
tillation. Indene picrate is decomposed and the liberated indene distils over. 
From 10 kilograms of crude naphtha (b.p. 176-182°), 3 kilograms of crude indene 
were obtained by this procedure. However, not only is the method somewhat 
dangerous because of the explosive nature of these picrates, but the resulting indene 
IS far from pure. 

A more practical method for the preparation of pure indene, developed by 
Weissgerber,*" consists in converting crude indene into sodium indene, separating 
the unreacted material (cumarone, naphthalene, styrene) by distillation, and de¬ 
composing the sodium indene residue with water. A crude naphtha fraction 
boiling at 175-185°C. is first freed from phenols and bases and treated with the 
stoichiometric amount of metallic sodium. Ammonia is passed through the mix¬ 
ture, which is thoroughly stirred and maintained at 120-130° for 5-6 hours with the 
exclusion of moisture and air from the apparatus. If organic bases, such as 
pyndine or aniline, are not first removed, a temperature of 100-105° is sufficient. 
The jiroduct is then thstilled under reduced pressure (20-30 mm.), most of the un- 
reactcd material being volatile at about 100°. The residual dark amorphous mass 
IS easily decomposed by water, and indene in a pure condition is isolated by 
steam distillation. This procedure, with slight modification, has been successfully 
emiiloved by other investigators.”' 

Sodium indene can be obtained also from coal-tar fractions by treatment with 
metallic sodium at temperatures above 130°C. m the absence of ammonia. Organic 
bases assist this reaction but do not increase the yield.®* 

Separation of indene from cumarone may be effected also by converting the 
former into compounds in which the methylene group is the point of attack 
(eg., ethyl indeneoxalate). Such derivatives, however, are not easily reconverted 
into indene. The hydroxybromides of indene, obtained by steam distillation of 
the dibromide, have been employed for separating indene from styrene.®* 

Another method of isolating indene from tar oils is that developed by Kahl.** 
This consists in fractionating the crude oils and cooling to —25°C. those fractions 
containing 80 per cent or more of indene. At this temperature indene of a high 
degree of purity crystallizes and the liquid portion is removed by centrifuging 
Fractions containing less than 80 jier cent indene can be cooled until partial 

MG KrA<*mer and A Rpilker, Ber , 1890 . 23, 3276; 1900, 33. 2262 R L. Brown and H. G. Bergt^r, 
Ind. Eng. Chem , 1924, 16, 917 

MG. Kraemer and A Spilker, Ber, 1890, 23. 3276. 

MR. WeiasgtMber, Ber, 1909, 42, 669. German P. 205,465, 1908, to Ges. f(ir Teorverwertung mbH ; 

J S C I 1909 28 84 

See, C Courot and A. Dondelinger, Ann chtm . 1925, (10) 4 , 231; Chem. Abs., 1926, 20, 755. 

MR. Wei.ssgerber, German P. 209,694, 1908, to Ges. fur Teeverwertung; 1909, 28, 649. 

CL Gennan P 205,465, 1908; JSC.L, 1909, 28, 84 

MR. L Brown and R D Howard, Ind Knq Chem, 1923, 15, 1147. 

ML Kahl, U S P. 1,943,078, Jan. 9, 1934; Chem. Abf(., 1934 , 28, 1846. British P 405,000, 1933, 
to Rutgersw«*ike-A-G.; Bnt. Chem. Abu. B, 1934, 313 French P 768,733, 1934; Chem. Abs, 1935, 
29, 482. German P. 590,233, 1934, addn. to 589,560, 1933; Chem. Abf., 1934, 28, 2373, 2733. 
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solidification takes place, the solid portion separated, rernelted, and treated as 
described above. 

Polymerization of Indene. The polymerization of indene takes place 
under the influence of light or heat, and more readily m the presence of a variety 
of catalysts, to yield a series of products, the higher members of which are resins. 
In this resjiect it shows a marked similarity to styrene.®® Although concentrated 
sulphuric acid is employed almost exclusively as the catalyst in the polymerization 
of cumarone and indene to yield commercial resins, other catalysts, such as tin 
tetrachloride, are even more efficacious. Polymerization of indene is strongly 
exothermic and for this reason reaction is usually effected m liquid diluents with 
rapid cooling and agitation. The use of high pressures (2000-12,000 atmospheres) 
is suggested by Bridgman and Conant.®® Not only does indene hoir.o-polymerize, 
but, like styrene and the vinyl esters and ethers, it can hetero-polymerize with 
compounds such as a, /3-dicarboxylic acids, or their anhydrides (e.g., maleic an¬ 
hydride). The products thus obtained are used as dispersing, emulsifying and 
finishing agents for textiles.®^ 

Polymerization of Indene by Heat. Indene undergoes little change when 
heated at 115-118°C. in the dark in an atmosphere of nitrogen, but after 96 hours 
at 190-200°C., it is transformed into a colophony-like mass which consists mainly 
of a mixture of polymdenes, including (CoH8)8 and (CoH 8 )i 2 , according to Stobbe and 
Farber.®® By heating indene in a sealed tube at 180-200°C., for 100 hours, Stobbe 
and Zschoch®® obtained a yellow, benzene-soluble resinous mass. A yellow nmor- 
lihous powder having a molecular weight corresponding to a tetraindene, (CoHs)!, 
was obtained by Bruson’® by heating indene in a sealed tube at 260® for 25 hours. 
This tetraindene, which could not be crystallized, melted indefinitely at 100-110°. 

Brown’^ found that, at 300-500°C., indene vaporized in nitrogen polymerized 
rapidly but when oxygen was present it underwent rapid oxidation. Whitby and 
Katz*^® showed that a series of polyindenes is produced during thermopolymerization 
of indene in sealed tubes. At a given temperature the molecular weight of the 
product was found to rise as the proportion of indene transformed increased, but 
the ultimate molecular size attained (when polymerization was substantially 
complete) was lower at higher temperatures. Thus, after 21 days at 200°C., when 
96 per cent of the indene had polymerized, the molecular weight was 676, but at 
178°C. after 30 days, 82 per cent of the indene had iiolymerized to a product with 
an average molecular weight of 886. Fractional precipitation of the materials from 
ether solution by the addition of alcohol yielded a series of polymers having 
melting points proportional to their molecular weights. Compaiison of these 
thermopolymers with products obtained by the use of catalysts, such as sulphuric 
acid, showed that the polymers of indene, no matter by which of the known 
methods they are produced, form a regular and unbroken series. Another fact 
brought out by Whitby and Katz is that all the polyindenes show the same degree 
of unsaturation, namely, that represented by the addition of 2 atoms of bromine 
per molecule. Hence these investigators concluded that all the poly indene molecules, 
no matter what their size, contain 1 double bond. 

. However, the polyindenes of highest molecular weight are relatively simple molecules when com¬ 
pared with the gigantic macromolecules formed in the polymerization of styrene. See Chapter 11 

•®P. W. Bridgman and J. B. Conant, U. S. P. 1,962,116, Mar. 27, 1934, to E. I. du Pont de 
Nemours 6c Co.; Chem, Ahf>., 1934, 28, 3415. 

German P. 571,6M, 1933, to I. G Farbenind. A.-G ; Chem. Abs., 1933, 27, 4419. See also Chap¬ 
ter 4 for a discussion of hetero-polymenzation 

«H. Stobbe and E. Fkrber, Ber., 1924, 57, 1838; Chem. Abs , 1925, 19, 492. 

«»H. Stobbe and F. Zschoch, Ber., 1927, 60, 457. 

H. A. Bruson, Ber , 1927, 60, 1094. 

TiR. L. Brown, Ind Enp Chem., 1925, 17 , 920. 

•i»0. S. Whitby and M. Katz, J.A.C.S., 1928, 50, 1160; Can. J. Research, 1930, 4 , 344, Chem Abs., 
1931, 25, 3988. 



5 . CUMARONE AND INDENE 


101 


By fractional precipitation of the polymeric material formed by heating 
indene at 200°C. for 8 days, Whitby and Katz obtained the fractions indicated 
in Table 16. 


Table 16.— Fractions of Polymerized Indene. 

Fraction 1 2 3 4 5 

M. P. °C. ... .... 185-188 165-167 139-142 100-102 88-90 

Average Mol. Weight. . 948 787 594 491 438 

Photopolymerization of Indene. Transformation of indene to resins in 
ultraviolet light was noted by Guntz and Mingiiin.” According to Stobbe and 
Farber,'^^ photopolymerization of pure indene in an atmosphere of nitrogen at 
20 °C. follows a normal, non-autocatalytic course, which is preceded by an induc¬ 
tion period. Exposure to sunlight for a year yielded small quantities of resinous 
polymers, (CbHs^b and (CAls)^. The formation of these polymers is accelerated 
by the presence of a trace of air. 

Catalytic Polymerization of Indene. Sulphuric acid exerts a strong 
polymerizing action on indene (or its solutions), the degree of polymerization de¬ 
pending upon the concentration of the acid. Earlier workers in this field failed 
to realize the cumulative nature of the reaction and attempted to characterize as 
chemical individuals the complex mixture of products thus formed. Kraemer and 
Spilker^® obtained a resinous polymer of high molecular weight (m.p. 210®C.) by 
treating a 20 per cent solution of indene in benzene with 15-20 per cent of con¬ 
centrated sulphuric acid. This resin, to which the name paraindene was assigned, 
was later found to be heterogeneous and to have a variable molecular weight 
and melting point. Marcusson’® made resins of various characteristics by poly¬ 
merizing indene in benzene solution with different concentrations of sulphuric 
acid. By using concentrated sulphuric acid, a polymer was formed which melted 
at 210° and was insoluble in ether. On the other hand, diluted acid or smaller 
amounts of concentrated acid resulted in a mixture of products, one melting at 
165°C., soluble in ether but insoluble in ether-alcohol, and another melting at 100°C. 
and soluble in ether-alcohol. Weger” made what he considered to be a tetramer of 
indene (to which he also assigned the name paraindene) by shaking a benzene solu¬ 
tion of indene with a small proportion of concentrated sulphuric acid. By treating 
indene with concentrated sulphuric acid in the cold, Bruson^* prepared a white 
amorphous product melting at 212-214°C. and having an apparent molecular weight 
corresponding to (C»H8)ii or (CaHa)^. This material was similar to the paraindene 
of Kraemer and Spilker. The influence of various concentrations of sulphuric 
acid on the polymerization of indene was studied by Stobbe and Farber.” Dilute 
sulphuric acid (as well as other dilute mineral acids) polymerizes indene almost 
exclusively to the dimer. With aqueous sulphuric acid of 60 per cent strength 
and higher, diindene is formed as well as higher polymers. By treating undiluted 
indene with concentrated sulphuric acid in the cold, Stobbe and Farber obtained 
polymers with molecular weights lying between values required for (CbHs)^ and 
(CsHa)®. These substances, which were white, amorphous, odorless powders having 
melting points in the range of 220-280°C., were called metaindene. The metaindene 

7® A. Gunt» and J. Minguin, Compt. rend, 1911, 152, 373; 1911, 100 (2), 241. M. Weger 

and A. Billmann, Ber., 1903, 36, 642. G. Ciainician and P. Silber, Ber, 1913, 46, 420 

H. Stobbe and E. Farber, Ber., 1924 , 57, 1838. Two arc lamps were used as source of illumination. 

*®G. Kraemer and A. Spilker, Ber., 1890, 23, 3278; 1900 , 33, 2260. 

Tej Marcusson, Chem.-Ztg., 1919, 43, 93, 109, 122 ; Chem. Ahi, 1919, 13, 2607 
M. Weger, Z. angew. Chem. 1909, 22, 345. M. Weger and A. Billmann, Ber., 1903, 36, 643. 

H. A. Bruson, Dissertation, ZUrich, 1926, 60. 

WH. Stobbe and E. Farber, Ber., 1924, 57, 1838. 
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of Stobbe and Farber consists of a mixture of indene polymers of molecular weights 
somewhat higher than those of the so-called paraindene of Kraeiner and Spilker. 

Besides sulphuric acid, a number of other mineral and organic acids iiolymerize 
indene to varying degrees. Anhydrous hydrogen fluoride is a strong polymerizing 
agent and converts indene to a resin. As previously mentioned, other hydrogen 
halides combine additively with indene but the resulting bromo- and iodoindanes 
are unstable and tend to form resins with elimination of hydrogen halide.®® On the 
other hand, warm dilute mineral acids, such as dilute hydrochloric and sulphuric 
acid, dimerize indene. A similar polymerization to diindene takes place, though 
more slowly, with weaker acids, such as phosjihoric acid®^ and warm glacial acetic 
acid.®* Dimerization can also be induced by concentrated aqueous zinc chloride 
solution or a 30 per cent solution of aluminum chloride in water®® 

Indene is converted by a solution of iodine in aqueous potassium iodide into 
polymers of high molecular weight, but partial iodination also occurs. Stolibe 
and Farber®* isolated an lodododecaindene, CiosIIssI, which melted at 200-210°C. with 
decomposition. 

As mentioned before, polymerization of indene is catalyzed by a number of 
anhydrous metallic halides, including stannic chloride, antimony penta- and tri¬ 
chlorides, titanium tetrachloride and boron trichloride. Of these catalysts, stannic 
chloride and antimony pentachloride appear to be so active that inert diluents 
are necessary. Bruson®“ polymerized pure indene in chloroform solution by an¬ 
hydrous stannic chloride at 10°C. Reaction is complete in 5-10 minutes and the 
product is a white, amorphous, non-crystalline powder, melting at 248-250® and 
having a molecular weight (in benzene solution) of 2900-3000, corresponding to 
(C»H 8 )a 5 to (CeH8)aa- This polymer is soluble in benzene, chloroform, carbon bisul¬ 
phide, and pyridine, but only very slightly soluble in alcohol, acetone, and ether. 
The polyindenes obtained by the action of stannic chloride have been studied by 
Staudinger and his collaborators.®® The influence of the concentration of indene 
in benzene solution on the yield and character of the polyindenes formed by the 
same amount of stannic chloride (2 per cent by volume of indene) at 5° is shown in 
Table 17. 

Table 17. —Polymerization of Iruiene hy Stannic Chloride in Benzene Solution at 
Various Concentrahona 

Concentration of 


Indene in Benzene 

Yield of 

Characteristics of Polyindenes 

Solution, % 

Polyindenes, % 

Mol. Wt 

Softening Point, 

50 

100 

3670-3850 

220 

10 

80 

3240-3470 

205 

1 

50 

2350-2300 

195 


A number of experiments on the polymerization of indene in toluene solution 
(20 grams of indene in 250 cc. of toluene) at different temperatures, with the 
same amounts of stannic chloride as polymerizing agent, showed that lower tem¬ 
peratures favor the formation of materials of high molecular weights. The results 
of these experiments, which were all of 8 hours duration and in which the yield 
of polyindenes was in every case almost quantitative, are given in Table 18. 

*>C. Courtot and A. Dondelinger, Ann chxm , 1925, (10) 4, 345; Chem. Abu., 1926, 20, 756; Compt. 
rend, 1924, 179. 1168; Chem. Abs., 1925, 19, 827 
»H. Stobbe and E. Fkrber, Bar., 1924, 57/ 1838. 

R. Weisagerber, Ber., lOil, 44, 1438 
*» H. Stobbe and E. Farber, Ber. 1924, 57, 1838, 

H. Stobbe and E. Farber, loc ht 

H. A. Bruson, Dissertation, Ziirich, 1925. 61, 65. 

“H. Staudinger, A. A. Ashdown, M. Brunner, H. A. Bruson and S. Wehrh, Helv. Chtm. Acta, 
1929, 12, 934. H. Staudinger, H. Johner and V. Wiedersheim, tbtd., 1929, 12, 958. H Staudinger, H. 
Johner, G. Schiemann and V. Wiedersheim, tbtd., 1929, 12, 962; Chem. Abs., 1930, 24, 612 
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Table 18.— Polymerization of Indene by Stannic Chloride in Toluene Solution 
at Various Temperatures. 

Temperature of Polymerization, ®C. Mean Molecular Weight in Toluene 


- 80 

3570 

- 20 

3270 

-h 50 

1190 

+ 110 

1540 


All the polyindenes investigated hy Staudinger and his collaborators were amor¬ 
phous and hemicolloidal'^ in character. 

Whitby and Katz^ studied the polymerization of indene in chloroform solu¬ 
tion by antimony pentachloride and stannic chloride, respectively. The resulting 
white amorphous products were fractionally precipitated by alcohol from benzene 
solution. Bromine-absorption tests (24 hours in dark in chloroform solution with 
0()7W bromine in chloroform) showed that all fractions were unsatiirated and 
absorbed 2 bromine atoms per molecule. Some of their results are shown in 
Table 19. 


Table 19 — Polyindene Polymerized hy Stannic Chloride in Chloroform. 


F raction 

Mol Wt 

M.P , °C 

Bromine Absorption, 
Atoms per Molecule 

1 

3320 

261-265 

2 43 

2 

2785 

247-250 

2 06 

3 

2500 

236-241 

2 12 

4 

2295 

231-235 

1 97 

5 

1990 

219-223 

1 85 

0 

1508 

198-201 

2 19 

7 

952 

1()4-167 

1 93 


Oxygen and certain unstable oxygenated derivatives of the peroxide type 
afipear to catalyze the transformation of indene to resins**” An ozonized mixtuic 
of dnsobutylenes is an example of the latter type.”” According to Ward, Jordan 
and Fulweiler,®^ the formation of gum from indene fractions is catalyzed by oxygen 
(especially in the presence of mercaptans) and is inhibited by phenols. On treat¬ 
ment with perbenzoic acid, indene yields both oxygenated and polymerized de¬ 
rivatives.®® For the polymerization of indene Bruson®* suggested the use of an 
aryldiazonium fluoroborate, e.g., phenyldiazonium fliioroborate, CeHB-NaBF*. 

Properties of Polyindenes. As already stated, the polymerization prod¬ 
ucts of indene form a series, their melting points rising uniformly with increasing 
molecular weight. Dielectric constants and refractive indices of the polymers also 
vary uniformly with increasing molecular weight.®* Employment of such catalysts 
as sulphuric acid generally furnishes a mixture of polymers containing upwards of 
50 members of the polymeric series. Although a rough fractionation may be ef¬ 
fected, e.g, by fractional precipitation from solution, it is almost impossible to 
separate chemical individuals from such a complex mixture. Only diindene has 
been actually isolated in a relatively pure condition. The mixture of polymers 
IS conveniently classified under the generic name of polyindene. The latter is a 
white powdery substance of a hemicolloidal character, the lower members being 

Aa opposed to eucolloidal. See Chapter 4 for disrussion of colloidal properties of polymers in 
general. 

“G S Wlntby and M Katz, J.A C S, 1928, 50. 1166 

*®H. Staudinger and L. LaiitenschlMger, Ann, 1931, 488, 1; Chetn Ahs , 1931, 25, 5138 
R C Houtz and H Adkins, J AC S., 1931, 53. 1058 

‘’i A L Ward, C. W Jot dan and W. H Fulweiler Ind. Eng Chem., 1932, 24. 1238 
K H Bauer and O Bithr, J prakt Chem., 1929, 122, 201; Chem. Ahx , 1930 , 24, 60 
H A. Bruson, TT S P 1,892,101, Dec. 27, 1932, to Resinous Products A Chemical Co ; Chem 
Ahs , 1933, 27, 1893. see Carleton Ellis, “The diemistry of Petroleum Derivatives,” Chemical Catalog 
Co., Inc., New Yoik, 1934, 597 

»^W. Gallay, KoUoid-Z , 1931, 57. 1; Chem. Ahs., 1932 , 26, 887. 
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more easily liquefied and less viscous than the higher members. When polyindenes 
are heated above 300®C., a certain amount of depolymerization occurs and lower 
polyindenes, diindene and indene itself, are produced in proportions that vary 
with the conditions.** 

Molecular Structure of Polyindene. Staudingor*" has put forward this 
general formula to explain the constitution of polyindenes: 


cr:> 


CH, 

\ 



(-H, 


\ I 
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Polymerization mechanism is represented as the formation of long chains con¬ 
nected through the ethylenic linkages. The uiisaturated end valences (represented 

thus, C.), Staudinger considered to be satisfied possibly by the combination 

of 2 or more such chains into a ring.®’ This explanation of their structure has been 
criticized by Whitby and Katz** on the ground that polyindenes are unsaturated and 
capable of combining additively with 2 atoms of bromine per molecule. These 
workers, on the other hand, believe that the polymerization of indene is best rep¬ 
resented as proceeding stepwise by the regular addition of successive molecules 
of monomer to the double bond present at the stage of polymerization immedi¬ 
ately preceding, according to the following scheme: 
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Whitby and Katz consider this explanation of the reaction mechanism to be 
in accord with the observed facts of thermal polymerization of indene and diindene 
mixtures and depolymerization of polyindenes, and is not incompatible with the 
known properties of diindene. 

Polymerization of indene is a unimolecular reaction, according to Tammann 
and Pape,*® who suggest that the molecules undergo some change before union, 
the rate of this transformation determining the speed of the entire series of re¬ 
actions. Increase in pressure is accompanied by an increase in the reaction velocity 
and a decrease in the initial polymerization temperature. 

The constitution and properties of diindene are of importance in explaining the 

•» H. Stobbe and E. Farber, Ber., 1924 , 57, 1838. H. Staudinger, H. Johner and V. Wiedersheim, 
Helv. Chim. Acta, 1929, 12, 958. G. S. Whitby and M. KaU, Can. J. Research, 1930, 4, 344. 

M H. Staudinger, Ber., 1920, 53, 1073. H. Staudinger and J. Fritschi, Helv. Chim. Acta, 1922 , 5, 
787; /.C.8., 1922, 122 (1), 1043. 
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general structure of inclcne j)oIymers. Diindene is a crystalline solid (m.p. 57- 
58°C.) which readily adds bromine (without the elimination of hydrogen bromide) 
to yield a dibromide (m.p. 120-121°C.). Diindene can be polymerized by heat or 
by catalysts, such as sulphuric acid or antimony pentachloride.'^ A mixture of 
diindene and indene yields tnindeiie on heating. On this account, it is apparent 
that diindene is an unsaturated hydrocarbon with 1 double bond. 

Of the several possible constitutions for diindene, only the structure in which 
it is represented as 2-a-hydrindylindene, suffices to explain its reactions: 



It can be oxidized by chromic acid to yield a-hydrindene^'*' and the ready forma- 
lion of a monoisonitroso derivative with amyl nitrite and sorhum ethoxide'*^ proves 
the presence of a reactive methylene group (in the unsaturated five-membered 
ring system). 

The polymdenes can be hydrogenated to hexahydropolyindenes by treatment 
with hydrogen under high pressure in the presence of a nickel catalyst at 270°C.'®* 
Complete hydrogenation at this temperature is always accompanied by degrada¬ 
tion of more-highly polymerized compounds. The hexahydropolyindenes are white 
powdery substances, stable towards chemical reagents. Plydrogenation of indene 
Itself under high pressure m the presence of ferric oxide and kieselguhr yields about 
SO per cent of resinous polymers.*"* 

Homologues of Indene. Boes*"® found a mixture of thrfe isomeric methyl- 
indenes in the fraction of coal-tar naphtha boiling between 200° and 210°C. The 
mixture of isomers was at first water-white, but soon turned yellow. Concen¬ 
trated sulphuric acid resinified the methylindenes, the resulting polymers being 
free from sulphur and possessing varying degrees of molecular complexity. Hydri- 
odic acid converts methylindenes into resinous polymers. Nitric acid resinifies these 
hydrocarbons and also partly oxidizes them to a mixture of acids, among which 
Boes identified hemimellitic and trimellitic acids. 

100 H. Stobbe and E. Farber, Ber , 1924 , 57, 1838; G. S. Whitby and M. Katz, Can J. Research, 
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Chapter 6 

Production of Cumarone Resins 


Technical cumarone resins consist principally of mixtures of cumarone and 
indene polymers, obtained by proper treatment of coal-tar naphtha fractions 
boiling between 150-200°C. In Chapter 5 the general properties of these sub¬ 
stances were described, the discussion presented there indicating that controlled 
polymerization is necessary to obtain high-quality products. In the commercial 
production of cumarone resins considerable skill and experience are required. 
Unless each stage of the process is carefully carried out, sticky, dark-colored 
materials of limited applicability result. For most purposes cumarone resins 
should be clean, odorless, pale in color, and possess a melting point of about 
135°C. The tars and acid sludges obtained m the usual course of acid-refinmg of 
coal-tar naphtha (without sjiecial means of separation of the resin contained in 
them) are not to be confused with cumarone resin, which is a special product. 

Experiments on the production of cumarone resin have been described bv 
Ellis and Rabinovitz.^ A fraction of solvent naphtha boiling between 1()0-180°C. 
was treated with 1 per cent of sulphuric acid (sp. gr. 1 84) with good agitation for 
several hours, the temperature of the mass not rising above 35°C. throughout the 
operation. The mixture was washed free of acid and distilled with superheated 
steam to remove naphtha and naphthalene, yielding a residue possessing the con¬ 
sistency of molasses. This soft material was then distilled under 20 inches 
vacuum up to 180°C. with a loss of 57.5 per cent of its weight The product was a 
resin which became jilastic at 38°C. and melted completely at 7VC. It had a saponi¬ 
fication number of less than 0.2 and an iodine number of 38-43 5. The viscous 
oily distillate had an iodine number of 28.5. p]lhs and Rabmovitz tried a numl^r 
of other catalysts for the production of resinous polymers, but, with the exception 
of silver oxide, none was as effective as sulphuric acid. At the boiling point of 
the naphtha, silver oxide caused the formation of a resin which was harder than 
that obtained with sulphuric acid. A bright silver mirror formed on the walls 
of the containing vessel during the reaction. 

Some factors involved in the manufacture of technical cumarone resin have 
been discussed by Marcusson,* who stated that such resins can be improved by 
(1) using only the fraction of solvent naphtha boiling between 160° and 180°C. 
as raw material, (2) drawing off the sulphuric acid as quickly as possible after 
polymerization, (3) removing acid resin completely, and (4) separating oily mate¬ 
rials from the reaction product by steam distillation under reduced pressure 
Marcusson considered that the low melting point of technical resins was due, 
at least partly, to the indene content of the naphtha, and that higher-melting 
resins might be obtained by removing indene prior to polymerization. In conse¬ 
quence of this, KattwinkeF attempted to find catalytic agents capable of selectively 
pol)unerizing cumarone, but apparently without success. Phosphorus pentoxide 

' Carleton Ellis and L Rabinovit*, Ind. Enp. Chem, 1916, 8. 797’" 

* J. Marcusson, Chem.-Ztg , 1919, 43, 93; Chem. Abx., 1919, 13, 2607. 
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and boric anhydride retarded the polymerization of solvent naphtha by sulphuric 
acid, possibly owing to the formation of ester-like compounds with the phenols 
present. 

According to Stein,^ the hardness of cumarone resin is dependent upon the 
degree of polymerization, and its melting point can be raised by using more con¬ 
centrated sulphuric acid as polymerizing agent. 

In a study of the production of resins from a coal-tar naphtha boiling between 
155-185°C., Hirano® found that the naphtha should previously be washed with 
caustic soda solution (sp. gr. 1.22) to remove tar acids, and then with dilute sul¬ 
phuric acid (sp. gr. 1.20) to remove bases. After drying the naphtha a yield 
of 9.53 per cent of cumarone resin was obtained by slowly adding 5 cc. of con¬ 
centrated sulphuric acid to 100 cc. of the well-stirred, purified naphtha. The 
initial temperature of the oil should be as low as possible and rise in temperature 
during reaction should be avoided. A paler resin was obtained by thoroughly 
washing the reaction product with alkali. Other polymerizing agents were also 
tried. Five cc. of stannic chloride with 100 cc. of naphtha gave 6.06 g. of a hard, pale 
resin, melting at 85°C.; and 10 g. of aluminum chloride furnished 32.5 g. of a soft, 
dark resin, melting at 38® C. 

German practice for the manufacture of cumarone resins has been described 
by Glaser.® The naphtha was first carefully freed from bases and phenols, and 
the polymerization then carried out by intimately mixing concentrated sulphuric 
acid with the naphtha. For this purpose mechanical agitators were employed, 
since agitation by air resulted in large losses of naphtha. The acid was slowly 
added in small portions up to a total of about 5 per cent of the charge by 
weight. During polymerization, a diminution in volume to the extent of 8-12 
per cent occurred. 

Burda*^ prepared cumarone resins directly from the heavy benzol fraction of 
coal-tar without the removal of phenols and pyridine compounds. The yield of 
resin was found to vary with the amount of concentrated sulphuric acid used as 
polymerizing agent. With less acid, the yield was smaller but the resin was of 
light color. Repeated treatment of the heavy benzol fraction with 0.5-1 per cent 
of concentrated sulphuric acid, distilling off volatile hydrocarbons after each 
addition of acid, yielded at first hard resins, and, later, softer ones. The soft 
resins could be made harder by heating at 150-180®C. for 20-90 minutes. 

The total amount of resin-forming material in solvent naphtha can be deter¬ 
mined by adding gradually 2 cc. of concentrated sulphuric acid to 100 cc. of 
naphtha in a separatory funnel. After running off the acid layer and steam dis¬ 
tilling the naphtha, the residue is dehydrated and weighed.® 

Commercial Practice in the Production op Cumarone Resins 

The commercial production of cumarone resin involves the following distinct 
steps: 

1 . Refining the solvent naphtha. 

2. Pretreatment of naphtha to remove water and, in some cases, undesirable reactive 

hydrocarbon constituents. 

3. Polymerization. 

4. Separation of catalyst (that is, sulphuric acid) and tar sludge. 

5. Neutralization of oil. 

* E. Stem, Z. angew. Chem., 1919, 32, 246; Chem. Abn., 1920, 14, 641. 

Hirano, J Chem. Ind Japan, 1922, 25. 827; Chem. Ahtt., 1923, 17, 3423. 

•E Gl«»sor Hrennfftoff-Chem . 1921, 2, 99, 118; J.SC.I., 1921, 40, 519. 

ij. I. Burda, Ukrmn. Khem. Zhw., 1929, 4 (Tech ), 249. Brxt. Chem. Abs. B. 1930 676. 

»l. 1. Burda, Ukrain. Khem. Zhur., 1929, 4 (Tech.), 257; Brtf. Chem. Abe. B, 1980, 649. 
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5. Washing the resin-containing oil. 

7. Distillation of oil and recovery of resin as residue. 

In the early days of the industry products of low quality were often obtained, 
but with improved technic and increased attention to details the resin has been 
greatly improved. The production of cumarone resin in the United States repre¬ 
sents a comparatively recent development and the methods adopted reflect to some 
extent the practice in those countries where the industry was established earlier. 

Refinin|; the Solvent Naphtha. The solvent naphtha commonly used for 
the production of cumarone resins is obtained by the fractional distillation of 
crude coal tar. In older practice, a fraction boiling between 150-200°C. was 
employed, but the modern tendency is to use narrower cuts, especially those 
boiling between 160-180°C., since these fractions are rich in cumarone and indene.® 
Polymerization of lower-boiling constitutents of coal-tar yields dark resins which 
are in no way comparable with true cumarone resins. Sometimes the fractiona¬ 
tion is regulated so as to furnish a raw material of practically constant cumarone- 
indene content, or different fractions may be mixed. A raw material containing 
30 per cent of resin-forming constituents is stated^ to be suitable, but fractions 
having a content of resin-forming substances as high as 80-90 per cent have also 
been used.“ In any case the product of the first distillation of coal-tar contains too 
many impurities and should be very carefully redistilled, preferably in column 
stills. Only by starting with a sharply fractionated naphtha can high-grade resins 
be obtained. After careful fractionation, the naphtha is refined to remove phenols, 
tar acids, naphthalene, and the like. Naphthalene can be removed by freezing and 
pressing,^ or by distilling a mixture of the'naphtha and a higher-boiling oil (eg., 
wash-oil of boiling point 230-330°C.), so that the naphthalene is retained by the 
residual oil.'* Phenols are removed by washing with a caustic soda solution, and 
bases (pyridine and its homologues) by extracting with dilute sulphuric acid. 
The extraction of bases may be combined with a preluninary polymerization treat¬ 
ment for the removal of dark, resin-forming hydrocarbons by the use of about 5 
per cent of sulphuric acid (sp. gr. 1.53). 

Pretreatment and Drying of Naphtha. A preliminary treatment with 
sulphuric acid of somewhat lower concentration, or in quantity less than required 
for the resimfication of cumarone and indene, serves to dry the naphtha and also 
to remove certain readily polymerizable hydrocarbons which yield dark tars.'* 
Both objects may be achieved by agitating the naphtha with about 4 per cent 
by volume of sulphuric acid of 1.53 specific gravity for 45 minutes'® or by using 
0.1-0.5 per cent of more concentrated acid (sp. gr. 1.71-1.84).'® Under these con¬ 
ditions most of the resins formed separate with the acid sludge and are with¬ 
drawn.'*' The naphtha may be neutralized with about 5 per cent by volume of a 
15 per cent caustic soda solution, separated from alkali sludge, washed with 20 

•L. Rabinovitz;, U. 8 P. 1,416,062, May 16, 1922, to Ellis-Foster Companv, Chem. Ahn,, 1922, 
16, 2420. Canadian P. 203,100, 1920; Chem. Aba, 1920, 14, 2994. See also S. Masai, /. Sor. Chem. 
Ind. Japan, 1933, 36, 583B; Chem. Aba., 1034, 28, 916 

i®C. M. Dennis, U. S. Patent 1,468,440, Sept. 18, 1923, to the Barrett Co.; Chem. Aba., 1924, 
18 , 175. British Patent 142,806, 1920; J.8C.I, 1921, 40, 897A. French Patent 514,759, 1920; Kunst- 
atoffe, 1922, 12. 70. German Patent 400,030, 1920. 

R. L. Emery, U. S. P. 1,705,857, Mar. 19, 1929, to Neville Chemical Co.; Chem. Aba. 1929, 23, 
2310. R. W. Osterraayer, U. S. P. 1,770,281, July 8, 1930, to Neville Chemical Co.; Chem. Aba. 1930, 
24, 4648. 

la British P. 156,668, 1921, to Chem. Fabrik Worms A.-G.; Chem. Aba., 1921, 15, 1821. 

i«F. F. Marquard, U. S. P. 1,801,097, April 14, 1931; Chem. Aba., 1931, 25, 3480. Canadian P. 
306,628, 1930; Chem. Abx., 1931, 25, 810. 

1*0. Krebs, Chem.-Ztn , 1932, 56, 509; Brit. Chem. , B, 1932, 759. 

«M. Darrin, U. S. P. 1,297,328, Mar. 18, 1919, to H. Koppeis Co.; Chem. Aba., 1919, 13, 1647. 
British P. 132,229, 1919; Chem. Aba., 1920, 14, 360. 

“H. C. Kams, U 8. P. 1,541,226, June 9, 1925, to the Koppers Co.; Chem. Aba., 1925, 19, 2277. 

Sulphur trioxide has been suggested for removing resins from crude bensene. See W. Gluud, Ger¬ 
man P. Ml,867, 1930, to Ges. fUr Kohlentechnik m. b. H.; Chem. Aba., 1932, 26, 4944. 
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per cent of its volume of water and distilled before proceeding to the final poly¬ 
merizing treatment/® In one large-scale method, the wet naphtha is agitated with 
0.5 per cent by volume of sulphuric acid (specific gravity 1.71) and the acid, after 
settling, is drawn off from the dry naphtha. This acid, on account of its dilution 
by water from the oil, does not cause polymerization of cumarone and indene. 
Purification by removal of unessential hydrocarbons can also be effected by selec¬ 
tive treatment with 2-5 per cent of chlorine, followed by removal of the chlorinated 
products by distillation.^® 

Polymerization, In order to produce hard resins of high melting point 
and light color, the polymerization of cumarone and indene in solvent-naphtha 
fractions must be carefully controlled. A dark-colored, soft, sticky resin has 
comparatively few applications and only light-colored resins are acceptable in 
varnish making. Hence, the mere production of polymerized material will not 
suffice unless the product possesses color and hardness comparable with the best 
natural resins. 

In large-scale operations sulphuric acid is employed almost exclusively as the 
polymerizing agent, for its cheapness and efficiency outweigh any disadvantages 
connected with its use. However, certain other catalysts will perhaps be used 
for light-colored, high-melting resins. Such substances as aluminum chloride, 
ferric chloride, stannic chloride, acid ferric sulphate, and boron trifluoride have 
been found applicable. 

The most important factors to be considered in producing resins by the use of 
sulphuric, acid are (1) the strength and quantity of acid added, (2) the rate of 
addition of the acid, (3) the degree of admixture of acid with naphtha, (4) the 
temperature control of the reacting mass, and (5) the duration of the polymeri¬ 
zation. The acid must be sufficiently concentrated to yield high-melting resins, 
but not enough to form dark-colored or sulphonated compounds. The use of too- 
dilute acid produces soft resins because of extensive low-polymer formation. Owing 
to the highly exothermic nature of the reaction (said to be caused mainly by the 
polymerization of indene), slow addition of the polymerizing agent with violent 
agitation and efficient cooling of the reaction mixture are essential. The process, 
as usually earned out, consists in running a very slow stream of sulphuric acid of 
about 93 per cent strength into the solvent naphtha, the mixture being violently 
stirred by efficient agitators. Thorough means of cooling must also be provided 
to keep the mixture at about 0°C. during the reaction. The use of an inert diluent 
also serves to minimize overheating. In any case, the temperature should be 
kept below 20°C. and may even be lowered to -20°C. A lower temperature of 
polymerization produces resins of lighter color, and at the same time increases the 
yieldThe concentration and quantity of sulphuric acid used vary somewhat, 
and probably depend upon the efficacy of mixing, cooling and (more particularly) 
on the time of reaction. In general practice 0.2-1.0 per cent by volume of 66° 
Be sulphuric acid (sp. gr. 1.84) is used,®^ although 1-3 per cent by volume of 
62° Be acid (sp. gr. 1.75) may also be employed at a temperature not exceeding 
30-35°.®* However, by intimately mixing the constituents, employing efficient 
refrigeration and cutting short the period of reaction, larger quantities of more¬ 
concentrated acid may be advantageously employed. The use of 2-5 per cent 
by volume of 66° Be sulphuric acid (sp. gr. 1.84) at temperatures between 0° 

«I. H. Jones, U. S. P. 1,684,868, Sept. 18, 1928, to the Koppers Co. ; Chem. Aha., 1928, 22. 4845. 

A. O. Jaeger and J. A. Bertsch, U. S. P. 1,853,565, April 12, 1932, to the Selden Co.; Chem. Aba, 
1932 2 6 3393 

»S.’P. Miller, U. S. P. 1,360,665, Nov. 30, 1920, to the Barrett Co.; Chem. Aha.. 1921, 15. 605. 
Bntiah P. 160,148, 1920; Chem. Aba., 1^1, 15, 2362. Canadian P. 217,822, 1922; Chem. Aba., 1922, 
16, 1876 Cierman P 420,465, 1920. 

*iH. C. Karns, U S. P. 1,541,266, June 9, 1925, to the Koppers Co.; Chem. Aba., 1926, 19, 2277. 

”C. M. Dennis, U. S. P. 1,468,440, Sept. 18, 1923, to the Barrett Co.; Chem. Aba, 1924, 18, 175. 
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and 15® is satisfactory if the reaction is stopped after 10 minutes by the addition 
of water “ The time of reaction can even be reduced to 10 seconds, if the mixture 
of naphtha and 3 per cent by weight of 66® Be acid is thoroughly emulsified and 
cooled" 

Typical polymerizing equipment for the treatment of 3000 gallons of dried 
naphtha (containing 30 to 40 per cent of resm-formmg material) consists of a 
vessel fitted with coils having a cooling surface of 3000 square feet, through which 
cold brine can be pumped from an insulated tank of 10,OW gallons capacity. The 
quantity of 66® Be sulphuric acid used is 90 to 150 gallons for a charge of 3000 
gallons of dry naphtha. The oil is first cooled to -10°C. and the acid is added in 



Fia. 44. 

Mixer Applicable in the Production of 
Cuiiiarone Resins 


Courtesy Buffalo Foundiy Machine I'o 


2- to 3-gallon portions until 15 gallons have been introduced. The temperature is 
carefully watched and if it rises above 10®C., the addition of acid is stopped tem¬ 
porarily. The progress of polymerization is watched by determining from time to 
time the specific gravity 'of the mix. Since the oil increases in specific gravity 
during polymerization, the point of no-further-increase will indicate the end of 
the reaction. 

The polymerizing-acid rapidly settles to the bottom of the naphtha, therefore 
an ordinary paddle agitator is not as satisfactory for mixing as one which con¬ 
stantly elevates the acid from the bottom to the top of the naphtha layer.®® A 
rapidly revolving vertical conveyer enclosed by a tube (open at each end) serves 
to accomplish the mixing. More often, however, mixing is effected by drawing 

»W. R. Gerges, U. S. P. 1,679,214, July 31. 1928, to the Barrett Co.; Chem. Ah» , 1928, 22. 3792 

•4S. P. Miller and J. B. Hill, U. S. P. 1,679.093, July 31, 1928, to the Barrett Co. ; Chem. Abn , 
1928, 22, 3667. 

•A mixing apparatus is also described by Miller m U. S. P. 1,670,593, May 22, 1927; Chem. Ab«., 
1928, 22, 2379. 
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naphtha and acid from the bottom with a pump and returning the mixture to the 
top of the polymerizing-vessel. (See Fig. 44.) For the treatment of a 3000- 
gallon batch of naphtha, a 12-inch pipe running from the bottom to the top of the 
tank may be used, with the liquid circulated by a centrifugal pump at the rate 
of 3500 gallons per minute. 

Separation of Acid Tar. After the polymerizing action has been com¬ 
pleted, the oil is allowed to stand so that the heavy tar may settle out. The 
amount of tar is usually about 2 per cent of the original naphtha, and consists 
principally of a sludge of acid and sulphonated substances with some entrained 
naphtha. It is essential that this tar be removed completely and as quickly as 
possible, otherwise, discoloration of the resin results. At a temperature of 5°C., 
which seems to be the most satisfactory, 45 minutes are required for the settling 
of the sludge in a 3000-gallon batch of naphtha. Settling is greatly facilitated, 
according to Gerges," by dilution of the mixture with 10 volumes of cold water. 
Under these conditions, separation is complete in 10-15 minutes and the mixture 
of aqueous acid and sludge suspension can be easily drawn off. 

Neutralization. When the sludge has been removed, the oil remaining is 
neutralized with caustic soda solution of specific gravity 1.2-1.8.“^ Use of a weaker 
solution will cause emulsification and thus prolong the period of settling. The 
neutralization may be conducted in the polymerization tank or it may be carried 
out in a cone-shaped settling tank, in which the subsequent washing with water 
will also take place. If careful separation of acid sludge has been made, the 
amount of caustic soda solution required will not exceed 1 or 2 per cent of the 
volume of the batch. 

Washing. After neutralization is complete, the soda solution is allowed to 
settle and is drawn off. The neutralized oil is washed free of most of the soluble 
matter, which consists principally of sodium sulphate and sulphonates and traces 
of iron salts. Very complete removal of sodium sulphate is necessary since the 
presence of appreciable amounts of this salt in the resin causes it to whiten on 
contact with water. The ash content of the rcvSin should be less than 0.3 per cent. 
For some purposes cumarone resin having an ash content of less than 0.1 per 
cent is specified. 

The washing operation consists of mixing the resin solution with water and agi¬ 
tating by stirrers or compressed air. The settling and separating steps involved 
in this operation cause a loss of material equivalent to 5-10 per cent of the total 
naphtha, most of the loss being caused by the formation of emulsions. It has 
been found that emulsification can be prevented by the use of a 3 per cent 
aqueous solution of sodium chloride, ammonium chloride, calcium chloride,** or 
hydrochloric acid.®* About 20 per cent by volume of dilute brine or acid is added 
to the oil, which is heated to 60-70°C. to facilitate the separation of wash water. 
Washing may be effected without the use of agitation by introducing water over 
the oil in the form of a fine spray and allowing it to settle.*® 

Distillation. As the final step in the manufacture of cumarone resin, the 

washed naphtha is distilled off and the resin is obtained as a residue. The dis¬ 

tillation is carried out in a steam-jacketed vacuum still equipped with a draw-off 
and steam-jacketed valve. At the bottom of the still are pipes for the introduction 

WW R GerRes, U. S P 1 679,214, July 31, 1928, to the Barrett Co.; Chem. Abs., 1928, 22. 3792 

P Miller, U S P 1,360,665. Nov. 30, 1920, to the Barrett Co.; Chem. Ab»., 1921, 15, 605. 

C. M Dennis U. S P. 1,468,440, Sept. 18, 1923; Chem. Ahs , 1924, 18, 175 

2«S P Miller, IT S P 1,395,968, Nov 1, 1921, to the Barrett Co.; Chem Abs., 1922, 16, 653. 

British P 166,818, 1920, JSC I.. 1921, 40, 708A. F H. Rhodes and A. E. Roberts, U. S. P. 1,413,558, 

Apr. 18, ^922 to th“ Barrett Co ; Chem Aba., 1922. 16, 2233 

»S. P. Miller and F H Rliode.s. U. S. P 1,365,423, Jan 11, 1921, to the Barrett Co.; Chem. Aba., 
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of live steam and also a small steam-coil for heating. Naphtha is first withdrawn 
under a vacuum of about 28 inches. As soon as the flow of distillate begins to 
drop, live steam is introduced into the bottom of the still and whatever naphthalene 
is present appears in the receiver first. At this point, the condenser water, 
which is cold during the distillation of the naphtha, is warmed to about 70-80°C. 
to prevent choking of the lines. Following the naphthalene, there distils over a 
heavy oil (boiling at 320-330°C. at atmospheric pressure), which is possibly a by¬ 
product of the polymerization of indene. The quantity of this oil depends upon 
the polymerizing conditions, a greater amount of oily polymers being produced 
at higher temperatures and with dilute sulphuric acid. Removal of this material 
is imperative for the manufacture of a high-melting resin and can best be ac¬ 
complished by steam distillation under high vacuum. However, high-vacuum 
distillation without the use of steam is preferred by some,*^ because water has a 
tendency to become emulsified in the resin so that an opaque product results. 

According to varnish makers, cumarone resin cannot stand exposure to tem¬ 
peratures above 275°C. without darkening. In this respect it is more sensitive 
than some of the natural resins. It is not known definitely whether the darkening 
is due to the thermal instability of the resin itself or to traces of sulphonated 
substances, but the latter explanation is more likely. From a practical stand¬ 
point it is thus important to avoid the use of temperatures exceeding 250-276° 
during distillation and better results are obtained by operating at lower tempera¬ 
tures (200-250°). This is particularly the case in the production of a varnish resin, 
where color is of prime importance. 

During distillation the melting point of the still-residue is determined from 
time to time and distillation is continued until the melting point is sufficiently high 
(usually 135° for a varnish-grade material). The resin is then run into containers 
at the still temperature. It may be flaked with a chill roll or chipjiing machine.®' 
The distillation of 3000 gallons of polymerized oil may last 60 hours, use of 
live steam constituting the heaviest item of total manufacturing cost. 

To obtain pale elastic cumarone resins it is not only necessary, according to 
Schneider,” to keep the temperature low during the polymerization process, but 
also during the evaporation of the solvent. High-boiling solvents can be evaporated 
at comparatively low temperatures by passing a gentle current of air over the 
material. By keeping the temperature at 90°C. a very pale cumarone resin with a 
softening point of 80°C. can be made, with an evaporation loss of only 2 per 
cent of solvent. 


By-Products of Cumarone Resin Manufacture 

A number of by-products are obtained in the manufacture of cumarone resins. 
The high-boiling oils (b.p. 150-300°C. in vacuo) obtained during the distillation 
of the resin solution are probably low polymers of indene. They have found little 
industrial application, although Lilienfeld” proposed to use them as lubricants, 
insulating material, transformer oil, for pharmaceutical purposes, or as plasticizers 
for cellulose ethers. Dennis” utilized the by-product oils for the preparation of a 
cleansing mixture by emulsifying them with soap solution. 

A so-called ^'paracumarone soap” may be produced from the first wash of the 

«I. H. Jones, U. S. P. 1,684,8W, Sept. 18, 1928, to the Koppere Co.; Chem, Ahs,, 1928, 22, 4845. 

*®S. P. Miller, U. 8. P. 1,431,676, Oct. 10, 1922, to the Barrett Co.; Chem, Ab»., 1922, 16, 4358. 

“G. Schneider, Ber. Oe». Kohtentechnik, 1921, 39; Chem. Aba., 1922, 16, 3003. 

**L. Lilienfeld, U. S. Patents 1,625,415 and' 1,625,416, April 19, 1927; Chem, Abs., 1927, 21, 2054. 
British P 163,271. 1920; J S C.1. 1922, 41, 60A. 

•®C. M. Dennis, U. S. P. 1,365,464, Jan. 11, 1921, to the Barrett Co.; Chem. Aba., 1921, 15, 955. 
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neutralized solvent naphtha (after polymerization and separation of the acid).** 
By steam-distilling until foaming prevents further treatment, this first wash will 
yield about 37 per cent of paracumarone soap, 60 per cent of water and 13 per 
cent of naphtha. A typical paracumarone soap has a total ash content of 10.5 per 
cent, of which about 6.03 per cent consists of sodium sulphonates. ^‘Sludge para¬ 
cumarone” is a similar product containing 9.5 per cent of ash (mainly sulphonates). 

MlSCIUiLANEOUS PROCESSES 

A continuous process for the manufacture of cumarone resins has been described 
by Miller and Hill Coal-tar naphtha and concentrated sulphuric acid are run 
separately into a jacketed reaction chamber fitted with a stirrer. The mixture 
then passes to a settling-tank where separation into two layers takes place. The 
naphtha, containing dissolved resins, is led into a storage tank and is neutralized 
and distilled in the usual way. The sulphuric acid is led back into the reaction 
vessel or to storage. In another continuous process. Miller and Hill subjected 



Fig. 45.—Emulsifying Apparatus for the Polymerization of Cumarone. (S. P. Millei 

and J. B. Hill.) 

solvent naphtha to rapid polymerization by emulsifying it with a solution con¬ 
taining a catalyst such as sulphuric acid or aluminum chloride.** They stated 
that the quality of the resin obtained in a continuous-polymerizing process is 
materially improved if the rate of flow of the reactants through the apparatus is 
increased. However, at high rates of flow, complete polymerization is conditioned 
by very intimate contact between the hydrocarbon and the polymerizing agent. 
By rapidly passing a mixture of naphtha and catalyst between rotating surfaces 
(spaced 0.005 to 0.10 inch apart and moving relative to one another at a velocity 
greater than 50 feet per second) very intimate contact is obtained and a time of 
contact of about 10 seconds is sufficient (see Fig. 45). 

In an apparatus described by Miller** for the preparation of synthetic resins 
from solvent naphtha, the required quantity of cooled oil is introduced automatically 
into a vessel where it is agitated with sulphuric acid, aluminum chloride, or another 
polymerizing agent. The oil is treated in successive batches, but since all the 
operations are automatically controlled, the process is in effect continuous. After 
polymerization, the mixture is withdrawn, spent polymerizing agent and tar are 
separated, and the oil is neutralized with alkali and distilled. 

ME. H. Ellms, U. S. P. 1,797,260, Mar. 24, 1931, to the Barrett Co.; Chem. Abs., 1981, 25, 2866. 

MS. P. Miller and J. B. Hill, U. S. P. 1,464,851, Aug. 14, 1923, to the Barrett Go.; 1923, 

42, lOSlA. Canadian P 249,081, 1925; Chem Aba, 1925, 19, 8166.' 

“S. P. Miller and J. B. Hill, U. S. P. 1.679,093, July 31, 1928, to the Barrett Co.; Chem. Aba., 
1928 , 22, 3667. British P 225,216, 1923; Chem. Aba, 1925, 19. 1784 

*®S. P. Miller, U. S. P. 1,752,921, April 1, 1930, to the Barrett Oo.; Chem. Aba, 1930, 24, 2594. 
British P. 246,491, 1926; Brit. Chem. Aba., B, 1927, 722. 
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Contrary to usual procedure, Roberts" proposed to polymerize cumarone and 
indene in solvent naphtha by use of relatively large proportions of concentrated 
sulphuric acid for short periods of time, so that at least 10 times as much acid is 
present as cumarone and indene in the naphtha at any instant. The naphtha is 
passed continuously through a large volume of concentrated sulphuric acid and 
the solution of polymerized resin is withdrawn continuously from the top. The 
acid in the polymerizing chamber is cooled with coils and the heat generated by 
the polymerization is absorbed completely by the large excess of sulphuric acid. 
Roberts stated that sufficient sulphuric acid must be present to prevent the heat 
of reaction from causing a temperature change of more than 30°C. The resins 
obtained by this polymerization procedure are said to be of lighter color, and to 
melt about 20°C. higher than those obtained by other processes. 

In the process of Wendrmer,*^ solvent naphtha is subjected to two successive 
treatments with sulphuric acid of different concentrations. The naphtha, after 
being freed from tar acids and bases, is first mixed with 3-5 per cent by volume 
of 60° Be sulphuric acid and then 66° Be sulphuric acid (not more than 0.25 
per cent by volume) is continuously added in a thin stream. During the 
latter step the mixture is agitated vigorously and the temperature allowed to 
rise to 110-120°C. Stirring is continued until the temperature has fallen to 100° 
and the mass is allowed to settle. After the acid is removed, the mixture is neu¬ 
tralized and then freed from sodium sulphate. Subsequent distillation with steam 
produces a clear resin. 

Wendriner discovered later, however, that by allowing the temperature to rise 
secondary reactions took place with the formation of insoluble resins and sul- 
phonated products. By maintaining the temperature at 40-50°C., he not only 
avoided these reactions but also was able to carry out the polymerization with 
66° Be acid alone. The resin thus produced had a higher melting point and was 
citron to amber-yellow in color. Wendriner found that if tar aci^ and bases are 
not removed prior to polymerization of the cumarone, the resin obtained is not 
as pure, and more sulphuric acid (0.5 per cent) must be used. 

Karns" prepared resins which had a lighter color and a greater degree of 
hardness and transparency than previously obtained, by treating coal-tar dis¬ 
tillates, boiling at 140-200°C., with aluminum chloride (0.25 to 1.25 per cent of 
the weight of oil) at a temperature of about 45°C. The distillate is given a pre¬ 
liminary treatment with a small quantity of sulphuric acid (0.1 to 1.0 per cent of 
the weight of the oil). The acid is then neutralized and the oil distilled. The 
treatment with sulphuric acid is insufficient to affect cumarone and indene, but 
it polymerizes such easily resinified substances as cyclopentadiene, which tend 
to form dark resins. 

In the preparation of very light-colored cumarone resins, Jones" employed 
an initial polymerization to remove unsaturated substances productive of dark 
resins. The preliminary polymerization is carried out by treatment with about 5 
per cent by volume of ^° Be acid for 45 minutes, after which the sludge and 
spent acid are separated and the naphtha washed with caustic soda solution, 
then with water, and finally distilled with steam. The condensate (usually about 
90-95 per cent of the original naphtha) is then carefully fractionated, and a cut 
taken from 150-200°C. is polymerized. The fractionation step is stated to elimi¬ 
nate darkening and softening constituents from the final resin. In an analogous 
procedure, the addition of ammonium sulphate to the sulphuric acid used in the 

<0A. E. Roberts, U. S. P. 1,515.316, Nov. 11, 1924, to the Barrett Co.; Chem. Abs., 1925, 19, 188. 

"M. Wendnner, German P. 270,993, 1912 ;v J.S.C.L, 1914, 33, 474; Chem. Aba., 1914 , 8, 2248. 
German P. 281,432, 1913; Chem. Aba., 1915, 9, 2001. 

«H. C. Kama, U S. P. 1,541,228, June 9, 1925, to the Koppers Co ; Chem. Aba., 1925, 19, 2277. 

«*I. H. Jones, U. S. P. 1,884,888, Sept. 18, 1928, to the Koppers Co.; Chem. Aba., 1928, 22. 4845. 
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second polymerization is said to be of value in obtaining light-colored products. 
It IS also stated that practically colorless resins result if a mixture of 15 parts 
of sulphuric acid, 4 parts of acetic acid and 1 part of water is used as polymeriz- 
ing-catalyst.** 

Cline obtained light-colored cumarone resins from oils which ordinarily yield 
dark resins" The essential feature of his procedure is a preliminary treatment 
of crude coal-tar naphtha by refluxing it for an hour with 5 per cent of litharge 
This treated oil is then removed by decantation and subsequently vacuum-distilled 
in contact with an alkaline material. The distillate coming over at temperatures 
up to 200°C. (at atmospheric pressure) is polymerized with sulphuric acid (sp. gr. 
1.83) in the presence of refined naphtha as a diluent. This method recovers 80-85 
per cent of the total polymerizable constituents as resin. 

In the process of Rabinovitz," solvent naphtha (b. p. 160-180®C.) is treated 
with a slow stream of sulphuric acid (sp. gr. 1.84) under good agitation. The acid 
IS withdrawn and the naphtha washed with a 5 per cent alkali solution. The 
solvent naphtha is then distilled with superheated steam and the viscous residue 
is hardened by distillation under a vacuum of 29 inches until the temperature 
reaches 180°C. The resulting pale, hard resin has an iodine number of 47. 

Meyer*^ prepared a light-colored resin of high softening point by polymerizing 
cumarone and indene with acid in the usual manner and then neutralizing the 
acid present by vigorously agitating it with a slight excess of powdered alkali 
or alkaline-earth carbonates, preferably with the addition of a small quantity of 
barium or sodium peroxide. The neutral liquid was then separated by decantation, 
filtration, or centrifuging and the volatile constituents removed by distillation." 

Anhydrous metallic chlorides, such as aluminum chloride or ferric chloride, were 
used by Demant" for the polymerization of the unsaturated compounds in crude 
benzene to yield resinous products which soften above 100°C. After removal of 
the catalyst by washing with water, the resins are obtained by distilling off the 
benzene. They can be used for varnishes without further purification.®® The 
polymerization is effected without external heating and, if necessary, with cool¬ 
ing. Hydrated metallic chlorides can be used to produce high-melting cumarone 
resins. Stirring coal-tar distillates with small quantities of hydrated aluminum 
or ferric chlorides causes polymerization without external heating®^ Supan“ em¬ 
ployed ferric chloride for the production (from crude benzene fractions) of resins 
having a softening point as high as 170°C. For example, 2 per cent of crystalline 
ferric chloride is added gradually to a crude benzene fraction (b. p. 160-180°C.) 
heated to 50°C., and the mixture is cooled to prevent too great a rise in tempera¬ 
ture. On completion of the reaction, the liquid is washed with water and sodium 
carbonate solution, and the resin is separated by distilling off the unchanged liquid. 
Oil-soluble metallic chlorides, e.g., titanous chloride, have also been suggested as 
catalysts.®* 

In order to control the degree of • polymerization of cumarone, Copthorne and 

Bojanovski, B. Gizinski and T. Rabek, Przemysl Chem,, 1934, 18, 321; Bnt. Chem. Abs. B, 

1935, 161. 

«E L. Clme, U. S. P. 1,942,201, Jan. 2, 1934, to the Barrett Co.; Chem. Abs, 1934 , 28, 1881 
L. Rabinovitz, U. S. P. 1,416,062, May 16, 1922, to Ellis-Foster Co ; Chem, Abs, 1922, 16, 2420. 
Canadian P. 203,100, 1920; Chem. Abs., 1920, 14. 2994, Cf Carleton Ellis and N L Foster, British P. 
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"See also G. S. Walpole, British P. 145,416, 1920; Chem. Abs., 1920, 14, 3163. 
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improves the mechanical strength and thermal resistance of cumarone resin.s, acooiding to M. Mik¬ 
hailov and M. Stolyarov, Plast. Masew, 1933, (5), 12; Chem. Abs., 1934 , 28, 6000. 
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Tannehill®* proposed the dilution of tar- and base-free' solvent naphtha (b. p., 150- 
200®C.) with lighter naphthas (b. p., 130-150°). Another suggestion made by 
Tannehill was neutralization of the acid by ammonia gas to arrest polymerization 
while the resin is still in a highly fluid state. 

A dilution method was also used by Emery." A distillate containing as high 
as 80 per cent of cumarone and indene, prepared by fractional distillation, is 
polymerized and then diluted with petroleum benzine in order to facilitate removal 
of insoluble substances. The resin solution is then decanted, washed free of acid 
and distilled under high vacuum, live steam being used to remove heavy oils. 
Ostermayer" employed a similar cut rich in cumarone and indene as initial mate¬ 
rial, but diluted the polymerized material with petroleum distillates both higher 
and lower in specific gravity than petroleum benzine. The product obtained, 
when using petroleum distillate of low specific gravity, is of slightly lower melting 
point and not so clear as when heavier petroleum distillates (kerosene or wash 
oils) are employed; but the procedure is facilitated in the former case. Ostermayer 
stated that better control of the process is obtained by diluting the naphtha with 
petroleum distillates, either before or during the polymerization. However, the 
products are darker and of lower melting point than when dilution is effected after 
Iiolymerization. 

A clear, transparent resin of high melting point for use in varnishes is obtained 
by carrying out the polymerization in a mixture containing a relatively small quan¬ 
tity of cnide solvent naphtha in proportion to the diluent (a coal distillate or 
petroleum distillate). Dilution serves to prevent rise in temperature. After the 
initial polymerization, additional small quantities of crude naphtha and catalyst 
are run into the batch until a final concentration of 25 per cent of polymers exists. 
Up to this point only 3-5 per cent of sulphuric acid (sp. gr. 1.83) is needed. Re¬ 
covery of resin from here proceeds in the usual manner.” An improvement in this 
method consists in dispersing the sulphuric acid catalyst in the diluent and then 
adding the solvent naphtha at a controlled rate." 

Crude benzene was used by Schneider and Nettlenbusch" to produce resins 
by the dilution method. The benzol was diluted with solvent naphtha or with ?n 
oil boiling at 200-230°C., and then mixed with sulphuric acid (80-93 per cent) 
at 10-40°C. Distillation yielded motor fuel, oil and resin. 

A process of Jaeger and Bertsch" includes treatment of the naphtha with 
chlorine prior to polymerization. After phenols and bases have been removed 
and the naphtha has been partially purified by washing with a small amount of 
sulphuric acid, chlorine is introduced. Chlorine reacts with the unsaturated and 
saturated aliphatic and alicyclic compounds (including hydrindene, cyclopentadiene, 
dicyclopentadiene, styrene) as well as with sulphur compounds such as thioxene, 
and transforms them into high-boiling chloro derivatives, but cumarone and indene 
are practically unattacked. For example, a solvent naphtha boiling at 150-180°C. 
is treated with 1-3 per cent of chlorine, or with an equi\alent amount of bromine. 

WH. N. Copthome and A. L. Tannehill, U. S. P. 1,353,220, Sept 7, 1920; Chem. Abs., 1920, 14, 3307. 
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The chlorine or bromine is introduced in gaseous form mixed with an inert gas, 
and a small amount of calcium carbonate is added to neutralize acidity. After 
chlorination, the solvent naphtha is distilled off from the higher-boiling chlorinated 
substances and is polymerized either under heat and pressure or by addition of 
concentrated sulphuric acid at temperatures below 25®C. The product is neu¬ 
tralized, washed with water and distilled in vacuo. After superheated steam has 
been blown through the still-residue, an almost colorless resin is obtained. 

Hofmann and Stegemann®^ obtained cumarone resin by shaking cumarone oil 
for some hours at ordinary temperature with hydrogen fluoride, boron trifluoride, 
or with a mixture of hydrogen fluoride and an inorganic halide. The hydrogen 
fluoride can be expelled frori the product by heat. 

Modified cumarone resins, soluble in all proportions in commercial benzenes 
(even at ordinary temperatures) and also in drying oils, have been prepared by 
Rosenthal by polym nzing solvent naphthas (freed from phenols and bases) with 
catalysts such as stannic chloride, zinc chloride, concentrated sulphuric acid, ferric 
chloride, fluoboroacetic acid and antimony pentachloride, in the presence of meta- 
substituted aryl alkyl ethers of the general formula: 



in which R and R' stand for alkyl groups and R" represents hydrogen or an alkyl 
group,®® Because of their solubility and stability to light, the modified resins have 
been suggested for the manufacture of oil varnishes. The properties of these 
resins vary with the catalyst employed. Fluoboroacetic acid yields nearly-colorless, 
high-melting resins soluble in drying els. Lower-melting resins, light brown in 
color and also oil-soluble, are produced under the influence of sulphuric acid. 
The use of stannic chloride as a catalyst leads to the formation of very light- 
colored resins. Insoluble m stand oils but soluble in ordinary drying oils. In one 
preparation, 1000 parts by weight of solvent naphtha (boiling point 163-182°C., 
containing 52 per cent of cumarone and indene and free from phenols and bases) 
are mixed with 86 parts of m-xylyl ethyl ether, and the mixture, heated to 40°, 
is treated with 10 parts by weight of fluoboroacetic acid. When the reaction is 
complete, the mass is diluted with 200 parts of xylene or purified solvent naphtha 
and treated, while hot, with 60 parts of calcium oxide or barium oxide. The resin 
solution is filtered from the precipitate and the volatile constituents are distilled 
off completely in vacuo. There are obtained 545 parts of a nearly colorless resin 
melting at 133° and readily soluble in cyclohexane, aliphatic and hydroaromatic 
hydrocarbons, linseed oil, tung oil, and stand oil. 

In the polymerization of cumarone and indene in solvent naphthas, Weiss rec¬ 
ommended the use of a special solid catalyst consisting of an acid ferric sulphate 
mixed with an absorbent such as fuller^s earth.®* Some advtintages noted in the 
use of this polymerizing-catalyst are that the reaction is very gradual, with no 
tendency to superheating; the removal of polymerizing agent together with the 
tarry matter is quickly accomplished by filtration (in contradistinction to the long 

"F. Hofmann and W. Stegemann, German P. 492,345, 1923; Chem. Abs., 1980, 24, 2905. 
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period of settling required when sulphuric acid is used); and the absorption of 
dark-colored by-products by the porous carrier gives a light-colored product. The 
catalyst is prepared by thoroughly incorporating concentrated sulphuric acid 
(proportionately in excess of that necessary to form ferric sulphate) in a nuxture 
of ferric oxide and absorbent earth, drying the mass, and powdering it to a size 
of about 20- to 30-mesh. Crude solvent naphtha (1 gallon), having a boiling 
range of 160-190°C., is vigorously agitated with about 0.5 pound of this catalyst 
for two hours at 55°C. or higher, after which the mass is filtered. The filtered 
solution is washed, first with a dilute alkaline solution and then with water. The 
resins are recovered by distillation under reduced pressure with superheated steam. 
The naphtha may be given an acid wash with sulphuric acid (sp. gr. 1.53) prior 
to the polymerizing treatment. 

Cumarone resins of uniform properties, having melting points up to 135°C., 
were prepared by Sperr and Darrin®^ by polymerizing crude solvent naphtha under 
the influence of heat and pressure. The naphtha is heated to 100-450° under 
pressures ranging from 50-300 pounds per square inch for periods of from 1-10 
hours, after which the volatile constituents are distilled off, the end-temperatures 
of the vapors being 150-300°C. The resulting mass is then blown with air or 
steam to remove high-boiling oils and the resin is drawn off. The rate of resinifica- 
tion is increased and the hardness of the resins improved by the use of catalysts 
consisting of strips of copper, silver, gold, or platinum immersed in the liquid.'*® 
The resins thus obtained are said to be harder than those from acid processes, and 
can be ground easily without sticking or gumming.®® They possess a clear, reddish 
color and are useful for electrical insulation or for varnish making. 

Cumarone resin produced by polymerization with sulphuric acid often retains 
acid substances, Ellis'” removed these substances by fusing the resin with basic 
neutralizing agents in the absence of sufficient water to dissolve the basic material. 
The neutralized resins are then useful for the manufacture of concrete-floor var¬ 
nishes and other coatings where a neutral resin is required. 

The purification of crude cumarone resin was accomplished by Singer,”® by 
washing with solvents (e.g., alcohol, acetone, or chlorinated hydrocarbons) to re¬ 
move oily materials. 


Modified Ctmarone Resins 


Modified cumarone resins are produced by adding to the solvent naphtha sub¬ 
stances which alter the nature of the resin obtained. For instance, the condensa¬ 
tion of solvent naphtha (b. p., 1G0-190°C.) to which phenols have been added, 
yields materials with disinfectant or therapeutic properties, and which are also 
useful for making lakes and dyes. For this treatment catalysts which have been 
employed include halogen acids, metallic chlorides®® and acid salts."^® A modified 
resin has also been produced by using the phenols already present in the solvent 
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E. Tschunkur and F Eichler, German P. .535,078,' 1930, to T. G. Farbenind. A.-G.; Chem. Aha., 
1982 . 26, 3393 British P. 349,934, 1930; Bnt. Chem. Aba. B, 1931, 918. French P. 39,642, 1931, addu. 
to 636,606; Chem. Aba., 1932, 26, 4827. 



6. PRODUCTION OF CUMARONE RESINS 119 

naphtha.^^ It was found that the presence of phenols rendered the resin alcohol- 
soluble and therefore useful for lacquer preparations. 

Very hght-colored resins were prepared by Rosenthal by polymerizing solvent 
naphthas in the presence of phenols and under the catalytic influence of double 
compounds of boron trifluoride and carboxylic (or hydroxycarboxylic) acids.” 
When the reaction mixture contains phenols to the extent of 9 per cent or more 
of the quantity of indene present in the solvent naphtha, resms soluble in stand 
oil (prepared by heating linseed oil) are formed. The reaction is carried out by 
slowly adding small quantities (usually 1-5 per cent) of the fluoboro-fatty acids 
to the mixture of crude solvent naphtha and phenols at a temperature of about 
60°C. For example, a resin soluble in linseed oil is prepared by allowing 2 parts 
of fluoboroacetic acid to run slowly for 2-3 hours into 100 parts of crude solvent 
naphtha (b. p., 155-192°C.), containing 58 per cent of cumarone and indene and 
4 per cent of phenolic constituents. The temperature increases to about 60°C. 
(initial temperature is 35°) and stirring is continued for 6 or 7 hours. The mix¬ 
ture is then heated to 80-90°C. for one-half hour with the addition of 25 parts 
of xylene and 6-8 parts of barium oxide. The volatile constituents of the filtered 
reaction-liquid are then distilled i7i vacuo to furnish 55 parts by weight of an al¬ 
most colorless resin which sinters at 140° and melts at 160°. By treating a mix¬ 
ture of 600 parts of solvent naphtha having a cumarone content of 20 per cent 
and an indene content of 36 per cent, and 21 jiarts of crude cresol (or 33 parts 
of /3-naphthol) with fluoboroacetic acid as above, 320 parts of a very light-colored 
resin, melting at 147° and soluble in linseed oil, are obtained. 

Rosenthal” also prepared light-colored, oil-soluble resms by condensing solvent 
naphtha containing cumarone and indene, with at least 10 per cent of phenols 
(calculated on the amount of resimfiable constituents present) with anhydrous or 
crystallized ferric chloride (FeCh-flUaO) as catalyst. The melting points of 
the resins depend upon the relative proportions of phenol and indene present. 
The following example concerns the treatment of a mixture of 200 parts (by 
weight) of a phenol- and base-free naphtha, boiling at 160-186°C. and contain¬ 
ing 46.8 per cent of indene and 15.2 per cent of cumarone. Nine parts of phenol 
are introduced and then 14 parts of molten ferric chloride, at an initial tempera¬ 
ture of 20°C. As reaction proceeds the temperature rises to 52-55°C. Stirring 
IS continued for 6-8 hours and the temperature is maintained below 60°C. The 
mass IS then diluted with 100 parts of xylene to remove iron compounds, and 
stirred with 10 parts of quicklime. The solvent is removed from the Altered resin 
solution by vacuum distillation, and a light resin is obtained which sinters at 
125°C. and melts at 158°C. 

Cumarone resin can be modifled so as to increase its melting point by treating 
it with concentrated sulphuric acid in the presence of a solvent.” The solution 
IS then neutralized with alkaline earths and the solvent removed by evaporation. 

According to Staudinger,” hydrogenation of paraindene resins renders them 
more resistant to heat and chemical action. Hydrogenation may be carried out 
under 50 to 70 atmospheres pressure and at about 270° employing a metal of 
Group 8 as catalyist. 

•^German P 802.543, 1917 to RUtgerswerke-A.-G.; J S.C L, 1920 39. 307A. 

L. Roaenthal, U. S. P. 1,857,333, May 10, 1932, to I. G Farbenind. A.-G.; Chem. Abs , 1932, 
26, 4191. British P. 310,816, 1929; Chem. Abs., 1930, 24. 740. French P. 674 240, 1929- Chem. Abs, 
1930. 24, 2624. German P 517,477, 1928 and 520,858, 1929; Chem. Abs. 1931. 25 , 2313 , 3186. 

T*L Rosenthal, U. S P. 1,863,814 and 1,863,881, June 21, 1932, to I G. Farbenind A.-G ; Chem 
Abs, 1932 , 26, 4488. German P. 548.436, 1928; Chem. Abs, 1932, 26, 8687. British P. 306,501, 1927; 
But. Chem Abs. B, 1929, 366. French P. 644,015, 1927; Chem. Abs., 1929 . 23, 1764. 

M German P. 325,575, 1918; to Riitgerswerke-A.-G.; J.SC.I., 1921, 40. 19A 

H. Staudinger, German P. 504,215. 1926; Chem. Abs, 1930, 24, 5518. For the hydrogenation of 
cumarone resin see British P. 247,5M, 1925; to I. G. Farbenind. A -G.; Chem Abs, 19OT, 21, 643. 
See also H. Winter and G. Free, Brennstoff-Chem., 1934, 15, 287; Brit. Chem. Abs. B, 1934, 914. 
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Kessler*^* found that a coal-tar fraction (boiling at 150-250®C.), treated with 
an excess of formaldehyde'" or other aldehyde in the presence of a trace of am¬ 
monia or caustia soda at 150°C., produced oils which dried on exposure to the 
air and slowly polymerized at this temperature. According to Honel ” low-melting 
cumarone resins v/ere rendered harder and higher-melting by heating them with 
20 per cent of the condensation product of formaldehyde .nd p-amylphenol at 
200®. A cumarone resin can be made less brittle by adding to it 5 to 10 per cent 
of drying oils, fats or waxes.” 

Jaeger” recommended a phthalide or hydrogenated phthalide as a plasticizer 
for cumarone resin. About 12 per cent of phthalide is added to the fused resin, 
or the phthalide can be mixed with a solution of the resin to form a lacquer which 
dries to a flexible fllm. 

Resinous products similar to cumarone resins have been obtained from naphtha 
fractions of higher boiling point than those ordinarily used. For instance a frac¬ 
tion boiling at 190®-240®C. has been utilized.®^ 

Likewise light benzene fractions yield homologous resins. Demant” heated such 
fractions with sulphuric or phosphoric acid and obtained viscous oils which on 
further treatment could be used in varnish making. Krieger” treated a benzol 
fraction (80®-160®C.) with sulphuric acid, washed the product with water and 
alkali, and then distilled it in the presence of caustic soda. The still-residiie yielded 
a brown, almost ash-free liquid (b. p., 260-360°C.), suggested as a lubricant. 

The process of Damm for the purification of benzenoid oils yields resinous 
materials as by-products.®* The oil is agitated with sulphuric acid (sp. gr. 1.71- 
1.83) and allowed to settle into ^ layers: acid, acid resin, and oil. After with¬ 
drawal of the acid, the remaining layers are neutralized with dilute caustic soda. 
The original impurities are thus liberated from the acid-resin layer in modified 
form and dissolved in the oil phase. The oil layer is then removed and the resin 
recovered from the acid-resin portion. 

Resins from Acid Tar 

Strictly speaking, acid resins obtained from the sulphuric acid used in washing 
coal-tar light oils are not cumarone resins, but, since they are related, brief men¬ 
tion may be made of these products. The acid resins are usually obtained by add¬ 
ing water to the sulphuric acid used in refining coal-tar oils and then heating the 
solution without carbonizing the resins present. The dilute acid solution is extracted 
with a hydrocarbon such as benzol, and the resin, separated by evaporation of the 
solvent, may be utilized by adding it to solutions of other resins. By the above 
procedure, Hilpert®® obtained a resin in the form of a bright yellow powder useful 
as a base for a quick-drying lacquer. The resin from the acid used to tefine 
naJfihthalene is dark brown in color. Thorp and Thorp®® recovered such resins 
in the following manner: The waste tar acid is agitated with from ^2 to 1 volume 

’•J. J, Kessler, U. S. P. 1,616,321, Feb. 1, 1927; Chem. Abs., 1927, 21, 1003. 
indene-formaldehyde resins see Chapter 12. 

•WH. Honel, U. 8. P. 1,800,925, Apr li, 1931, to Beck, Roller A Co.; Chem, Abs., 1931, 25, 3503 

Austrian P. 120,679, 1930; Chem. Abs., 1981, 25, 2012. German P. 863,876, 1928; Chem. Abs., 1933, 27, 

1220. 

»German P. 848,088, 1919, to Chem. Fabr. Worms. A.-G.; J.S.C.I., 1922, 41, 382A. 

*>A. O. Jaeger, U. 8. P. 1,892,769, Jan. 3, 1933, to the 8elden Co.; Chem. Abs,, 1933, 27, 2319. 

British P. 156,668, 1921; to Chem. Fabrik. Worms. A.-G.; Chem. Abs., 1921, 15, 1821. 

«J. Demant, British P. 179,610. 1921; Chem. Abs, 1922, 16, 3387. 

»A. Krieger, German P. 363,291, 1921; J.S.C.I., 1923, 42, 262A. 

•* P. Damm, U. S. P. 1,817,804, Aug. 4, 1931, to the Koppers Co.; Brit. Chem. Abs, B, 1932, 459. 

“8. Hilpert, U 8. P. 1,427,8M, Aug. 29, 1922, to Deutsch-Luxemburg. Bergw. A Hutten A.-G.; 

JB.C.I., 1922, 41, 803A. German P. 319,010, 319,011, 820,808 and 324,722, 1916; J.SCI., 1920 , 39, 577A, 
6e5A, 792A. German P. 341,693, 1917; J.S.C.L, 1922, 41, 28A. British P. 157,715, 1921; J.8.CJ., 1922, 
41. 355A. 

«F. Thorp and H. T. Thorp, British P. 124,605, 1918; 1919, 3$, 318A. 
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of water. On standing, a pasty mass of tar oil and resin settles out. This mass 
IS washed with water and steam distilled. The resinous residue of the steam dis¬ 
tillation IS washed with alkali said dried. Schummer“' distilled the residue, obtained 
in a similar way, under reduced pressure and recovered the sulphur dioxide for 
conversion into sulphuric acid. Another method involves running the acid tars 
into boiling water.“ The floating resin-layer is then drawn off and worked into a 
hard resin by treatment with steam, ammonia or alkali. 

Kugel and Schwenke” neutralized the wash-acid from the refining of benzol 
with ammonia and diluted the precipitated resinous substances with benzol or 
solvent naphtha while agitating and cooling the liquid. After separation from 
the ammonium sulphate, the solvent is distilled from the resins. 

In order to remove the resinous sludge from the sulphuric acid used for wash¬ 
ing benzol. Still*® heated the acid in a receptacle in the lower part of which a re¬ 
movable perforated tray is placed. After all the treated acid has been discharged 
from the still, the whole of the solid resin is lifted out on the tray. As a substitute 
for sulphuric acid in effecting removal of tar- and gum-forming impurities from 
benzene, the use ot a slightly acidic potassium permanganate solution has been 
suggested.®^ This treatment causes the oxidation and polymerization of all olefinic 
substances in the benzene. 

The still-residues from the redistillation of acid-treated and neutralized crude 
benzols (also carburetted water-gas tar, or ^'holder oil'^ and Pintsch gas ‘^hydro¬ 
carbon drips”) are high-boiling viscous sulphurous oils, which on prolonged heat¬ 
ing are converted into pitch or resin.*® This has been erroneously designated 
“cumarone resin” by some manufacturers. It is probable that the residues are 
derived from diolefinic compounds present in the original crude benzols. 

Kattwinkel considers that sulphur present in the acid resin is in the form of 
neutral saturated sulpho-acid esters.*® Upon removing the acid from such an acid 
resin and drying at 100®C,, he obtained a dark violet-colored resin which could 
be easily pulverized. He extracted with aniline the powdered resin thus obtained 
and distilled the extract in vacuo. Removal of excess aniline by heating on a 
water bath left a pitch residue recommended for roofing compositions or for 
binders in coal or lignite briquettes.** 

Sulphonated cumarone resins have been used to a small extent in various ways, 
such as in leather tanning,*® in the production of viscose fibers*® and in the form 
of their copper salts in mixtures for combating plant diseases.*" 

Benzol-still residues were used by Wagner in preparing cutting oils and gear- 
shield oils.** The residue is mixed with petroleum and water, heated to 80°C. 
and then allowed to cool and settle. The oily top layer is decanted, and the semi¬ 
solid material remaining is heated to 200°, whereupon the oily layer previously 
removed is again added to produce the cutting oil. 


J. SchUmmer, German P. 320,255, 1918; 1920, 39, 633A. 

88 Q. W. J. Bradley, British P. 412,343, 1934, to Woodall-Duckham, Ltd.; Bnt. Chem. Abs. B, 
1934 822. 

8» E. Kugel and H. Schwenke, German P. 454,307, 1922, to Zeche de Wendel; Brit. Chem. Abs., B, 
1929 588. 

“C Still, British P. 219,089, 1923 and 277,619, 1926, to Coke A Gas Ovens, Ltd.; Chem. Abs., 1925, 
19, 582; 1928,’ 22, 2656. ^ ^ , . . . 

O. Guillet, French P. 761,454, 1934, to Soc. anon. “Compagnies reuniea du gaz et d electncite ; 

M T.* Brooks and I. Humphrey, J.A.C.S., 1918, 40, 853. R. Weisegerber, Ber., 1928, 61, 2111; 
Chem Abs 1920 23 501 

“R KattwinUl,'Brc»in«<o#-Chcm., 1923, 4, 55, 377; Chem. Abs.,im, 17, 2487. 

•*R. Kattwinkel, German P. 895,597, 1923; J.8.C.I., 1925, 44, 4B. 

88 R. B. Croad, J.S.C.L, 1923, 42. 177. 

••French P. 612,879, 1926, to Koln-Rottweil A.-G.; Brit. Chem. Abs., B, 1927, 387. . 

•^German P 359,583, 1920, to Farbw. vorm. Meister, Lucius, A BrUning; J.S.C.L, 1923, 42, 89A. 
88 F. W. Wagner, U. S. P. 1,534,554 and 1,534,555. Apr. 21, 1925, to Jones A Laughlin Steel Corp.; 
Chem. Abs., 1925, 19, 1773. 
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Plastic materials have been prepared by Hoelzer®® by heating under pressure 
either coal tar, lignite tar, or cumarone resin, together with a sulphurous solution 
obtained by extracting spent gas-purification materials with carbon disulphide or 
tar oils. Sulphuric acid, caustic soda, ferric chloride or manganous sulphate is 
used as a catalyst. The resulting product is recommended for lacquers, binding 
agents, or covering materials. 

Tar oil (freed from pitch) is converted into a resin solution, by heating it with 
1 per cent of concentrated sulphuric acid.^ This solution can be used directly 
as a varnish or paint, or it can be mixed with other resins, asphalt, hnseed oil 
or pigments. 

Resinous bases were obtained by Wirth^®^ from coal-tar and other tar oils boil¬ 
ing above 300®C. The tar, previously freed from phenols, is treated with caustic 
soda. The aqueous solution is separated, and the remaining material is treated 
with dilute sulphuric acid (sp. gr. 1.12). After removal of sulphates, the mixture 
is cooled and the resin is separated from the tar and washed with water. 

The phenols from a low-temperature tar have been made to yield a resinous 
product by subjecting them to a cracking process, subsequently fractionating the 
end-products and polymerizing the appropriate fraction.^"® The material obtained 
is a yellow, hard resin. 

It has often been observed that the wash-oil used in benzol-recovery plants 
has a tendency to thicken. KattwinkeP'" attributed this thickening to the polymeri¬ 
zation of unsaturated compounds under the influence of heat and of sulphuric 
acid, the latter being formed by the oxidation of hydrogen sulphide by air in 
the wash oil. disagreed with this explanation, stating that the thickening 

is caused by the combination of hydrogen sulphide with unsaturated constituents 
of the wash oil. By adding paraffin oil, benzol or light petroleum to spent wash- 
oil a thick pitch is obtained, containing 6-11 per cent sulphur.^"® 

•®H. W. Hoelzer, British P. 331 ,S46,1929, to Frankfurter Gasges ; Chern. Ahs., 1931, 25, 223 

“OQennan P, 570,486, 1931, to Firma P. Lechler; Chem. Ahs.. 1933, 27, 25')1. British P. 379,632, 
1932; Chrnn. Abs., 1933 , 27 , 4107. 

101E. Wirth, U, S. P 1,339,310, May 4, 1920; Chem. Abs., 1920, 14, 1894. German P. 303,273, 
1915, and 304,306, 1916; J.S.C I.. 1920, 39, 184A. 

io»W. Gluud and P. K. Brouer, Oes. Abhandl. Kermtnis Kohle, 1919^ 3, 238; J.SC.L, 1920, 39. 262A. 

i<»R. Kattwinkel, Gcm-u Wasserfach, 1924, 67, 474; JSCl., 1924 , 43, 776B. See also O. Kruber, 
Brennstoff-Chem . 1932, 13. 187, Chem. Abs., 1932, 26. 4160 

10* G. Offe, Gas-u. Wasserfach, 1923, 67, 67; JSCl., 1924 , 43 , 242B 

10® G. Oflfe, Gas-u. Wasserfach, 1926, 68, 136; J S C.I., 1925, 44, 306B. R. Kattwinkel, Brennstoff- 

Chem., 1934, 15, 141; Bnt. Chem. Abs. B, 1934, 563. 



Chapter 7 

Applications of Cumarone Resins 

Cumarone resin^ is employed for a variety of purposes, particularly in the 
manufacture of varnishes, printing inks, waterproofing materials, rubber composi¬ 
tions, floor tiles and chewing gum. Although its application is in certain measure 
restricted, the field of utility of this resin is being continually extended. The 
production of cumarone m the Umted States has usually been in excess of demand. 
The resin was utilized in Germany during the War to replace natural resins to a 
great extent* but since that time its use and production have diminished con¬ 
siderably. Manufacturers have striven to produce a material having a high melt¬ 
ing point and as little color as possible and have been so successful in their efforts 
that the modern product is very uniform in quality and competes m a limited 
way with rosin ester m the preparation of varnishes.* 


Commercial Cumarone Resin 


Cumarone resin is a technical product of uniform properties. The highest grade 
resin is sold as a clear solid (m lumps or flakes) melting above 130°C. and having 
a pale amber color. The material is classified according to its melting (or soften¬ 
ing) point, and in order to obtain lower grade products of a standard quality some 
manufacturers prefer to ^^cut back’' a high-grade resin by the addition of soften¬ 
ing agents. 

Grading, In the United States, five different grades of cumarone resin are 
recognized as follows: 

Rubber Grade S . . . Melting point 50°-65®C. 

Medium Soft . Melting point 65°-85°C. 

Rubber Grade H Melting point 85°-100®C. 

Medium Hard,.. Melting point 100'’-135°C. 

Varnish Grade Melting point 135°-160°C. 

Besides the above grades, one company produces a hard ana high-melting resin 
recommended for use in the manufacture of wax mixtures, quick-drying varnishes, 
and insulating compositions. This material, which is called ‘Tndene resin,” is 
said to consist essentially of polymerized indene. It has a melting point of 150- 
160°C.* 

The color of cumarone resin, which is of importance in many of its applica¬ 
tions, has been greatly improved with the development of the technic of manu¬ 
facture so that most modern grades of resin are clear and of pale color, comparable 
with N rosin.® The color of the resin is usually compared arbitrarily with the 
color of the various grades of rosin. 

One brand of cumarone resin on the market is sold as “Cumar.*’ 

*W. Fahnon, Chem. UmBohau, 1922, 29, 103, 111, 120; Chem. Aba., 1922, 16, 2419. E. Glaser> 
Brennstoff-Chem., 1921, 2, 99, 113; Chem. Aba., 1921, 15, 2362. 

® Technical applications of cumarone resin are reviewed by M. Brequet, Induatne Chimtque, Feb. 
1929; Bull, federation indt. chim. Belg., 1929 , 8, 272. T. H. Barry, Ind. Chemiat, 1927, 3, 479; Chem 
Abs , 1928, 22, 878. J. Scheiber, Farbe ta Lack, 1931, 170; Chetn. Aba., 1931, 25, 3501. 

* In other respects this “Indene Resin” is very similar to the mixed oumuone-indene resins. 

<^The resin is obtained in flake form by spreading in a thin layer on a cnllmg roll and removing 
with a scraper; S. P. Miller, U. S. P. 1.431,676, Oct. 10, 1922; Chem. Aba., 1922, 16, 4858.. 
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In Germany* the softening point of cumarone resin is used as a enterion for 
grading the resin according to the following classification: 


Hard and brittle 
Hard 

Medium hard 
Soft. 

Viscous 

Liquid . 


Softening above 50° C 
Softening between 40° and 50°r 
Softening between 30° and 40°C 
500 or more seconds for nail test ^ 
100 to 500 seconds for nail test 
IjCss than 100 seconds for nail test. 


The last two classes, strictly si^eaking, are resins of the synthetic balsam type 
and are included because of their source of supply. Each of the above classes 
is sub-divided according to the color of the resin into five different grades, namely, 
light, light-brown, brown, dark-brown and black. The standard used for grading 
the color of the resins is a solution containing 1.5 grams of potassium dichromate 
in 100 cc. of 50 per cent sulphuric acid. Comparison is made against a solution 
of the resin in benzene, using a colorimeter or standard tubes and viewing a cross 
section of the liquids with the sky as a background. The color is graded as fol¬ 
lows: 


Light 

Light Brown 
Brown 
Dark Brown 
Black 


When a 10 per cent solution is not darker than the standard. 
When a 3.5 per cent solution is not darker than the standard. 
When light shows through a 10 per cent solution. 

When light shows through a 5-10 per cent solution. 

When light does not .show through the .solution ^ 


Hardness. According to Marcusson,® the hardness of cumarone re.sin is in¬ 
versely proportional to the amount of re.sin .soluble in an ether-alcohol mixture. 
That is, very hard resins contain substances soluble in an ether-alcohol mixture 
to the extent of 47 to 48 per cent, hard resins contain 56 to 58 per cent of soluble 
material, medium hard resins contain 66 to 68 per cent, soft resins contain 70 to 
85 per cent, and fluid products contain 03 to 95 per cent of soluble substances 
Glaser’® also stated that the most desirable resins are those having from 40 to 
50 per cent of material soluble in ether-alcohol solution. Modern, high-grade 
resins include very little material soluble in alcohol. 

Solubility of Cumarone Resin. Cumarone resins are .soluble m a large 
number of organic solvents,^^ benzene, toluene, solvent naphtha and turpentine 
being the best.’* The solubility varies somewhat with the melting point of the 
resin, lower-melting resins being rather more soluble than resins of higher melting 
point. Cumarone resin is also soluble in ethyl acetate, amyl acetate, acetone, 
butyl oxalate, butyl acetate, carbon bisulphide, carbon tetrachloride, trichloro¬ 
ethylene, ethyl abietate, tricresyl phosphate, and all the ethers of ethylene glycol 
except the methyl ether.’* It is partly soluble in varnish makers’ and painters’ 
naphtha and gasoline, and entirely so if a small proportion of benzene, acetone, 
or butylglycol-jS-ethyl ether is added.’* It is also partially dissolved by diacetone 


«E Glaser. Brermstoff-Chem.. 1921, 2. 113; Chem. Ahs., 1921, IS, 2362 
The “nail test" is de.signatecl ns the time reauired for a 130 mm wire nail (23-24 g.) to sink 
from point to head at 20®C. .1 Mnrensson, Chew -Ztq., 1919, 43, 109 122: Chem Ahs , 1919, 13, 2607 
* The last three grades are determined by viewing the benzene solution of the resin m a tube 
15 nfm. in diameter. The tuhe.s uie placed in a box with nppiopriate apertures and viewed against 
a 50 candlepower light. 

».T Xfarcusson. Chem.-Ztg . 1919, 43. 109, 122 Chem Abg , 1919, 13, 2607. 

E Glaser, loc. cit See also reviews by M. Hagg, Farben-Ztp., 1919, 25, 16, 61, 105, 145; Chem. 
Ab)(, 1920, .14, 642 I/. Clement and C. Riviere, Chtmte et tnriuxtrte, 1922, 8, SJS; Chem Abs , 1922 16, 
3404 W. Urbanua, Kiirmtutnffe, 1926, 16, 175. R C’hesneau, Bull 8oc md Rouen, 1930, 58, 392; Chem 
Abe., 1931, 25, 3183. W. E. von Gronow, Kumststoffe, 1982, 22, 49; Chem. Aba., 1932, 26, 2878. 

»iM. Bottler, Kunatatoffe, 1915, 5, 277; Chem. Aba., 1916, 10. 697. 

»A EicMer, U S. P. 1,133 432, Mar 30 1915; Them Aha. 1915. 9 1398. 

It is also soluble in 1,4-dioxane. E. W. Reid and H. E. Hofman, Jnd. Eng. Chem, 1929, 
21, 695 

French P. 771,863, 1934, to Alexander Wacker Ges fUr elektroehem. Ind. O.m b.H ; Chem. Aba, 
1935, 29, 1537. 
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alcohol, ethyl lactate and ethyl phthalate. Petroleum distillates (jiarticularly 
those derived from asphaltic base) boiling between about 155 and 210°C. exert 
a considerable solvent action, but the resin is less soluble m light petroleum 
benzines or in higher-boiling fractions. The softer grades of cumarone resin 
blend with paraffin oil in amounts up to 50 per cent; the harder grades blend in 
mixtures containing less than 5 per cent or more than 80 per cent of paraffin oil 
to give clear solutions. Most of the vegetable and animal oils, including menhaden 
oil, perilla oil, rapeseed oil, tung oil, linseed oil and soya bean oil, also jane oil 
and rosin oil, are solvents for cumarone resin in all proportions. The resin is 
less soluble in bodied oils and still less so in blown oils. It is miscible in all pro- 
portions in stearic acid, ozokerite, gilsomte, Japan wax, carnauba wax, and beeswax. 
In ceresin wax, and in hard paraffin wax, however, cumarone resin is only par¬ 
tially miscible, and it is not soluble m low-melting paraffin wax. 

Cumarone resin is practically insoluble in methyl, ethyl, or amyl .alcohols, 
or m butyl phthalate, castor oil, and diethylcne glycol. Certain modified cumarone 
lesins (prepared by the action of sulphuric acid on solvent naphthas containing 
jihenols as well as cumarone and indene),^® soluble in ethyl and similar alcohols 
have, however, been described. 

Solutions of cumarone resin are considerably more viscous than the corre¬ 
sponding ones of rosin and rosin ester. To obtain solutions of similar viscosity 
It is necessary to use approximately 1.7 times the amount of solvent required for 
the preparation of rosin or rosin ester solutions of corresponding viscosity. 

General Chemical Characteristics. Cumarone resin is distinguished from 
many natural and some synthetic resins by the fact that it is quite neutral and 
almost completely non-saponifiable. It appears to possess some unsaturation, and 
iodine numbers of 38 to 43.5 have been obtained with resins from one source. 
Objectionable impurities, such as sodium suliihate, sodium sulphonates, and free 
sulphonic acids are sometimes present but the best-grade products contain such 
materials in very minute quantities. The resin is unaffected by water, most acids, 
alkalies or salts and is fairly resistant to oxidation. On heating to temperatures 
above about 3U0°C., however, it undergoes partial depolymerization. 

Cumarone Resin in Varnish Making 

The application of cumarone resin in the form of a solution as a protective 
coating for wood and metal was first suggested by Kraemer and Spilker.^“ Since 
then a number of variations in the solvents cmjiloyed and m the purposes for which 
the solution is to be used have been proposed. Cumarone resin is used to some 
extent in the preparation of oil varnishes such as floor, spar or rubbing varnishes, 
particularly in conjunction with linseed oil and tung oil. When properly made 
the resulting varnishes are equal for some purposes to those made from ester gum 
and certain of,the fossil resins. Kappelmeier" points out, however, that the low 
durability and elasticity of cumarone resin films is a decided drawback. 

Cumarone resin, used with a solvent has also been suggested as a substitute 
for linseed oil in varnishes.'® According to Emery," the neutral character of the 
resin is a disadvantage in using it alone as a varnish resin and the most satis¬ 
factory varnishes of the kind are made on the basis of 50 per cent rosin and 50 

“German P. 302,543, 1917, to Rutgerswerke A.-G.; /S.C./., 1920, 39, 307A. See Chapter 6. 

“ G. Kraemer and A. Spilker, Ber , 1890, 23. 78; JSC, 18" 0, 58, 496. 

C P A. Kappelmeier, Chem. Weekblad, 1934, 31, 423. 

«M. Darrin, U. S P. 1,315,658, Sept 9, 1919, and 1,382 345, June 21, 1921: Chem. Abs , 1919, 13, 
3027; 1921, 15, 3560. E. Stem, German P. 345,816, 1919; J S.C L, 1922, 41, 224A. 

1* R. L. Emery, Paint, Oil, Chem. Bev,, 1929, 87 (3), 9, 21 R. S Green, Amer. Paint J, 1930, 
14 (15), 20; Pmnt, Od, Chem Rev, 1930, 89 (5), 11; Chew Abu., 1930, 24, 1234. W. W. King, Paint, 
Od, Chem. Rev., 1921. 72 (10); Chem, Abe., 1921, 15, 3909. 
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per cent cumarone resin. The chief objection is the tendency to form a darker- 
colored product. A varnish which dries to a hard film in 3 to 4 hours can be 
obtained by adding rosin to China wood oil at 296°C., and cumarone resin at 
232®C., together with driers consisting of 0.06 to 0.12 per cent of cobalt acetate 
and 1 per cent of lead oxide based on the weight of oil used. 

In the preparation of ^‘long oil” varnishes with tung oil it is usually necessary 
to add a moderate quantity of rosin as well as cumarone resin since the latter does 
not exert as great a solvent action on the polymerized oil as the rosin. Further¬ 
more, it has been reported that the rate of oxidation of tung oil is much slower 
in cases where the oil is bodied with cumarone resin alone.^ According to 
Kenny*^ cumarone resin is just as effective as limed resin in retarding the gelation 
of tung oil. Rapid-drying varnishes yielding promising films were produced by 
Rhodes and Potts” by bodying tung oil in the presence of small amounts of glycerol 
(to retard gelation) and 0.02 per cent of lead linoleate. After heating at 280"C 
until the oil was sufficiently thickened, the cumarone resin was added and the mix¬ 
ture thinned with turpentine. When using lead as a drier for varnishes con¬ 
taining cumarone resin it is best employed in the form of the resinate, as 
otherwise the lead is precipitated on standing, because of the low acidity of the 
composition. Buc” prepared a varnish containing from 50 to 90 per cent of linseed 
or tung oil, 5 to 25 per cent of resins (ester gum, cumarone resin or fossil resins) 
and 5 to 25 per cent of the calcium salt of an oil-soluble sulphonic acid of the 
kind produced by treatment of petroleum oil with fuming sulphuric acid. The 
varnish is thinned with turpentine. Addition of the latter substance is often neces¬ 
sary to prevent clouding of cumarone-resin varnishes having only small propor¬ 
tions of rosin derivatives. 

According to Kmg/^ a high-grade varnish can be produced by heating a drying 
oil such as tung oil to about 470°F., adding cumarone resin, and heating to about 
530° until the mixture has such a consistency that it will set vdien cold. Addi¬ 
tional cumarone resin may be added while the mixture is hot and thinners are 
added on cooling. Typical formulas suggested by King are those given m Table 20 


Table 20— Cumarone Resin Varnishes 


Formula 

Tung oil. 

Linseed oil 
Cobalt linoleate 
Cumarone resin.. 
Thinner 
Natural resin*. 

» Vegetable remii i r 


Short-Oil 
100 pounds 

1 pound 
100 pounds 
200 pounds 

rosin or copal. 


Medium-Oil 
125 pounds 
18 pounds 
I Yi pounds 
100 pounds 
300 pounds 


Long-Oil 
150 pounds 
75 pounds 
23^ pounds 
100 pounds 
380 pounds 
75 pounds 


Additional formulas for the preparation of various types of varnishes are given 
below. It should be understood, however, that in the manufacture of varnishes 
the character of the oils, driers and thinners employed must be taken into con¬ 
sideration, as well as the technic of the varnish maker. The formulas included 
here serve simply as a starting point and the precise quality, or combination of 
qualities, sought may demand special consideration in each case. With slight 
changes in the proportions of oil and variations in the temperature control, satis¬ 
factory compositions for many purposes can be made. In some cases the prod¬ 
ucts prepared from cumarone resin exhibit a tendency to turn yellow on exposure 

*®F. H Rhodes and»T T. Ling, Ind Enq Chem., 1925, 17, 508. 

«J. A Kenny, Am. Paint. J., 1930, 14 (12), 20; Pmnt, Oil, Chem. Rev., 1930, 89 ( 2), 12; Chem. 

Abn., 1930, 24. 1234. H Hadert,. Farhc u Lark. 1928, 558; Chem. Abs . 1929, 23. 721. 

« F. H. Rhodes and T, J Pott^, Chem. Met. Eng., 1923, 29, 533. 

“ H E Buc, U. S P. 1,735,493, Nov. 12, 1929, to Standard Oil Development Co.; Chem. Aba, 

1930. 24, 739. 

»*W. W. King, U. S. P. 1,587,333, June 1, 1926, to Barrett Co ; Chem. Abs., 1926, 20, 2410. 
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to the weather. Although this feature is not objectionable in many instances, it 
should be borne in mind when the manufacture of white enamels, or other light- 
colored shades, is contemplated. The tendency of the coatings to become yellow 
IS accentuated by the action of light, an exposure of twenty-four hours serving 
to develop the maximum color. This discoloration, however, is only of minor 
degree and negligible in most applications. 

Spar Varnish/® Long-oil or spar varnishes have been prepared using 
cumarone resin and as an examtile the following formula is given: 

Twenty gallons of tung oil and 20 pounds of resin are heated to 280®C. and then 
drawn off the fire. When a test sample strings, 10 gallons of linseed oil arc introduced 
to chili the mixture. One hundred pounds of cumarone resin are then added and 
the mixture healed to 266''C. and maintained at this temperature for 15 to 30 minutes 
The batch is then cooled and 2.5 pounds of cobalt Imoleate are added, followed by 40 
gallons of a solvi'iit such as turpentine, naphtha, benzene, or a mixture of these solvents. 
The use of such a comparatively large proportion of linseed oil is advantageous in 
that a more elastic varnish is obtained. 

Another long-oil varnish which gives free-flowing coatings may be prepared by add¬ 
ing 26 pounds of ester gum and 44 tiounds of hard cumarone resin to 38 gallons of tung 
oil at 205°C. The batch is heated so as to obtain a top temperature of about 290®C. 
in 30 minutes and as soon as the correct consistency is attained, 4 pounds of fused 
lead resinate and 26 pounds of cumarone resin are added. Suflicient bodiiKl linseed 
oil (about 7 gallons) is introduced to cause the Uunperature to drop to about 250°C. 
The varnish is thinned with 72 gallons of mineral spiiits. Liquid duets containing 
cobalt and manganese are added at 175®. 

Floor Varnish. The following is a representative formula for the pro]):na- 
tion of medtum-oil or floor varnishes: 

Cumarone resin . . 1(X).0 pounds 

Tung oil . . 15 5 gallons 

Linseed oil 2 5 gallons 

Cobalt Imoleate 1.5 pounds 

Thinner 31.0 gallons 

The tung oil is heated to about 245°C and one-half to three-quarters of the cumaiono 
resin is added while the mixture is still on the fire, with sufficient stirring to prevent the 
resin from sticking to the bottom and sides of the kettle with consequent darkening 
of the vaiTiish. The temperature is raised to 280®-293®C. and the kettle contents 
maintained at this temperature for 15 to 30 minutes or until a drop on a cold glass 
sets to a fairly hard button (the mixture should, however, not string). The remainder 
of the cumarone resin and all the linseed oil are added with stirring to check the heat. 
The mixture is allowed to cool and the thinner and drier added. The resulting varnish 
IS reported to be quick-drying, tough, resistant to acids and alkalies and is waterproof. 

Varnishes prepared at temperatures of about 280°C. sometimes show a slight 
bloom. In such cases it is better to work at somewhat higher temperatures, about 
295°. The resulting products are slightly darker than those obtained at the 
lower temperature but the waterproofing qualities are said to offset this disad¬ 
vantage. It should be borne in mind that cumarone resin darkens rapidly above 
280°C. and it is therefore necessary to ‘"body” the oil as much as possible before 
the resin is added in order to avoid exposure to a high temperature for too long 
a period. If the varnishes are made at 260°C., the resin has a tendency to fall 
out. On the other hand, if heating is carried above 300°C., the resulting material 
will be considerably darker than varnishes properly prepared from the usual 
natural resins. 

“Typical vaniish foimnlas m which cumarone resin is employed have been described by .1 A. 
Kenny, Am. Paint J , 1930, 14 (12), 20, 22, 24 , 28; Pcunt. Oil. Chem. Rev., 1930, 89 (2). 12; Chem. 
Ahx., 1930 , 24, 1234; R. S. Green, Am. Paint J.. 1930, 14 (15), 20, 22 , 24, 26; Paint, Oil, Chem. Rev., 
1930. 89 (5), 11; Chem. Abu, 1930, 24, 1234; and B E. Walker, Times Trade and Eng. Suppl., 1931, 
28 (664), 7; Chem. Aba., 1931, 25. 2863. 



128 


THE CHEMISTRY OF SYNTHETIC RESINS 


Short-Oil Varnish. The following formula may be used for short-oil or 
rubbing varnishes: 

Cumarone resin .100 pounds 

Tung oil . .... 12 gallons 

Cobalt linoleate ... 14 ounces 

Thinner. ... . . .28 gallons 

The procedure and preparation of this type of varnish is similar to that of medium- 
oil varnishes. The kettle is drawn from the fire and held until a sample, when cold, 
sets to a hard button. The resulting product has good flow and can be polished when 
dry without sweating. 

Another formula for a short-oil varnish is as follows: Ten gallons of tung oil are 
heated to 204®C. and 30 pounds of cumarone resin added. The batch is heated to 
2%*C. and maintained at that temperature until a test shows that the desired con¬ 
sistency has been attained. Then 70 pounds more of cumarone resin are added to 
chill the mixture. As soon as the resin has completely dissolved, 25 gallons of mineral 
spirits are added and a liquid cobalt drier (0.10 per cent metal based on weight of 
oil) at 175®. 

By mixing about 2 pounds of aluminum powder per gallon of a varnish prepared 
with cumarone resin as a constituent, fairly good waterproof coatings can be made. 
For interior work, a short-oil varnish of the type already described meets many re¬ 
quirements; however, for exterior application on steel tanks and structural steel, a 
long-oil varnish is of course more desirable. 

Another application of cumarone resin in the varnish industry is its use as a 
modifying agent for oil-soluble resins of the phenol-formaldehyde type.“ 

Wrinkle-finish varnishes were made by Root” by use of Congo resin and blown 
linseed oil. Cumarone resin as a hardening agent in this type of finish was later 
described by Burgman.” 

A representative composition may be prepared by adding a pigment (5 lb.), japan 
drier (3 gal.), cumarone varnish (6 gal.) and benzene (10 gal.) to a varnish base (40 
gal.) comprising tung oil, 5 to 10 per cent of rosin based on the weight of oil, and cooled 
with the weight equivalent of high-flash naphtha. The composition is applied and 
subsequently baked. 

Lacquers. Cumarone resin is not compatible with nitrocellulose and cannot 
be used in lacquers as the sole resin.®* However, if a mutually tolerant resin is 
also present, the cumarone blends and a clear film is produced on drying. Accord¬ 
ing to Rogers and Banta,’’** a ratio of 7 parts of ester gum to 4 parts of cumarone 
resin produces a durable lacquer.®' A typical formula contains the following in¬ 
gredients expressed in per cent by weight:®® 


Nitrocellulose sec., wet with 


30 per cent of alcohol) . . 

. . . 8 

Butanol 

10 

Toluene.... 

31 

Ethyl acetatt^ . 

. . 10 

Butyl acetate 

25 

Dibutyl phthalate. 

5 

Ester gum, . 

7 

Cumarone resin. 

. . . 4 


*•1. Rosenblum, British Patent 416,476, Sept. 10, 1934; Chem. Ahs,, 1936, 29, 1176. Frencl\ Patent 
738,444, 1932; Chem. Abs., 1933, 27, 1775. See Chapter 19. 

«F. B. Root, U. 8. F. 1,732,661, Oct. 22, 1929, to Flood & Conklin Co \Chem. Aba., 1930, 24, 252. 
«G. H. Burgman, U. S. P. 1,934,084, Nov. 7, 1933, to G. J. Liebich Co ; Chem. Abs.. 1934 , 28, 062. 
“A. Jones (7nd. Finishing, 1982, 3, 156; Chem. Abs., 1932, 26, 5775) has discussed cumarone 
lacquers. 

*> A. Rogers and C. Banta, Jnd. Eng. Chem., 1928, 20, 198. A. Rogers, U. S. P. 1,884,225, Oct. 25, 
1982, to Barrett Co.; Chem. Abs., 1933, 27, 1219. 

The durability of colored lacquers containing various synthetic and natural resins has been 
investigated by H. A. Gardner, Tech. Circ., U. S. Pamt MJrs*. Assoc., 1925, 252, 168; Chem. Abs., 1926, 

20, 1145. 

•■R. L. Emery {Point, Oil, Chem. Rev., 1929, 87 (8), 9, 2r has advocated the use of xylene 
instead of toluene in the preparation of cumarone resin lacquers. 
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The cotloii IS placed in a convenient container for mixing, and butanol and toluene 
added. When thoroughly wetted, ethyl acetate, butyl acetate and dibutyl phthalate 
are introduced and the mass is stirred until dissolved. The mixture of ester gum 
and cumarone resin is now added and dissolved by continued stirring. 

Cotton“ stated that cumarone resin gives lacquers which tend to blush but that 
this tendency is eliminated by its partial replacement by gutta-percha resin. 

Coating compositions and plastic products from cellulose esters are said to be 
improved by the addition of small quantities of cumarone resin.®* Lacquers have 
also been suggested from cellulose derivatives such as acetylcellulose using cumarone 
resin and various solvents. 

Solutions of cumarone resin have been recommended as components in the 
preparation of bronzing liquids.®® The addition of a small quantity of stearic acid 
to such solutions has also been proposed." 

As a substitute for pyroxylin lacquers, Kessler” proposed to employ cumarone 
resin softened by tung oil, using as solvents mixtures of benzene and xylene, 
alcohol and fusel oil, or a mixture of all these thinners. 

Other Coating Compositions. A composition for coating nails is stated" 
to consist of a resin of the cumarone type, melting at 105-110°C., mixed while 
in the molten condition with 30 per cent by weight of benzol. Lacquers said 
to be of value as ships’ paints are prepared by Plauson" by the addition of 
cumarone resin, or hardened rosin, to a dispersion of vulcanized rubber or balata 
in a low boiling saturated or chlorinated hydrocarbon solvent. The mixture is 
.subsequently colloidalized by heating to 180°C. Mention is made by Bowles*® 
of the utilization of cumarone resin in antifouhng paints, particularly for ships’ 
plates. It is reported, however, that protective paints, made from cumarone 
resins, exhibit a tendency to crumble away when exposed to sea-\vater** 

Blass*® polymerized the cumarone and indene in solvent naphtha with sulphuric 
acid and neutralized the free acid with dry alkalies. The resulting solution is used 
directly as a paint base. He suggests Portland cement as a pigment. 

An application of cumarone resin is in the manufacture of an enamel or paint 
for coating the interior of containers used in canned foods (particularly corn). 
Tin-plate containers are frequently attacked with the formation of dark-colored, 
objectionable compounds; this discoloration is inhibited by application of one of 
the following mixtures: 

(1) Cumarone resin, 10 parts, and zinc oxide, 5 parts. 

(2) Cumarone resin, 18 parts, gutta-percha 4 parts, and zinc oxide, 11 parts. 

(3) Cumarone resin, 18 parts, chicle gum, 4 parts, and zinc oxide, 11 parts. 

In making up the compositions, the cumarone resin, chicle gum, and gutta-percha 
are dissolved in about 5 parts by weight of carbon tetrachloride and zinc oxide is 
stirred in. After the mixture has been passed twice through a paint mill, sufficient 
carbon tetrachloride is added to reduce the total solids to about 5 per cent. This 
composition is applied to the cans and baked.*® 

“F. H. Cotton, India Rubber J., 1W9, 78, 531; Chevi. Abs., 1930, 24, 525. 

F. Lehmann and J Stocker, U. S P. 1,185,514, May 30, 1916 and 1,191,801, July 18, 1918; Chem. 
Abs., 1916, 10, 1939, 2299. German P. 281,265, 1913, to Zapon-Lac. G.m.b.H.; Chem. Aba., 1915, 
9, 1850. F. Lehmann, French P. 4n,104, 1914; J.SC.I., 1914, 33, 187 

«M. Fehringer, U. S. P. 1,157,768, Oct. 26, 1915; Chem. Aba, 1915, 9, 3369. W. B Roberts and 
J D. Edwards (Off. Digest, Fed. Paint, Varnish Prod. Clubs, 1934, 134, 61; Chem. Abs, 1934, 28, 
3252) use a solution of cumarone resin m nuneral spirits (30 g. to 100 cc.) in determining the leahng 
properties of aluminum-bronze powder. 

Jwj. G. Shilvock, U. S P. 1,411,673, Apr. 4, 1922; Chem. Abs, 1922, 16, 2035. 

” J. M. Kessler, U. S. P. 1,411,035, Mar. 28, 1922; Chem. Abs., 1922, 16, 1875 

“S. I. Charlesworth and A. W. Harris, U. S. P. 1,782,341, Nov. 18, 1930; Chem. Abs., 1931, 
25, 424. 

»H. Plauson, British P. 828,216, 1928; Bnt. Chem. Abs. B, 1930 , 520. 

<op. E. Bowles, J.S.C.I., 1922, 41. 494R. 

«A Pignot, Rev. Met, 1929, 26, 310; Bnt. Chem. Abs. B, 1929, 721. 

«T. Blass, U. 8. P. 1,401.034, Dec. 20, 1921, to W. H. Abbott; Chem. Aba, 1922, 16, 1018. 

*»G S. Bohart, Nat. Conners Assoc. Res. Lab. Circ. No. lOL, 1924; Chem Abs., 1925, 19, 2857. 
U. S. P. 1,699,274, Jan. 15, 1929, to Nat. C&nncrs Assoc.; Chem. Abs., 1929, 23, 1185. 
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St^igerwalt^* has reported that cumaronc resin is apparently unaffected by im¬ 
mersion in acetic or lactic acid. On the basis of such tests he suggested that the 
resin, in conjunction with emulsified asjihalts, rubber or Portland cement, bo em¬ 
ployed as a coating for silos. 

Solutions of cumarone resin have l^een used for a wide variety of pur])oses, 
particularly for the production of waterproofing compositions and adhesive mi.x- 
tures. A dilute solution of the resin in benzene or toluene containing an oil- 
soluble dye has been recommended for tinting cloth exposed to the weather, such 
as the lining of automobile tops." Chabert" impregnated textile fibers by dip¬ 
ping them into a bath containing cumarone resin, hydrogenated fish oil, a solvent 
of the type of mineral spirit, and acetone. A waterproofing composition for use 
on leather, canvas, or other fabric, and also for rust-proofing metab, was pre¬ 
pared by Shaffer*^ by mixing a solution of cumarone resin (preferably of high 
melting point) in high-flash naphtha, with one of paraffin wax and rubber cement 
in gasoline. According to Crawford," 50 parts of cumarone resin and 40 parts of 
carnauba wax incorporated with 20 parts of linseed oil at 177-204°C. with con¬ 
stant agitation for 45 minutes gives a preparation for coating electrical coils. 
Compositions containing the resin for the waterproofing of leather" and paper®° 
have also been described. In the case of leather, paraffin wax is mixed with 5-30 
per cent of rubber or gutta-percha and a small amount of cumarone resin. Appli¬ 
cation is made at 95°C. Waterproof paper is manufactured in such a way that 
the resin along with menhaden oil is distributed between the fibers. 

The unsaponifiable nature of cumarone resin has led to its employment in 
solvents or compositions for waterjiroofing cement floors and in the manufacture 
of cement binders.*' Water-immersion tests on concrete panels coaled with a 
cumarone resin varnish and then jiainted with chrome green showed the varnish 
to be outstanding in its preventing attack of Prussian blue in the paint 

Fleischmann” obtained a waterproof floor-covering cement by dissolving one 
part by weight of a high-melting cumarone resin in about 0.25 to 2 parts of benzol 
and incorporating from 0.5 to 4 parts of a clay filler. Still another use has been 
proposed by McCoy,** who impregnated molded articles made of Portland cement 
or asbestos with a solution of cumarone resin to render them more adaptable for use 
in the manufacture of electrical apparatus. The articles are then baked. 

Ellis** prepared a quick-drying paint, which dries to a flat or dull finish and 
can be applied to wall plaster or other surfaces to produce a flat waterproof finish, 
by dissolving cumarone resin of melting point about 90°C. in a mixture of about 
9 parts of gasoline and 1 part of toluene and incorporating a pigment such as 
lithopone, iron oxide, ochre or Brunswick green. 

G F. Steigerwalt, Agr En^ , 1933, 14, 154; Chem. Abs , 1934 , 28, 873. 

♦«Carleton Ellis, U. S P. 1.412,014, Apr. 4, 1922, Chem Abs, 1022. 16, 2032 
‘«F. Chabert, French P. 38,522, 1930; addn. to 683,946; Chem. Abs., 1932, 26, 1135 
♦^C. D. Shaffer, U. S. P. 1,583,191, May 4, 1926 and 1,441,605, Jan. 9, 1923, to Textile, Leather 
4 Metal Preserver Oo.; Chem. Abs., 1W6, 20, 2052. 

«C. A. Crawford, U. S. P. 1,691,543, Nov. 13, 1929; to Western Electric Co.; Chem. Abs, 
1929 23 532. 

«E.'d. Van Tassel, British P. 293,062, 1927, to Van Taesel Co ; Chem. Abs.. 1929, 23, 1523. 

»C. J. Strobel and A. P. Tallman, U. S. P. 1,803,818, May 5, 1931; Chem. Abs., 1931, 25, 3838 
wCarleton Ellis, U. 8. P. 999,493, Auk 1, 1911 and 999.708, Au|?. 8, 1911, to EIlis-Foster Co ; 
Chem. Abs., 1911, 5. 3148. U. 8. P. 1,005,818, Oct. 17, 1911; Chem. Abs., 1912, 6, 183. U. 8. P 
4,383,268, June 28, 1921; Chem. Abs., 1927, 21, 4045. See also Carleton Elhs and H. M. Weber, U. 8. P. 
1,^1,868, June 14, 1921, to Ellis-Foeter Co.; Chem. Abs,, 1921, 15, 3560. 

“ Ctre., Nat. Pamt, Vamssh and Lacqiter Assoc, 1934, 471, 297; Pamt, Oil, Chem Rev., 1934, 
96 (22), 78; Bnt. Chem. Abs. B, 1935, 32. 

«L. Fleischmann, U. 8. P. 1,846.637, Feb. 23, 1932; Chem. Abs, 1932, 26, 2569 
®*J. P. McCoy, U. 8. P. 1,299,847, Apr. 8, 1919, to Westinghouse Electric 4 Manufacturing O).; 
Chem. Abs., 1919, 13, 1910. 

“Carleton Ellis, U. 8. P. 1,451,093, Apr. 10, 1923, to Elhs-Foster Co.; Chem. Abs., 1923, 17, 2058. 
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Sprenger“ prepared a varnish by treating (for 1 hour) oils containing oumarone 
and indene (to which had been added 5-10 per cent of animal or vegetable oil) 
with 21 per cent of concentrated sulphuric acid. The temperature was kept below 
50°C. Freshly slaked lime was then added to neutralize sulphuric acid and com¬ 
bine with any free fatty acids. After removal of insoluble calcium salts, the 
varnish oil obtained was of a clear brownish-yellow color and, when applied in a 
thin film, dried to an elastic coating. Lender and Koch*” made a varnish base by 
adding drying oils, natural resins or animal and vegetable waxes to a solution of 
cumarone-indene resin in solvent naphtha and subsequently evaporating the solvent. 
Another base was secured by heating tung oil to 220-240° and incorporating 
an equal weight of cumarone resin. For the manufacture of varnishes, Eichler“ 
recommended the addition of linseed, poppy seed, cottonseed or soya-bean oils, 
in small quantities at a time, to cumarone resin heated to about 160°C. By com¬ 
bining heat-polymerized cumarone resin with oils such as corn oil, soya-bean oil 
and tung oil, Darrin®® obtained a composition possessing electrical insulating prop¬ 
erties. Edison®® used a solution of the resin to coat electrodes of electroplating cells 
to prevent deposition of metals. Dayol®^ suggested a vehicle for paints consisting 
of a mixture of 60 per cent of cumarone resin, 40 per cent of xylene and a small 
amount of drier and oil of mirbane. A coating, prepared by Holzapfel,®* consisted 
of cumarone resin and 1 to 10 per cent of rubber. Stearin pitch may also be 
incorporated in some cases. 

Stewart®® made a varnish by treating an unsaturated vegetable oil, such as tung 
oil, with a small proportion of phosphorus pentoxide. A gelatinous material is 
formed by polymerization and the mixture is immediately added to a solution 
of cumarone resin in linseed oil. Polymerization is completed by heating and 
allowing the mixture to stand. The products are said to have weather-resisting 
properties. Schmidding®* described the preparation of lacquers by the addition of 
cumarone resin to tung oil which has been thickened without gelatinization (by 
rapid heating to 280-300°C.). Another procedure®® consists in dissolving coal-tar 
or water-gas tar pitch in solvent naphtha and subsequently polymerizing the 
resins by blowing in steam at 160° or by the aid of catalysts. Lender®® prepared 
a varnish base by heating cumarone resin (oils may be added to modify the prod¬ 
uct) with sulphur or sulphur chloride®^ under pressure. Schwarz®* stated that a 
liquid applicable for use as a varnish was produced by treating hot cumarone 
resin with air or oxygen®® under pressure and emulsifying the product with water, 
using glue and potassium bichromate to stabilize the emulsion. A varnish-base 
can be produced by heating a phenol-aldehyde resin with cumarone resin and 

“0 Sprcnger, German P. 264,707, 1911; Chem. Abs.', 1913, 7, 1110. 

R Lender and. A. Koch, U. S. P. 1,019,666, Mar. 5, 1912; Chctn. Abx., 1912, 6, 1377. R. 
Lender, German P. 245,634, 1911; Chem. Abu., 1912, 6, 2834. German P. 348,088, 1919, to Chem. 
Fabr. Worms A.-G.; J.S.C.L, 1922, 41. 382A, 

“A. Eichler, U. S. P. 1,133,432 and 1,133,433, Mar. 30, 1915; Chem. Abe., 1915, 9, 1398. 

“M. Damn, U. S. P. 1,370,195, Mar. 1, 1921 and 1,382,345, June 21, 1921, to Hoppers Co.; 
Chom. Abe, 1921, 15, 1630, 3560. 

»wT. A. Edison, U. 8. P. 1,364,359, Jan. 4, 1921; Chem. Aba., 1921, IS, 767. 

«U. M. Dayol, French P. 514,405, 1920; Kunatatoffe, 1922, 12, 70, 

•2 A. C. Holzapfel, U. S. P. 1,430,083, Sept. 26, 1922 and 1,481,801, Oct. 10, 1922; Chem. Aba., 
1922, 16, 4073, 4858. 

«»P. M. Stewart, U. S. P. 1,464,224, Sept. 17, 1028; Chem. Aba., 1923, 17. 3261. 

•*W. Schmiddmg, British P. 247,590, 1925; Chem. Aba., 1927, 21, 660. 

W. Sperr and M. Darrin, British P. 118,079, 1017; J.a.C.I., 1919, 38, 46A. U. S. P. 

1.292,907, Jan. 28« 1919; Chem. Aba., 1919, 13, 1024. Cf. M. Damn, U. 8. P. 1,296,779, Mar. 11, 1919; 

Chem. Aba., 1919, 13, 1645. 

WR Lender, German P. 277,605, 1913; J.S.C.I., 1915, 34, 187. Dutch P. 138, 1914; Z. angew. 
Chem., 1914, (2) 27, 583 

^K. Schlatter (U. S. P. 1,294,836, Fob. 18, 1919; Chem. Aba., 1919, 13, 1159) ueed chrornyl 
chloride, 

«»W. Schwarz, Gennnn P. 322,802. 1918; Chem. Abn„ 1921, 13, 2199. 

««>Knappel, Gennan P. 253,437. 1912; J.S.C.I., 1912, 31. 1191. 
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wood-oil/® Such mixtures are prepared for application as Yarnishes or impregnat¬ 
ing agents.*^ 

A bituminous paint containing cumarone resin is produced by heating coal-tar 
pitch to 160-200°C., cooling the pitch to 150° and then adding a solvent con¬ 
taining the resin, or a solution of cumarone and indene which afterwards is 
polymerized by heating in an autoclave ” 

Briggs’® described an enamel consisting of cumarone resin, a pigment and an 
oil. This material was stated to be applicable for use as a top coating on slow- 
drying paints or varnishes. An elastic, waterproof coating composition (con¬ 
taining cumarone resin as one ingredient) intended as a surfacing compound on 
brick, stone or iron was prepared by Robeson.’*. This material consists of the 
resin, a mineral or vegetable wax, a solvent, a pigment and silicon carbide. 


Uses op Cumarone Resin in Rubber Compositions 


Among the various applications of cumarone resin, its use in the manufacture of 
rubber goods is second to its employment in varnish making. The resin exerts a 
pronounced softening effect upon rubber during milling, and the addition of a 
small quantity (usually about 6 per cent), in either powdered or molten form, 
facilitates handling of the rubber batch on the rolls.’® The adhesive properties 
of friction tape are increased by incorporation of cumarone resin. It is also a 
plasticizer for tire treads, sidewalls and friction stocks, helps to produce a smooth¬ 
running tube stock, and is said not to affect aging qualities. The resin may be 
used in making tiling, matting, hose, heels and various other types of mechanical 
rubber goods. Mixed with stearic acid and paraffin, it forms a flux which not only 
plasticizes the gum but gives the vulcanized product a glossy surface.’* It can 
also be employed with advantage in rubber cements and gutta-percha composi¬ 
tions and as a softener for reclaimed rubber.” The softening action of cumarone 
resin may be illustrated by its proposed use in the preparation of a latex substi¬ 
tute.’® Thus, plasticization of the rubber is accomplished with the aid of the resin 
and the resulting product is masticated with a stiff paste of a water-soluble organic 
colloid (e.g., rosin soap) containing an attriting agent. 

On the other hand, it is stated’® that cumarone resin is less beneficial in the 
curing of rubber with zinc oxide than are some of the more acidic resins (e.g., 
rosin or pine tar) which exert an increase in the tensile strength of rubber up to 
2 per cent. This effect is probably due to the increased solubility of the zinc 
oxide in the presence of acids. Cumarone resin being neutral in character can have 
no such solvent action, 

w ij. Berend, British P. 15,876, 1914 to aiem. Fabr. K. Albert; J.S.C.I., 1915 , 34, 806. U. S. 
P. 1,205,081, Nov. 14, 1917; Chem, Ab^., 1917. 11. 216. 

71 A. Voss, German P. 477,226, 1925, to I. G. Farbenind. A.-G.; Chem. Aba., 1929, 23, 4090. 
V. H Turkington, U. S. P. 1,677,417, July 17, 1928, to Bakelite Corp.; Chem. Abs., 1928, 22, 3307. 

7!‘F. W. Sperr and M. Damn, U. S. P. 1,292,907 and 1,292,908, Jan. 28, 1919, to Koppers Co.; 
Chem. Abi., 1919, 13, 1024. British P. 118,079, 1917; J.a.C.I., 1919, 38, 46A; Canadian. P. 118,272, 
1919; Chem. Ab$., 1919, 13, 618. M. Damn, U. S. P. 1,296,776, Mar. 11. 1919, to Koppers Co ; 
Chem. Aba., 1919, 13, 1646. British P. 120,264, 1919; J.S.C.I., 1919, 38, 379A. For other bituminous 
paints employing tar oil and cumarone resin see P. Lechler, British P. 379,632, 1932; Brit. Chem. 
Aba., B, 1932 , 997. N.-V. T. Uithoom, Dutch P. 21,102, 1930; Chem. Aba., 1930, 24, 2903. 

7a W. A. Briggs, British P. 168,293, 1921; Chenu. Abe., 1922, 16, 361. 

7*W. B. Robeson, U. S. P. 1,405,W1, Feb. 7, 1922; Chem. Aba., 1922, 16, 1328. 

7a J. Y. Malone (U. S. P. 1,990,996. Feb. 12, 1936; Chem. Aba., 1986, 29, 2262) incorporated 
cumarone resin with rubber after it had been milled and aged to prepare an adhesive for glass 
or celluloid. 

7«J. J. O’Hara, U. 8. P. 1.986,261, Dec. 26, 1934, to Am. Hard Rubber Prod. Corp.; Chem. Aba., 
1936, 29. 1284. 

77 H. McGee (BYitish P. 389,873, 1931, to Improved Textile Rollers, Ltd.; Brit. Chem. Aba., 
B, 1933, 481) reclaimed rubber by mixing the disintegrated material with cumarone oil and vulcan¬ 
ising agents. The resulting mass is then molded under heat and pressure. 

7>H. L. Levin, U. 8. P. 1,950,461, Mar. 13,^ 1934, to Patent A Licensing Corp.; Chem. Aba., 
1934, ^ 8270. 

7*W. F. RusseU, Ind. Eng. Chem., 1929, 21, 72V. 
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According to Miller,®® ciimarone resin is improved for rubber-compounding 
purposes and the tendency to ^‘bloom” is reduced by mixing 10-20 per cent sulphur 
in the molten resin. Richards and Smith” advocate the employment of the resin 
in the reclaiming and dispersing of vulcanized rubber. 

Wells” prepared a product for making gaskets by mixing the resin with rub¬ 
ber and fillers, such as clay or asbestos. The material so obtained was subse¬ 
quently shaped and vulcanized. 

McCoy” made a cement (for sealing vacuum apparatus) by heating a mixture 
of 10 to 60 per cent of gutta-percha, 50 to 80 per cent of cumarone resin, and a 
filler such as precipitated chalk to a temperature of about 260°C. The cements 
may be repeatedly melted and solidified without impairing their properties and are 
exceedingly tough. 

Rubber cements proposed as surfacing material for floors or roads, or as acid- 
resisting coatings, are made by mixing cumarone resin and a water-setting cement 
(e.g., Portland cement) with a dispersion of an aqueous liquid in rubber and allow¬ 
ing the composition to set. The resin counteracts any retarding effect of rubber 
solvent on the setting.” 

An adhesive consisting of 2-5 parts of Karaya gum, 25 parts of cumarone resin, 
17 parts of spindle oil and 100 parts of rubber latex (containing 33 per cent 
of solids) has been described.” Teague” mixed an emulsion of cumarone resin in 
water with rubber latex in the presence of thickening and stabilizing agents. It is 
stated that the best results are obtained with a resin melting at 40°C. Another 
procedure®^ consists in blending an emulsified mixture of cumarone resin and neu¬ 
tralized pine tar with an aqueous dispersion of rubber. 

By kneading together at 140°C. 100 parts of cumarone resin and 15 parts 
or less of vulcanized rubber (in crumb form), Blumberg” secured a plastic material 
applicable for cementing and insulating purposes. The use of solvents during 
mixing and replacement of the cured rubber with crude or chlorinated rubber 
were suggested. Drew*® mixed plasticized rubber (clear crepe or smoked sheets), 
cumarone resin and pigments such as zinc oxide. The resulting mixture is incor¬ 
porated with benzene or gasoline. It may be used on paper or other material. 

Paulitsch®® used a preparation containing cumarone resin (40 parts), ethyl 
alcohol (50 parts) and potassium carbonate (10 parts) as a coating for tires and 
footwear. 

A composition proposed by Miller®^ may be prepared by dissolving about 8 
per cent by weight of crude unvulcanized rubber in molten cumarone resin of 
melting point between 125°C. and 128°. The resulting product melts at about 
123° and may be used in varnishes, paints, lacquers, enamels, insulating com¬ 
pounds, waterproofing materials for fibrous materials and in the manufacture of 
linoleum. 

A blend of oily distillates and still residues from coal tar has been recommended 

*»S. P. Miller, U. S. P. 1,782,698, Nov. 25, 1930, to Barrett Co.; Chem. Ab«., 1931, 25, 437. 

«‘T. G. Richards and G. P. F. Smith, U. S. P. 1,671,316, May 29, 1928, to Dispersions Process, 

Inc. ; Chem. Abe., 1928, 22, 2686. 

“A. A. Wells, U. S. P. 1,248,226, Nov. 27, 1917, to Ellis-Foster Oo.; Chem. Abe., 1918, 12, 328. 

«J. P. McCoy, U. S. P. 1,248,296, Nov. 27, 1917, to Eaiis-Foster Co.; Chem. Abe., 1918, 12, 323. 

•*N. Swindin, British P. 339,002, 1929, to Nord^Ltd.; Bnt. Chem. Abe. B, 1931, 263. 

“British P. 240,141, 1924, to General Rubber^.; Chem. Abe., 1926, 20, 2262. 

“M. O. Teague, U. S. P. 1,719,948, July 9, 1929 to General Rubber Co.; Chem. Abe., 1929, 23, 
4376. Bntish P. 246,141, 1925: Bnt. Chem. Abe. B, 1925, 1000. 

«M. C. Teague, U. S. P. 1,750,767, Mar. 18, 1930 to Naugatuck Chem. Co.; Bnt. Chem. Abe. 
B, 1931, 77. 

“O. Blumberg, British P. 419,496, 1934; Bnt. Chem. Abe. B, 1935, 69. French P. 768,078, 1934; 
Chem. Abe., 1935, 29, 522. 

R. G. Drew, U. S. P. 1,814,132, Julv 14, 1931 to Minnesota Mining & Mfg. Co.; Chem. Abe., 
1931. 25, 5258 British P. 312,610, 1928 and 405,263, 1934; Chem. Abe., 1980, 24, 931; 1934, 28, 4191. 

“M. Paulitsch, Austrian P. 138.640, 1934; Chem. Abe., 1935 , 29. 580. 

«S. P. Miller, U. S. P. 1,682,397, Aug. 28, 1928 to Barrett Co.; Chem. Abe., 1928, 22, 3940. 



134 


THE CHEMISTRY OF SYNTHETIC RESINS 


for use in rubber compositions. The addition of 2 per cent to the gum during 
milling aids in dispersion of fillersSimilar use is made of mixtures of cumarone 
resin and coal-tar oils." 

Chicle Substitutes. As cumarone resin mixes with chicle, pontianak rub¬ 
ber, rubber resin and flavoring oils, and can be obtained free from oily substances 
which impart a disagreeable flavor, it has been suggested as an ingredient for 
chewing gum.®* Generally about 7-10 per cent of the resm is incorporated with 
chicle. Although slight changes in the manufacture of cumarone resin have resulted 
in the exudation of sweetening material when it is employed as a chicle substitute, 
this difficulty can be overcome by careful selection of the grade of resm. 

A chewing gum base material may be prepared by drying (at above 100°C.) 
a mixture of rubber latex, powdered cumarone resm, and hard hydrogenated oil 
in a mixer, kneading at 115° to 120° and adding cacao powder or other fill¬ 
ing material.*®- Another method is to cream rubber latex with a solution of caustic 
soda, and mix the upper cream layer with cumarone resm. The mixture is heated 
and stirred, then the alkali is removed by washing. The residual water is evap¬ 
orated and the product is blended with hard hydrogenated oil.*^ 

Molded Articles 

Cumarone resin has found only a limited application in the preparation of 
molded articles because it is too brittle and possesses a low tensile strength. Its 
incorporation has been suggested m the so-called cold-molded products when 
mixed with other materials such as asphalt, petroleum pitch or gilsomte. Cumarone 
resin has found but slight application in the manufacture of hot-molded articles."^ 
As contrasted with its disadvantages, cumarone resm possesses the property of 
being resistant to moisture and climatic conditions, besides possessing excellent 
insulating characteristics. Porcelain and gutta-peicha are examples of materials 
possessing higher dielectric constants. Table 21 gives comparative values of the 
dielectric constants of cumarone resm and various other materials, measured under 
the same conditions. 

Table 21.— Dielectric Constants of Various Insulating Materials 
Substance Dielectric Constant 

Porcelain ..... 5 73 

Gutta-percha .... 4.0 to 4.9 

Cumarone resin . 3.5 

Shellac...* 3.10 

Vulcanized rubl>cr. 2.69 

Rosin.... . ... 2.5 

Rubber. . . .... . 2.12 

The addition of cumarone resin to products made by reacting phenols with 
formaldehyde was proposed by Baekeland.** Resinous substances such as poly¬ 
merized cumarone and indene, when mixed with Bakelite, not only control the rate 

WB. F. Schwalm, IT. S. P. 1,889,172, July 28, 1932, to Neville Co.; Chem. Abs., 1032. 26, 5452. 

«>A. B. Cowdery, Canadian P. 349,513, 1935; Ch^. Abn , 1935 , 29, 4211. 

M. Weber, U. S. P. 1,248,981, Dec. 4, 1917 to Ellis-Foster Co. ; Chem, Abs , 1918, 12, 440; 
U. fi. P. 1,402,817, Jan. 10, 1922 to BUis-Foster Co.; Chem Abe., 1922, 16, 996 

•“F. V. Oeuaning, U. 8. P. 1,975,447, Oct. 2, 1^, to Sweets Laboratones, Inc ; Chem. Ahtt , 1934, 
28, 7448. British P. 347,378, 1930; Brit, Chem. Abit. B, 1931, 898. German P. 551,981, 1930; Chnu 
Abi., 1982, 26, 4980. 

“•British F. 357,350, 1980, to Sweets Laboratories, Inc.; Brit. Chem. Abe. B, 1931, 1121. See also 
H. V. Dunham, U. S. P. 1,584,929 to 1,584,931, April 21, 1925; Chem. Aba., 1925, 19, 1760 

“^Cumarone has been used in thermoplastic molding compositions made from hardened shellnc: 
W. A. Broughton, U. S. P. 1,983,961, Apr. 10, 1934, to New England Mica Co.; Chem. Aba., 1934, 
28, 3920. Sw also Chap. 37. 

••L. H. Baekeland, U. S. P. 1,088,475, Sept. 10, 1912; Chem. Abt., 1912, 6, 2534. 
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of hardening, but also facilitate molding."® In the preparation of molded articles 
from filler stock of asbestos, silica and wood flour, McCoy'"® used the resin as a 
binder m addition to polymerized vegetable oils, such as tung oil, or sterculia 
oil. The molding composition was preshaped to the desired form and then, by 
means of heat and pressure, formed into the finished molded article. The opera¬ 
tion could also be carried out by the cold-molding process, but in this case less 
vegetable oil must be used in the composition. When shaped in the latter way, 
the articles are finally subjected to a baking treatment^™- in order to polymerize 
the binder.'"® The molded products have adequate insulating power. For cold 
molding, a recommended mixture consists of 70 parts of asbestos, 30 parts of 
cumarone resin and 1 to 2 parts of tung oil. 

Wells^"® prepared an insulating composition by dissolving cumarone resin in a 
solvent such as benzene, admixing with asbestos, drying, heating, and molding 
the material under high pressure. The proportion of cumarone resin may be varied 
within wide limits, depending upon the physical qualities desired, and shellac, 
asphalt, or other resins may be incorporated. 

By grinding a mixture of cumarone resin and filling material with water, 
Gudge‘®‘ found that some of the difficulties encountered m using resinous binders 
for the preparation of molded articles could be overcome. Without the use of 
water, the resin sometimes '‘balls” with the filler or, if a ball mill is employed, 
the mix adheres to the sides of the mill so that mixing is not uniform. 

Cumarone resin, mixed with shellac'"® or phenol-formaldehyde resin,'"" is sug¬ 
gested as a bonding agent for abrasive granules. The binder may be incorporated 
with the granules in the presence of a solvent (e.g., furfural) and the article baked. 

Groten'"' obtained an insulating composition for use in the construction of coils 
and condensers for motor ignition systems by heating a mixture of 85 jier cent 
of cumarone resm (melting at 80-100°C.) with 15 per cent of tung oil at 130° 
until a clear liquid results. This material, which has a melting point of about 
60°, forms a permanent insulation. Magnetic cores of high permeability are 
jiroduced by impregnating a metallic powder with liquid or soft cumarone resin 
along with asphalt and pitches.'"" The preparation is molded by subjecting it to 
pressure. 

Brown'"® suggests adding 10-35 per cent of cumarone resm to tung oil and heat¬ 
ing at 200-250°C. until the mixture is of the requisite body. This is aj^plied, 
either directly or in solution, to fabrics which, after drying by baking, are rendered 
waterproof and electrically insulated. Products said to be useful as adhesive 
plasters and as impregnating agents have been prej)ared from equal jiarts of 
naphthol pitch, sesame oil and cumarone resin."® 

Grant and Farren'" proposed a mixture of molten cumarone resm, molten 

»”J. P. McCoy, U. S. P. 1,425,784, Aug. 15, 1922; Chem. Abs , 1922, 16, 3354. 

looj P McCoy, U. S. P. 1,268,031, May 28, 1918, to Westinghouse Electiic & Mfg. Co.; Chem 
Abs„ 1918, 12, 1820. 

P. McCoy, U. S. P. 1.300,218, Apr 8, 1919 and Rei.ssue 15,199, Sept. 20, 1921, to Wohting- 
house Electric A Mfg. Co.; Chem. Abs., 1919, 13, 1909. 

102 J. P McCoy, U. S. P 1,299.846 and 1,299.847, Apr. 8, 1919; Chem. Abs., 1919, 13, 1910; U S P. 

1,245.363, Nov. 6, 1918, to Westinghouse Electric A Mfg. Co ; Chem. Abs , 1918, 12, 280. 

Kw A A Wells, U. S P. 1,332,860, Mar 2, 1920, to Ellis-Foster Co.; Chem. Abs., 1920, 14, 1198 

10* B. J. Gudge, U. S P. 1,299,706, Apr. 8. 1919, Chem. Abs, 1919, 13, 1910. 

108 H. R. Power, U. S. P. 1,427,844, Sept, 5, 1922, to Carborundum Co.; Chem. Abs., 1922, 16. 3738 

A. Upper, U. S. P. 1,950,641, Mar. 13, 1934, to Bakelite Corp.; But. Chem. Abs B, 

1935, 195. 

101 F. J. Groten, U. S. P. 1,455,200, Mar. 15, 1923, to Connecticut Telephone A Electric Co , Inc ; 
Chem Abs., 1923, 17, 2335. 

10* British P. 320,611, 1928, to I. O. Farbenind, A-G.; Brit. Chem. Abs. B, 1930, 21. 

10® A L Brown, U. S. P. 1,4W,155, Apr. 29, 1924, to Westinghouse Elec. A Mfg. Co.; Chem 

1924, 18. 1866. 

110 British P. 362,034, 1930, to I. G, Farbenind. A.-G. ; Bnt. Chem. Abs. B, 1932, 171. Frenrh 

P 711.790, 1931: Chem. Abs, 1932. 27. 2025 

iiiH. L Grant and W. R Farren, U. S. P. 1,612,576, Dec. 28. 1926, to Atlas Powder Co.; 
Chem. Abs, 1927, 21, 617. 
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sulphur and a filler of sand, clay, glass or brick dust as a waterproof and dielectric 
sealing material for electrical blasting caps and other protective containers for 
delicate electrical and mechanical units. A mixture of sulphur and a soft cumarone 
resin is cold molded by Herbst and Endriz”"* and then baked for about 16 hours 
at 250-260®C. to secure hard black articles reported to have high dielectric strength. 

Electrically insulated compositions for the construction of partitions are made 
by mixing a solution of nitrocellulose, cumarone resin, shellac, copal, and tricresyl 
phosphate in solvents with slag wool or asbestos, and evaporating the volatile con- 
stituents.^^ A sound- and shock-insulating medium is composed of a vulcanized 
oil mixed with magnesium oxide and cumarone resinTextile webbing impreg¬ 
nated with cumarone resin was proposed by Haas'^® for molding into a water- 
lubricated bearing. 

On account of its resistance to saponification cumarone resin has been pro¬ 
posed as a binding agent for constructional materials. Reunann^® produced a com¬ 
position for building and road-making purposes by adding to molten cumarone resin 
pieces of marble, lithopone, hard waxes and rubber. Plauson'^'' employed cumarone 
resin as a dispersing agent for the hard pitch, bitumen or natural resin which are 
added to the tar. The resin is manufactured in situ by heating a mixture of tar, 
solvent naphtha and sulphuric acid. Another procedure involves incorporating tar 
with 5-20 per cent of the resin and emulsifying in hot water containing a small 
proportion of a soap.“* 

A preparation for rolling on tennis courts, footpaths or pavements is obtained^® 
by coating sand with 5 to 6 per cent of a solution of cumarone or indene resin in 
a heavy petroleum distillate. 

Linoleum and Oilcloth 

In the manufacture of linoleum and oilcloth, cumarone resin is employed to some 
extent and the success attending its use depends largely upon the maker of the 
linoleum varnish composition.^* 

Oilcloth is manufactured by impregnating a cotton cloth such as muslin, duck 
•or canvas with several sizing coats made up of an emulsion of drying oil or clay, 
for example, in water. The coats are spread evenly on the fabric with a ‘'doctor 
knife,” the cloth being maintained under proper tension in order that the layers 
may be evenly distributed. After each sizing coat the cloth is dried before the 
next one is spread on. The last application may or may not contain cumarone 
resin, depending upon the finished article desired. The sizing solution must be of 
such consistency that it will adhere well to the cloth but at the same time it 
must not penetrate to the underside. In the case of colored oilcloths, the pat¬ 
tern is first printed on by engraved copper rollers, using a varnish containing a 
pigment. After the printing has dried a finishing coat of a long oil varnish is ap¬ 
plied. In the case of white oilcloth the pigment is mixed with the finishing var- 

“*C. A. Herbst and J. D. Endris, U. S. P. 1,982,809, Doc. 4, 1934, to Economy Fuse A Mfg. Co.; 
Chem. Ab«., 1985, 29, 525. See Chapter 66 for discussion of technique of cold molding. 

us British P. 280,178, 1928, to I. G. Farbenind. A.-G.; Bnt. Chem. Abe. B, 1928, 444. 

u^G. Oeder, French P. 694,644, 1930; Chem, Abe., 1961, 25, 1926. German P. 555,475, 1927; Chem. 
Abe., 1932, 26. 5161. 

i«P. C. Haas, U. S. P. 1,946,790. Feb. 13, 1934; Brit. Chem. Abe. B, 1934, 946. 

^^F. R. Reimann, British P. 351,680, 1930; Chem.'Abe., 1982, 26, 3354. Froich P. 696,509, 1930; 
Chem. Abe., 1931, 25, 2823. German P. 513,510, 1929, to Reimann-Bauasphalt G.m.b.H.; Chem. Abe., 
1932, 26, 278. 

»7G. Plauson, British P. 312,372. 1927; Brit. Chem. Abe. B. 1929, 633. 

^ German P. 593,184, 1934, to Ges. fUr Teerstrassenbau m.b.H.; Chem. Abe., 1934, 28, 3213. 

i»R. A. R. Jones and J. H. P. Burke, British P. 370,917, 1930; BrU. Chem. Abe. B, 1932, 602. 

Frits iChem.-Ztg., 1933, 57, 997; Ch^m. Abe., 1934, 28, 2925) has discussed the preparation 
of linoleum and the number of substances, including cumarone resin, which may be substituted for 
materials (linseed oil, rosin) originally used. 



7 . APPLICATIONS OF CUMARONE RESINS 


137 


iiish and the printing done after the film has dried. The pigments used vary ac¬ 
cording to the product desired and, particularly the white pigments, play an 
important part other than merely being the coloring agent. As an illustration, 
zinc oxide will produce oilcloth having a high gloss while lithopone yields a coating 
which is not quite as glossy though tougher and more durable. In using lithopone, 
however, a high gloss can be obtained by special methods. One procedure is to 
apply a light finish coat of good quality spirit varnish. In making white oilcloth, 
cumarone resin has caused some difficulty m the past by yellowing. 

Lender and Koch^ were apparently the first to utilize cumarone resin in the 
manufacture of linoleum and oilcloth. The resin was added to tung oil, which had 
been polymerized by heating to 220-240°C., and the resulting mass was mixed 
with ground cork and a pigment, and pressed on a cloth backing. Better results 
were reported by Priest when the cumarone resin was ground with the polymer¬ 
ized’^' or oxidized'® vegetable oil at a temperature of 100°C. or below. The product, 
so obtained, was found by Priest'® to be lighter in color and to have greater adhe¬ 
sive properties. The elastic, gummy mass was mixed with pigment, ground cork 
or wood meal, and applied to the fabric by pressure. A composition of similar 
properties obtained by mixing one part of cumarone resin with two parts of cold 
tung oil gel, or by mixing one part of resin with two parts of cold oxidized linseed 
oil, is incorporated with the other ingredients in the following proportions: Oil- 
cumarone resin composition, 60 parts; pigment, 20 parts; ground cork or wood 
meal, 50 parts. 

A binding medium for cork and wood flour in the manufacture of linoleum was 
prepared by Baldwin'^ from a mixture of 50 parts of ester gum, 50 parts of 
cumarone resin, 35 parts of dibutyl tartrate, and 10 parts of polymerized linseed 
oil. To 40 parts of this molten binder, 10 to 40 parts of wood flour, cork dust, 
etc., and 40 to 45 parts of pigments or fillers are added. 

Floor coverings consisting of felt saturated with a nitrocellulose solution con¬ 
taining cumarone resin have been described by Taylor.'’^® For example, the coat¬ 
ing solution may have the following composition: 12 parts by weight of nitro 
cotton, 88 parts by weight of a solvent mixture containing as high as 35 per cent 
of acetone oil diluted with 65 per cent of solvent naphtha. To this mixture there 
may be added 12 parts of linseed oil and 12 parts of cumarone resin. 

Flooring and Floor Tile 

One of the important developments in the use of cumarone resin has been its 
application in the manufacture of mastic flooring and floor tile.'® These com¬ 
positions were originally made with asphaltic binders, blended with a solvent, pig¬ 
ment and fillers. The demand for lighter colored flooring necessitated substitution 
of a binder with lower tinting power. Cumarone resin was found to be well suited 
for this purpose. Resistance to washing (due to its unsaponifiable nature) as 
well as its color proved to be decided advantages. 

A hard, pale resin is ordinarily selected and plasticized with oils and pitches 
of such properties that a light-colored binder is secured. This is used to the 
extent of about 30 per cent with asbestos fiber, slate flour, powdered silica or 

^R. Lender and A. Koch. U. S. P. 1,019,666, Mar. 5, 1912; Chem. Abg., 1912, 6. 1377. 

m Q. w. Priest, U. S. P. 1,334,049, Mar. 16, 1920, to E. I. du Pont de Nemours & Co.; Chem. Abs , 
1920, 14. 1450. 

^G. W. Priest, U. S. P. 1,334,050, Mar. 16, 1920, to E. I. du Pont de Nemours & Co.; Chem. Abu., 
1920, 14, 1450. 

W. Priest, U. 8. P. 1,381,737 and 1,381,738, June 14, 1921, to E. I. duPont de Nemours & Co ; 
Chem. Abg., 1921, 15, 3560. 

“*J. T. Baldwin, U. S. P. 1,793,667, Feb. 24, 1931, to Sandura Co.; Chem. Abs., 1931, 25, 2314. 

“5C. M. Taylor, U. S. P. 1,562,383, Nov. 17, 1925; Chem. Abs , 1926, 20, 272 

A. Kenney, Plastic Products, 1^, 11 (2), 61. 
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whiting, as well as the proper pigments. The mixture is masticated on hot rolls 
or in heated Banbury mixers. The plastic mass, while still hot, is sheeted out on 
rolb, polished and cut into squares. Mottled, grained or marbled effects are ob¬ 
tained by mingling pieces of contrasting color before rolling out into flat plates. 

Mastic flooring is prepared in a similar fashion, the presence of a solvent pro¬ 
viding a more workable mass, which is applied by means of a trowel. The coating 
must then stand one or two days to dry and harden. 

Satisfactory quality in both types of flooring depends on the skill and care 
of the manufacturer, particularly in regard to selection of materials. The amount 
of cumarone resin required may vary with the color desired. For medium light 
colors, bitumen may incorporated with the cumarone resin binder, or a darker 
shade of the latter can be used. Asphalt alone, however, is only recommended 
for darker colors. 

Polymerized tung oil was added to the cumarone resin binder by Bonney and 
Maguire“^ to produce a more resilient and lustrous mastic tile. For example, the 
following proportions were used: s 


Cumarone resin (3 parts). 
Tung oil (1 part) 

Asbestos fiber 

Pigments and mineral fillers. 


25 per cent 

30 per cent 
45 per cent 


The oil was heated to 260-270°C. and 15 per cent of the resin added to cool it to 
about 230°C. The temperature was again raised to 260-270°C., after which heat¬ 
ing was stopped and the oil allowed to polymerize. An oil-resin gel was formed 
and after some cooling was kneaded in a heated mixer with the fiber, fillers and 
the balance of the resin. The hot composition was rolled into sheets and cut to 
size. 


Felt and Cloth Sizing 


A composition for impregnating roofing felt which; elevated temperatures, is 
more fluid than asphalt alone, consists of 60 to 98 per cent of asphalt of melting 
point not less than 32®C., together with 40 to 2 per cent of cumarone resin 
Perry“® prepared roofing felts by impregnating the watery pulp of beaten rags 
with an emulsion of cumarone resin and a saponified resin. The pulp was then 
dried in a continuous sheet by means of rolls but was not calendered as heavily 
as in the manufacture of paper. A similar emulsion for use in the waterproofing 
of fabrics was obtained by Roether^** by adding paraffin, cumarone resin and 
linseed oil to an agitated and boiling solution of saponified coconut oil and tallow. 
Cloth was waterproofed by immersion in the warm liquid with subsequent wringing 
and calendering. 

Eichler^^ produced a waterproof fabric or paper by impregnating the material 
with a cumarone resin varnish thinned to the desired consistency. It is stated that 
cloth woven from fibers which carry minute particles of cumarone resin may be 
advantageously used in lining shoes.^ McCoy“® used chlorinated cumarone com- 

^ R. D. Bonney and J. F. Maguire, U. S. P. 1,985,201, Dec. 18, 1934, to Congoleum-Nairn, Inc.; 
Chem. Aba,, 1935, 29. 1271. 

i»C. R. Eokert, U. S. P. 1,849,867, Mar. .15, 1932, to Barrett Co ; Chem. Aba., 1932, 26, 2844 
»»R. P. Perry, U. S. P. 1,302,209, Apr. 29, 1919; Chem. Abs., 1919, 13. 1916 
i»J. R. Roether, U. S. P. 1,414,670, May 2, 1922; Chem. Aba., 1922, 16, 2231 
^A. Eichler, U. S. P. 1,218,599, Mar. 8, 1917; Chem. Aba., 1917, 11, 1757. 

H. Kahlmeyer, U. S. P. 1,931,612, Oct. 24, 1933, to United Shoe Machinery Corp.; Chem. Aba., 1934, 
28, 660. 

«»J. P. McCoy, U. S. P. 1,245,368, Nov. 6, 1918, to Westin^house Electric & Mfg. Co.; Chem. Aba. 
1918, 12, 280. 
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I)ouik1s for treating cloth, paper, and the like, to render the material suitable 
for use as electrical insulation. Shaffer'®* utilized a solution consisting of 1 part 
cuinarone resin, 2 parts rubber, 2 parts paraffin and 20 parts of a hydrocarbon 
solvent for waterproofing leather and fabrics. 

Paper Size 

Although cumarone resin has been emjffoyed in the preparation of sizing for 
paper,'®® it has not readily lent itself to this purpose because of its unsaponifiable 
nature. Ellis,'*® however, found that unsaponifiable resins could be utilized by 
blending them with a saponifiable resin (e.g., rosin) and then emulsifying with 
aqueous alkali. The emulsified mixture is added to the pulp from which the 
paper is to be prepared and calendered in the usual manner.'®* Muth'®* also melted 
rosin (or fatty material) with cumarone and afterwards boiled the mixture with 
sufficient alkali or ammonia to give a uniform emulsion. Alkali salts of sulphonated 
aromatic or naphthenic acids facilitated the latter operation.'*® The resulting 
emulsion is used for sizing paper or other fibrous material. Emulsifiable resins 
were produced by Ellms'*® through careful control of the washing treatment dur¬ 
ing the manufacture of cumarone resins so that the latter contain 0.3 to 1.9 per 
cent of total ash of which a large proportion should be sulphonate ash. The cor¬ 
rect amounts of ash are also attained by blending the resin with paracumarone 
sludges or soaps from the first alkali wash. Strobel and Tallman'" prepared 
emulsions for sizing paper by the use of a dispersing agent consisting of abietic 
acid or a fatty acid cooked with 10 per cent of its weight of sodium carbonate. 
One procedure consists in heating mixtures of cumarone resin, asphalt, copal or 
gilsonite with a drying oil and the emulsifying agent at about 260^'C., and adding 
water while the mixture is still hot. Alum is used as the precipitant. 

Printing Inks 

Cumarone resin has been suggested as an ingredient to replace fossil gums 
in printing inks. Because of its neutral character it exerts no deleterious effect on 
color materials. It is reported that the resin, especially in admixture with litho¬ 
graphic varnishes, is used in making certain types of highly satisfactory printing 
inks.*** Other advantages, such as improvement m the luster of the printed matter 
and an increase in the stability of color of the ink, are partly offset by price con¬ 
siderations.'** 

McElroy and Clarke'** proposed to utilize as a printing ink vehicle a solution of 
cumarone resm in a neutral volatile solvent, such as terpineol, with or without the 
addition of rosin oil to render the binder more plastic when dried. For example, 
2% parts of bronze powder are incorporated with 1 part of a vehicle consisting 

13* C. D. Shaffer, U. S. P. 1,441,605, Jan. 9, 1923; Chem. Aba., 1923, 17, 1114 

C. W. Rivise, Plastics, 1929, 5 (5), 261; Chem. Ahs., 1929, 23, 3088. For a review of vanoue 
paper sizes, see A. van der Werter, Zellstoff w. Papier, 1934, 14, 356; Chem. Abs., 1935, 29, 339. 

i3«Carleton Elhs, U. S. P. 1,007,681, Nov. 7. 1911, to Ellis-Foster Co.; Chem. Abs., 1912, 6, 293. 

13^ R Lender, British P. 17,576, 1915, to W. P. Thompson; Chem. Abs., 1917, 11, 1758. 

133G. Muth, U. 8. P. 1,194,866, Aug. 15, 1916, to Dr. Graf A Co.; Chem. Abs., 1916, 10, 2638. 
German P. 345,595, 1914; J.8.C.I., 1922, 41. e65A. 

“B German P. 348,063, 1918, to RUtgerswerke A.-G.; J.3.C.I., 1922, 41, 382A. 

'*«E. H. Ellms, U. 8. P. 1,797,260, Mar. 24, 1931, to Barrett Co.; Chem. Abs., 1931, 25, 2866 

'"C. J. Strobel and A. P. Tallman, U. 8. P. 1,803,816, May 5, 1931; Chem. Abs., Kai, 25, 3838. 

'*3J. Marcusson, Chem.-Ztg., 1919, 43, 93, 109, 122; Chem. Abs., 1919, 13, 2607. 

'«B. Fonrobert, Farben-Ztg., 1931, 36, 1383; Brit. Chem. Abs. B. 1931, 642. 

1** W. J. McElroy and J. Clarke, U. 8. P. 1,450,892, Apr. 3, 1923; Chem. Abs., 1923, 17, 1896. U. 8. 
P. 1.471,746, Oct. 23, 1923, to Alchemic Gold Co.; Chem. Abs., 1924, 18, 175. British P. 198.308, 1923; 
J.B.C.I., 1923, 42, 73IA. 
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of 16 per cent cuniaroiie resin dissolved in 79.8 per cent of terpineol and 4.2 per 
cent of rosin oil to make an ink of pasty or semi-fluid consistency. Other softening 
agents which may be incorporated with the resin to give a non-drying ink are 
dibutyl phthalate, butyl stearate, diamyl phthalate and triphenyl or tricresyl 
phosphate.'*® 

A composition for transferring designs from a film on a paper base to silk, 
leather and paper is described by Poschel.'*® With alcohol as the transferring liquid, 
the following ingredients are used: dye, Carbitol, methyl alcohol, cumarone, blown 
castor oil, shellac, ethylene dichloride and Cellosolve. For lithographic printing an 
oil- or alcohol-soluble dye is mixed with a varnish comprising chlorinated biphenyl, 
cumarone resin, blown castor oil, eleini resin and el^mi oil. • Marston and Law¬ 
rence'*’ obtained a transfer ink by adding boiled linseed oil, mineral oil, a drier and 
coloring matter to molten cumarone resin melting at 95-130°C. A marking com¬ 
position includes ozokerite, blown vegetable oil and cumarone resin. 

An indelible medium for conveying designs from paper to textile fabrics con¬ 
sists of cumarone resin and an indelible printers' ink fused together to yield a 
homogeneous mass.'*® Another formula calls for 16 parts of cumarone resin, 4 
parts of rosin, 4 parts of carnauba wax, 2 parts of doubly-pressed stearic acid, 
8 parts of ultramarine blue, and 40 parts of a special white ink. The latter in¬ 
cludes 78 per cent of Titanox (titanium dioxide and precipitated barium sulphate) 
and 22 per cent of litho varnish, ground to a paste.'“ A solid, fusible transfer 
material was prepared by Lawrence'®' from a paper base and a composition con¬ 
taining cumarone resin, ethyl- or benzylcellulose and various solvents, oxidized oils, 
and coloring materials. 


Miscellaneous Uses 

A number of miscellaneous applications of cumarone resin have been de.scnbed 
indicating possible methods of utilization in electrical insulation, photography and 
tanning of leather. For e.xample, the resin may be dissolved in oils, particularly 
tliose of the hydrocarbon class, to increase their viscosity for the impregnation of 
paper insulation of cables,'®® The addition of polymerized cumarone and mdene 
is also said to improve lubricating oils as regards viscosity, pour point and 
stability.'®* 

Cumarone resin has been proposed by Renner and Moeller'®* for use in the 
preparation of tanning hquois. By condensing and sulphonating the resin mixed 
with phenols, and then oxidizing the product to quinone-like compounds, a tanning 
agent was obtained.'® 

Cumarone resin mixed with hard rubber dust yields a moldable ebonite com¬ 
position,'® with phthalic anhydride, glycerol and linseed oil fatty acid furnishes 


Schneider, U. S. P. 1,992,016. Feb. 19, 1936; Chem, Aba, 1935, 29, 2375. 
i^A. B Poschel, British P. 383,132, 1933; Chem. Abs., 1933, 27, 6553. 

T. Marston and W. S. Lawience, U. S. P. 1,511,816, Oct. 14, 1924, to Kaumagraph Co.; Chem. 
Aba., 1925, 19, 185. 

i«W. S. Lawrence, U. S. P. 1,954,450 and 1,954,451, Apr. 10, 1934; Brit. Chem. Aba. B, 1935, 110 
See Chapter 19. 

w*H. S. Sadtler, U. 8. P. 1,542,965, June 23, 1925; Chem. Aba., 1925, 19, 2419. 

»»0. L. Davis, U. 8. P. 1,688,117, Oct. 14, 1928, to Joseph Walker Co.; Chem. Aba., 1929, 23, 249. 
“iW. S. Lawrence, U. 8. P. 1,899,420, Feb. 28, 1933, to Kaumagraph Co.; Chem. Aba., 1933, 
27, 3048. 

“■British P. 303,852, 1928, to Cablon, Ltd. and Dussek Bros. & Co., Ltd., Chem. Aba., 1929, 
23. 4567. 

“»C. Wulff, F. Moll and W. Breners. German P. 557.306. 1930. to I. G. Farbenind. A.-G.; 
Chem. Aba., 1933, 27, 419 British P. 379,717, 1931; Brit, Chem. Aha. B, 1932, 971. Frendh P. 718,516, 
1931; Chem. Aba., 1932, 26, 3102. 

“*H. Renner and W. Moeller. British P. 148,750, 1920; J.S.C.I., 1922, 41, 185A. 

“«H. M. Bunbury and A. Davidson, Chem. Age (London), 1925, 13, 298. 

“•H. Gray, U. 8. P. 1,769,506, Jan. 7, 1930, to B. F. Goodrich Co.; Chem. Aba., 1930, 24, 4666. 
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a molding and coating composition/” and with ])henol-formaldehyde resin and 
Portland cement gives an adhesive for linoleum/'^ 

Molten cumarone resin has been employed as a medium for curing molded 
products under hydrostatic pressure. In this case, the procedure calls for partial 
curing of the article in a mechanical mold followed by immersion in the molten 
resin for the final curing under pressure.'^ Less than 5 per cent of the resin is 
used to fix a depolarizing mass to salt-containing carbon elements in electric 
batteries.'®" An arc-welding electrode recommended by Notvest'®^ consists essen¬ 
tially of a ferrous rod coated with a fluxing material containing cumarone resin. 

Other uses suggested for cumarone resin are as an ingredient in light-sensitive 
varnishes for photographic media,'®" as a preservative coating for coffee beans,'®® and 
in the preparation of rust removers.'®^ A representative composition of the latter 
type consists of 1 part of resin, 5 parts of xylene and 3 parts of sperm oil. 

C. G. Moor? and M Ziicker, U. S. P. 1,915,544, June 27, 1933, to Ghdden Co ; Chem Abs , 
1933, 27, 4431 Another molding composition consists of an alkvd le^m dissolved in iiidene; L. V. Adams, 
U. S P. 1,849,817, Mar 15, 1932, to General Elec. Co.; Brit. Chem. Abs. B, 1933, 78 See also British 

P. 381,693, 1931, to I. G Farbcnind A.-G ; BrU Chem Ah'* B, 1933, 158 

^ R. D. Bonney and A. G de Boer, U. S. P. 1,991,007, Feb. 12, 1935, to Congoleum-Nonn, Inc.; 
Chem. Aba., 1935, 29, 2262 

S. Smith, U S P 1,627,209, May 3, 1927, to Products Protection Corp ; Chem. Abs., 1927, 

21, 2174. 

i«0A. Kunze, British P 332,155. 1929; Brtt Chem Abs B, 1930, 869. 

Notvest, U S P 1,931,466, Oct. 17, 1933, to J. D. Adams Mfg. Co.; Chem Abs, 1934, 28. 94 
wa British P. 270,386, 1926 and 270,387, 1926, to Wadsworth Watch Case Co.; Chem. Abs.. 1928, 
22 1552 

’ iMj’ Bordas, Ann /a/s, 1923, 16. 221; Chem. Abs, 1923. 17 , 2756. 

“*C. M. Abbott, U. S. P 1,333,363, Mar. 9, 1920, to Polygon Products Co ; Chem. Abs, 1920, 

14, 1419. 



Chapter 8 

Resins from Acetylene 

The possibilities of acetylene as a raw material for the production of hig:h gratle 
resinous or resin-forming substances have only been realized during the last few 
years. Acetylene is a cheap and abundant raw material and, at the present time, 
Its conversion to synthetic rubber-like substances, dry mg oils and similar products 
is being actively exploited by at least one large company in the United States. 
Although the principal source of acetylene at present is calcium carbide, con¬ 
siderable quantities are being manufactured by the action of an electric arc on 
both natural gas and the gases from petroleum cracking.' 

The conversion of acetylene into high-molecular-weight, amorphous materials 
takes place by a process of additive polymerization. However, valuable synthetic 
products of this type are now being made by the action of various chemical reagents, 
including hydrogen chloride, hydrogen bromide anil siiljihur chloride, on the lower 
polymers of acetylene. Accordingly, it becomes necessary to consider the poly¬ 
merization reactions of acetylene with particular reference to the production of 
high-molecular-weight, resinous and amorphous fiolymers and also of its lower 
highly unstable ones, which can themselves be converted into such amorphous 
substances. 


Polymerization of Acetylene 


Acetylene may be polymerized by a large number of agents." Among these 
may be mentioned heat, light, electricity and various chemical substances. 

The thermal polymerization of acetylene at temperatures above about 400°C. 
has been studied by a large number of investigators® At these elevated tempera¬ 
tures both in the absence and also in the presence of solid contact materials, conden¬ 
sation to liquid and tarry substances takes place readily. These polymers are 
mainly of an aromatic character and a large number of mononuclear and poly¬ 
nuclear aromatic hydrocarbons have been identified in the liquid products of 
the reaction. From the point of view of the formation of resinous bodies, tiie 
high temperature treatment of acetylene would appear to be of no practical 
importance. 

As might be expected, the presence of certain catalysts causes acetylene to 
undergo condensation at comparatively low temperatures with the formation of 
products of a nature essentially different from those formed at higher tempera- 

' For a discussion of the action of an electric aic on livdiornihrais see Cnileton Kills, “01ieniisii\ of 
Petroleum Derivatives.” The Ghwnical Catalog Co , New York, 1934, Chaptr«>r 9 

*G. Egloff, C D. Lowry, Jr, ami R E. Schaad, J Phys Chem., 1932 , 36, 1457-1520; Chem. 
Abg., 1932 , 26. 3479 

*M ^rthelot, Co7npt. rend., 1866, 63, 479. 515. R Mever and co-workers, Ber., 1912, 45. 1609. 
1914, 47, 2765; 1918, 51, 1571; 1920, 53, 1261, Chem. . 1912, 6. 2618; 1915, 9. 306; 1919, 13, 1324, 
.1920, 14, 8669. N Zelinskv, Her, 1924, 57. 264; Chem Abs , 1924, 18, 2125; Compt. rend. 1923, 
177, 882; Chem. Ahs , 1924, 18, 656 A. Krovache and E Tncot, Chim. et ind , 1925, 13 , 361, 
537; Chem. Abn , 1925, 19, 2035. F. Fiacher, F., Baiigert and H Pichler, Brenn»toff-Chem , 1929, 10. 
279; Chem. , 1"30, 24, 483 E Berl ami K W Hofmami, Z. muft'W Chem , 1931, 44. 259, Chem 
Abu.. 1931, 25, 3309 C Fiijio, J. Soc. Chenu. Ind. Japan, 1928 , 31, 77; Cfum. Ahs., 1928 , 22. 2363. 
H. N. Pease, J.A C S., 1929, 51, 3470. 
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tures. Of the greatest importance is the extraordinary activity of metallic copper, 
which catalyzes the condensation of acetylene to a high-molecular-weight, amor¬ 
phous substance at temperatures above about 180°C. The formation of this 
polymer, to which the name '‘Cuprene” has been assigned, is discussed fully at a 
later stage. Small amounts of cuprene-hke materials are also produced from 
acetylene m the presence of metallic iron, nickel and cobalt at temperatures rang¬ 
ing from room temperature to about 400°C. but the main products of reaction in 
these cases consist of carbon, hydrogen and some oily substances. 

Gambarjan* investigated the formation of a cuprene-hke substance prepared 
by the reaction of bromine on a suspension of alunfinum in chloroform. He found 
the essential reaction to be that of bromoform on aluminum probably yielding 
acetylene. This in turn reacted to form the solid in question. 

The action of the silent electric discharge on acetylene gas, a subject inve.sti- 
gated by a number of workers, gives rise to solid, insoluble and amorphous poly¬ 
merization products as well as unstable liquids and gases. Among the gases are 
hydrogen and methane. Berthelot" observed that acetylene was converted, under 
the influence of the silent discharge into a thick, brown liquid, a brown solid and 
a small amount of gas. A semisolid, brown substance obtained by Jackson and 
Northall-Laurie* through subjecting acetylene to a high-frequency discharge was 
found by analysis to be a true polymer of acetylene, but it rapidly absorbed up 
to 8 per cent of oxygen when exposed to the air and was converted into an in¬ 
soluble, hard solid. Losanitsch'^ reported that the silent electric discharge trans¬ 
formed acetylene into a thick, brown liquid, which later changed to a solid mass. 
The product could be separated by the use of an alcohol-ether imxture into a 
soluble, viscous substance and an insoluble solid. These materials rapidly absorbed 
oxygen on exposure to air.** Much light was thrown on the character of these 
polymers by Kaufmann® who obtained a viscous, brown liquid together with a 
brittle, pale yellow solid by passing a stream of acetylene through a silent dis¬ 
charge tube. The liquid product, which was formed exclusively when the reaction 
vessel was cooled, was rapidly polymerized to an insoluble solid on warming and 
on distillation left a plastic or brittle residue. The liquid rapidly absorbed oxygen 
and also fomied an exjilosive silver derivative, implying the presence of acetylenic 
hydrocarbons. The solid formed in the discharge tube was a pale yellow, odorless 
powder insoluble in all solvents. Kaufmann considered this substance to be essen¬ 
tially aliphatic in nature as contrasted with cuprene which is thought by some 
investigators to be a polynuclear, aromatic material. 

The lower, liquid polymers of acetylene have been obtained by Mignonac and 
de Saint-Aunay'® through exposing the gas to a high-frequency discharge and cooling 
the electrodes to -60°C. The liquid, whose molecular weight determination indi¬ 
cated it to be composed of trimers of acetylene, was a mixture of several hydro¬ 
carbons and contained about 40 per cent of diacetylenes and no monoacetylenes. 
Its empirical formula has been calculated to be approximately Reduc¬ 

tion of this mixture of tnmers yielded hexane and, from the products of oxidation, 
the presence of dipropargyl, HC^C—CH»—CHa—C^CH, 3-methyl-1,4-pen- 

*S Gambarian, Ber, 1928, 61, 177; Chem Abs . 1928 2 2. 1324. 

"M Berthelot, Compt. rend., 1890, 111, 471; 1898, 126, 570; J.C.S., 1891, 60, 28; 1898, 74 (1) 393 

Ann chim. phys., 1877, (5) 10. 67. 1891. (6) 24. 135; Chem. Zentr., 1877, 178, 1891, 2, 577 

*H Jackson and D. Northall-Laurie, Proc. Chem. Soc., 1900 , 22, 155; Chem. Zentr , 1906, 2, 858. 
See also P. Schutzenberger, Compt. rend., 1890, 110, 889, J C S., 1890, 58, 961. 

S M. Losanitsch, Ber., 1907, 40, 4656; Chem Ahtt., 1908, 2, 760; Btdl. «ci. acad. toy Beige, 1925. 

(5) 11, 324; see also M. Z. Yovitchitch, Moruitsh., 1908, 29, 5; Chem. Ab»., 1908, 2, 1418. 

* M. Z. Yovitchitch, Bull. tci. acetd. roy. Beige, 1924, (5) 10, 465; 1927, (5) 13, 365; Chem. Aba., 1925. 
19 2298* 1928 22 2114 

' »H. P. Kaufmann, ‘i4nn., 1918, 417, 34; Chem Aba, 1910, 13. 1825. 

“G. Mignonac and R. V. de Samt-Aunay, Comptf rend., 1929, 188, 959, Chem. Aba, 1929. 23. 3437 
R. V de Saint-Aunav. Chim. et Ind , 1933 , 29, 1011; Chem Aba., 1933, 27 , 3911 
S. C. Lind and R. Livingston, J.A.C8., 1934, 56, 1550. 
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tadiyne, HfeO~CH(CHa)—C^CH, and l,5-hexadiene-3-yne, CH=CH— 

C—CH=:CHa, was inferred. The trimenc material slowly underwent polymeriza¬ 
tion to a brown resin. 

When acetylene is exposed to light of wave length shorter than 2500-3000A, it 
undergoes polymerization even at low temperatures with the formation of a yel¬ 
lowish-brown, amorphous solid, insoluble in most solvents. This material appears 
to be similar to cuprene.^* Exposure of a saturated aqueous solution of acetylene 
to the light of a mercury arc yields a w'hite, inert, insoluble polymerBenzene 
and anthracene derivatives have also been detected.^* Mercury vapor exerts a 
catalytic effect on the polymenzation of acetylene in ultraviolet light, according 
to Toul.“ 

Under the influence of alpha-radiation acetylene undergoes condensation with 
the formation of a voluminous, brownish-yellow, amorphous powder. Mund and 
Koch“ found that this material did not melt at 300°C. but did not investigate 
its chemical nature. Lind and Bardwell” likewise obtained a yellowish powder, 
similar to cuprene, on exposure of acetylene to radium emanation. Lind, Jungers 
and Shiflett^" observed that acetylene and heavy acetylene (from calcium carbide 
and heavy water) polymerized at equal velocities to solid cuprenes on exposure 
to 7 -rays from radon. 

The production of a yellow, amorphous, cuprene-like material from acetylene 
has also been observed to take place under the influence of cathode rays.“ Ac¬ 
cording to Marshall,*® polymerization to a fluffy, yellow powder is the only re¬ 
action occurring under these circumstances, no elimination of hydrogen being 
noticed. When acetylene was heated during irradiation the yield of solid was 
not changed but the powder increased in density and assumed a darker color. 
On exposure to air, Marshall found that this polymer could absorb as much as 
30 per cent of its weight of oxygen. 

Moens and Juliard*^ noted that acetylene was rapidly converted into a yellow¬ 
ish-white powder when subjected to the action of a high-frequency electro-magnetic 
field. 


The Polymeuization of Acetylene to Cuprene 


Cuprene,** or carbene, is a voluminous, yellowish;brown solid obtained by the 
condensation of acetylene in the presence of copper or alloys of copper at tempera¬ 
tures usually above 1S0°C. The production of this material by the action of 
acetylene at 230°C. on cuprous oxide, or more slowly in the presence of finely 
divided copper, was first reported by Erdmann and Kothner.*® Passage of acetylene 
for 18 hours over one g. of cuprous oxide furnishes 7 g. of cuprene having an 

las O. Lmd and R S. Livingston, J A.C S , 1930, 52, 6413; 1932, 54, 94; H Reinicke, Z. angew. 
Chetn., 1928, 41, 1144; Chem. Abs., 1929, 23, 1352 See also D. Berthelot and H. Gaudechon, Compt. 
rend., 1910, 150, 1169; 1912, 155, 207; Chem. Abs., 1910, 4, 2097; 1912, 6, 3049, 

i^R. Livingston and C. H. Schiflett, J. Phys Chem., 1932, 36, 750; Chem. Abs., 1932, 26, 2118. 

W. Kemula and S. Mrazek, Z. phys. Clum., 1933 , 23B, 358; Bnt. Chem. Abs A, 1934, 168. 
R. Livingston and C. H. Schiflett, J. Phys. Chem, 1934 , 38, 377; Chem Abs., 1934 , 28, 3663. 

1* F. Toul, Coll. Czech. Chem. Comm., 1934, 6, 162; Brit. Chem. Abs. A, 1934, 852. 

WW. Mund and W. Koch, Bull, soc chim. Beige, 1925, 34, 119; Chem. Abs., 1925, 19. 1986. 

”S. C. Lmd and D. C. Bardwell, Science, 1925, 62, 422, 593; 1926, 63, 310; Chem. Abs., 1926, 20, 
1031, 702, 1760. S C. Lmd, D. C. Bardwell and J. H. Perry, J.A.C.S , 1931, 48, 1556. 

^*8 0. Lmd, J. C, Jungera and C. H Shiflett, Phyf, Rev., 1934, 46, 825; Chem. Abs., 1936, 29, 51. 
«W. D. Coohdge, Science, 1926, 62, 441; Chem. Abs., 1926, 20, 2615. J. C. McLennan, M. W. 
Perrin and H. J. C. Ireton, Proc. Roy Soc., 1929, 125A, 246; Chem. Abs., 1930, 24, 23. 

See Q. Egloff, C. D. Lowry, Jr., and R. E Schaad, loc. cit. 

R. Moens and A. Juliard, Bull. acad. roy. Beige, 1927 (5) 13. 201; Brit. Chem. Abs. A, 1927, 1042. 
*2 Reviews, dealing with cuprene, have been rx>ntributed by W. Herzog, Chem.-Ztg , 1931, 55, 461, 
478; Brit. Chem Abs B, 1931, 796 Kmiststoffe. 1931, 21, 49; Ckem. Abs., 1931. 25, 2683. Osterr. 

Chem.•Zip., 1927 , 30, 73; Chem. Abs., 1927, 21,^70. Also, A. Foulon, Z. ges. Schiess-Sprengstoffw., 
1982. 27. 48; Chem. Abs., 1932, 26, 2596. 

«H. Erdmann and P. Kothner, Z. anorg. Chem., 1898, 18, 49, 57; J.C.8., 1899, 76 (1), 21. 
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apparent volume of no less than 300 «c. The material was at first considered 
by Erdmann and Kothner to be a complex, nonexplosive copper acetylide of the 
formula, C 44 He 4 Cu 8 , but was shown later by Gooch and Baldwin®* to consist of a 
mixture of copper or its oxide with a complex hvdrocarbon. The experiments of 
these investigators showed further that, although metallic copper may induce 
polymerization of acetylene at comparatively high temperatures, the formation 
of cuprene is started at moderately low temperatures by an oxidizing action. The 
important role of oxygen in this process was subsequently confirmed by Kaufmann 
and his co-workers. 

Sabatier and Senderens® found that reduced copper induced the polymerization 
of acetylene at 180-250°C. to a yellowish-brown mass. This material consisted 
of a substance of the empirical formula, (CtHo),!, (to which the name ''cuprene'" 
was applied) mixed with about 1.5 per cent copper. In addition to cuprene, a 
greenish tar and also small amounts of saturated and unsaturated hydrocarbons 
were obtained. Sabatier and Senderens suggested that cuprene resulted from 
the interaction of an intermediate acetylide with fresh acetylene. 

Valuable information regarding the mechanism of the formation of cuprene 
has been supplied by Kaufmann and Schneider."* Comparative experiments on 
the condensation of acetylene in the presence of reduced copper, cuprous oxide, 
cupric oxide and a residue obtained by heating anhydrous copper ferrocyanide in 
a current of air at 250°C. for 15 minutes showed that the last catalyst gave the 
best yields of cuprene. The physical character of the substance was altered by 
the catalyst employed and the duration of heating. Its empirical composition also 
varied between (CnH,o)x and (C,nHio)x. With short periods of heating, the prod¬ 
uct was loose and voluminous, but, on continued exposure to the reaction tempera¬ 
ture, a cork-like body was obtained. The material made in the presence of the 
copper-ferrocyanide catalyst was yellow to light brown whereas the other catalysts 
furnished much darker products. Subsequent experiments of Kaufmann and 
Mohnhaupt®^ showed that the conversion of very pure acetylene to cuprene in the 
presence of fully reduced copper at 230-300°C. did not take place unless small 
amounts of oxygen were present. It was believed by these investigators that 
cuprene resulted from the formation of an additive compound of acetylene and 
cuprous or cupric oxide. Decomposition of this double compound was consid¬ 
ered to furnish a highly active form of acetylene capable of undergoing profound 
reactions more rapidly than the ordinary inactive form, while the regenerated 
copper oxide could then activate more acetylene. Unlike the compounds ob¬ 
tained by the polymerization of acetylene under the influence of the silent dis¬ 
charge, alpha-radiation or actinic light, cuprene did not absorb oxygen in the 
cold. It was halogenated only with difficulty and was oxidized to mellitic arid 
by nitric acid. These facts led Kaufmann and Mohnhaupt to assign a poly¬ 
nuclear aromatic structure to cuprene. 

According to Schlapfer and Stadler,® cuprene has been prepared by the Elek- 
trizitatswerk Lonza A.-G. Passage of technical acetylene, diluted with an inert 
gas, over finely divided copper heated-to 300°C. yielded 75-80 per cent of cuprene, 
5.5-7 per cent of cuprene tar and 13-17 per cent of waste gases. A detailed ex¬ 
amination of the tar by the above investigators showed that it consisted mainly of 


** F. A. Gooch ttnd Dc Forest Baldwin, anorff. Chem,, 1899, 22, 235; J.C 8., 1900, 78 (1), 74. See 
also H. Alexander, Ber , 1899, 32, 2381/.C’S., 1899, 76, (1), 843 

^ P. Sabatier and J. B. Senderens, Campt rend., 1900, 130, 250 J.C.S., 1900 , 78 (1), 197. Bull, 
soc chtm., 1899. (3) 21, 530; J.8.C.I.. 1900, 19, 230. Ann chim pAj/*., 1905. (8) 4, 439. J.C. 8 .. 1905, 
88, (1), 401. See also Compt rend., 189^, 128, 1173; J C.8 , ISQO, 76, (1), 

20H. P. Kaufmann and M. Schneider, Ber, 1922. 55, 267; C/iem. ^^^-.1922, 16. 2302. 

H F Kaufmann and W. Mohnhaupt, Bet., 1923, 56, 2533; Chem. Abs., 1924, 18, 1465. J.C S , 

p and 0. StAdler, Helv. Chim. Acta, 1926, 9, 185; Chem. Abs., 1926, 20, 1384. 
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aromatic hydrocarbons of the benzene a«d naphthalene series. Smaller quanti¬ 
ties of olefins (hexenes and octenes) and small amounts of paraffin hydrocarbons 
boiling between 28-64°C. under 720 mm. were also present. The technical details 
of the manufacture of cuprene have so far remained a secret. It is known 
definitely, however, that the presence of oxygen (air) is a necessary factor and 
that copper or cupriferous bronze powders are used as catalysts at a temperature 
of 200-260®C. under slight pressure and with the combined action of dark electric 
discharges," The addition of air, oxygen or an oxygen-supplying agent to the 
acetylene prior to condensation in order to increase the yield of cuprene has 
been described by Horwitz." Lichtenhahn*^ prevented choking of the reaction tube 
by the Use of a special stirring mechanism. Addition of 5-15 per cent of nitrogen 
to acetylene minimizes coking (which is very pronounced with pure acetylene 
owing to the highly exothermic nature of the reaction) and gives a more homo¬ 
geneous and lighter-colored cuprene. In another process," cuprene was produced 
by passing acetylene, diluted by an inert gas, through a suspension of copper- 
bronze in stearic acid, or paraffin oil containing copper oleate, heated to 300°C. 
Cuprene obtained in this manner is finely powdered and light to dark brown 
in color. Addition of air or oxygen to the contact medium has been found ad¬ 
vantageous. 

In the process of de Liefde,” cuprene having strongly absorbent properties and 
useful as a decolorizing material is prepared by subjecting acetylene at 200-400°C. 
to the action of a metal or metal oxide catalyst (copper, nickel or iron or their 
oxides) containing a small amount, usually less than 1 per cent, of magnesium. 
Cuprous oxide with one per cent of stannic oxide converted acetylene to a soft, 
fiocculent product at 180-245°C. and to a brittle, porous substance at 250-260°C., 
according to Davis and Levy.®* Sabatier and Mailhe conducted benzyl alcohol 
vapors over titanium, tungsten and aluminum oxides and obtained a resinous hydro¬ 
carbon having the elementary formula, C 7 H 0 . The resin is insoluble and appears 
to be somewhat analogous to cuprene.®® 

Industrial Uses op Cuprene 

Because of its chemical inertness and highly voluminous structure, cuprene 
offers possibilities for a large number of industrial applications. Herzog*® has dis¬ 
cussed its use in the manufacture of acid-resistant and electric-insulating materials, 
plastic masses, electrodes and explosives, as a cork substitute in linoleum manufac¬ 
ture and as an absorbing agent for illuminating materials, fuels and volatile sub¬ 
stances. It can be used as a substitute for carbon in black powder and other 
explosives, an absorbent in liquid-air explosives, a component of detonators and 
a substitute for kieselguhr. 

Finely ground cuprene has been used by Sulser®^ in conjunction with a linoleum 
cement for the production of linoleum. It replaced the usual cork dust or wood 

»W. Herzog, KunstHoffe, 1931. 21, 49; Cheyn. Abs., 1931, 25, 2683. 

»>L. HorwiU, German P. 205,705, 1907; Chem. Ab$,, 1909, 3, 1925 

»iT. Lichtenhahn, Canadian P. 238,888. 1924; Chem. Abs., 1924, 18, 1300. British P. 200,087, 1923 

to Eiektrieitktswerk Lonza A.-G.; Chem. Abs., 1924, 18, 276. Swiss P. 95,237, 1921. German P. 
395 54d 1922 

'“German P. 407,485, 1922, to Elektrizitatswerk Lonza A.-G.; J S.C.I., 1925, 44. 474B. 

“W C de Liefde, U. S. P 1,828,560, Oct. 20, 1931, to N.-V. Electro-Zuurstofen, Waterstoffabnek; 
Chem. Abs., 1932, 26, 814. British P. 303,797, 1928; Chem. Abs., 1929, 23, 4485. German P. 534,118, 
1929; Chem. Abs, 1932, 26, 735 

•* R. H. Davis and L. A. Levy, British P. 418,005, 1934; BHt Chem. Abs. B, 1935, 13. 

“ P. Babatier and A. Mailhe, Ann. chim. phys., 1910, (8) 20, 289; Chem. Zentr., 1910, 2, 1136. 

Compt. rend, 1908, 147, 106; Chem. Zentr., 1908, 2. 676. 

*®W. Herzog, loc cit. 

“.I. Sulser, U. S. P 1,511,784, Oct. 14, 1924, t6 Elektrizitatswerk Lonza A.-G.; Chem. Abs., 1925, 
19 186, British P. 189,146, 1921; Chem. Abs., 1923, 17, 2482. German P. 395,706, 1921; Kunststoffe, 
1925, 15, 122. 
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flour. Cuprene possesses the advantage for this puriiose that it is resistant to 
moisture and therefore not liable to rot. 

Lepsius"" proposed cuprene saturated with a liquid combustible material as a 
fuel. Cuprene is stated to be capable oi absorbing large quantities of liquid and 
to have a high calorific value. An elastic composition of durable character has 
been prepared by Kiihn* by mixing cuprene with a rubber composition. Plastic 
masses which could be used in electrical or heat insulation have been manufactured 
by heating an excess of the condensation products of acetylene with sulphur and 
an inert material (e.g., asbestos) together with the residues from the distillation of 
natural resins or oils boiling above 350®C. from tar distillation.*® Grimwood*^ 
suggested the substitution of cuprene for all or part of the charcoal used in time 
rings for shell fuses. Absorbent masses for various purposes are obtained by 
activating cuprene through heating it for one hour or more in hydrogen at 
40()-700®C.** 

Sulphurized cuprene, containing 11 per cent of sulphur, can be prepared by 
heating cuprene with sulphur monochloride in a reflux apparatus employing 
benzene as suspending agent. By operating under 10 atmospheres pressure at 
1S0“200°C., a product containing 13.6 per cent of sulphur and 4 per cent of 
chlorine was obtained. These materials may find application in the rubber 
industry.** 

Controlled Polymerization of Acetylene to Low-Boiling, Unsaturated 

Polymers 

One development in the conversion of acetylene into resinous and rubber-like 
materials has resulted from a study of the controlled polymerization of that 
hydrocarbon at ordinary temperatures under the influence of a solution of am¬ 
monium and cuprous chlorides. Under these conditions acetylene is polymerized 
to •a dimer and a trimer, both o^ which may be utilized as raw materials for 
the manufacture of synthetic drying oils, resins and rubber-like substances. The 
fundamental discovery of the conversion of acetylene into its highly unsaturated, 
lower polymers by controlled polymerization is due to Nieuwland and his asso¬ 
ciates, Preliminary observations of the conversion of acetylene into some other 
material by catalytic action of a solution of cuprous chloride and sodium or 
potassium chloride were made by Nieuwland as early as 1906, but it was not until 
1921 that the idea of using concentrated, cuprous chloride solution occurred to 
him. Such concentrated, cuprous chloride solutions were attainable by the use 
of ammonium chloride or amine salts. Divinylacetylene, or l,5-hexadiene-3-yne, 
was the first polymer to be definitely identified among the products of reaction.** 

When acetylene is passed into a concentrated solution of cuprous ammonium 
chloride, rapid absorption takes place with the formation of a complex compound. 
If this complex is heated soon after its formation, acetylene is evolved practically 
quantitatively. After the solution is allowed to stand at room temperature for a 
period of hours or longer, no acetylene appears in reaction products; but, 
instead, polymers of acetylene with molecular weights corresponding to the 
formulas CeHo and CgHg. The mechanism of the reaction, as envisaged by Nieuw- 

** K. Lepsius, German P 396,289, 1921; J S C L, 1924, 43, 818B. 

E Kuhn, U. S. P. 1,522,8^, Jan. 13, 1926; Chem. Abg., 1925, 19, 909. See also BritijJi P 192,080, 
1923, to Elektrizitutswerk Lonza; Chem, Aba.t 1923, 17, 3429; Swiss P. 102,757, 1923; Rwiatstoffe, 1925, 
15, 45 

German P. 455,551, 1923 to Sinit A.-G ; Brit. Chem. Abs. B, 1930, 157. 

A J. Gnmwood, British P. 283,741, 1927, to Curtis’s & Harvey, Ltd.; Brit. Chem. Aba. B, 1928, 
245 . 

Dutch P 20,851, 1929. to N V. Electro -Zuurstof en Watergtoffabnek; Chem. Aba., 1930, 24, 931. 

♦nV. Herzog, Kunatatoffe, 1931, 21, 49; Chem. Aba., 1931, 25, 2683. 

** J. A. Nieuwland, Science. 1922, 56, 486. 
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land, Calcott, Downing and Carter,^® consists in the formation of a complex cuprous 
salt which is in equilibrium with normal acetylene and an activated form of acety¬ 
lene, possibly =:C=CH8. A slow combination of this activated acetylene molecule 
with one of normal acetylene follows, producing monovinylacetylene, butenyne, 
according to the scheme: 


HCsCH-f ==C=CH2 —HC=C—CH^-CHa 

Two molecules of monovinylacetylene, in the presence of the cuprous ammonium 
chloride solution, unite to give a tetramer of acetylene (which is probably 1,5,7- 
octatriene-3-yne). The latter substance is formed by the addition of an activated 
vinylacetylene to a normal molecule of that compound, thus: 

H,C==CH—CsCH + ===€==€H—CH===CH2 

—HiC^CH—C=C—CH==CH—CH=CH 
tetramer 

In the presence of acetylene, monovinylacetylene and activated acetylene may 
react to form divinylacetylene according to the equation, 

H2C==CH—CsCH + ==:C=CH2 —H2C-=CH—C=C—CH==CH2 

dinnylacetylene 

From the commercial standpoint the most valuable of these polymers of acetylene 
are monovinylacetylene and divinylacetylene. The latter can be obtained in 
good yields by a fairly simple procedure. Since monovinylacetylene so readily 
reacts with more acetylene, the preparation of good yields of it is more difficult.*^ 
A satisfactory laboratory method for the synthesis of divinylacetylene is as fol¬ 
lows 


A mixture of 1000 g. of cuprous chloride, 390 g. of ammonium chloride, 100 g. of 
precipitated copper powder, 30 g. of hydrochloric acid (37 per cent) and 425 g. of 
water is introduced into a 2 liter flask and heated on a steam bath (in the absence 
of air) until all the copper is in the cuprous state. The catalyst is cooled to room 
temperature and charged by sweeping the air from the flask with a stream of acetylene 
and then continuing a slight pressure of that gas while agitating the catalyst. During 
absorption, the latter may warm up and a temperature of 40-50° C. can be attained 
without damage. Over 100 g. of acetylene will be absorbed and the catalyst becomes 
light yellow in color as insoluble addition compounds are formed. The mixture 
is allowed to age at room temperature for 5-7 days and then distilled by heating in 
an oil bath at 100-110®C. (still temperature), until only water comes over. The lower 
aqueous layer of the distillate is separated and returned to the catalyst mixture for 
re-use.*® The oily layer is dried and distilled in vacuo on a water-bath. Divinyl¬ 
acetylene comes over under about 200 mm. pressure and the tetramer under about 20 
mm. The yields, based on the acetylene absorbed, are: divinylacetylene, 70-80 per 
cent; tetramer, 10 per cent; and loss, 10-20 per cent. Divinylacetylene, which forms 
explosive substances on exposure to air, is best stored in the catalytic mixture and 
distilled immediately prior to use. 


Nieuwland*® has described the production of various derivatives of acetylene 
containing the group, CH 2 =CH—, or its tautomeric form, CHa—CH=X, where 
X is an atom of carbon, nitrogen, oxygen or sulphur bound by a double bond to 
the ethylidene group. The preparation of two of these, divinylacetylene and the 
acetylene tetramer, has been described above. Ethylidene aniline and its polymers 


A. Nieuwland, W. S. Calcott, F. B. Downing and A. S. Carter, J.A.C S., 1931, S3, 4197. 

**For laboratory preparation of monovinylacetylene, the method of R. Willstatter and T. Wirth 
(Bar., 1913, 46, 5M; Chem. Aba., 1913, 7, 1508) is recommended. This procedure involves the dis¬ 
tillation of the quartemary base, 

H<>--N(CH8)T--CH2--CH=CH-CHjr--N(CH3)s--OH 

See also £. A. Shilov, A. N. Makashina and G. I. Yakimov (Sfntet. Kauchuk, 1933 (1), 4; Chem. Aha., 
19^, 27, 6052) for modifications of the procedure. 

J. A. Nieuwland, W. 8. CJalcott, F. B. Downing and A. 8. Carter, loc. cit. 

** The catalyst can be used repeatedly over long periods without diminution of polymerizing 


puwvr. 

*»J. A. Nieuwland, IT. S. P. 1,811,959, June 30, 1931, to B. I. du Pont de Nemours & Co., Chem. 
Aha., 1931, 25. 4892. British P. 384,654, 1932; Chem. Aba., 1933, 27 , 4251. French P. 733,663, 1931; 
Chem. Aba., 1933, 27. 1011. German P. 588,283, 1933; Chem. Aba., 1934, 28, 1360. 
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were obtained by introducing acetylene into a mixture of 2 parts of cuprous 
chloride powder and 100 parts of aniline at 70-110°C. Vinyl chloride may be 
synthesized by using a mixture of ammonium and cuprous chlorides m hydrochloric 
acid (sp. gr. 1.194) at 20-40°. 

The process has been made continuous by Calcott and Downing.®® They pass the 
stream of acetylene rapidly in contact with the heated catalyst mixture in order 
to favor the formation of the dimer, vinylacetylene, over that of the trimer, 
divinylacetylene. Nieuwland®^ has improved the catalyst used by bringing the pu 
to 6 or lower through incorporation of an inorganic or carboxylic acid which 
does not precipitate cuprous copper. In addition to these variations, the vinyl- 
acetylene may be continuously removed by a counter-current stream of mineral 
oil“* or the reaction carried out in a non-aqueous solvent such as ethylene glycol.®* 

An essentially neutral solution of ammonium chlorocuprite is employed by 
Perkins and Toussaint®* to secure a maximum yield of mono vinylacetylene. The 
catalyst is prepared by dissolving 300 g. cuprous chloride, 300 g. ammonium chloride 
and 70 cc. concentrated hydrochloric acid in 600 cc. of water, heating to 90°C. 
and filtering. After saturating with acetylene, ammonium hydroxide is added 
until a black precipitate forms. This is dissolved with the minimum amount 
of hydrochloric acid. When acetylene is passed through at about 70°, a yield 
of 24 per cent vinylacetylene and 3 per cent higher boiling compounds is obtained. 

Monovinylacetylene, CH2=CH—C^CH 

This material is a colorless liquid boiling at ■f5°C. at 757 mm. and having the 
sharp but sweet odor associated with synthetic butadiene. Its density is given 
by the equation do = 0.7095-0.00114t for temperatures between —3° and —80°C. 
It congeals to a crystalline mass at the temperature of liquid air. Its structure is 
proved by the fact that it can be hydrogenated to n-butane and hydrated in the 
presence of mercuric sulphate and sulphuric acid to yield the unsaturated ketone 
l-butene-3-one (methyl vinyl ketone), CHa=CH-—CO—CHs.®* The presence of 
acetylenic hydrogen is indicated by its ready formation of a white silver derivative 
and a yellow copper salt. Alcohols®* combine readily with vinylacetylene to yield 
ethers. For example, 4-methoxy-2-butyne (CHsC^CCHaOCHi) results when 
methyl alcohol containing a little sodium methylate is treated with vinylacetylene. 
In this instance addition of alcohol to the unsaturated hydrocarbon probably takes 
place at the 1,4 positions followed by reariangement of the intermediate product. 

CH=C—CH=-CHo + CH3OH —^ CH2=C=-CHCH20CHa —>- CHaC^CCHaOCHa 

Although the formation of a solid from monovinylacetylene by the action 
of a-particles has been reported by Heisig,” from the industrial viewpoint the 
most important property of monovinylacetylene is its conversion into monohalo- 
butadiene by combination with hydrogen chloride or hydrogen bromide, a reaction 

8 Calcott and F. B. Downing, U. S. P. 1,876,S57, Sept. 13, 1033, to E. I du Pont de 
Nemours & Co.; Chem. Abs., 1933, 27, 103. British P. 401,078, 1933; Chem. Aba., 1934, 28, 2728. 
French P. 43,351, 1934, addn. to 733,663. Chem. Ab>i , 1934, 28, 6727 

A. Nieuwland, U. S. P. 1,926,055 and 1,926,056, Sept, 12, 1933, to E. I. du Pont de Nemours A 
Oo ; Chem. Aba., 1933, 27, 5750. British P. 390,179, 1931; Chem. Aba., 1933, 27, 4541. French P. 
41,454, 1931; Chem. Aba, 1933, 27, 2696. German P. 589,561, 1933; Chem. Aba., 1934, 28, 2367. 

®®Bntish P. 401,678, 1932, to E. I. du Pont de Nemours A Co.; Chem. Aba., 1934 , 28, 2728. 

“F. B. Downing, A. 8, Carter and D. Hutton, U. 8. P. 1,920,039, Sept. 12, 1933, to E. I. du Pont 
de Nemouns A Co.; Chem. Aba., 1933, 27, 5755. ^ ^ 

“G. A. Pericins and W. J. Toussaint, U. 8. P. 1,971,656, Aug. 28, 1984, to Carbide A Carbon Chem. 
Corp.. Chem. Aba., 1934, 28, 6446. ... ^ ^ 

“ A. S. Carter U 8. P. 1,896,161, Feb. 7, 1933, to E I. du Pont de Nemours A Co . Chem. Aba., 

1933. 27, 2458. .British P. 388,402, 1931; Brit. Chem. Aba. B, 1933, 379. French P. 719,309, 1931, to 
R I. du Pont de Nemours A Co.; Chem. Aba , 1932, 26, 3265 R F. Conaway, U. S. P. 1,967,225, 
Julv 24, 1984, to B. I. du Pont de Nemours A Co.; Chem. Aba., 1934, 28, 5834. 

“R. A. Jacobson, H. B. Dykstra and W. H. Carothers, J.A.C.S., 1934, 56, 1169, 

G. B. Heisig, J.A.C.S., 1931, 53, 4460. 
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discussed later. Under pressure, vinylacetylene is readily polymerized by heat to 
form viscous drying oils'* and finally hard, resinous polymers. All the nonresinous 
substances formed in this way contain acetylenic hydrogen and probably possess 
formulas of the types:" 


HCsO-CH—CH—C=CH 

in,—in, 


HC=C—CH—CH—C=CH 

ills—ins iHj—CH—CsCH 


Hc^c—CH—CH—( c=c::h) 

in,—ill. (inr-in—).—c=CH 


In the presence of acids, a considerable amount of styrene is formed also. This 
may be considered as a dimer of mono vinylacetylene. 

Polymerization may be controlled so as to yield an oily polymer which is 
completely nonvolatile at 100°C. under ordinary pressure. The danger of form¬ 
ing explosive compounds may be avoided by carrying out the reaction in a 
nonoxidizing atmosphere as was reported by Calcott and Downing" The syn¬ 
thetic drying oil will absorb oxygen and halogens, the rate of reaction being greater, 
the lower the degree of polymerization. On the other hand the polymerization 
may be carried to the hard, brittle, resinous stage. Such a hard resin is obtained 
by heating vinylacetylene with 1 per cent of benzoyl peroxide for 200 hours at 
110°C. It is insoluble in all solvents and does not react with the oxygen of the 
air or with halogens. Moreover, it is practically unchanged by treatment with 
strong sulphuric acid, strong alkalies or other corrosive agents, but is slowly oxidized 
by strong nitric acid.*‘ The nonvolatile, liquid polymers constitute a class of 
drying oils suitable for compounding as paints and lacquers. The properties and 
use of these polymers are described later along with those of similar products from 
di vinylacetylene. 


VlNYLACETrLENE DERIVATIVES 

The preparation of vinylacetylides" from vinylacetylene and alkali metal amides 
(e.g., sodamide) has made possible the synthesis of a wide variety of vinylethmyl 
derivatives. Included among these are the carbinols (obtained by reaction between 
the acetylide and ketones or aldehydes) which polymerize readily to transparent 
resins." The following reactions take place when sodamide and acetone are em¬ 
ployed : 


CHf=CH—C=CH + NaNH2 CH2=CH~C=C-Na + NH, 

CH2=Cn—CsCNa -f CHaCOCH, —>• CH2=CH—C=C(()Na) {Clh)2 

HiO 

CH2=CH—CsC—C(ONa) (CH,)a —CHi===CH---C=C--C(OH) (CHa)2 

H*S04 

“ A. 8. Oftrter and F. B. Downing, U S. P. 1,896,102, Feb. 7, 1933, to E. I du Pont de Nemours A 
Co; Chem. Aba, 1933, 27 , 2591. See also O. Jordan, H. Hopff and K. KUhn (German P. 588,306, 
1983; addn. to 580,234, to I. Q Farbenind A-G.; Chem. Aha., 1934 , 28, 1558) for the preparation 
ot lacquers. W. 8. CoJcott, A. 8. Carter and F. B. Downing (U. 8. P. 1,950,430, March 13, 1934, to 
E. I. du Pont de Nemours A Co.; Chem. Abu., 1934, 28, 3272) for the impregnation of porous materials 
with vinylacetylene with subsequent polymerization of the latter. 

»H. B. Dykstra, J.A.CJS., 1934, 56, 1625. c/. M. E. Cupery and W. H. Chrofhers, ibid., 1167. 

•®W. S. Calcott and F. B. Downing, U. 8. P. 1,924.979, Aug 29. 1933. to E. I du Pont de Nemours 
A Co.; Chem. Abe., 1938, 27, 5841. British P. 384,655, 1932; Chem. Abe., 1933 . 27. 4252. French 
P. 738,681; Chem. Abe., 1933, 27, 1011. German P. 601,504, 1934; Chem. Abe, 1934, 28, 7624 

® A. 8. Carter and F. B. Downing, U. 8. P. 1,896,162, Feb 7, 1933, to E. I. du Pont de Nemours 

A Co.; Chem. Abe., 1988, 27. 2591. British P. 385,963. 1931; Brit. Chem. Abe. B, 1983, 216. 

®*W. H. Carothers and R. A. Jacobson, U 8 P 1,963,934, June 19, 1934, to E. I. du Pont de 

Nemours A Co.; Chem. Abe., 1984 , 28, 5081 W. H. Carothers and G J. Bcrchet, U. 8. P. 1,963,935, 

June 19, 1984; Chem. Abe., 1934. 28. 5082. 

W. H. Carothers, G. J. Berchot and R A. .Jacobson, U. S. P 1,963,074, June 19, 1934, to E. I. du 
Pont de Nemours A Co.; Chem. Abe., 1934 , 28, 4848. 
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One method for making the vinylacetylide is to add powdered sodamide to a 
solution of monovinylacetylene in liquid ammonia, benzene or an ether. The 
mixture is stirred several hours and the solvent then evaporated, leaving a white 
powder (sodium vinylacetylide). Substitution of lithium or potassium amide for 
sodamide gives analogous products. All of these alkali vinylacetyhdes are highly 
reactive toward air, water and carbon dioxide. Hence it was found advisable, 
in forming vinylethinyl compounds, to add the acetone (or other reagent) directly 
to the acetylide before the latter had been isolated from the solvent, or even to 
carry out the two reactions simultaneously. For example, 15 mols of acetone and 
18.8 mols of vinyl acetylene were thoroughly mixed (keeping the reaction vessel 
cold) and 16.5 mols of powdered sodamide added over a period of two hours. 
Following 4 hours more stirring, a large quantity of water w^as added carefully. 
The oily layer which formed was separated, washed with dilute sulphuric acid and 
distilled. A yield of 898 g. of vinylethinyl dimethyl carbinol (b.p. 67°C. at 24 
mm.) w^as secured. Methyl ethyl ketone, methyl octyl ketone, acetaldehyde and 
butyraldehyde formed homologous products. Crotonaldehyde, benzophenone and 
acrolein reacted to give resinous solids, due probably to polymerization during the 
condensation. 

Vinylethinylcarbinols w^ere found to polymerize readily in light and air, reac¬ 
tion being accelerated by metallic halides, oxidation accelerators (benzoyl peroxide, 
sodium perborate) and by catalysts of photochemical polymerization, e.g., uranyl 
nitrate. The ultimate product is a hard, insoluble, glass-hke resin, but the inter¬ 
mediate stages range from thin syrupy substances to rubbery solids, all soluble 
in organic solvents but capable of further hardening. It is stated that polymerized 
carbinols, as well as the intermediate products, are compatible with nitrocellulose, 
drying oils and resins thus indicating their possible use in the preparation of 
lacquers, enamels, impregnants, varnishes and molded articles. For example, a 
light polymer was made by exposing a solution of equal parts of methyl ethyl 
vinylethinyl carbinol and toluene, containing 0.5 per cent benzoyl peroxide, to a 
Cooper-Hewitt light for 62 hours. The colorless solution (50 parts) was then 
mixed with lacquer thinner (100 parts) and pyroxylin base (57.8 parts). A dry 
film resulted after one hour at room temperature. 

The ester derivatives of vinylacetylene present another source of resinous 
bodies. Organic carboxylic esters of 1,3-butadienol were prepared by Werntz“^ by 
passing monovinylacetylene into the organic acid. A mercury salt (mercuric 
sulphate) served as a catalyst, usually assisted by sulpho-acetic acid and acetic 
anhydride. The reaction proceeds according to the scheme: 

CHr-CH—C=CH + R—COOH —CH2=CH—C==CH, 

(^CR 

For example, 10 g. of mercuric oxide were dissolved in 200 g. of hot glacial acetic 
acid and 10 g. of acetic anhydride added after cooling. Four grams of fuming sulphuric 
acid were then run in slowly, with stirring, to precipitate finely divided mercuric sul¬ 
phate. Into this agitated mixture was fed a slow stream of monovinylacetylene, 1.5 
hours being required for the addition of 173 g. The initial temperature was 12‘’C. 
but this was lowered to 0-5‘’C. by use of an ice bath and was so maintained during 
the reaction. All of the monovinylacetylene was absorbed. The resultant liquid was 
poured into a saturated salt solution, causing separation of a brown oil. On washing 
and vacuum distilling, 13 g. of liquid (b.p. 32-70‘’C. at 12 mm.) were secured. 

Similar reactions were carried out using butyric, formic and chloroacotic acids. 

J. H. Wemta, U. S P. 1,W3,108, June 19, 1934, to E. I. du Pont de NiMuours St 0».; Cfiem. Ahtt, 
1934 , 28. 4746. Sew alwo J. H. WernU, J.A.C.S,, 1935, 57, 204. 
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At 26®C. the yields were somewhat higher than at 0-5°C. but api)reciable amounts 
of resin were also formed. 

Esters of butadienol polymerize spontaneously, but the action is accelerated by 
pressure, heat, light and catalysts (acids, alkalies, peroxides, stannic chloride). 
The products, depending on the degree of polymerization, may be soluble resinous 
bodies, less soluble rubbery substances or insoluble materials resembling vul¬ 
canized rubber. Their properties vary somewhat depending on the organic 
acid used and may be further modified by the admixture of fillers, drying oils, 
natural or synthetic resins, plasticizers and cellulose nitrate or acetate. The 
resinous polymer form, made by heating the ester in an organic solvent, dries 
and further polymerizes to a clear, dry, flexible film, indicating the possibility of 
use in varnishes, lacquers and impregnants. Molding compositions containing the 
partially polymerized resins were also suggested. An emulsion of the original 
ester may be heated to create a latex reported to be comparable with natural 
rubber. 


Divinylacetylene 

This is a colorless liquid, which possesses an unusual alliaceous odor and 
rapidly assumes a straw color on exposure to light. It boils at 83.5°C. under 
760 mm. and at 50® under 240 mm., = 0 7851.“^' Its chemical constitution can 
be inferred from the fact that it is reduced to n-hexane, does not contain an 
acetylenic hydrogen and yields on brornination two stereo-isomeric hexabromo-3- 
hexenes, melting at 81® and at 114®. The presence of two vinyl groupings is 
shown by its ready combination with two molecules of thio-p-cresol to furnish 
l,6-di-(p-tolylthio)-3-hexyne, melting at 74.5-75.5®.®® On chlorination it is con¬ 
verted into a complex mixture of chlorides up to a hexachloride.®'' Treatment 
with aqueous hydrochloric acid gives first a monohydrochloride and then, very 
rapidly, a dihydrochloride, the latter substance having the constitution,®® CH,—011= 
CH—CC1=CH—CHaCl. Although pure divinylacetylene undergoes thermal de¬ 
composition at 105-110®, yet it may be polymerized smoothly at lower tempera¬ 
tures in an inert atmosphere to viscous and, finally, hard, brittle, resinous polymers 

The most imjjortant application of divinylacetylene is in the production of syn¬ 
thetic drying oils which give coatings very resistant to corrosion by most chemical 
reagents. When divinylacetylene is exposed to air it rapidly absorbs oxygen to 
form highly explosive, peroxide-like compounds which have been found to detonate 
with violence on standing. Under the influence of heat, or by aging at ordinary 
temperatures, in the presence of air, divinylacetylene is transformed successively 
into an oily product, largely soluble in alcohol and acetone, to a gelatinous mate¬ 
rial, soluble in acetone and partly insoluble in alcohol, then to a resinous mass, in¬ 
soluble in alcohol and slightly soluble in acetone, and finally to a hard, brittle 
polymer completely insoluble in acetone and alcohol. In preparing these products 
the formation of explosive substances is prevented by maintaining the tem¬ 
perature well below 113®C., best at 85-87®C.® 

A synthetic drying oil has been made by Collins’® through polymerization of 

•®J. A. Nifuwl&nd, W. S. Calcott, F. B. Downing ami A. S. Carter, loc. rtf. See also R. Les- 
pieau and Quillemonat, Comvt, rend., 1982, 195, 245; Chem. Aba., 1932 , 26, 5062, and R, Lespieau, 
Guillemonat and Urion, KoUoid-Z., 1933 63, 84; CJiem. Aba., 1933, 27, 3193. 

•W. H. Carothere, J.A.C.8., 1933, 55, 2008. 

«D. D. Coffman and W. H. Carothen, J A.C.8., 1933, 55, 2040 

«D. D. Coffman, J. A. Nleuwland and W. H. Carothers, J.A.C.S., 1933, 55, 2048. 

•»J. A. Nieuwland, U. S. P. 1,812,541, June 30, 1931, to E. I. du Pont de Nemours & Co.; Chem. 
Aba., 1981, 25, 5049 

»A. M. Collins, U. S. P. 1.812,544, June 30, 1931, to E. I. du Pont de Nemours A Co ; Chem. 
Aba., 1931, 25, 5049. 
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divinylacetylene by heat. Thus a 12-18 per cent yield of viscous, non-volatile oil 
IS produced by boiling divinylacetylene for 4 hours in the presence of air under 
a reflux apparatus (temperature of the boiling liquid, 85-90°C.) and distilling off 
unchanged divinylacetylene under reduced pressure. Alternatively, a mixture of 
75 per cent of divinylacetylene and 25 per cent of a tetramer of acetylene is 
boiled with refluxing at 75-80° at atmospheric pressure for 5 hours in an atmos- 
}ihcre of nitrogen. An equal weight of xylene is added and the mixture distilled, 
leaving as a residue a clear reddish-orange liquid of relatively low viscosity, having 
good drying properties and requiring no thinning before use. The yield in this 
case IS about 50 per cent based on the acetylene mixture used. Some acetylene 
tetramer in the raw material is said to be advantageous m increasing the yield 
of drying oil. A lacquer which can be brushed on metals is obtained by mixing 
500 g. of a 50 per cent solution of polymers (obtained from divinylacetylene and 
tetramer) in xylene with 100 g. of a 50 per cent solution of metastyrene in the 
same solvent. 

Polymerization of both vinylacetylene and divinylacetylene while in the form 
of a flowing stream has been described by Calcott and Downing.^^ In the pro¬ 
duction of drying oils from divinylacetylene and acetylene tetramer by polymeriza¬ 
tion, better results are secured by effecting reaction m the presence of an added 
solvent at the boiling pointA 25 per cent yield of drying oil is obtained by 
refluxing a mixture of equal weights of pure divinylacetylene and xylene for 24 
hours at 85-90°C. in the presence of air. By heating the tetramer of acetylene 
in a closed vessel at 100° for 3 hours, an almost quantitative yield of a prac¬ 
tically non-volatile oil is secured. This oil is used as a lacquer or varnish. A 
practically complete conversion into film-forming i)olymers is also obtained by 
boiling 40 g. of dibutylamine, 1000 g. of crude divinylacetylene, containing 40 
jier cent of tetramer, and 1000 g. of xylene under reflux in an atmosphere of nitro¬ 
gen for 50 hours. The product in this case is a clear, reddish orange liquid of 
relatively low viscosity, having good drying properties and requiring no thinning 
before use. Collins found that non-volatile liquid materials in any stage of poly¬ 
merization between that rejiresented by an average molecular weight of 156 and 
that just short of the formation of a gel can be used as synthetic drying oils. 

The synthetic drying oils produced by partial polymerization of divinylacetylene 
and the tetramer of acetylene have been marketed under the name ^^S-D-0.’”® This 
coating composition consisted of a solution of the partially polymerized acetylene 
liolymer m an aromatic hydrocarbon solvent. The pure polymers themselves 
continued to polymerize at normal temperatures, even in the absence of air. 
However, when diluted with a solvent, spontaneous polymerization did not occur 
and the material could be stored at normal temperatures in the absence of air 
and light. When applied to a surface, the solvent rapidly evaporated leaving a 
film of '‘S-D-0’' base which dried out quickly to a hard, transparent, amber-colored 
resin. Drying out was much more rapid than with the usual drying oils because 
polymerization was accelerated by a very small amount of absorbed oxygen. The 
dried films were more impervious to moisture than equally thick films of linseed 
oil painf* and were not attacked by chlorine, bromine, brine, ammonia (either 
anhydrous or in solution), hydrogen sulphide, crude oil or refined petroleum. 
The only chemicals that did attack these polymerized films were strong oxidizing 

•^W. S. Calcott and F. B. Downing, U. S. P. 1,950,429, Mar. 13, 1934, to E. I. du Pont de 
Nemours & Co.; Chem. Abs., 1934, 28, 3271. 

A. M. Collins, U. S. P. 1,812,849, June 30, 1931, to E. I. du Pont de Nemours & Co.; Chem. 
Abfi.. 1931, 25, 5048. 

O. M. Hayden, Ind. Eng. Chem, 1932, 24, 563; see also Chem. Met. Eng., 1932, 39, 517. 

H. Scheiber (Farbe u. Lack, 1934, 320 , 339; Bnt. Chem. Abs, B, 1934 , 803) finds, however, that 
diving oils prepared from polyvinyl compounds are inferior to natural oils from the standpoint of 
adhesion, as wdl as in the toughness and hatdness of the dry film. 
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agents, such as concentrated hydrogen peroxide, chromic acid, nitric acid and 
hot. concentrated, sulphuric acid. Hydrofluoric acid penetrated these films but 
did not destroy them. The fully polymerized films were not thermoplastic and 
withstood temperatures as high as 200°C. without change. These synthetic drying 
oils can be applied as paints to almost any surface other than glass or enamel. 
Laboratory tests indicated the possibility of using this type of protective covering 
for silo walls.” In using ''S-D-0” paints, successive coatings must be applied before 
the previous coat has fully hardened or else preceding coats must be treated simi¬ 
lar to a metal surface, i.e., roughened by a sand-blast or other means. 

Toxic coatings for ship bottoms were suggested by Calcott and Downing” as 
an application for synthetic drying oils from acetylene polymers. Toxicity is 
supplied by incorporation of isopropylnaphthalene or dinitrochlorobenzene in the 
composition. Divinylacetylene may be converted into a rubber-hke material by 
a process due to Calcott, Downing and Powers.” The divinylacetylene is first 
emulsified with water to give an emulsion of grain size similar to that of natural 
Hevea rubber latex, or approximately a diameter of 1 micron. This emulsion is 
then polymerized either by allowing it to stand at 30°C. for a week, by heating 
or by the addition of sufficient 2 per cent acetic acid to change the pn to about 
4. The coagulum is freed from water by milling and is ready for use as a rubber 
substitute. Physically the products obtained from divinylacetylene in this manner 
are said to resemble raw rubber and are characterized by a high degree of elasticity. 

According to Calcott, Carter and Downing,” divinylacetylene may be partially 
hydrogenated (using a nickel catalyst) and the resulting material polymerized 
(with benzoyl peroxide) to secure resins soluble in organic solvents and stable to 
light. Compounds of this type, either alone or mixed with natural gums and 
resins, can be incorporated with pigments, drying oils, volatile solvents and fillers 
to form paints and varnishes. 

Halogenated Dehivatives of Acetylene Polymers and Their Application 

Considerable technical and scientific interest is centered round the products 
obtained by treating monovinylacetylene with halogen acids since it has been 
found that the resulting halogenobutadienes are capable by controlled polymeriza¬ 
tion of being converted into rubber-hke materials of great industrial promise. On 
shaking monovinylacetylene with aqueous concentrated hydrochloric acid, two com¬ 
pounds are produced, namely 4-chloro-l,2-butadiene and 2-chloro-l,3-butadiene, 
or '^chloroprene,’^ as the latter substance has been named. The former compound 
is probably the initial product of the reaction, but it speedily undergoes isomeriza¬ 
tion to chloroprene especially in the presence of certain catalysts. The most active 
catalyst mentioned is a solution of cuprous chloride in hydrochloric acid.” Ac¬ 
cordingly, the reaction between vinylacetylene and hydrochloric acid in the presence 
of cuprous chloride at 0-20°C. gives almost quantitative yields of chloroprene in 
a few hours. On prolonged contact of vinylacetylene with hydrochloric acid espe¬ 
cially with cuprous chloride as a catalyst, two molecules of hydrochloric acid are 

^O. F. Steigerwalt, Agr. Eng., 1033. 14. 134; Chem. Aba., 1934, 28. 873. 

^ W. S. Oftloott and F. B. Downing, U. 8. P. 1,968,418, May 15, 1934, to E. I. du Pont de 
Nemours A Co. ; Chmn. Aba., 1934, 28, 4616. 

"W. 8. Oaloott, F. B. Downing and D. H. Powers, U. 8. P. 1,829,602, Oct. 27, 1931, to E. I du 
Pont de Nemours A Co.; Chem. Aba., 1932. 26, 876. British P. 389,109, 1933; Chem. Aba., 1933 , 27. 
4717. 

'**W. 8. Calcott, A. 8. Carter and F. B. Downing, U. 8. P. 1,069,363 and 1,969,408, May 22, 1934, 
to E. I. du Pont de Nemours A Co.; Chem. A&«.,vl934 , 28, 4434 . 4615. 

H. Carothers, G. J. Berchet and A. M. Collins, J.A.C.8., 1932, 54, 4066. See also W. H 
Carothers and Q. J. Berchet, J.A.C.8., 1933, 57, 2807. 
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added with the formation of 2,4-dichloro-2-butene. The comiilete reaction scheme 
may be formulated as follows: 


HC=C—CH=CH 2 


HCl Catalysts 

—>■ CH,--C==CH—CH2CI -CH 2 --CCI--<:H===CH 2 


HCl 

CH.r-C^C1==CH--CH2C1 


HCl chloroprene 


The original method of Carothers and Collins®® which involved shaking the cata¬ 
lyst and reactants in batches was later transformed by Downing, Carter and Hut¬ 
ton®^ into a continuous process. The latter is similar to that for the preparation of 
vinylacetylene*® in that the reactants are passed continuously over the catalyst solu¬ 
tion heated between 30-60®C. The products are removed by the stream of unre¬ 
acted vinylacetylene and condensed. The vinylacetylene is then returned to the re¬ 
action vessel. Either chloroprene or 2,4-dichloro-2-butene may be formed. Rapid 
passage of the gases favors the formation of chloroprene, over 90 per cent yield be¬ 
ing obtained. Collins®* has combined the transformation of acetylene to vinylacety¬ 
lene and the latter to chloroprene into one step. The distillate from the reaction 
mixture contains 24.3 per cent of chloroprene, 30.2 per cent of divinylacetylene and 
30 0 per cent monovinylacetylene which are separated by fractional distillation. The 
laboratory preparation of chloroprene has been described by Carothers, Berchet and 
Collins®^ and by Zclinski, Kozlov and Shter.®* 

Of the two monohydrochlorides of vinylacetylene, only chloroprene is of in¬ 
dustrial importance. The accompanying isomer, 4-chloro-l,2-butadiene is a color¬ 
less liquid boiling at 87.7-88.1®C. and shows no tendency to polymerize.®* It can 
be stored unchanged for many months under laboratory conditions and even un¬ 
dergoes no change when submitted to a pressure of 6000 atmospheres for 45 hours 
at 50®.*^ On the other hand, chloroprene possesses an unusually pronounced tend¬ 
ency to polymerize to rubber-like substances, some of which would appear to have 
industrial possibilities. 

Chloroprene, CHa^CCl—CH=CH*, is a colorless liquid of d Z 0.9583 and boiling 
at 59.4°C. under 760 mm. The presence of a conjugated system of double bonds 
in the molecule of this compound is demonstrated by its ready combination with 
maleic anhydride and naphthoquinone to furnish crystalline addition products*® 

As previously mentioned, chloroprene is distinguished by its rapid change to 
rubber-like and resinous products,*® transformation being complete in a few days. 
In comparison, the spontaneous polymerization of isoprene requires several years 
for completion. In the case of chloroprene, conversion is greatly accelerated by 

®®W, H. Carothers and A. M. Collins, U. S P. 1,960,431, Mar. 13, 1934, to E, 1 du Pont df 
Nemours & Co.; Chem. 1934 , 28. 3271. Frendi P. 721,532, 1931; Cheyn. Aba, 1932, 26, 4061 

British P 387,325, 1931; Bnt. Cheni. Aba. B, 1933, 296. 

*iF B. Downing, A. 8. Carter and D. Hutton, U. S P. 1,950,434, Mar. 13, 1934, to E I du Pont 

de Nemours & Co.; Chem Aba., 1934 , 28, 3271. British P. 395,131, 1933; Chem Aba., 1934, 28, 375 

French P. 41,933, 1933; Chem. Aba., 1933, 27. 4538. German P. 588,708, 1933, Chem. Abs., 1934 , 28, 
2015 

“W. S. Calcott and F. B. Downing, U. S. P 1,876,857, Sept. 13, 1933, to E. I. du Pont de 
Nemours A Co ; Chem. Aba., 1933, 27, i03. 

** A M. Coilins, U. S. P. 1,950,435, Mar. 13, 1934, to E. I. du Pont de Nemours A Co ; Chem. 
Aba, 1934 , 28. 3270. 

W H. Carothers, G. J. Berchet and A. M. Oollins, loc. cit. 

^’N D. Zehnskv, N, S. Koslov and R. S. Shter, Bvll Acad. 8ci. V. 8. S. R , 1934 , 8, (1), 141; 

Chem. Aba., 1934, 28, 6713. See also N. D. Zelinsky. N. S. Kozlov, R. S. Shter and N. G. Pesin, 

8mtet. Kauchuk, 1932. (8), 4; Chem. Aba., 1933, 27. 60’6 

I-Ohloro-l,3-but8diene, however, is rej^rted to polymerize forming rubber-like masses. British 
P. 421 146, 1934, to I. G. Farbenind. A.-G.; Bnt. Chem. Aba., B, 1936, 196. 

®^Thi8 is curious 8iju*« M. Bourguel (Compt. rend., 1931, 192, 686; Chem. Aha., 1931, 25, 2980) 

found that phenylpropadiene polymerized rapidly at 60*0. to a soft resin. 

«• W H Carothers, I. Wiflisms, A. M. Collins and J. E. Kirby, J A C.8 , 1981, 53, 4203. 

W. H. Carolers and A. M. Collins, U. S. P 1,950.432, Mar. 13. 19W, to E I. du Pont de 

Nemours A C6 ; Chem. Aha, 1984, 28, 8271. 1 WilliamR U. 8 P 1.950,436, Mar. 13. 1934, to E 1 

du Pont de Nemours A Co.; Chem. Aba., 1934, 28, 3271. British P. 387,363; Chem. Aba., 1933, 27, 4718. 
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traces of oxygen®® or oxygenated substances and by peroxides. Also, both increase 
in temperature up to about 80°C. and increase of pressure speed up the rate of 
polymerization. The reaction is powerfully inhibited by various antioxidants 
(e.g., catechol or pyrogallol) insofar as the formation of nonvolatile polymers is 
concerned. However, the formation of the volatile ^-polymer is not suppressed by 
antioxidants. 

The type of polymer obtained from chloroprene depends very greatly upon 
the experimental conditions. In the presence of antioxidants at 60°C., volatile, 
terpene-like polymers are formed which show no tendency to undergo further 
polymerization to rubberdike substances. These oils are called /S-polychloroprene 
and do not appear in significant amounts except in the presence of antioxidants. 
All the other qualitatively different types of chloroprene polymers are high- 
molecular-weight substances. When chloroprene is allowed to stand in contact 
with air at ordinary temperature, it gradually increases in viscosity until, after 
ten days, a non-plastic mass is formed."* This is called M-polychloroprene. If the 
reaction product formed during the early stages of the process is isolated by 
precipitation with alcohol and distillation of the unchanged chloroprene, a soft 
plastic polymer** completely soluble in benzene is obtained. This polymer is called 
a-polychloroprene and represents an intermediate stage in the formation of /ti-poly- 
chloroprene. Transformation of chloroprene into the a-polymer is enormously sus¬ 
ceptible to catalytic and anti-catalytic influences and is evidently a chain reaction. 
An activated chloroprene molecule couples with another chloroprene molecule and 
the activating energy persists until a polymeric chain of considerable length has 
been built up. These a-polyiners jirobably have the formula 

~ch2--c==<jh~c:ii,-ch2~c=-ch—CH2— 

ii ii 

Conversion of a-chloroprene into the transparent, resilient, elastic At-poly- 
chloroprene does not become noticeable until the concentration of the a-polymer 
has reached about 25 per cent. This transformation probably consists in the cross- 
linking of long chains into a three-dimensional structure of the type: 

- A—A~A-~-A~A~A~A—A - 

- A—A —A—A—A—A—A~A - 

- A—A—A —li—A —A—A—A - 

The commercial preparation of rubber-like products by polymerizing chloroprene 
has been studied by several investigators. Starkweather®® eliminated the necessity 
of light by the use of catalysts, such as water, ethylene oxide and dioxane. With 
these catalysts, however, the reaction is liable to progress too rapidly and means 
were desired of controlling it so that a plastic mass capable of being milled could 
be produced. This was accomplished by Carothers, Collins and Kirby®* by the 
addition of inhibitors, as for example, phenols, quinones, amines, nitroaryl com¬ 
pounds, organic sulphur compounds, ethyl selenide and halogens. In addition to 
employing catalysts and inhibitors Williams and Walker®® controlled the reaction by 

®®The influence of oxygen, water and other substances on the polymerization of chloroprene is 
discussed by I. Williams and H. W, Wa4ker, Jnd. Eng. Chem., 1933, 25, 199. 

•tW. H. Carothers and A. M. Collins, U. 8. P. 1,950,432, vide supra. 

•*1. Williams, loc. cit. 

••H. W. Starkweather, U. S. P. 1,950,487, Mar. 13, 1984, to E. I. du Pont de Nemours A Co. ; 
Chem. Abs., 1934, 28, 3271. 

MW. H. Carothers, A. M. Oolliiw and J. E, Kirby, U. S. 1,950,438 and 1,950,439, Mar. 13, 1934, 
to B. 1. du Pont de Nemours A Co.; Chem. Ab«.,. 1984, 28, 3271. See also French P. 769,472, 1934, to I. 
O. Farbenind. A.-G.; Chem. Abs., 1935, 29. 643. 

»I. Williams and H. W. Walker, U. S. P. 1,950,442, Mar. 13, 1984, to E. 1. du Pont de Nemoure A 
Co.; Chem. Abs., 1934, 28. 3271. 
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keeping the concentration of the polymer below 15-18 per cent through the addition 
of solvent from time to time. Carothers, Collins and Kirby^'® polymerized 2-chloro- 
1,3-butadiene in a number of different solvents. These included volatile liquids 
(benzene, toluene, ether, ethylene chloride and carbon disulphide), non-volatile 
oils (mineral oil, cottonseed oil, ethyl benzoate, corn oil and cod-liver oil) which 
remain in the polymer and modify its properties, and solvents which precipitate 
the resin as it is formed (ethyl alcohol). In this manner not only can polymeri¬ 
zation be controlled, but a wide variation is also possible in the nature and appli¬ 
cation of the resulting substances. In addition, co-polymers of the chlorobutadiene 
with styrene, isoprene or tung oil have been formed. The latter products were said 
to be plastic and usually transparent. 

Several other types of amorphous polymers of chloroprene have been recog¬ 
nized by Carothers and his co-workers but the most important from an industrial 
standpoint are the a- and M-polymers. 

a-Polychloroprene is best obtained by exposing chloroprene to strong illumina¬ 
tion from a Mazda lamp or a mercury arc at 35°C. for twenty-four hours. 
Under these conditions about 30 per cent of the chloroprene is polymerized and the 
a-polymer can be isolated by pouring into alcohol. This polymer is plastic and 
dissolves completely in benzene to form highly viscous solutions. It can be calen¬ 
dered into thin sheets or extruded with the usual rubber material. At 30°C. the 
a-polymer is completely changed in 48 hours (or in 5 minutes at 130°C.) into the 
/A-polymer. This change, which corresponds to the vulcanization of rubber, does 
not require the addition of sulphur but can be effected by heat alone and is ac¬ 
celerated by zinc chloride or butyrate, ferric chloride, or primary aromatic 
amines. Transformation of chloroprene occurs very readily also in aqueous emulsion 
and the product constitutes a synthetic (vulcanized) latex'" which has about the 
same particle size as good Hevea latex and may be used in much the same way. 

One method for preparing the latex is to agitate 2-chloro-l,3-butadiene with 
an equal weight of water in which has been dissolved 2 per cent by weight of 
sodium oleate.” Heat is evolved as the emulsion forms and the mixture must be 
cooled. A milk-white suspension results in which the particles show a definite 
Brownian movement. Polymerization is complete after a few hours, but may be 
retarded by small amounts of iodine or catechol. In this case the dispersed bodies 
are plastic, soluble in benzene and resemble natural unvulcanized rubber. As in 
the natural latex, precipitation or coagulation may be accomplished by addition 
of acid. Ordinary rubber antioxidants (aromatic amines and phenols) as well as 
acid acceptors (alkalies, zinc oxide, sodium oleate) are said to inhibit oxidation of 
the synthetic material. The use of protective colloids, i.e., casein, albumen, natural 
latex serum, pectins and gum arabic, in the latex is also recommended. 

Barrett and Dorough" replaced sodium oleate with the sodium or ammonium 
salt of glyceryl phthalate resin. In some instances the polybasic acid was blended 
with 20-35 per cent of castor oil, stearin, tung oil or cottonseed oil previous to 
esterification. Chloroprene latices prepared in this manner are said to give films 
with improved tensile strength, tear resistance and elasticity. 

By incorporating 2 per cent of an oxidizing agent, e.g., potassium persulphate 

•• W. H. Carothers, A. M. Collins and J. E. Kirby, U. 8. P. 1,967,860, July 24, 1934, to E. I. du 
Pont de Nemours A Co.; Chem. Aba., 1934, 28, 6026. 

»TW. 8. Calcott, F. B. Downin« and D. H. Powers, U. 8. P. 1,903,500, Apr. 11, 1933, to E. I du 
Pont de Nemours & Co.; Chem. Aba., 1933, 27, 3358. See also BritisOi P. ^7.340 and 393,172, 1933; 
Chem. Aba., 1933, 27, 4717; 1934 , 28, 372. 

»»A. M. Collins, U. 8. P. 1,967,861, July 24, 1934, to E. I. du Pont de Nemours & Co.; Chem. Aha., 
1934, 28, 6026 

»H. J. Barrett and G. L. Dorough, U. 8, P. 1,967,220, July 24, 1934, to E. I. du Pont de 
Nemours A Co.; Chem. Aha., 1934, 28, 6025. 
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or sodium perborate, with a sodium oleate dispersion of chloroprene, Collins'*" 
is reported to have secured coagulated films and threads which on drying showed 
improved tensile strength, especially after aging at 80°C. 

a-Polychloroprene has been placed on the market in the form of a synthetic 
rubber named DuPrene.'®' This product has excited a vast amount of interest,'**^ 
and numerous studies have been made comparing it to natural rubber'®* and in¬ 
vestigating the compounding of DuPrene with other substances to improve its 



(j. 46. 

Flcx-Cracking Test of DuPrene. Natural 
rubber shown m background for comparison. 
Rubber cracks considerably in this flex test 
but DuPrene does not. (E. R Bridgwater.) 


Conirteity Induatrinl and hJiifjintinng Chi 


rcsivStiince to various conditions.'®* The following properties of DuPrene and its 
comparison with rubber are of note: 

1. Compounds using DuPrene are not swelled nearly as much as corresponding rub¬ 
ber compounds are in petroleum distillates. While unsatuiated compounds like 
oleic acid have almost the same swelling effect on DuPrene products as on rubber 
ones, the swollen DuPrene retains most of its toughness and tear-resistance. Carbon 
tetrachloride and aromatic hydrocarbons swell and cause some tendering of 
DuPrene, but the effect is not as great as on rubber,'®® 

2. Ovcrcuring DuPrene compounds does not ruin the aging properties as it does with 
rubber compounds. 

3. Sulphur is not essential for the vulcanization of DuPrene. 

4. Cements made by swelling DuPrene m appropriate solvents are better adhesives 
than those made from rubber. 

5. Rubber compounds decline sharply in abrasion resistance with increasing tempera¬ 
ture whereas DuPrene ones do not. 

6. DuPrene is less permeable to gases than rubber. 

7. It IS more resistant to ozone. 

8. It is not deteriorated by flexing in the way that rubber is. In one test the rubber 
sample broke through after 24 hours whereas the DuPrene after 80 hours showed 
no indication of failure. (See Fig. 46.) 

i«> ^ M Collins, U. S. P. 1,967,885, July 24, 1934, to E. I. du Pont de Nemours A Co.; Chem 
Ah», 1934, 28. 6027. 

Ind. Eng. Chem. News Ed., 1931, 9, 321. DuPrene is made by E. I. du Pont de Nemours & Co. 
at Deepwater Point. N. .1, DuPrene is also spelled Duprene. 

RoMews on the subject may be found m: R. Pummerer, Angew. Chem., 1934 , 47 , 209; Chem. 
Abs., 1934, 28, 4267 C M. A. Stine, J S C.I., 1933, 52. 416. C A. Tyler, Chem. Ind. (N. Y ). 1934, 
34. (4), .303; Chem. Abs., 1934, 28, 3938 A. Kubelpek, J. Rubber Ind {U S S. R), 1933, 10, 72. 
Chem Abs, 1933, 27 , 6016. W. Szukiewica, Przemysl Cherru., 1934, 18, 22; Chem. Abs, 1934, 28, 4628 
Oil, Paint and Drag Rep , 1931, Nov, 9, 17. 

W. J S Naunton, M. Jones and W. F. Sihith, Trans. Inst. Rubber Ind., ^933. 9, 169 Chenu. 
Abs, 1934, 28. 2569. E. R. Bridgwater, Ind. Eng. Chem., 1934, 26, 33; O. M. Hayden and E. H. 
Krismann, Ind. Eng. Chem , 1933, 25, 1219 

E. R. Bridgwater and E. H. Knsmann, Ind. Eng. Chem., 1933, 25, 280 O, M. Havdon and 
B. H. Krismann, foe ext. 

“■P, Kirchhof iChem.’-Ztg., 1984, 58, 542; BrtU Chem. Abs. B, 1934, 774) found that aromatic 
solvents caused greater swelling of /a-chloroprene (as well as of chlorinated and vulcanized rubbei) 
than aliphatic solvents. 
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9. Properly compounded DuPrene is affected hardly at all by 50 per cent sulphuric 
acid. Boiling for 4 days in 50 per cent sulphuric acid reduced the tensile strength 
from 191.6 kg./sq. cm. only to 80.8 kg./sq. cm. 

10. Caustic soda and other common alkalies have practically no effect. 

11. In nerve and snap it resembles natural rubber more than any other synthetic prod¬ 
uct and like natural rubber it gives an x-ray diffraction diagram.^®® 

12. On the other hand, Whitby and Katz^®^ found that the samples examined by them 
suffered a more serious fall in strength with rise of temperature than did samples 
of natural rubber.^®® 

In compounding DuPrene, De Holczer'** recommended the use of the plastic 
substance produced by Shmkle“® through the action of ethylene dichloride on aro¬ 
matic hydrocarbons of the type R—Cell*— R\ where R and R' represent hydrogen 
or alkyl radicals of more than one carbon. This mixture is less likely to scorch 
on milling and is resistant to hot lubricating oil at 150°C. 

A mixture of chlorinated drying oils and polymerized chlorobutadiene has 
been suggested for use in a rubber composition to render it fireproof.^^ 
Hepp'^^ advises using polymerized chloroprene as a binding agent. 

Porous materials, i.e., leather, wood, cloth and tile, are said to be made re¬ 
sistant to water by impregnation with chlorobutadiene, followed by polymeriza¬ 
tion in situ}^ The chlorodiene may be diluted with benzene, alcohol, acetone or 
carbon tetrachloride. The partially polymerized form has also been employed, 
either in solution, as an emulsion or in a spreading composition for surface coat¬ 
ing. Drying oils, softeners and other resins, when incorporated, serve to enhance 
the desired properties. Oilproof paper, window shades, awning cloth and book¬ 
binding materials are included in the suggested uses."* 

The homologues"® of chloroprene do not polymerize so readily as chloroprene and 
the products are soft, plastic and sticky."* 

The addition of aqueous hydrogen bromide to vinylacetylene in the presence 
of cuprous bromide leads to the formation of 2-bromo-1,3-butadiene or ^‘bromo- 
prene.’"" This compound may also be made directly from acetylene'^* by bringing 
the latter into contact witn an aqueous solution of cui)rous bromide and hydro- 
bromic acid. Polymerization of bromoprene is somewhat more rapid than that 
of chloroprene, but the products are strictly analogous. Spontaneous polymeriza¬ 
tion yields first a plastic polymer (a-polybromopreiie) and then finally M-poly- 
bromoprene, which resembles vulcanized rubber but is more dense than the rubber 

P. Garbsch and G v. Suaich, Kautschuk, 1932, 8, 122; Chem. Abs , 1932 , 26, 5906, 

G. S. Whitby and M. Katz, Ind Eng Chem , 1933 , 25, 1338. 

1“® At 20*C. the strength was only slightly less than that of vulcanized natural rubber. At 37®C. 

the stiength was seriously impaired and at 70* it was practically deatioyed 

i'"* L J. De Holczer, U. S. P 1,967,292, July 24, 1934, to New York Belting & Packing Ck)mpan\ ; 

Chem. Abs., 1934, 28, 5941. British P. 421,435, 1934; Brit. Chem. Abs. B. 1935, 195. 

D. Shinkie, Frenclr P 743,753, 1933, to Naugatuck Chemical Co ; Chem. Abs, 1933, 27, 
3789. British P. 407,948, 1934; Chem Abs, 1934, 28, 5190 

D. F. Twiss, A. S. Carpienter and A. E. T. Neale, Bntish P. 420,116, 1933, to Dunlop Riibbei 
Co., Ltd ; Bnt. Chem. Abs., B, 1935, 114 

iwg. F Hepp, U. S. P. 1,932,104, Oct 10, 1933; Chem. Abs., 1934, 28, 602 

^*1. Williams, U. S. P. 1,967,275, July 24, 1934, to E. I. du Pont de Nemours A Co.; Chem. 
Abs., 1934 , 28, 5943 

«*A. M. Collins and L. L. Larson, U. S P 1,967,868, July 24, 1934, to E. I. du Pont de NelniMlI‘^ 
A Co.; Chem. Abs., 1934, 28, 8993. British P, 413,686, 1934; Chem. Abs., 1935, 29, 285. 

R A. Jacobson, U. S. P. 1,950,440, Mar. 13, 1934, to E I. du Pont de Nemours A Co.; Chem 
Abs., 1934, 28, 3270. W. H. Carothers and D. D. Coffman, U. 8. P 1,950,441, Mar. 13, 1934; Chem 
Abs., 1934, 28, 3270 See also A. E. Favorski, Russian P. 31,015 to 31,017, 1933; Chem. Abs., 1934, 
28 3425. 

* iwW. H. Carothers and D. D. Coffman, J.A C.8, 1932, 54, 4071. R. A. Jacobson and W. H 
Carothers, J.A.C.8., 1933, 55, 1624 

AWW. H. Carothers. A. M Collins and J E Kirbv, J.A.C.S., 1933, 55, 786. W. H. Carotliei.s 
and A. M. Collins, U. S. P. I,9i50,431, Mar. 13, 1934, to B. I. du Pont de Nemours A Co,; Chem Ah^., 
1934 28 3271. 

h»A*. M. Collins, U. S. P. 1,950,485, Mar. 13, 1934, to E. I. du Pont de Nemours A Co.; Chem. 
Abs., 1984, 28. 3270. 
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of M-polychloroprene. At elevated temperatures in the presence of antioxidants, 
a volatile, liquid jS-polymer is formed 

Chloroprene, bromoprene and other /^-substituted dienes, i.e., 2-phenyl-l,3- 
butadiene, were treated by Carothers and Collins'*® with maleic acid and anhydride, 
fumaric acid and other compounds containing a reactive C-C double bond. The 
resulting products were stated to be serviceable as intermediates for the synthesis 
of dyes, perfumes and medicinal compounds. 


Other Halogen Derivatives of Acetylene Polymers 


Derivatives obtained by reacting divinylacetylene with sulphur monochloride 
have been reported to be synthetic drying oils, suitable for protecting articles 
from corrosion.'*' Vinylacetylene polymers may be made less liable to change due 
to the oxygen of the air by reducing their unsaturation. This may be accomplished 
by catalytic reduction'** or halogenation.'** Reaction is not carried so far that the 
products may not still be polymerized into rubber-like masses.'** Condensation 
of the acetylene polymers with sulphuryl chloride'* (SOaCh) has also been said 
to yield materials, some of which can be used as drying oils and in coating composi¬ 
tions. 

By-products from the preparation of chloroprene, e.g., 4-chloro-l,2-butadiene, 
may be further chlorinated, and then treated with alkali to form unsaturated 
chlorinated hydrocarbons which are readily polymerized.'** Thus, 4-chloro-l,2- 
butadiene (in carbon tetrachloride at —^50®C.) is converted into 1,2,2,3,4-penta- 
chlorobutane. Treatment of the latter compound with alcoholic potassium hydrox¬ 
ide gives 1,2,3-trichloro-l,3-butadiene which in turn, at 90°, is transformed into 
a soft non-plastic, non-rubber-like mass. Co-polymerization of 1,2,3-trichloro-l,3- 
butadiene and 2-chloro-l,3-butadiene, however, yields a softer, rubber-like body. 
Homologues of vinylacetylene may be produced'*' and polymerized. The polymers 
are used in the same manner as those of vinylacetylene itself. Mercury'** and 
halogen substituted'*® vinyl acetylenes are known also and these change into dark 
tars and solids on long standing. Several of the polymers are expilosive. Blom- 
quist and Marvel'** obtained viscous tars and amorphous substances from the re- 

i’»w H Carothois, J. E. Kirby and A. M. Collins, J A.C S , 1933, 55, 789 W. H. Carothers and 
A. M. Collin.s, U. S. P. 1,950,433, Miu, 13. 1934, to E. I du Pont de Nemours & Co ; Chem. Aba, 
1934 , 28, 3271. 

W”. H Carothers and A Collins, U. S. P. 1,967,862, July 24, 1934, to E. I. du Pont de Nemours 
& Co.; Chem. Aba., 1934 , 28. 5994. 

W. S Calcott, A. S Carter and F. B Downing, U. S. P. 1,896,158, Feb. 7, 1933, to E. I. du 

Pont de Nemours & Co ; Chem. Aba., 1933, 27, 2591. Also W. S. Caleott and A. S. Carter, U. S. P. 

1,896,157, Feb, 7, 19M, to E I du Pont de Nemours & Co.; Chem Aba., 1933, 27, 259. 

’«W. S. Calcott, F. B Downing and D. H. Powers, U. S P 1,903,500 and 1,903,501, Apr. 11, 1933, 
to E. I du Pont de Nemours & Co ; Chem. Aba, 1933, 27, 3358, 3222. British P. 389,108. 1933; Chem. 
Aba., 1933, 27 , 4700. W. S. Calcott, A, S. Carter and F. B. Downing, U. S. P, 1,920,242, Aug. 1, 
1033; 1,959,408, May 22, 1934, to E. I. du Pont de Nemours & Co ; Chem. Aba., 1933, 27, 4818; 1934, 
28, 4615. 

W. S. Calcott and A. S. Carter, U, S. P. 1,896,159, Feb. 7, 1933 to E. I. du Pont de Nemours 

& Co : Client. Aba, 1933 , 27 , 2591. British P. 389,122, 1933; Chem. Aba., 1933 , 27, 4700. See al.‘«o 

G. J Berchet and W. H Carothers, J.A C.S., 1933, 55. 2004 

D. D Coffman and W H. C^irothers. J.A.C S., 1933 , 55, 2040 

’«JW. 8. Calcott and A. S, Carter, U. S. P. 1,896,160, Feb. 7, 1933, to E. I. du Pont de Nemours 
& Co.; Brit. Chem. Aba., B. 1933, 964. 

»«W. H. Carothers and G. J. Berchet, U. S. P. 1,965,369, July 3, 1934, to E. I. du Pont de 
Nemours & Co.; Chem. Aba,, 1934, 28, 5716. 

H. Carothers and R A. Jacobson, U S. P. 1,963,934. June 19, 1934, to E. I. du Pont de 
Nemours & Co.; Chem. Aba., 1934 , 28, 1051; J.A.C.S., 1933, 55, 1097, 1622. W. H Carothers and G J 
Berchet, U. S. P 1,963.935, June 19, 1934, to E. I. du Pont de Nemours 4 Co.; Chem. Aba, 1934 , 28. 
5082; J.A.C.8., 1933, 55. 1094; see also bv the same authors J.A C S , 1933 , 55, 2813. 

>2® W. H. Carothers, R A. Jacobson and G. J. Berchet, J.A.C.S., 1933, 55, 4665. 

»»R. A. Jacobson and W. H. Carothers, J.A.C.S., 1933, 55, 4667. T. H. Vaughn and J. A. 
Nieuwland, J.C.8., 1933, 741. W. H. Carothers and G. J. Berchet, J.A.C 8 , 1933, 55, 2807. See also 
R. A. Jacobson, U. S. P. 1,967,864, July 24, 1934, to E. I. du Pont de Nemours & Co.; Chem. Aba., 
1934. 28, 5834. 

^ A T. Blomquist and C S. Marvel, J.A.C.8., 1983, 55, 1656. 
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action of the homologues of divinylacetylene with bromine and maleic anhydride, 
respectively. 

Iodine reacts readily with acetylene, vinylacetylene and their homologues in 
liquid ammonia.'®^ Methylvinyliodoacetylene made in this manner was a colorless 
liquid, but on standing m the presence of oxygen it became dark and viscous, 
eventually forming a black solid. 

Resinous Condensation and Polymekization Products of Ac.^etylene 

Synthetic resins have been produced by Deutsch, Haehnel and Herrmann'*’ 
by condensing acetylene with organic substances in the presence of salts of mercury 
or aluminum. If necessary, these catalysts were activated with acids or alkalies. 
The organic substances include aliphatic and aromatic hydrocarbons,^®* phenols, 
carboxylic acids and their esters. The products are either water-insoluble resins 
or substances of the cuprene type. For example, acetylene is introduced into an 
emulsion of mercury benzene sulphonate in glacial acetic acid, the mixture heated 
after absorption and then leached to yield a resin. By passing acetylene into an 
emulsion of amyl alcohol and mercury sulphate until absorption ceases, a liquid 
mass is obtained which, after decantation, can be used directly as a lacquer, or 
the resin can be isolated therefrom by distilling off the amyl alcohol. A cuprene- 
like substance is formed by introducing acetylene into an emulsion of aluminum 
chloride in dry benzene, mixing the product with water and steam-distilling off 
the benzene. Acetylene is passed into a heated mixture of hexane and mercury 
sulphate and the mixture heated for several hours. Removal of hexane by distilla¬ 
tion yields a solid resin. 

Bourgoin^**® made plastic substances applicable for electrical insulation by 
treating animal and vegetable fats mixed with calcium carbide with steam under 
pressure. Acetylene first forms which then reacts with the fatty substance. With 
cuprous chloride as a catalyst, Durand and Banos succeeded in condensing 
acetylene and carbon monoxide in pyridine solution to a black tar.“* Quinone 
was identified as one of its constituents. Another resin from acetylene was obtained 
by Quilico and Freri by the action of fuming nitric acid on acetylene. They'** 
obtained among other products an explosive substance, CiHsNoOT. This when 
dissolved in ethyl alcohol gives, with aniline, after evaporation of the solvent, a 
pitch-like mass. 

Resinous Substances from Other Acetylene Hydrocarbons 

Many of the higher homologues of acetylene are converted into resinous sub¬ 
stances by polymerization either spontaneously or under the influence of heat, 
light, catalysts and silent electric discharges. Methylacetylene (propyne) changes 
to a white solid when exposed to a hot mercury-arc light.'** By exposing 1-heptyne 
to the action of the silent discharge, Losanich'*' obtained along with liquid polymers 

i»iT. H. Vaughn and J. Nieuwland, J A C.S., 1982, 54, 787; 1934, 55, 1207. 

H. Deutsch, W. Haehnel and W. O. Herrmann, German P. 493,324, 1924, to Consort, f. elektro- 
rhom. Ind. G.m.b.H.; Chem. Abs., 1930, 24, 2788, British P. 228,167, 1924; Chem..Aba„ 1928, 19, 2782. 
Canadian P. 286,887, 1928; Chem. Abe., 1926, 20, 2333. 

In the endeavor to obtam isoprene by heating acetylene and propylene under pressure, polv- 
merization occurred in part to bodies capable of use as varnish or turpentine substitutes. H. O. 
Traun, British P. 186,116, 1920; J.S.C.I., 1922, 41, 436A. 

M^L. G. Bourgoin, U. 8. P. 1,867,788, Dec. 29, 1928; Chem. Abe., 1926, 20, 607. British P. 
268.677, 1928; Bnt. Chem. Abe., B. 1927, 288. 

J. F. Durand and M. Banos, Compt. rend., 1927, 184, 972; Chem. Abe., 1027, 21, 2467. 

Quilico and M. Freri, Gazt. chim. ital., 1929, 59, 030; 1030, 60, 721; Chem. Abe., 1030, 24, 
3484; 1931, 25, 1247. For other nitrogen-contauiina resins see Chapter 38. 

“•S. C. Lind and R. Livingston, J.A.C.8., 1983, 55, 1036. 

^S. M. Loaanich, B\M. eOc. etiin. Bucharett, 1914. 23, 3; Chem. Abe., 1917, 11, 284. 
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a dark-red, thick" mass soluble in ether and benzene. Under similar conditions, 
1-octyiie gave a dark-red, soft mass, soluble in ether and benzene but insoluble 
in alcohol and having a molecular weight corresponding to a "‘nonaoctyne,"’ 

When phenylacetylene is heated in a sealed tube for 23 hours at 230-240°C., 
it is converted into a tough, brown mass, soluble in ether. Alcohol precipitates 
an amorphous brown powder which, however, is readily soluble in most organic 
solvents.^” When heated in a sealed tube with an aqueous solution of methylamine 
or ethylamine, phenylacetylene is converted into sym-triphenylbenzene. Under 
similar conditions, dimethylamine, trimethylamine, diethylamine and piperidine 
convert it into an oily substance. Aqueous ammonia and potassium hydroxide 
solutions likewise give tarry products.'” Hunt and Turner'” treated phenylacetylene 
with arsenious chloride and aluminum chloride. The resulting yellow liquid became 
black and viscous in 2 hours, but purification of the product yielded an amorphous 
yellow solid. 

Diacetylene, CH^C—CshCH, is a veiy interesting hydrocarbon which is pro¬ 
duced m small amounts during the electropyrolysis of acetylene, methane, petro¬ 
leum hydrocarbons and alcohol, and also in the thermal decomposition of acetylene, 
methane and other materials at very high temperatures. This hydrocarbon readily 
polymerizes above 0®C. with the formation of an insoluble brown mass which does 
not melt at 350°C. but explodes at higher temperatures.'*' When preserved in 
sealed tubes at 0®, in the absence of light, the hydrocarbon is transformed into 
a dark brown polymer, which explodes violently on contact with a hot wire.'” 
Liquid products are formed from diacetylene at higher temperatures.'” The 
analogous compound, dipropargyl'” (1,5-hexadiyne) rapidly polymerizes to a solid 
hydrocarbon. 

A number of hydrocarbons which contain both ethylenic and acetylenic bonds 
in other than the 1,3-position polymerize spontaneously to resins. Grignard and 
Lapayre'” found that l-phenylpenta-4-ene-l-yne, CbHb—C^C—CH*—^CH=CH 8, 
resinifies on standing. 

Hydrocarbons thought to be 


H HC=CH2 

H—C=C—Cllj—CH=CH, and H—CsC—CHj- 

H(k=CH, 


-CH=CH2 


were obtained by Lespieau and Journaud.'” These hydrocarbons were formed by 
the action of allyl iodide on monosodium acetylide. When heated, they slowly 
polymerized. Likewise the pyrolysis of the methyl-substituted propargylphenyl 
ethers. 


H 


CHa 


CHa-CsC—C—O—C.IL and CH,—CsC-C-O—CeHa, 

I I 

H CHa 


gave resins and tars.'” 


WR. Skraup and E. Beng, Ber., 1927, 60. 945; Chem. Abt., 1027, 21, 2125. 

Krasousky and A. Kiprianov, J. Rnss. Phy$.-Chem. Soc., 1925, 56, 1; Chem. Ah»., 1925, 19, 

2817. 

F. Hunt and E. E Turner, /.C.S.. 1925, 127 (1), 998. 

O. MUIler, Hetv. Chim. Arta, 1925, 8 , 828; Chem. Abe., 1920, 20. 1051. 
i‘*F. Rtraiia, L. Kollek and H. Hauptmann, Ber.. 1930, 63. 1888; Chem. Abe., 1931, 25, 73. 
i"F. Straua and L. Kollek, Ber„ 1928, 59, 1884; Chem. Abe., V27, 21, 50. 
i«L. Henry, Ber., 1881, 14, 401; Chem. Zentr., 1881, 808. 

V. Qrifmard and L. Lapaym, Cnmpt. rmd„ 1981, 192, 250; Chem. Abe., 1981, 25, 2421. 

Leepieau and .Toumauu, BuH. soc. ehim., 1981, (4) 49, 423; Bnt. Chem. Abs., A, 1931, 709. 

C. D. Hurd and F. L. Cohen, J.A.C.S.» 1981, 53, 1068. 
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Tolane (diphenylacetylene) heated with 4,5-diphenylcyclopentenolone (anhy- 
dro-acetone-benzil) yielded a small amount of colorless crystals (m. p. 262-263°C ) 
of tetraphenyl-benzene, together with a larger quantity of a resinous body.’** 
Formation of the.latter was reduced by carrying out the reaction in the absence 
of air. 

Dilthey and G. Hurtig, Der , 1934 , 67, 2004. 



Chapter 9 

Polymerization of Hydrocarbon Olefins and Diolefins. 

Synthetic Rubber 

The part played by polymerization in resin-forming reactions has already been 
discussed in Chajiter 4, The i)resent chapter deals solely with polymerization 
reactions involving unsaturated aliphatic and alicyclic hydrocarbons.^ These com¬ 
pounds, as a class, including monolefins, diolefins and acetylenes,® possess an in¬ 
herent tendency to polymerize. This tendency is not exhibited by typical saturated 
hydrocarbons, e.g., paraffins and cycloparaffins, nor by aromatic hydrocarbons. 

Simple monolefins of the type RTl®C=CR®R*, in which R\ R®, R®, and R* are 
hydrogen atoms or alkyl groups, are capable of undergoing additive polymerization 
under the influence of heat, catalysts, the silent electric discharge, alpha-radiation, 
ultraviolet light, and similar energizing influences, but in most cases the products 
of such polymerization reactions are oily rather than resinous. The tendency of 
monolefins to undergo polymerization is greatly increased by the introduction of 
an electronegative group into the molecule at one of the carbon atoms in the 
ethylenic grouping. Accordingly, the so-called vinyl compounds (i.e. compounds 
of the type CHaCX, where X is an electronegative atom or group), including 
styrene, vinyln^phthalene, vinyl halides, vinyl ethers and vinyl esters (see Chapters 
11 and 51-53) are capable of undergoing very rapid polymerization, particularly 
in the presence of catalysts, with the formation of macroinolecules possessing 
resinous characteristics. 

In contrast to these readily polymerizable, negatively substituted olefins, the 
simple ethylene homologues are polymerized less easily and do not tend to form 
products of very high molecular weight except, perhaps, under very special cir¬ 
cumstances. Thermal treatment of ethylene and its homologues has been found 
to yield simple polymers (the polymers themselves being olefins of double or 
treble the molecular weight of the parent hydrocarbon) but so many other reac¬ 
tions occur simultaneously that the true polymers are always present with other 
substances. At temperatures above 650°C. the main products of the pyrolysis 
of olefins are aromatic hydrocarbons and tars. 

Since in most cases the monolefins yield only oily polymers, the diolefins are 
of more interest in the present discussion. Consequently the greater part of the 
chapter deals with the polymerization of the latter type of compound. Considerable 
study has been devoted to diolefins (particularly those containing conjugated 
double bonds) toward their conversion into products of high molecular weight. 
The object in view has been the production of a material which will meet the re¬ 
quirements demanded of a substance designed to replace natural rubber. 

Polymerization of Monolefins 

Resinous substances, as well as oils, have been obtained by polymerization of 
the lower monolefins under the activating influence of the silent discharge. These 

^ Cf. the discussion of this subject by Caileton BlIis, “The Chemistry of Petioleum Denvatives," 
CSiemical Catalog Oo., New York, 1934. 

> The polymerisation of acetylene and its homologues and derivatives is treated in Chapter 8. 
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resinous products, however, are probably not true polymers of the original olefin 
but are formed as a result of a series of splitting and polymerization steps. By 
subjecting ethylene to a silent electrical discharge at —20°C. for two weeks, 
Collie* obtained 10 grams of a product which boiled from below 100°C. to 250° 
and left a rubber-like residue. The latter had a composition closely agreeing with 
(C 6 H 8 )x. An explanation of the mechanism of the initial polymerization reaction 
of ethylene in the presence of a high-frequency electric discharge is olfered by 
Mignonac and Vanier de Saint-Aunay.* By circulating ethylene through the dis¬ 
charge at 0 - 10 °C. and subsequently through a condenser cooled to —60®, they 
were successful in polymerizing 90-95 per cent of the olefin. The product was 
found to be essentially a mixture of 1-butene and 1-hexene. The yield of 1 -butene 
was greatly increased by cooling the condenser to —80° and circulating the gas 
more slowly. By raising the condenser temperature, the product consisted es.sen- 
tially of 1 -hexene. It would seem then, that two consecutive reactions were taking 
place. 

(1) 2 C2H4 -> C4H8 

(2) C 4 H 8 -f CaH4 C«H,2 

These results were confirmed by Szukiewicz* who also experimented with a lower 
power discharge to obtain, among other hydrocarbons, butene, 1,3-butadiene and 
acetylene. Other investigators have noticed that hydrogen and methane as well 
as additional saturated hydrocarbons are simultaneously produced, so that a com¬ 
plex reaction mechanism must be postulated. In the products of the action of 
the silent discharge on isobutylene, Pryanischmkov and Demijanov® found both 
saturated and unsaturated hydrocarbons of varying degrees of molecular complexity. 
On prolonged exposure to the discharge, resinous substances of high molecular 
weight were formed, probably by fission and further polymerization. Upon sub¬ 
jecting trimethylethylene to the influence of a silent discharge, Losanitsch^ obtained 
a brownish-yellow mass of the composition C 46 H 78 [i.e., (CsHio)^ —THa] as well as 
colorless, liquid “diamylene” and ^Tetra-amylenes.’’ In view of the nature of the 
resinous products it appears not unlikely that they are formed from diolefinic 
substances, produced by dehydrogenation of the simple olefimc polymers. By the 
action of a semi-corona discharge on various gases, including ethylene, Lind and 
Glockler* obtained considerable quantities of a resinous or gummy solid which 
was inert towards solvents and chemical reagents, except strong oxidizing agents. 
Exposure of 193 grams of ethylene to a discharge of 18,000 volts for 12.4 days 
gave 78.6 g. of this resinous solid and 40.1 g. of liquid condensation products.* Sub¬ 
jection of lower olefins to alpha-radiation and othei energizing influences gives 
liquid and resinous condensation products similar to those obtained with the silent 
discharge 

A number of catalysts are very active in promoting the polymerization of 
ethylene and its homologues to substances of varying degrees of molecular com- 

»J. N. Collie, 1905, 87. 1540; Proc. Chem. Soc , 1905, 21, 201; 1905, 24, 818. See 

also M. P E Berthelot. Compt. Rend.. 1898, 126, 567; I.C S , 1898, 74, (1), 398. 

♦ G. Mifnionac and R. Vanier de Saint-Aunay, Compt. Rend., 1929, 189, 106; Chem. Aba., 1929, 23, 
4688. Cf. R. Vanier de Saint-Aunay, Chvtnxe et Industrie, 1983, 29, 1011; Chem. Aba., 1983, 27, 3911. 

® W. Ssukiewics, Roczniki Chem., 1933, 13, 245 (in English 255); Chem. Aba, 19M, 27, 4487 

•N. Y. Pryanischpikov and N. D. Demijanov, /. Ruaa. Phya.-Chem. Soc., 1926, 58, 462; Chem 
Aba, 1927, 21, 3344. N. Y. Pryanischmkov, Ber., 1928, 61, 1358; Chem. Aba., 1928, 22, 4458. 

’ S. M. Losanitsch, Bull. aoc. stun. Bucharest, 1914, 23, 3; Chem. Aba., 1917, 11, 254. 

«S. C. Lind and G. Glockler, J.A.C.S, 1929, 51, 2818. 

® For polymerization of products from gases containing methane, ethvlene and acetylene when 
subjected to high-frequency oscillatkms at temperatures above 900*0., see British P. 355,210, 1929, to 
Ruhrchemie A.-G.; Chem. Aba., 1982,' 26, 4065. 

Mund and W. Koch, Bull. aoc. chim. Belg., 1925, 34, 125, 241; Chem. Aba., 1925, 19, 1986. 
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plexity. Among the more imi)ortant catalysts, the following may be mentioned: 
concentrated sulphuric acid, hydrogen fluoride, ozone,aluminum chloride,“ boron 
trifluoride, zinc chloride, stannic chloride, activated hydrosilicates such as floridin, 
and anhydrous metallic halides activated by the addition of finely divided metals. 
The products of reaction consist of oils ranging from volatile liquids to viscous 
syrups. Low temperatures favor the formation of very high-molecular-weight 
materials. The high-boiling oily polymerization products obtained under the in¬ 
fluence of aluminum chloride and boron trifluoride have been suggested as lubricat¬ 
ing oils.“ Brown, viscous and sticky liquids were obtained by Stanley^* by the 
polymerization of ethylene under pressure in the presence of aluminum chloride 
at 0-10°C. and these possessed molecular weights represented by the formula 
(C»H<)x, where x was as high as 40 or 50. Monolefins have been polymerized 
to yield products of high molecular weight by using inorganic volatile halides as 
catalysts.'® For example, boron fluoride may be bubbled through isobutylene cooled 
to — 80°C. Additional catalysts, prepared by charging boron fluoride with hydrogen 
fluoride, phosphorus tri- or pentafluorides and aluminum chloride have been 
recommended. According to Waterman, Over and Tulleners,^® the polymerization 
of isobutylene, catalyzed by aluminum chloride, is violent and sometimes even 
explosive when earned out at — 78°C. Under these conditions a pale-yellow 
polymerization product was isolated whose molecular weight was estimated at 
600-700. The polymer is described as very tough and sticky with a capacity for 
being drawn into threads. An interesting polymerizing agent is floridin (or Florida 
earth), since this material appears to polymerize the lower olefins to a complex 
mixture of liquids, which still contain a double bond of unsaturation. In the 
presence of floridin, isobutylene'’ polymerizes even at — 80°C., but more rapidly 
at room temperature, to yield a mixture of polymers, some of which are very vis¬ 
cous and of high molecular weight. Thus, 71 per cent of the polymers obtained 
by bringing isobutylene in contact with floridin at room temperature boiled above 
185®. Staudinger and Brunner"* have examined isobutylene polymerized in the 
presence of floridin, first at — 80°C. and then at 5°C. They separated the result¬ 
ing mixture, by distillation and subsequent extraction with alcohol, into tri¬ 
isobutylene, pentaisobutylene, and a polyisobutylene. The latter was subsequently 
purified by precipitation from an ethereal solution by the addition of alcohol. The 
product, so obtained, was a viscous mass with a density 0.9 and a mean molecular 
weight of 1600 in benzene. The material was stable toward warm potassium per¬ 
manganate and nitric acid but absorbed bromine to the extent of 50 per cent of 

Ozone reacts with ethylene hydrocarbons forming ozonidee which readily polymerize in some 
oases to solid gummy or glassy substances. The explosive character of ozonides is such as to deter 
usage in the synthetic ream field The subject of ozonides has been summarized by C. D Harries, 
Ann., 1906, 343, 311; 1910, 374, 288; 1913, 390, 230; 1916, 410, 1; Chem Aba., 1910, 4. 2633; 1912. 6, 
2754; 1915 . 9, 2877. See also R. Koetschau, Z angew. Chem., 1922, 35, 509; Chem. Aba, 1023, 17 , 337. 
For investigations on the polymerization of isobutene and of pentenes using aluminum chloride as cataUst 
-ee H, I. WateiTTian, J. J. Leendertse and A, J. de Kok, Rec. trav. chim., 1934, 53, 1151 H 1. 
Waterman, J. J. Leendertse and W. M Klazmga, xbtd., 1935, 54, 79 H. I Waterman and J. J. 
Leendeitee, %bid , 1935, 54, 139. 

French P. 680,038, 1929, to Pure Oil Oo.; Chem. Aba., 1930, 24, 3799 C B:nffler and O Routnlu 
(BfT., 1909, 42, 4610, 4618; Chem Aha, 1910, 4, 767 ) found that anhydrous aluminum chloride con¬ 
verted amylene into a heavy oil, whereas ethylene and terpenes are lK>i>nuenzed to balsam-like 
products 

“F. W. Sullivan, V. Voorhees, A. W. Neeley and R. V. Shankland, Ind. Eng. Chem, 1931, 23, 
604. A. W. Nash, H. M. Stanley and A R. Bowen, J. Inat. Pet. Tech., 1930, 16, 830. M. Otto, 
Brennatoff^Chem , 1927, 8, 321. Krauch, Pror Snd Intern. Conference Bitnmmoua Coal, 1928, 1, 32. 

wH Stanley, J.SCL, 1930, 49, 349T. W. H. Hunter and R. V. Yohe, J.A.CS., 1933, 55, 1248. 

»British P. 401,297, 1933, to I. G. Farbenind A -G ; Chem Aba., 1934. 28, 2367. 

“ H. I. Waterman, J. Over and A. J. Tullenera, Ree. trav. chim., 1934, 53, 699; Chem. Aha., 1934, 
28 5397 

’”S.'v. Lebedev and G. G. Kobliansky, Ber., 1930, 63. 103, 1432; Chem. Aha., 1980 , 22 , 4255. 
S* V. Lebfde^ and E. P Filonenko, Ber., 1925, 163; Chem. Aba,, 1925, 19, 1555. S. V. Lebedev 

and J M Slobodm, J. Oen. Chem. Ruaata, 1934 , 4, 23; Brit. Chem. Aba., A, 1984 , 864. 

“ H. Staudinger and M. Brunner, Helv. Chtm. Acta, 11^, 13, 1376; Chem. Aba., 1931, 25, 3519. 
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the theoretical amount for one double bond, in (C 4 H 8 ) 8 «. Its solubility, viscosity, 
and physical properties were very similar to those of a hemicolloidal hydrorubber, 
obtained by the hydrogenation of natural rubber or rubber latex. (See Chap¬ 
ter 54.) 

Sulphuric acid converts many of the simtde monolefins to oily polymers but 
it also exerts a splitting action on these polymers so that both saturated and 
highly unsaturated hydrocarbons are formed.^® None of the simjile monolefins 
give rise to resinous substances similar to the products formed from vinyl com¬ 
pounds, cumarone or indene under the influence of concentrated sulphuric acid. 
According to Friese,*® however, cyclohexene and concentrated sulphuric acid react 
vigorously to form a dark resin, insoluble in water. A resinous product was ob¬ 
tained by Nametkin and Abakumovskaja*^ by reaction of cooled sulphuric acid 
(sp. gr. 1.84) on one-third of its volume of cyclohexene.“ Isobutylene, trirnethyl- 
ethylene and similar monolefins are converted into their simple di- and trimers 
by treatment with sulphuric acid of about 80 per cent concentration, or even 
lower.However viscous or solid polymers of high molecular weight are obtained 
by the action of liquid sulphur dioxide on isobutylene.^ The reaction is carried 
out in sealed tubes and catalyzed by sunlight to yield compounds having the 
empirical composition (CiHhSOJx. Propylene and amylene are said to give solid 
polymers under similar conditions. 

Zelinsky and Borisov"'® treated cyclohexene with oxygen in the absence of catalyst 
for 151 days and obtained, after removal of unchanged cyclohexene, a resinous 
reddish-yellow mass, which analysis showed to be the jieroxide. However, the 
constitution of the resinous substance is not known. Studies on the polymerization 
of cyclohexene have been made by Waterman and co-workers."® With pentane as 
a liquid diluent and aluminum chloride as catalyst polymerization was only slight 
at 40”C. However, at 70% treatment with 6-7 per cent aliiiiiinum chloride for 
7 hours resulted m more than 50 per <;ent conversion of cyclohexene into high- 
molecular oily compounds. Although at —78°C. cyclohexene exhibited practically 
no polymerization in the presence of pentane and aluminum chloride, the simulta¬ 
neous addition of hydrochloric acid and aluminum chlorule under these conditions 
resulted in a rapid reaction, yielding monochlorocjclohexane and a mixture of 
monochloro-polycyclohexyl compounds. 

The effect of sulphur dioxide upon the polymerization of cyclohexene has been 
investigated by Marvel, Frederick and Cogan."^ The product obtained by allow¬ 
ing cyclohexene, liquid sulphur dioxide and an oxidizing catalyst to stand in a 
pressure flask at room temperature is a hard, brittle, white, amorphous solid. The 
degradation products obtained by treating this substance with non aqueous alkali 
indicate that it is a polymeric sulphone whose most probable structure is 

i»W. R Ormandy and E. C. Craven, J. Inst. Pet. Tech., 1927, 13, 844; J S.C I , 1928, 47. 317T; 
1929, 48, 293T 

*>H. Friese, Ber., 1931, 64, 2103, Bnt Chem. Abs A, 193.1, 1286 

S. Nainetkm aJid L. Abakumovskaja, Ber, 1933, 66, 358; Chein. Abs, 1933,■* 27, 2677; J. Oen. 
Chevi Russia, 1932, 2, 608; Bnt. Chem. Abs., A. 1933, 152. 

” Cyclohexene condenses wjth benzyl alcohol in the presence of phosphorus pent oxide to form 
1-benxylcyclohexene and much tarry matter. D. N. Kursanov, J. Russ. Phys.-Chem. Soc., 1930, 62, 
1691, Chem Abs., 1931, 25, 2698. 

“A. Butlerow, Ber., 1879, 12, 1482; J.C8, 1880, 38, 230. W. von Srhneider. Ann, 1871, 157, 185, 
207; Chem. Zentr., 1871, 1, 2. J. F. Norris and J M. Joubert, J.A.C.8 , 1927, 49, 873. B T, Brooks 
and I. Humphrey, J.A.C 8., 1918, 40, 822 See also French P. 737,743, 1932, to N V. de Bataafsche 
Petroleum Maatschappij; Chem Abs., 1933, 27, 1638. 

^ F E. Matthews and H M Elder, British P. 11,635, 1914; Chem. Abs., 1915, 9, 2971. 

N D. Zelinsky and P P Borisov, Ber, 1930, 63, 2362; J. Ruxs Phys-Chem. Sor., 1930 , 62, 
2051; Chem. Abs., 1931, 25, 2044. See also H. N. Stevens, Ber., 1931, 64, 637; Chem. Abs., 1931, 25, 
3971 

H. I. Waterman, J. J Leendertse and A C ter Poorten. Rec. trav. chtm., 1935, 54, 245. 

^ C. S. Marvel, D. S. Fredenck and H. D. Cogan, J.A.C.S., 1934, 56, 1815. 
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A halogen-containing derivative can be prepared by treating the polyvsulphone 
with chloroacetyl chloride. Halogen analyses and molecular-weight determinations 
carried out with the derivative indicate that the value of ??, in the above formula, 
IS about 39. Experiments'** carried out at —30°C. with cyclohexane and sulphur 
dioxide in the presence of oxygen yielded a polymer with the approximate formula 
(CeHioS02)x. When no oxygen was used the material obtained had the formula 
(aHsS02)x. 

Resinous and gummy polymerization products have been obtained from 
monolefins by Wagner-Jauregg’s” so-called *^additive heteropolymerization” process 
in which two unlike units of low molecular weight and containing ethylene linkages 
may undergo addition and polymerization simultaneously. In this type of reac¬ 
tion maleic anhydride, which has no tendency to polymerize but which shows a 
marked additive capacity, has been used exclusively as a constant member of such 
mixtures. When sym-diphenylethylene and maleic anhydride are boiled in xylene, 
a white amorphous, infusible substance is formed. The examination of the resin 
would seem to indicate a product composed of definite units, such as 

--CHCeHs—CHCeHs-CH-CH- - 

I I 

0:=:.C-O—C-=0 

— J'* 

m which X corresponds to an average of 15. 

Viscous, gummy polymers resulted when aniylene and styrene were heated with 
maleic anhydride. (See Chapters 11 and 40). In general, it nuiy be said that 
the nature of substituent groups, proper selection of solvents, and steric hindrance 
affect the ease of heteropolymerization. 

PoLYMEUIZATION OF DiOLEFIN HYDROCARBONS 

Of the diolefin hydrocarbons, only those containing a conjugated system of 
double bonds and including butadiene and its homologues. ds well as cyclic diolefins 
of the type of cyclopentadiene, need be considered. These conjugated diolefins 
exhibit a very pronounced tendency to polymerize to resinous or rubber-like 
polymers, as well as to lower liquid polymers, under a wide variety of influences. 
Other diolefinic hydrocarbons including 1,2-diolefins (or allenes), 1,4-, 1,5-, and 
1,6-diolefins do not polymerize so readily or as profoundly as the conjugated dienes. 

In the polymerization of butadiene and its simple homologues, products of 
widely varying properties are obtained depending upon the experimental condi¬ 
tions. Besides liquid cyclic dimers and trimers, the high-molecular-weight amor- 

«W. F. Seyer and E, G. Kin«, /.A.C.S., 1933, 55. 3140. 

Wagner-Jauregg. Ber., 1930, 63. 3213; Chem. Abi>„ 1031, 25. 2418. 
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phous polymers, simultaneously formed, may be roughly separated into several 
qualitatively different species of polymeric mixtures. 

The aim of all endeavors to polymerize conjugated diolehns to high-molecular- 
weight polymers has been the production of a synthetic rubber capable of meeting 
all the complex technical requirements of natural rubber, particularly the ability 
to be vulcanized. In spite of nearly half a century of scientific and industrial 
investigation in this field, the problem of the successful synthesis of true rubber 
on a technical scale is still unsolved. For special purposes, however, the synthetic 
rubber-like polymers of the conjugated diolefins may find industrial application. 

Polymerization of Butadiene and Its Homologues. Natural rubber 
is supposed to consist of a mixture of polymeric hydrocarbons whose general con¬ 
figuration can be written.* 

—CH2—CH=C(CH3)-CH2—CH2—CH=C (CHs)—CH2—CH2—CH=C (CH3)—CH— 

The rubber molecule consists, therefore, of a long chain of units composed of many 

CH2=C—CH==CH2 

hundreds of isoprene molecules 1 combined by a process of 

CHs 

1.4— addition.®^ Accordingly the most obvious raw material for conversion into 
rubber-like substances by polymerization is isoprene itself. Isoprene possesses 
an unusual tendency to polymerize and m fact was the first conjugated diolefiii 
to be transformed into a rubber-like material.*''^ 

However, it is by no means the only hydrocarbon of this type capable of under¬ 
going such polymerization. Both butadiene"® and 2,3-dimethylbutadiene‘** were 
found to polymerize under the influence of heat and catalysts but not quite so 
readily as isoiirene. Although the data available on the extent to which the tend¬ 
ency of butadiene homologues to polymerize to rubber-like and resinous polymers 
are far from complete, certain facts are now well established. Of the butadiene 
homologues containing one methyl group, both 1- and 2-methylbutadienes (pipery- 
lene and isoprene) are polymerizable to caoutchouc-like substances; but, of the 
disubstituted members, only 2,3- and 1,4-dimethylbutadienes undergo this con¬ 
densation. Fisher and Chittenden” encountered difficulty in polymerizing 1,2- 
dimethylbutadiene on account of the slowness of reaction. According to the ob¬ 
servation of Kyriakides,” the 1,1-dimethyl compound is polymerizable, although 
Harries" states that the change occurs only with difficulty. Furthermore, 1,2,- 

3.4- tetramethylbutadiene shows no tendency to polymerize.” It appears that 
methyl substituents in butadiene diminish the ease of polymerization and that 
methyl substitution in the terminal positions has a more unfavorable effect on 
polymerization tendency than substitution in the middle positions.” The intro- 

Thermal decomposition of natural and butadiene rubber, at lower temperatures than m the 
ordinary cracking process and cata.iyzed by aluminum chloride, yields a gasoline-like fluid high m 
aiomatic compounds. In neither instance was isoprene obtaiited. This may indicate the formation of 
aromatic oompounda during the polvmeriiation of butadiene hydrocarbons. N D Z^inski and N 8 
Kiizlov, y. Applied Chem. iU. S. S R ), 1933, 6, 36; Chem, Abs., 1933, 27, 6015. R'ubher Chem Tech., 
1933, 6. 64; Chem. Abs., 1933, 27. 6013. 

A discussion of the constitution of rubber is given by D. K Memmler, “The Science of Rubber ’’ 
English translation by R. F. Dunbrook and V. N. Morris, Chemical Catalog Co., New Yoik, 1934. 

Q. Bouchardat, Compt. rend., 1879, 89, 1117; J.C.S., 1880, 38, 323. W. A. Tilden, Chem. News, 
1882 . 46, 120; J.C.S., 1883, 44, 75. 

»C. D Harries, Arm., 1911, 383, 157; Chem. Abs., 1911, 5, 3519. 

wi, L. Kondakov, /. prakt. Chem , 1901, 64, 109; J CS, 1901, 80, (1), 625. 

“ H. L Fisher and F. D. Chittenden, Ind. Eng Chem., 1930, 22, 869. 

P. Kyriakides, J.ACS , 1914 , 36, 987. 

C. D. Harries, “Untersuchungen liber die naturlichen und kunstlichen Kautschukarten," Julius 
Springer, Berlin, 1919, 250. 

*A. D. Macallum and G. S. Whitby, Trans Roy. Soc Canada, 1928, 22 (3), 39; Brit. Chem. Abs., 
A, 1928. 614. 

*• The velocity of pohonerization of various dioleflns is discussed by E. M. Gapon, J. Russ Phys.- 
Chem. Soc.. 1930, 62, 1385: Chem. Abs., 1931, 25, 2968; J. Otm. Chem. {Russia), 1931, 1, 496, 765, 779; 
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duction of phenyl groups into the butadiene system is said by Whitby and Gal- 
lay*** to favor the formation of dimers but to inhibit further polymerization.** 
However, the polymerization does not stop at the dimer stage if the proper catalysts 
are employed. Staudinger and Ashdown/^ using stannic chloride as a catalyst, 
were able to jirepare polymers of 1-phenylbutadiene having an approximate 
molecular weight of 1500. Benzene or carbon tetrachloride is an appropriate solvent 
for the reaction. 

The substitution of a halogen for a hydrogen atom in the butadiene system 
has given very interesting results. 2-Chlorobutadiene, or chloroprene, on standing 
undergoes complete transformation to rubber-like polymers in a few days, while 2- 
bromobutadiene polymerizes even more rapidly.** The ease and nature of poly¬ 
merization depends not only upon the presence of halogen, but also upon its 
jiosition in the molecule. For example, Staudinger** and his co-workers found that 
mixtures of monobromoisoprenes, obtained by treating l,4-dibromo-2-methyl-2- 
butene with sodium methoxide, would not polymerize in the cold and decomposed 
when heated. Similarly a dibromoisoprene (b. p. 78-83°C. at 12 mm.), jiroduced 
by s]ilitting out of 2 molecules of hydrogen bromide from isojirene tetrabronude, 
decomposed upon heating instead of polymerizing. Muscat and Northrup*® re- 
jiorted a dark resinous mass from the polymerization of 1-chlorobiitadiene 

Resinous products resembling rubber or celluloid and capable of being rolled into 
thin sheets have been obtained by the polymerization of dichlorobutaihene.*® The 
latter is made by splitting off 2 mols of hydrochloric acid from tetrachlorobutane 
with alcoholic potash. The polymerization is carried out in a closed vessel at 20- 
50°C., oxygen being excluded. Insolubility in benzene is imparted to the final 
product by a heat treatment at 140-150® for 10 minutes. 

In the polymerization of butadiene and its homologues, several types of polymers 
are formed depending on the conditions. These include liquid dimers and trimers, 
pasty or plastic polymers, tough rubber-like substances, and also granular masses. 
There is some disagreement among different investigators as to the exact nature 
of the dimer formed, although it is believed that the product is a monocyclic 
compound. Experiments dealing with the thermal iiolymenzation of isoprene 
haVe indicated that the mechanism of the reaction is essentially a bimolecular 
association process.*’ However, regarding the higher polymers, the constitution is 
still quite obscure. In the preparation of synthetic rubber, the liquid polymers 
contaminate the product and may be removed by treating the mass with such 
powdered absorbents as activated carbon or silicon dioxide.*® The constitution 
of the synthetic-rubber polymers is still unclarified. 

The influence of structural modifications on the polymerization of butadiene 
derivatives with resjiect to rate of polymerization and the character of the polymers 
formed is summarized in Table 22. 

Chem Ab» , 1932, 26, 45%0; lint. Chem. Ab$ , A, 1932, 232. See also N D 2^1ins^i, Y. I Denisenko, 

M S Bventova and S I Khrornov, Svntet Kauchuk, 1933, 4, 11; Bnt. Chem. Abs , A, 1934, 1080 

«>G. S. Whitby and W Gallay, Can, J. Research, 1932, 6. 280; Bnt. Chem. Abs., A, 1932, 496. 
See also I. E. Muskat and M. Herrmann, J.A C.S., 1931, S3, 252 

A. Mironeaoa, G. loanid and L. Nicoleecu (.BuU. Spc. Chim. Romania, 1932, 14, 187; Chem, 
Ab»., 1988, 27, 4231) also report that difurylbutadiene la a remarkably stable compound. 

Staudinger and A A. Ashdown, Ber., 1930, 63. 717; Chem. Ab»., 1930, 24, 5716 

"W. H. Carothers, I. Williams, A. M. Collins and J. E. Kirby, J.A.C.8., 1934, S3, 4203. See 

CSiapter 8. 

^ H. Staudinger, O. Muntwyler, and O. Kupfer, Helv. Chim. Acta, 1922, 5, 756; Chem. Abs, 
1923 17, 2974. 

«I. E. Muscat and H. E. Northrup, J A.C.8., 1930, 52, 4048. 

British P. 418,469, 1934, to I. G. Farbenind. A.-G.; Chem. Abe., 1905, 29, 2264. French P. 
772,189, 1984; Chem. Abs., 1935, 29, 1541. 

W. E Vaughan, J.A.C 8 , 1933, 55. 4109. 

Meisenburg, German P. 511,540, 1925, to I. Q. Farbenind. A.-G,; Chem. Abs., 1931, 25, 1705. 
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Table 22.— Relative Polymerization Speeds of Various Dienes 
at 26 °C. Compared with isoprene. * 

Compound 

H2C=-CC1—CC1=CH2« 

H2C=CI—CH==CH2' 

HoC=CBr~-CH=CH 2 * 
n2C=€Cl— 

H2C==CC1—C(CH3)=CH2» 

HCCl==CCl~CCl=CHoe 
HjC^CrCftHs)—CH=CH2‘' 

HC(CH3)=CC1~CH==CH2'" 

HC(C2H3)==CC1—CH=CH2 
HC(C4H2)=CC1—CH=CH2 
HC(C7Hi6)=CC1— CH—CHi- 
H2C=C(C7Hi5)— 

HCC1==CH—CH=CH2 
H2C=C(CH,)—C(CHa)==CH2b ^ 

HC(CH3)=C(CH,)—CC1=CH2' 

H2C==C(CH3)->-CH=CH2^ 

H2C=CH--CH=CH2 
HC(CH3)=-CH—CH=CH2« 

HC(CH3)=C(CH3)—CH=CH2^ 

(HaOjC^CH—CH==CH2‘* 

HC(CH3)==CH--C(CH3)-=CH2‘^ 

HC(CH3)==CH—CH=CH(CH,)^ 
fH3C)2C=CH—C(CH8)==CH2<i 
(H3C)2C=-CH—CH=CH(CH3)<i 
HC(CH3)==C(CH,)—C(CH8)=CH(CH,)d 
(HjOjC^CH—CH==C(CH,) 2^ i . . 

• W H Carothers, Ind Eng Chem , 1934, 26, 30. 

» The estimated speeds are based on calculated uniraolecular reaction velocity constants The data 
from which the constants are derived suffer from a very laree factor of uncertainty owing to the fact that, 
for dienes, the rate of polymerization vanes considerably with the history of the sample and with conditions 
(amount of exposure to light and air) which are not specified or controlled in all of the experiments These 
uncertainties are, however, thought to be insufficient to affect the order of magnitude of the indicated numbers 
The constant taken for isoprene was 0.0000048 (in hours) and was derived, by extrapolation, from data 
presented by G. S Whitby and R N Crozier, Can J Research, 1932, 6, 203; Brit Chem Abe A, 1932, 361. 

® Data of S. V Lebedev and B K Mereshkovski quoted by G. S. Whitby and W Galley, Can, J. Re- 
search, 1932, 6, 280; Chem. Abs , 1932, 26, 3479. 

G. S Whitby and W Gallay, loc. at. 

• G. J. Berechet and W H Carothers, J A C S., 1933. 55, 2004. 

‘W. H. Carothers and G J. Berechet, ibid,, 1933, 55, 2807 

• W. H Carothers. A. M Collins and .T. E Kirby, iftvd., 1933 55, 786 

*• W. H. Carothers. I Williams, A. M. Collins and J. E Kirby, ibid , 1931. 53, 4203. 

• W H. Carothers and D. D. Coffman, ibid., 1932, 54, 4071. 

^ W. H. Carothers and G. J. Berechet. ibid., 1933, 55, 2813 
“ R A. Jacobson and W H Carothers, ibid , 1933, 55, 1622. 


Estd. Speed* Character of Polymer 
2000 Hard, not extensible 

1500 Rubber-like under certain con¬ 

ditions 

1000 Good rubber 

700 ^ Excellent rubber 

500 Fair rubber but low extensibility 

120 Soft, elastic 

90 Soft 

30 Soft 

30 Soft 

10 Soft 

10 Soft 

9 Soft 

7 Soft, sticky 

3 Fair rubber but low extensibility 

1.5 Soft 

1 0 Fair rubber 

0 8 Fair rubber 

0 3 
Probably 
<1 


Butadiene Sulphones. By treating isoprene in an ethereal solution with 
sulphur dioxide,*" crystalline isoprene sulphone, melting at 63-()3.5°C., may he ob¬ 
tained in a yield of 60 per cent. The following constitution has been assigned to 
the compound: 


H, 


HC= 


=C—CH, 


CH, 


o' \ 


Isoprene sulphone readily takes up bromine (in carbon tetrachloride) to form 
the dibromide melting at 127°C. Upon treating the dibromide with sodium 
hydroxide in a methyl alcohol solution, a polymer of 2-methy 1-2,3-butadiene 

<»£. Eigenbcigei, J prakt. Chem., 1930, 127, 307; Chem. Abs., 1931, 25, 279. 
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sulphone <1,4> is formed. The allene nature of the polymer was assumed from 
its degradation products and because of its ease of oxidation and general unsatu¬ 
rated nature except towards bromine. Subsequently Eigenberger” found that 
when isoprene sulphone was treated with dilute aqueous or alcoholic potassium 
hydroxide in the light of a quartz lamp, an isomeric isoprene sulphone B, melting 
at 79®C., could be recovered. The alkali is an essential factor, for the reaction 
will not take place in the presence of the radiation alone. Isoprene sulphone gave, 
upon treatment with potassium in dry ether, the potassium salt of 3,6-dime thy 1-2,4- 
octadiene-l,8-disulphinic acid. The product was characterized by its pronounced 
instability and tendency toward polymerization. The polymerization product, in 
tliis case, was an ether-insoluble, amorphous compound, soluble in ethyl acetate. 

Liquid or Oily Polymers. Liquid polymers are produced from butadiene 
hydrocarbons under a variety of circumstances but usually under the influence of 
heat and in the absence of active polymerizing agents. Most of these liquid 
polymers are cyclic unsaturated hydrocarbons and are by-products of the rubber 
syntheses, i.e., they cannot be polymerized further to rubber-like substances. How¬ 
ever, the dimers of 2,3-dimethylbutadiene are polymerized rapidly in the cold 
under the influence of antimony pentachloride or stannic chloride, yielding high- 
molecular-weight polymers which may be isomers of rubber Viscous and liquid 
polymers have also been obtained by carrying out the polymerization in the presence 
of boron trifluoride®* and aluminum chloride.®* Experiments have indicated that 
the dimer of butadiene, obtained by heating that hydrocarbon under pressure, is 
vinylcyclohexene.** 

When isoprene is heated to 80®-90®C. for several days, or in sealed tubes at 
150®C. for 6 to 7 days, liquid polymers as well as resinous substances are formed. 
At least two dimers are present in this mixture: namely, dipentene and i3-myrcene 
or diprene, the formulas of which are:“ 


CH, 

i 




H2C 

CH 

HC 

H2C 

CH2 

H2C 




A 


H,C^ *^CH, 


CH, 

I 

C 

^ \ 


CH, 


/ 


'^C'^ ^CH=CH, 

I 

H, 

^-myrcene 


According to Whitby and Crozier," the polymerization of pure isoprene and 

^E. Eigenberger, J. prakt. Chem., 1931, 129, 812; Chem Abs., 1031, 25, 2969. Cf. H Staudmger, 
Biitish P. 361,841, 1930, Chem. Abs., 1983, 27, 998. 

O. S. M^itby and R. N. Crozier, Can. /. R^arch, 1932, 6, 203; Brit Chem. Abs. A, 1932 , 361. 
OF. Hofmann and M Otto, German P. 505.265, 1926 and 512,959, 1927; Chem. Abs, 1932 , 26, 
479. British P. 293,487, 1927; Brit. Chem. Abs., B. 1928, 664. 

» H. Houber, German P. 557,805. 1929, to I. G. Fitrbenind. A -G ; Chem. Abs , 1933, 27, 304 
MF. Hofmann, Z. angew. Chem., 1912, 25, 1465, Chem. Abs., 1912 , 6. 3025. British P. 343.116, 
1929, to I. G. Farbenind. A.-G.; Brit. Chem. Abs., B, 1931, 579. See also S. V. Lebedev, /. Russ. 
Phys.-Chem. 8oc., 1911, 43, 820, 1735; Chem. Abs., 1912, 6,' 478, 1373. S. V. Lebedev and N. A. Skav- 
ronikaya, ibid., 1911, 43, 1124; 1913, 45. 1296; Chem. Abs, 1915 . 9. 798. 

® I. I. Ostromislenaky and F. F. Koschelev, /. Russ. Phys.-Chem. Soc., 1915, 47, 1928; Chem 
Abt., 1916, 10, 1947. 0. Aachan, Ann., 1924, 439, 221; Chem. Abs., 1925, 19, 52; Ber., 1924, 57, 1959; 

Chem. Abs., 1925, 19, 647,. T. Wagner-Jauregg, Ann., 1931, 488. 176; Chem. Abs., 1931, 25, 5139 
For a more complete disouasion of these dimers, see Carleton Ellis, "The Qiemistry of Petroleum 
Derivatives,'* Chemical Catalog Co.. New York, 1934, 616 

■•a. S. Whitby and R. N. Crosier, Con, /. Research, 1982, 6, 203; Chem. Abs., 1932, 26, 2891. 



9. POLYMERIZATION OF HYDROCARBON OLEFINS 


173 


(liniethylbiitaclipno at temperatures of 10-145°C. does not afford, in either case, 
any dimer which is polymerizable to caoutchouc. The products isolated by these 
investigators were only cyclic dimers and are not regarded as intermediates in 
the formation of rubber-like substances. In the polymerization of 2,3-dimethyl- 
butadiene*” under similar conditions, much less oily materials and a higher propor¬ 
tion of rubbery polymers were formed than in the case of isoprene. The ratio 
of oil to rubber from a given diene is approximately constant m different periods 
of polymerization at a given temperature. Lebedev and Mereshkovski'® con¬ 
sider that the dimer of 2,3-dimethylbutadiene possesses the constitution: 


CHs 

i 

\ 

H,C—C CHj 

IK.(^ ('jHj 

\ / 

C 

/ \ 

n,c C(CH,)=ch2 


In the case of chloroprene, the formation of the volatile, oily i3-pol>'chloro- 
prene™ is favored by polymerization at elevated temperatures, e.g., at 60°C., in 
the absence of air and in the presence of antioxidants, which suppress the pro¬ 
duction of rubber-like polymers. /^-Polychloroprene probably consists of cyclic 
dimers and other simple polymers. (See Chapter 8.) 

Rubber-like Polymers. The formation of rubber-like or balata-like polymers 
from butadiene, isoprene, or 2,3-dimethylbutadiene proceeds slowly when these 
substances are warmed, or when they are allowed to stand at ordinary temperature 
in contact with catalysts,®® Chloroprene, however, polymerizes spontaneously at 
ordinary temperatures and with a much greater speed. As previously stated, sev¬ 
eral qualitatively different types of material are produced depending upon the 
conditions. The first step of the process is probably the formation of long 
])olymeric chains, consisting of units of the diolefin united by 1,4- addition. A con¬ 
sideration of the kinetics and general characteristics of these reactions suggests 
that the formation of rubbery or similar high-molecular-weight polymers from 
diolefins is the result of a chain reaction. This postulate is based on evidence indi¬ 
cating that such reactions are usually unimolecular,*' are catalyzed by a wide 
variety of substances capable of acting as ‘Trigger'^ molecules®* and that they are 
inhibited by antioxidants as well as certain other substances. It follows, then, 
that the reaction is initiated by an activated diolefin molecule or by some other 
molecule acting as a “trigger.”®* Under conditions which inhibit the propagation 


Foi the production of oily polymers from 2,3-dimethylbutadiene, see P Van Romburgh and 
G. Van Hoinbuigh, Proc. Roy Acad. Amsterdam, 1931, 34, 224; Chem. Abs., 1931, 25, 3809. 

S. V. Leb^ev and B. K. Mereshkovski, /. Ritss Phys •Chem. Soc., 1913 , 45, 1249; Chem. Abs., 

1914, 8, 820 See also 1. L. Kondakov, J. prakt. Chem., 1901, 64, 109; J.C.S., 1901, 80 (1), 625. 
w W. H. Carothers, I. Williams, A. M. Collins and J E. Kirby, J.A C S., 1931, 53, 4211 

It IS reported that a rubber-hke resin results when l,6-dimethyl-l,3,5-hexatriene is exposed to 
uir. Hee Uiion, Compt. rend., 1938, 196, 353; Chem. Abs., 1933, 27, 1859 

"W. B. Conant and C. O. Tongberg, J.A.C S., 1930, 52, 1659. G. Tammann and A. Pape, 
Z. anorg. <iUqem. Chem , 1931, 200, 113; Chem. Abs., 1932, 26, 23. J. A. Christiansen and H. A. 
Kramers, Z. physik. Chem., 1923, 104, 457; J.C.S., 1924, 126 (2), 28. 

*«J. A. Chiistiansen and H. A. Kramers (foe. cit.) have proposed the theory that chain reactions 
are initiated bv the action of an activated molecule of high eneigy content, the so-called “tngger” 
molecule The activated molecule is believed to react either unimolecularly or with another molecule 
in such a wav that the products must have the initial energy of activation plus the additional energy 
of reaction if it is exothermic. According to this mechanism it is possible for the “trigger" mole- 
'ule.s to activate other molecules by transferring this energy through subsequent collisions. See also 
H W Starkweather and G B. Tavlor, J.A.C.S., 1930, 52, 4708. 

, «»W. Chalmers. Can J. Research, 1932, 7, 113; Chfm. Abs., 1932, 26. 5480. W. H. Carothers, et, 

al., J.A.C.8., 1931, 53. 4216. 



174 


THE CHEMISTRY OF SYNTHETIC RESINS 


of a chain mechanism, rubbery polymers are either not formed, or their forma¬ 
tion is suppressed, and only lower polymers are produced. It appears, therefore, 
that as a result of the chain reaction, high-molecular-weight polymers somewhat 
resembling natural rubber are obtained. In natural rubber the isoprene units 
seem to be arranged in a very symmetrical manner, i.e., they are united regularly 
in . . . order. However, in synthetic rubber there is good reason"'^ to helieve 

that a more or less irregular arrangement of isoprene-molecule units takes place; 
that is, arrangements such as 1,4-4,1 . . . and 4,1-1,4 . . . occur. In order to 
duplicate the properties of natural rubber, the isoprene would need to be poly¬ 
merized under conditions leading to a regular arrangement of units in the polymer 
molecule. In view of the great complexity of the reaction, it is obvious that such 
a condition is enormously difficult of fulfillment and would necessitate a very 
special combination of circumstances. However, M-i)olychloroprene yields a sharp 
\-ray diffraction pattern, like natural rubber, but the same jiroperty is absent'"’ 
from other synthetic rubbers. This indicates that a more regular arrangement of 
chloroprene units is present in the polychloroprene molecule, possibly owing to the 
orientating influence of the halogen atom. Irrespective of the manner m which 
the units are combined in synthetic rubber, the molecular weight and chain length 
approach very closely those of jdasticized natural rubber"” 

In other respects, moreover, the synthetic rubber-like substances from isoprene 
may display irregularities not exhibited by natural rubber. The molecules may 
be coiled into spirals rather than rigidly extended. Also, there is a possibility of 
geometrical isomerism so that irregular arrangements such as cis-cis-cis— or trans- 
trans-trans- . . . may exist. Finally, there is a possibility of cross-linking of chains 
at occasional points to produce a structure of the type: 

- A—A—A - A—A—A - 

.. ^—J[—/\—^-- 

- A^A~A—A—1\—A - 

Since each isoprene (or diolefin) unit in the polymeric complex still has one un¬ 
saturated linkage, cross-linking of several polymeric macromolecules can take 
place until finally all these points of unsaturation are fully saturated and a com¬ 
plex polycyclic material will be formed. It seems highly probable that such 
“cyclorubbers” are actually formed during the polymerization of diolefins in the 
presence of various catalysts. For instance, the granular, cauliflower-like varieties 
of synthetic rubbers which are obtained by very slow polymerization, and also 
in the presence of sodium, are probably formed by a cross-linking of polymer 
chains, i.e., they are likely to be cyclic in structure. Such materials*^ are tough, 
nonplastic, difficult to miU, and show little resemblance to natural rubber. 

Conditions for the Conversion of Diolefins into Rubber-like Poly¬ 
mers. The earlier workers on the polymerization of isoprene employed hydro¬ 
chloric acid and nitrosyl chloride as condensing agents. Later, isoprene was 
found to be rapidly converted into rubber-like substances under the influence of 
ordinary light,** ultraviolet light,"* and the silent electric discharge,"^" and it has 

•*T. Miflgley and A. L Henne, J.A C S., 1930, 52, 2077. See alao T. Midgley, A. L Henne and 
A. F. Shepard, J A.C S , 1932, 54, 381. 

"See G L. Clark, /nd. Eng, Chem., 1929, 21, 128. 

A. J. Wildschut, Rec. trav. chnn., 19M, 52, 935; Rubber Chem Tech, 1934 , 7, 34; Chem Abi* , 
1984 28, 927. 4028 

"For example thf ^-polychloroprenee described by W. H Carothers, I. Williams, A M Collins, 
and J. E. Kirby, J.A.C 8., 1931, 53, 4211. Also the methyl rubber H, prepared fiom dimethyl- 
bUtadiene. See R. Weil, Ind Eng. Chem., 1926, 18, 1174. 

"O. Wallaeh, Ann., 1887, 239, 48; J C.S., 1887, >52, 905. S V. Lebedev, J. Rues. Phvs.-Chem Soc., 
1909. 41, 1868; 19<0. 42. 949; J.C.8.. 1911, 100 (1). 26. See alao O. Scaghanni and G. Salndini, Oazz. 
chim. ital, 1923, 53 (1). 135; J.C.S., 1923, 124 (1), 587. 

* C. Harries, Atm., 1913, 395, 266; Chem. Abs., 1913, 7, 1983. I. Ostromialenaky, J. Russ. Phys • 
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been stated that these influences are superior to all chemical catalysts with the 
exception of oxygen or certain oxygenated substances. In 1910, Harries noted 
that isoprene could be polymerized to rubber by heating it with glacial acetic acid 
in a sealed tube at 100°C. The product could be vulcanized and was evidently 
superior to any previously prepared. About the same time, Matthews and Strange"^ 
found that metallic sodium was a catalyst for the conversion of isoprene into rub¬ 
ber. The use of sodium in an atmosphere of carbon dioxide was also developed 
by the Badische Co. Nevertheless, though isoprene is converted at 60°C. in from 
50 to 100 hours almost quantitatively into caoutchouc, this material possesses 
properties different from those of synthetic products prepared in other ways;” 
that IS, the sodium-polymerized product is probably differently cyclicized by cross- 
linking of several polymer-chains. 

Hofmann” and his collaborators reported that pure isoprene could be poly¬ 
merized by mere heat treatment to give a material capable of being cured. This 
was probably the first time that a synthetic product was developed corresponding 
in any degree with the technical requirements of rubber. The heat-treatment 
jirocess was utilized successfully for the manufacture of rubber from 2,3-dimethyl- 
butadiene during the World War. 

Harries” outlined three methods of polymerizing butadiene and its simple 
homologues: (1) heat treatment, by itself or in conjunction with glacial acetic 
acid, for several months at 60-100°C., (2) heating, or allowing the hydrocarbon 
to stand in the presence of metallic sodium in an atmosphere of carbon dioxide, 
and (3) heating with peroxides, especially benzoyl peroxide. Since that time a 
large number of catalysts have been developed for accelerating or controlling the 
polymerization of diolefins. Also, the method of polymerizing diolefins in aqueous 
emulsion has been developed. Even before the War the chemists of the Bayer 
Co. had learned that both the yield and the properties of isoprene rubber were 
improved by carrying out the polymerization in a sealed vessel in the presence 
of an aqueous prejiaration of a protein. The polymerization of emulsified dio- 
lefinic hydrocarbons presents one of the satisfactory methods for the synthesis 
of rubber-like materials on a technical scale. 


Catalysts for the Synthesis of Rubber 


Though the usual active polymerizing agents such as concentrated sulphuric 
acid, aluminum chloride,” stannic chloride, antimony halides,” boron trifluoride,” 
and titanium tetrachloride,” are known to convert isoprene and similar 1,3-diolefins 

Chem. Soc., 1912, 44, 204; J C S., 1912, 102 (1), 280, R Puminerer and H Kehlen, Ber , 1933 , 66, 
1107; Chem. Abs , 1933, 27 , 6018 Genixan P 576,141, 1933, ('hem Ah.s , 1933, 27, 3721. R. Puni- 

morel aaid H. Kehlen, Rubber Chem. Tech, 1934, 7. 184; Chem Ab» . 1934, 28, 4628 
'Joj Colhe, yes., 1906, 87, 1540. 

F E Matthews and E H. Strange, Bntiah F. 24,790, 1910; y.S.C/., 1911, 30, 1398. French P. 
437,547. 1910. JSC.I , 1912, 31, 503 

'sr Hanii«, Ann, 1911, 383, 157; Chem. Abs., 1911, 5, 3519 

^F. Hofmann and C. Coutelle. Canadian P. 143,493, 1912. Chem Abs , 1913, 7, 427 F. Hofmann, 

C Coutelle, K MeLsenburg and K Delbruck, Canadian P. 143,489, 1912, Chem Abs., 1-913, 7 , 426 Cf 

U S. P. 1,062,828, 1,062,912, 1,062,913, 1,062,914, May 27, 1913; Chem Abs, 1913 , 7 , 2485. F. Hofmann 

and C. Coutelle, U S P 1,069,951, 1,070,258, 1,070,259, Aug. 12, 1913; Chem. Abs, 1913, 7, 3424. See 
also R Weil, Ind Eng Chem., 1926, 18, 1174 

C D Harries, “Untersuchungen Uber die natiirlichen und kunstlichen Kautschukarten," Julius 
Springer, Berlin, 1919, 170 

British P 358,068, 1931,, to N. V. Bataafsche Petroleum Maatschappij; Brit. Vhem. Abs., B, 
1932, 172 N. D. Zelinsky, Y 1. Denisenko, M. S. Evantova and S. 1. Khromov, Sintet. Kauchuk, 1933, 
4, 11; Chem. Abs., 1934 , 28. 3617. 

H von Euler and L. Ahlstrdm, Arkiv Komi, Mineral Geot, 1932, llA (2), 1; Chem Abs., 1933, 
27, 950. See also H. von Euler and H. Willstaedt, ibid., 1939, lOB, (9), 1; Cherh. Abs., 1929, 23 . 4465 
'^F Hofmann, M. Otto and W. Stegman, U, S. P. 1,885,060, Oct. 25, 1932; Chem. Abs., 1933 , 27, 
1006. German P. 504,730, 1933, and 507,919, 1933; Chem. Abs., 1933, 27, 4816. German P. 264,925, 
1912. to F Bayer A Co. ; J.S.C.I , 1918, 32. 1078. 

^T. Wagner-Jauregg, Ann., 1932, 496, 52; Bnt. Chem. Abs., A, 1932, 856. 
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into polymers, the products are stated to be of little value as rubber substitutes. 
A possible explanation of this fact is that cross-linking of the polymeric chains 
proceeds very rapidly and a complex polycyclic structure is produced with properties 
unlike those of ordinary rubber.^® Aryl diazonium fluoborates®® are said to be 
quite effective in catalyzing the polymerization of indene, styrene, cyclopentadiene, 
phenyl butadiene, pinene, isoprene and other similar compounds. The catalytic 
influence of peroxides, per- acids, oxidized substances and oxygen itself on the 
polymerization of all types of unsaturated substances including styrene and 
isoprene has been recognized for many yearsOrganic peroxides, metal oxides, 
per- salts,®* and the products obtained by ozonizing isoprene®* have all been pro¬ 
posed as catalysts for the conversion of isoprene into rubberConant ard Tong- 
berg* have shown that a partially ozonized sample of isoprene polymerized more 
rapidly under high pressure than did unozonized isoprene. The polymerization of 
2,3-dimethylbutadiene is accelerated at room temperature by the presence of 4 
per cent or less of ozonized diisobutylenes.* From experiments on isoprene and 
dimethylbutadiene in the presence of oxygen, Staudinger and Lauteiischlager®' con¬ 
clude that polymerization is accelerated by autoxidation and that the active poly¬ 
merizing catalyst is probably a primary peroxide (not isolated) rather than the 
isolated polymerized peroxides. In the polymerization of styrene, however, oxygen 
is less active than benzoyl peroxide and diisobutylene ozonide is even more active 
as a catalyst than the latter.* 

The application of metallic sodium as a catalyst for the polymerization of 1,3- 
dienes has already been described. However, according to Zelmanov and Shal- 
nikov* the adoption of colloidal sodium is a decided improvement over the old 
method. Solid polymers from butadiene were obtained m 2-36 hours at 10-15°C. 
using only 0.001 to 0.3 per cent of .sodium as the catalyst. The catalyst was pre¬ 
pared by condensing sodium and butadiene on a cooled surface, simultaneously. 
Various derivatives of the alkali metals, including sodium amide or alkali metal 
alkyls,” have been used for this purpose. Diazoaminobenzene is said to catalyze 
the polymerization of butadiene obtained from petroleum fractions.” A number of 
other apparently unrelated materials have been suggested, including glycerol, starch 
and urea.®* 


Commercial Attempts to Synthesize Rubber 

Attempts have been made to develop the synthesis of rubber on a commercial 
scale, especially in Germany, but so far without success. The low price of natural 

Tlie production of rehins from nuxtures of diolefins and olefins under the influence of anhydrous 
aluminum chloride is considered later 

H. A. Bruson, U. S. P. 1,892,101, Dec. 27, 1932, to Resinous Products & Cliemical Co.; Chem. 
Abs., 1933, 27, 1893. 

“C, Engler, 8<A Int. Congr. Appl. Chem., 1912, 25, 661; Chem. Abs., 1913 , 7 , 2301 
«F. Klatte and A. Rollet. U. S. P. 1,241,738, Oct. 2, 1917, to Chem. Fabr. Grieslieim-Eloktron; 
Chem. Abs., 1918, 12, 231. German P. 281,688, 1914; J.SC.L, 1915 , 34, 623. 

“H. S. A. Holt and G. Steimig, U. S. P. 1,189,119, June 27. 1916; Chem. Abs., 1916, 10, 2162 Biitish 
P. 22,454, 1911, to Badische Amlin- A Soda-Fabrik; J.8.C.I., 1912, 31, 1088. 

Exposure to a concentrated electromagnetic field having waves of length 3 mm. to 6 m. is said 
to accelerate the polymerization of isoprene. See British P. 417,501, 1934, to Temion A.-G.; Chem. 
Abs., 1936, 29, 1178. 

»J. B. Conant and a O. Tongberg, J.A.C.S., 1930. 52. 1659. 

••R. C. Houtz and H. Adkins, J.A.C.8., 1931, 53, 1058. 

H. Staudinger and L. Lautensohlager, Ann,, 1931, 488, 1; Chem. Abs., 1931, 25, 5138. 

»R. C. Houtz and H. Adkins, J.A.C.8., 1933, 55, 1609. 

•I. L. Zelnumov and A. I. Shalmkov, J. Phys, Chem* (U. 8 . 8 . R,), 1933, 4, 353; Chem. Abs, 
1933, 27. 6016. See also S. A. Vekshinsky, Russian P. 32,723, 1933; Chem. Abs., 1984, 28, 3618. 

German P. 265,786, 1912, to Badische Anilin- A Soda-Fabnk ; Chem. Abs., 1913, 7, 1815. See 

also K, Ziegler, F. Crbssmann, H. Kleiner and O. Soh&fer, Ann., 1929, 473, 1, 57, Chem. Abs., 1921, 

23, 5181. 

•^■M. A. Lure and V. A. Ignatynk, Sintet Kauckitk, 1932 (3), 12; Chem. Abs, 1933 , 27 , 6016. B. 

V. Bysov, /. Appl. Chem. Rttssva, 1933. 6, 1074; Brit Chem. Abs. B, 1934 , 245. 

"German P. 248,399, 1911, to F. Bayer A Oo.; Chem. Abs., 1912, 6. 2856. 
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rubber at the present time would appear to render impossible a successful rubber 
synthesis unless the synthetic product possessed special properties and was par¬ 
ticularly adaptable for certain purposes. Before the World War, attempts to 
convert isoprene into ^ technical rubber product were made by the Bayer Co. and 
others, but, although several commercially practicable syntheses of isoprene from 
acetylene, or amyl alcohols, were developed, no real technical advance resulted. 
During the War, a process was developed in Germany by the Bayer Co. whereby 
about 150 tons of dimethylbutadiene rubber (methyl rubber) were made per month 
with a total production of 2350 tons.®® The 2,3-dimethylbutadiene was synthesized 
from acetylene via acetone and pinacol. A small amount of a somewhat unstable 
methyl rubber was later prepared from 2,3-dimethylbutadiene by the Badische Co. 
using the sodium-carbon dioxide method. However, most of the methyl * rubber 
was prepared by heat treatment and two types of product were obtained; namely, 
methyl rubber W and methyl rubber H. 


Fig. 47. 

Methyl Rubber, a Product 
Obtained by the Polymer¬ 
ization of Dimethylbuta¬ 
diene. 


Courtesy (} S \\ futhy 



Methyl Rubber W. Crude methyl rubber W®^ was produced by keeping 
liquid 2,3-dimethylbutadiene m large double-walled vessels for about five months 
at 70°C. The entire contents of the vessel were thereby converted into a tough, 
rubber-like, greenish yellow, translucent mass. This material was difficult to work 
on the mill and required large amounts of organic or inorganic fillers. Its use m 
soft-rubber goods was suggested. 

Methyl Rubber H. The so-called ''methyl rubber H” was made by filling 
thin-walled tin-plate vessels about one-third full* of dimethylbutadiene and storing 
them for about two months at 30°C. To hasten the process the batch was inocu¬ 
lated with previously polymerized material.®® The product was a white, porous, 
eauliflower-like mass with little resemblance to raw rubber. (See Fig. 47.) On a 
hot mill the substance first crumbled but soon milled to a smooth sheet, still re¬ 
taining a certain dryness and granular consistency. 

According to Weil,®* these synthetic products possessed decided disadvantages 
when compared with natural rubber. For example, they did not show a true 


“K. Well, Ind, Eng. Chem., 1920, 18, 1174. 

»*The history of dimethylbutadiene syntiieitio rubber research has been reviewed by V. A. Getlina 
and N V. Zhdanova, Smtet. Kauchuk, 1983, 5, 15; Chem. Abs., 1934, 28, 3015. 

»»Methyl rubber H in properties and autocatelytio mode of formation appears to he doselv 
analogous to the w-polychloroprene described by W. H. Carothers, I. Williams, A. M, Collins and 
J. E. Kirby, J.A.C.8., 1981, 53, 4214. See Chapter 8. 

WR. Weil, he. cU. 
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plasticity, lacked elasticity, were deficient in adhesive strength, and showed in¬ 
stability, although the latter defect could be overcome by the addition of preserva¬ 
tives such as 1,8-diaminonaphthalene. Methyl rubber, particularly the H variety, 
found successful application in electrical insulation, especially in the cable industry, 
in the manufacture of steam- and air-brake hose for railways, and for insulation 
in batteries. For use in tire manufacture, these synthetic products were not very 
satisfactory, being lacking in elasticity.*" 

More recent developments in the problem of synthesizing rubber include the 
work of the I. G. Farbenindustrie A.-G. in Germany, and E. I. du Pont de Nemours 
& Co. in the United States. It has also been reported that a synthetic-rubber 
industry is being organized in Russia.** In the production of artificial rubber as 
undertaken by the I G. Farbenindustrie A.-G., isojirene**" constitutes the raw mate¬ 
rial. The synthesis of the latter is indicated in the following senes of reactions: 


Acetylene 

Acetaldehyde 

Aldol 

1,3-Butylene glyco 
Methyl ethyl ketone 
2-Methyl-l,3-butylene glycol 
Isoprene 


Coal 

\ 

CH4 

1 / 

C2H., 


jHjO 

II 3 C—CHO 
NaOH 

H 3 C-CHOH—CH 2 —CHO 

I H, 

H,C—CHOH~CH,—CH,—OH 


—H5O 


180‘'—250°C 


HsC—CO—CH^—CHs 

treatment I and 
with HCHO 1 reduction 


H,C—CHOH—CH 


(CH,)—CH.,—OH 


H2C=CH—C(CH8)=CH2 


The resulting isoprene is polymerized to rubber by heating it with water, or 
caustic alkali, at 100°C. in the presence of acids, alkali metals, oxidizing agents, 
emulsifiers and a buffer system of pn 4.8-5.0. 

A product bearing the name of Polynit is prepared from butadiene by sodium 
polymerization or, better, by warming an emulsion of that hydrocarbon with 
ammonium oleate. The polymerized product is baked at 150®C. for two hours 
giving an infusible material insoluble in all solvents and chemically quite resistant.^*" 

For the vuloani*ation of methyl rubber, see O. 8. Whitby and M. Katz, Can. J. Research, 
1082, 6, 398; Chem. Ahs., 1032. 26, 4204. 

* See J.8 C.I., 1932 , 51, 6M. Also 8. V, Lebedev, Sottiahst Rekonstrukttiya t Nofuka, 1938 , 3 
(1), 127; Chimie et industne, 1934 , 32, 1150; Chem. Abs., 1935, 29. 2390. 

»0. Kessel, Chem.-Tech. Rundschau, 1930, 45, 135; Chem. Abs., 1930, 24, 3922. See British P. 
320,362, 1928, to I. Q. Farbenind. A.-G.; Brit. Chem. Abs., B, 1980 , 305. 

Butadiene may be prepared by the dehydration of 1,3-butylene glycol in the presence of alum 
or a mixture of calcium and aodium phosphates kt 240-250*0. The glycol is synthesized from 
acetylene via acetaldehyde and aldol. I^e British P. 291,748, 1928, to I. Q. Farbenind. A.-G.; Bnt. 
Chem. Abs. B. 1929. 886. French P. 650.314, 1928; Chem. Abs., 1929, 23. 5197. 
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The synthesis of rubber and a vulcanized rubber-hke substance (a- and M-poly- 
chloroprenes) from 2-chlorobutadiene has been described in Chapter 8. 

A complete survey of the vast literature of synthetic rubber production might 
easily occupy several volumes/''^ In the following abbreviated account, the mam 
trend of investigation is summarized as concisely as possible. Three mam methods 
of polymerizing butadiene and its simple homologues, particularly isoprene and 
2,3'dimethylbutadiene, have been developed: (1) heat-polymerization usually in the 
j)resenc*e ot an oxygen or other catalyst; (2) alkali-metal polymerization; and (3) 
polymerization in the form of an emulsion and usually in the presence of catalysts 
The latter method yields a synthetic latex capable of being precipitated to form a 
rubbery mass. 

In connection with the polymerization of diolefms to substances resembling 
rublier, certain mechanical details relating to temperature control, handling of the 
reactants or products and tyjie of ap])aratus employed, seem to be worthy of 
brief mention inasmuch as they contribute a great deal to the success of the opera¬ 
tion. An effective device for avoiding the deleterious action of e.xcess heat upon 
unreacted diolefins^*’^ consists of a vessel called a ^‘moderator.’’ The vessel con¬ 
tains no polymerizing agent. The device is connected to the reaction vessel in 
such a way that the excess heat liberated during the reaction causes the diolefin 
to distil over into the “moderator.’’ When the rea(‘tion has subsided, the diolefin 
IS returned to the reaction vessel. To facilitate the removal of the iiolymenzation 
products from the vessel, various coatings and linings have been suggested 
Readily removable materials such as paper, cardboard, textile fabrics and leather 
are advocated. These materials may be coated with a nitrocellulose or gelatin 
varnish. Waxes, bitumens, water glass and polymers of dioleffns are also said to 
be of assistance in removing the reaction-mass. Double-walled vessels for “sodium” 
polymerizations have been described^*’* in which the hydrocarbons may come in 
contact with the sodium through connecting holes of at least 2 mm. diameter. 
Polymerization m the presence of alkali or alkaline earth metals is favored by metal 
vessels having smooth, highly polished inner surfaces tree from edges.'** 

The “Emulsion” Method. In this process, which is probably the most im¬ 
portant of the three methods outlined above, the conjugated diolefin is emulsified 
with water and the resulting emulsion allowed to polymerize by maintaining at 
about 50-70°C. for several days. The proportion of water used m the emulsion 
need not be very great,'*" since successful polymerizations have resulted when 
the amount of water was insufficient to completely dissolve the emulsifying agents. 
A large variety of emulsifying agents have been suggested, but sodium oleate, 
sodium isobutylnaphthalene sulphonate and egg albumin are most frequently em¬ 
ployed.'*” The emulsion is maintained at a pn of 4.0-8.5 by buffering with sodium 
phosphate. The emulsion may be homogenized before polymerization.'®® Colloids 

For articles on the development of synthetic rubber, see F. .laoobe, Rev. gen caovitchouc, lft32, 
9 (81), 19; 9 (83), 9; Chem Abs., 1932, 26, 4731. W. C Calvert, India Rubber Rev, 1926 , 9, 48; 
Chem Abs., 1926, 20, 3685 G. S. Whitby and M. Kata, Ind. Eng. Chem., 1933, 25, 1204, 1338. 

109 French P. 687,721, 1930, to I. G. Farbenmd A -G ; Chem. Abs., 1931, 25, 753. 

^08 C. Heuck and H. Enderlemn, U. S. P. 1,809,446, June 9, IMl, to I. G. Farbenmd. A.-G , 

Abs., 1931, 25, 4282. British P. 336,339, 1929; Chem. Abs., 1931, 25, 2022. French P. 689,824, 1930; 
Chem. Abs., 1931, 25, 963 

10*French P 697,679, 1930, to I. G. Farbenind. A.-G.; Chem. Abs., 1931, 25. 8200. 

German P. 540,224, 1929, to I. G. Farbenmd. A.-G.; Chem. Abs., 1932, 26, 1620, 
i«» French P. 720,189, 1931, to I. G. Farbenind. A.-G.; Chem. Abs., 1982, 26. 3960. 
lor.M Luther and O. Heuck, U. S. P. 1,896,491, Frt>. 7, 1983, to 1. G. Farbenind. A.-G.; Chem. 
Abs., 1933, 27, 2848. U. S. P. 1,864,078, June 21, 1932; Chem. Abs., 1932, 26, 4505 British P. 
294,963, 1927; Chem. Abs., 1929, 23, 2071. Frendh P. 647,041, 1928; Chem. Abs., 1929, 23, 2603 
French P. 658,359, 1928; Chem. Abs., 1929, 28, 5862. Gennan P. 558,880, 1927; Chem. Abs., 1983, 27. 
632 See aK^o R P. Dinsmore, Bntiah P. 297,050, 1927, to Goodyear Tire 4c Hubbm* Co ; Chem 
Abs., 1929, *23, 2608*. E. Tschunkur and W. Bock, Gennan P. 570,980, 1933, to I. G. Farbenind. 
A -G ; Chem. Abs., 1983, 27, 4441. 

Lecher and A. Koch, U. S. P. 1,789,878, Jan. 20, 1981, to T. G. Farbenind. A.-G.; Chem. Abs., 
.1931, 25. 1412. German P. 526,304, 1928; Chem. Abs., 1931,, 25. 4443. .British P. 304,985, MB; Chem. 



180 THE CHEMl&TEY OF SYNTHETIC RESINS 


such as carragheen moss extract, gum arabic, and higher alcohols are used to 
facilitate emulsification.’"* Emulsions of butadiene hydrocarbons in water may be 
prepared also in the presence of the hydrochloride or acetate of certain high-molecu- 
lar-weight bases, such as diethylaminoethyloleylamide and 2-n-pentadecylglyoxah- 
dine.”® Polymerization is effected by maintaining the emulsion at 60-70°C. for 
several days. 

Lecher and Koch’“ effectively polymerized a butadiene hydrocarbon by employ¬ 
ing two emulsifying agents, one being soluble in water (sodium oleate) and the 
other soluble in the hydrocarbon (magnesium oleate). The reaction is completed 
after 5-6 days of heating at 60-70°C. However, the presence of oxygen or sub¬ 
stances yielding oxygen has been found to speed up the process and to increase 
the yield. Perborates,hydrogen peroxide,”* benzoyl peroxide, manganese borate’” 
and colloidal or finely divided metallic oxides such as manganese dioxide and 
lead dioxide, as well as the oxides of mercury, silver, nickel, cobalt and chromium 
have been used.”® Emulsions of 1,3-dienes in water may be polyrnerizetl in the 
presence of hydrazine or its derivatives, e g., hydrazoisobutyric acid, hydrazine 
dicarboxylic acid, ethyl ester or sodium phthalyl hydrazule.”** Emulsified diolefins 
may, in addition, be polymerized in the presence of hexachloroethane, carbon 
tetrachloride, ethylene dichloride, chlorobenzene, sodium tnchloroacetate, and sim¬ 
ilar chlorinated compounds.’” Amyl ether”* has also been used for this purjiuse 
Benzene-soluble rubbery polymers are obtained by carrying out the polymerization 
in emulsion at 10-20°C. and arresting the polymerization when 20 to 30 per 
cent of the diolefin remains unpolymerized.”® A rubber-like product”*' results when 
ah aqueous emulsion of a vegetable oil, e.g., tung oil, is polymerized with butadiene 
or isoprene in the presence of oxygen or an oxidizing comiiound. .\nother emulsion- 
polymerization’'^’ earned out in the presence of oxidizing agents yields polymers 
free from difficulty soluble substances by including such additional comiiounds 
as phenols, hydroquinone, resorcinol, pyrocatechol, acetic acid and acetone. Iodine, 
colloidal sulphur and arsenious acid are also said to be useful for this purpose. 

Where hydrogen peroxide or similar oxidizing agents are used to effect conver¬ 
sion, reducing materials, such as sodium bisulphite, sodium hydro-bisulphite, or 

Abs, 1930, 24, 266 Fiench P. 670.996, 1929; Chem Abs , 1930, 24, 2008. also British P 

307,938, 1928. Chem Abs, 1930, 24, 266 

British P. 320,^60, 1928, to I G Farbemnd A.-G ; Chem Abs, 1930, 24. 2640 British P. 
313,188, 1928; Chem. Abs, 1930, 24, 990. 

W. Bock and E. Tsohuiiker, U. S. P 1,924,227, Aug. 29, 1933, to T, G Furbonind A -G . 
Chevi Aba. 1933 , 27 . 5577. German P 511,145, 1927, Chem Abs. 1931, 25, 1412 Geiimni P 555.585, 

1928; Chem. Abs, 1932, 26, 6184 British P 330,272, 1928, Bnt Chem. Abs B, 1930, 873 French P 

681,896, 1929; Chem Abs., 1930 , 24, 4425 

H. Lecher and A. Koch, U 8 P. 1,851,104, Mar 29, 1932, to I. G Fuibenind A -G ; Chem 
Abs. 1932 , 26, 3144 Genaan P 526,498, 1928; Chem. Abs.. 1931, 25, 4443 

British P. 283,840, 1928, to I G. Farbemnd. A.-G.; Chem Abs, 1928, 22, 4274 Fiench P. 
647,041, 1928; Chem. Abs, 1929, 23, 2603. 

A T. Maxiinofl, U S P 1,910,846 and 1,910,847, Mav 23, 1933, to Naugatuck (''heni Co ; Bnt 
Chem. Abs. B, 1934, 159, Briti.sh P. 292.103, 1928; Bnt. Chem. Abs B, 1929, 864 

«*E. Tschunkur and W. Bock, U. S P 1,935,733, Nov. 21, 1933; to 1. G. Farbemnd. A.-G ; Chem. 

Abs , 1934, 28, 932. 

iw H. Meis, W. Klein and E. Tschunkur, U. S P. 1,896,493, Feb. 7, 1933, to I. G. Farbenind A.-G ; 
Chem. Abs., 1933, 27, 2845. Gennan P 515.143, 1927; Chem. Abs., 1931, 25. 1706 Bntish P 317,030, 

1928; Bnt Chem. Abs B, 1929, 829. French P. 656,428, 1929; Chem. Abs, 1929, 23, 4103. See also 

British P. 294,661, 1927; Chem Abs, 1929, 23. 2071. 

Schmidt and B. von Bock, German P. 504,436, 1920, to I. G. Farbenind. A.-G ; Chem Abs, 
1930. 24, 5308. Bntish P. 333.894, 1929; Chem. Abs., 1931, 25. 845. 

W. Bock and E. Tschunkur, U. S P. 1,898,522. Feb. 21, 1933, to I. G. Farbemnd A -G ; Chem 

Abs.. 1983, 27, 2845. Briti^ P 349,409, 1930; Chem. Abs.. 1932 , 26, 6452. Gennun P. 532,271, 1930; 
Chem. Abs., 1932, 2^ 337. 

British P. SOaiWO and 366,944, 1930, to I. G Farbenind. A.-G.; Bnt. Chem. Abs. B. 1932, 438. 

”*C. Heuck, German P. 596,769, 1934, to I. O. Farbenind. A.-Q.; Chem Abs, 1934 , 28, 5285 
British P. 364,089, 1930; Chem. Abs.. 1933, 27, 1784. French P. 708,807 and 708.808, 1931, Chem. Abs.. 
1982, 26, 1475. 

»»British P. 382,845, 1930, to I. O. Farbenind. A.'-G.; Brit. Chem. Abs. B, 1932 . 233. O Ambiose 
and H. Reindel, German P. 526,305, 1928; Chem. Abs . 1981, 25, 4443. 

French P. 686,934, 1929, to I. G. Farbemnd. A.-G.; Chem-. i4b«., 1931, 25, 845. 
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stannous chloride, are added to the polymerized latex to decompose excess oxidiz¬ 
ing agent and to give paler products.^'* Emulsion polymerization is said to be 
facilitated by the jiresence of an unsaturated nitrile of acrylic acid or its methyl 
or butyl esters.’^ Polymerization of olefins of the butadiene type^’‘ has been 
effected, moreover, in the presence of compounds such as ethyl sorbate, ethyl cin- 
namate, 2-methyl-3-chlorobutadiene, 3-chlorostyrene and sorbic acid methyl ketone, 
HOOC—CH^CH-~CH=CH--CHa-~C(>~CHs. By aqueous extraction of the 
cortex of rubber trees a non-rubber substance is obtained which is recommended 
as a catalyst for the emulsion-polymerization of diene hydrocarbons.’^ Rubber- 
hke products of high elasticity and strength are obtained upon vulcanization in 
the presence of finely divided carbon.’’*’ A creamy or jelly-like product re¬ 
sults’"’ when butadiene hydrocarbons are stirred or shaken with aqueous solutions 
of the polymerization promoters. 

The coagulation of the emulsified polymerization products may be accomplished 
by several methods. A common procedure consists in cooling the batch below 
0“C.’“ The addition of salts of the alkali metals,”* e.g., sodium chloride, sodium 
carbonate and sodium hydrogen phosphate is also quite effective. Such emulsions 
may be concentrated by standard methods in the presence of sodium oleate or 
other protective colloids.’®® * The use of proteolytic enzymes’®’ including papain, 
pancreas extract or banana juice has been recommended for this purpose. In 
every instance, the removal of unchanged diolefin before coagulation is advan¬ 
tageous.”"’ 

“Sodium” Polymerization. This polymerization is effected by agitating a 
mixture of the dioleftn and an alkali metal or an alloy.’®® The polymerization may 
be carried out in successive stages by varying the temperature of reaction. For ex¬ 
ample, butadiene is treated with sodium amalgam at 0-6®C. for two days. The tem¬ 
perature is then raised to 30-40°C., sodium is added and the mixture allowed to 
stand for several days.”’ A catalyst of sodium particles of uniform size (balls of 
1.1 mm. diameter) obtained by comminuting in a liquid and sieving, is said to be 
effective.’®® A convenient catalyst for polymerizing butadiene at 35-45‘’C. consists of 
sodium dispersed in a finely divided solid diluent, i.e., 1.5 parts of sodium ground 


’33 M Luflici and C Hcurk, U S P 1 860,681, May 31, 1932, to I (i. Fatbenjnd A -G , Chem. 

Abs , 1932 , 26, 3804. Geiioan P 543,152, 1928, Chem. , 1932, 26, 2621 Biitiah P. 323,721, 1928, 

Bnt Chon Abs. B, 1930, 251 

’33 E- Konrad and E Tschunkur, II S P I 973,000, Sept 11, 1934, to 1 G Farbenmd A -G ; Chem. 

Abs, 1934, 28, 7072 British P 360.821 and 360,822, 1930, Chem Ab^ . 1933, 27, 1236 Eienrli P. 715,982 

and 715,983, 1931; Chem. Abs., 1932, 26, 2085 

>3’ Bnti^h P 387,381, 1933, addn. to 339.255 and 342.314, 1929, to I. G Farbeinnd. A.-G ; Chem. Abs , 
1933, 27, 4718 

W A Gilibons and E M McColm, U S. P 1,953,169, Apr 3, r34, to Naugatuck Cliemical Co ; 
Chem Abs , 1934, 28, 3940. 

E. Tsclumkur and W. Bock, German P 532,456, 1929, to I. G. Faibenind. A -G , Chem. Abs , 
1932, 26, 337. 

’37 A. Beck and M. Luther, German P. 533,885, 1927, to I G. Farbenind. A.-G.; Chem Abs, 1932, 

26, 876, 

Konrad and W. Siefken, U. S. P. 1,874^,546, Aug. 30, 1932, to I G. Farbenind. A.-G.; Chem. 
Abs, 1932, 26, 6182 German P 537,032, 1928; Chem. Abs., 1932, 26, 1157. British P. 304,207, 1928; 
Chem Abs., 1929, 23, 4848. French P. 667,256, 1929; Chem. Abs., 1930, 24, 1250. 

’^’F. Schwerdtel, U. S. P. 1,879,543, Sept. 27, 1932, to I. G. Farbenind. A.-G.; Chem. Abs., 1933, 

27, 441. German P. 555,556, 1929; Chem. Abs., 1932, 26, 1476. Bntish P. 346,785, 1930; Chem. Abs., 
1932 , 26, 2084. 

’*> British P. 313,440, 1929, to I. G. Farbenind. A.-G.; Brit. Chem. Abs. B, 1981, 78. 

w’Bntish P. 307,375, 1927, to I. G. Farbenind. A.-G.; Bnt. Chem. Abs. B, 1929, 367. 

’MBiitish P. 311,381, 1928, to I. G. Farbenind. A.-G.; Chem. Abs, 1930, 24, 990. 

’^For a study of the mechanism involved in alkali-metal polymerisation of diolefins see K. Ziegler, 
F. Dersch and H. Wolithan, Avn., 1^4, 511, 13 K. Ziegler and L Jakob, tbtd., 45. K. Ziegler, L. Jakob, 
H. Wolithan and A. Wenz, tbid., 64; Chtmi. Abs., 1934, 28, 5430. 

w*M. Luther and C. Heuck, German P. 533,886, 1929, to I. G. Farbemnd. A.-G.; Chem. Abs., 
1932, 26, 876. 

’»G. Ebert, F. A. Fnes, and P. Garbsch, U. S. P. 1,880,918, Oct. 4, 1982, to I G. Farbenind. A.-G ; 
Chem. Abs., 1933, 27, 514. Bntish P. 338,534, 1929; Bnt. Chem. Abs. B, 1931, 237. French P. 696,149, 
1930; Chem. Abs., 1931, 25, 2878. 
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with 60 parts of dry sodium chloride.*** Besides metallic sodium, various alloys ana 
derivatives of that element have been particularly recommended as catalysts. 
Midgley, Hochwalt and Thomas'" use an alloy of sodium and potassium which is 
liquid under the conditions of reaction, for polymerizing diolefins. Polymerization 
can be effected in the presence of sodium, potassium, calcium and their alloys or 
organic compounds of alkali or alkaline earth metals which are not capable of ioniza¬ 
tion, such as sodium ethyl, sodium triphenylmethyl and lithium alkyls. The catalyst 
is added in three or more fractions,'** The polymerization is carried out in an at¬ 
mosphere of nitrogen, carbon dioxide or other inert gas. Diluents which may facili¬ 
tate the reaction include dioxane, vinyl ether, vinyl chloride and acetals. The use of 
hydrogen is said to be advantageous; increase in hydrogen pressure lowers the 
viscosity of the polymerized product.'** Butadiene hydrocarbons may also he poly¬ 
merized in the presence of sodium hydride**" or of sodium with addition of small 
quantities of water during reaction.'** The water is added in the form of water of 
crystallization of salts (e g., NaaCO., • lOHjO or MgCh • 611^0). 

The polymerization reaction employing metallic sodium, or alkali metals gen¬ 
erally, IS accelerated or modified considerably by various organic materials. Thus 
the presence of hydrocarbon diluents such as butylene, cyclohexane, benzene, tur¬ 
pentine or gasoline is said to be advantageous. The greater the amount of diluent 
used, the greater is the proportion of polymerization product soluble in benzene 
and the lower is the viscosity of the solutions obtained.'**^ Readily soluble rubber¬ 
like products are obtained by polymerizing in the prCvSence of sodium, using solvents 
or dispersion media such as decahydronaphthalene, dry xylene, toluene, tetrahydro- 
naphthalene, benzene, cyclohexane or liquid polymerization products of the proc¬ 
ess.'*'* For example, Schmidt'** prepared a thinly viscous product by polymerizing 
butadiene with sodium in the presence of cyclohexane. The material was recom¬ 
mended as a protective coating for wood and metal Soluble plastic polymerization 
products are also obtained by continuously removing the soluble sulistances as 
formed, employing light petroleum, ether or benzene as solvent.'*® 

Among the numerous substances which have been said to exercise a favorable 
influence on the polymerization of diolefins to rubber-like substances, in the prevS- 
ence of sodium or an alkali metal, the following may be mentioned: 

(1) Starch, cellulose, or cellulose ether.'*® 

(2) Ethyl or phenyl ether or an olefin oxide or peroxide.'" 

(3) Ammonia or a free cyclic or aliphatic base to the extent of 0.01 to 1 i)er cent 
of the hydrocarbon polymerized.'*" 

van ZiUphen. U. S P 1,885,6.53, Nov. 1. 1932. to I G Farbomnd \-G ; Chrm , 1933. 
27. 1006. British P. 342,107, 1930; Chem Abs., 1931, 25, 4443 French P 682,277. 1929, Chem Abe, 
1930, 24, 4425 

Midplev, C A Hochwnlt nnd C A. Thoma«, U. S P 1,713.236. May 14, 1929, to General 
Motors Coip ; Chern Abs., 1929, 23, 3232 

British P 339.243, 1929, to I G. Farbenind A -G ; Chem Ab,> , 1931, 25. 2597 French P 693,920, 

1930. 

J** British P 363,810, 1930, to I. G Farbenfnd. A -G ; tint Chem Abs. B, 1932, 378 French P. 
721,361, 1931; Chem. Abs., 1932, 26, 4065 

K. Schirmachcr and L van Zutphen, U S P 1,838,234, Dee. 29, 1930 to I G Farbenind 
A.-G.; Chem. Abs., 1932, 26, 1476. French P. 677,416. 1929. Gennan P. 522,090, 1928; Chem. Abs, 1931, 
25, 3199. 

British P. 357,488, 1989, to I. G. Farbenind A.-G.; Chem. Abs., 1932, 26, 6183. French P. 
391,662, raO; Chem. Abs., 1931, 25, 1706 

i« British P. 324,004, 1929, to I. G Farbenind, A-G. ; Bnf. Chem Ab^ B, 1930, 385. French P. 
658,652. 1928, and addn. 38,127, 1930: Chem Abs. 1929, 23. 5352; 1931, 25, 5596. 

i« British P. 333,872, 1929, to I G. Farbenind A -G ; Chem. Abs . 1931, 25, 710. 
i«^0. Schmidt, German P. 572,746, 1933, to I G. Farbenind A-G ; Cheth. Abs, 1933, 27. 4439 
British P. 337,019, 1929, to I. G Farbenind A-G , Bnt. Chem. Abs. B, 1931, 148. French P. 
688,593, 1930; Chem. Abs., 1931, 25, 710. Also British P. 337,460, 1929; BrU. Chem. Abs. B, 1931, 195 
British P. 283.841, 1927, to I G Farbenind A -G ; Bnt. Chem. Abs. B, 1929, 485 
British P. 308,755, G928, to I. G Farbenind A -G.. Bnt. Chem. Abs. B, 1929, 991. 

1** British P. 326,869, 1928, to I. G. Farbenind. A.-G.; Bnt. Chem. Abs. B, 1930, 521. French P. 
678,305, 1929, 
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(4) A cyclic diether such as dioxane.'** 

(5) Twenty per cent of a low-boilmg aliphatic ether such as dimethyl, diethyl, or 
methyl ethyl ether 

(6) Less than 5 per cent of saturated simple ethers such as diethyl, diamyl, or di- 
isobutyl ether 

(7) Aldehydes, ketones or saturated and unsaturated acyclic or cyclic acetals, or 
acetals from 1,2- and l,3-glyco)s.^“ 

(8) Up to 20 per cent of an organic compound unattacked by sodium but capable of 
replacing sodium by hydrogen in sodium triphenylmethyl, e g., dioxane, furan, thio¬ 
phene, acrylonitrile, phenylacetonitrile. The presence ol an unsaturated ether such as 
vinyl ethyl ether is also desirable.*^’ 

(9) Up to 1 per cent of organic halogen compounds, such as ethylene dichloride, 
vinyl chloride, benzyl chloride, 1,2-dibromocyclohexane, 3-chloroquinaldine or 1-chloro- 
naphthaleiie.^'^* 

Other Methods of Polymerization. Anhydrous halides of the amphoteric 
elements, including the tetrahalidos of tin and titanium, the tri- and pentahalides 
of antimony, boron chloride, halides of arsenic, iron and bismuth, as well as cer¬ 
tain strongly negative substances such as sulphuryl chloride, phosphorus pentoxide, 
and phosphorus oxychloride have been suggested by Staudinger and Bruson^" to 
polymerize diolefin hydrocarbons to give rubber-hke products. Treatment of 
isoprene in benzene solution m the cold with stannic chloride yields a white 
rubber-hke mass, soluble in benzene. This, together with the white powdery 
polymer of 1-phenylbutadiene, and the white rubbery polymer of cyclopentadiene 
can be vulcanized with sulphur chloride or they can be used in the preparation of 
lacquers. 

A two-stage polymerization process, combining both the ^‘sodium" and ‘Emul¬ 
sion” methods for preparing rubbery polymers, has been proposed.^®* For example, 
isoprene is partially polymerized with sodium at 35°C. Additional isoprene is in¬ 
corporated and the mixture is emulsified with sodium oleate. The final polymeri¬ 
zation IS carried out at 60°C. Other stepwise processes have been used m which the 
method of polymerization does not change.^'” 

Plauson"“ produced soluble rubber-hke materials by polymerizing diolefins in 
mixture with drying oils in the presence of zinc chloride or aluminum chloride at 
ordinary or higher temperatures. Gerke"* obtained synthetic rubber-polymers by 
treating a 1,3-diolefin with an inorganic peroxide (barium peroxide) and an 
organic acid anhydride (acetic anhydride). Butadiene may be polymerized by 
heating under increased pressure in the presence of oxygen and anhydrous orgsfnic 
solvents, e.g., tetrahydrostyrene, benzene or toluene. The resulting solution of 

1*«G. Ebert and F. A. Fries, U. S. P. 1.832.450, Nov 17. 1932, to I. G. Farbenind. A.-G ; Chem. 
Abs., 1932, 26, 1157. German P. 520,104, 1929; Chem. Abs., 1931, 25, 2878. British P. 334,184, 1929: 
Bnt. Chem. Aba B. 1930, 1103. French P, 688,790, 1930 

“0 British P. 339,135, 1929, to I. G. Farbenind. A.-G.; Chem. Aba, 1931, 25 , 2597. French P. 
680,960, 1929; Chem. Aba., 1931, 25. 845. 

«iE. Tschunker and W. Bock, U. S. P 1,859,686, May 24, 1932, to I. G. Farbenind. A-G.; Chem. 
Aba., 1932, 26, 3960. German P 575,371, 1983; Chem. Aba., 1933 , 27 , 3638. 

^ G. Ebert, F A. Fries and P. Garbsch, German P 532.455, 1929, to I G Farbenind. A.-G ; 

Chem. Aba, 1932, 26, 337. Bntiah P. 340,008, 1929, Bnt Chem Aba B, 1931, 338 French P 895. 
441, 1930; Chem Aba., 1931, 25, 2877. G Ebert and P. Gaibsch, U S. P 1,953.468, Apr. 3, 1934; 
Chem. Aba., 1934 , 28, 3939. 

G Ebeit, F. A. Fries and P Gnrbsch, German P 575,439, 1933, to I. G Fnrbenihd A -G ; 

Chern. Aha, 1933 , 27 , 3638. British P 340,474, 1929; Chem Aba.. 1931, 25, 5056. Fiench P. 695,299, 

1930; Chem Aba, 1931, 25, 2877 Geiman P 592,096, 1934; Chem Aha., 1934 28, 2947. 

G. Ebert, F. A. Fries and P, Gaibseh, U S P 1921,887, Aujt 8, ’933, to I G Farbenind. 
A-G ; Chem Aba, 1933 , 27 . 5339 Gennan P 524.668. 1929; Chem. Aba, 1931, 25. 4370 British P. 
347,802, 1930; Bnt. Chem Aba B. 1931, 917 French P 702,784 1930; Chem Aha, 1931, 25. 4443. 

Staudimrer and H A Bniaon, U S P 1,720,929, .Tiily 16, 1929; Chem Aba, 1929 23, 4228 
iwBritish P 307.308, 1929, to I G Farbenind A-G.; Bnt. Chem /thv B, 1930 , 878 French P. 
86,590, 1929, addn. to 665,537; Chem Aba, 1930, 24. 6065. French P 695,745, 1930, Chem Aba\ 1931, 
25 2878. 

’ British P. 335,616, 1929, to T. G Faibenind. A.-G ; Bnt Chem. Aba., B, 1930, 1122, British P. 
802,733, 1927; Bnt. Chem. Aba B, 1930, 521. 

'MR. Plaiiaon. German P. 361.429, 1917; J.S.C.I., 1923, 42, 366A; Knnatatoffe, 1922, 21, 176. 

'“R. H. Gerke, U. S. P. 1,854,1M, Apr. 19, iW2, to Naugatuck Chemic:^ Co ; Chem. Aba.. 1932, 
26. 3407. 
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polymers may he used in the manufacture of adhesives or coating and binding 
compositions.'"* 

Methods have been described whereby the synthesis of diolefins and their 
subsequent polymerization to rubber-like polymers may be carried out in one 
operation.'**' For example, ethylene and acetylene and an added inert gas are 
heated in an autoclave under a pressure of 55-60 atmospheres at 350-400°C. The 
1,3-butadiene so formed polymerizes when the reaction is performed in the presence 
of an alkali metal. Highly plastic masses resembling rubber are formed by heat- 
polymerizing butadiene hydrocarbons in the presence of iinsaturated ketones.’**' 

The polymerization of diolefins is catalyzed by small amounts of the carbonyls 
of heavy metals, e.g., those of iron, nickel, cobalt, molybdenum, tungsten and 
chromium. Lsoprene is converted into a rubber-like mass by warming with 2 per 
cent of iron carbonyl in a current of air. Nickel carbonyl or iron carbonyl added 
with chromium propylnaphthalenesulphonate to a paint of polymerized butadiene 
in toluene accelerates the hardening of the film.'**® 

According to Bysov’®' the polymerization of diolefins to synthetic rubliers is 
favored by the presence of (1) the dimer of the diolefin, which supiiresses further 
undesirable formation of oily polymers, and (2) mixtures of substances capable 
of existing in tautomeric forms, such as ethyl benzoylacetate with diazoamino- 
benzene or phenylthiocarbimide. Synthetic rubber-like materials have been pre¬ 
pared'®* by polymerization in successive stages. The polymerization is partially 
completed and then additional quantities of the same or a different hydrocarbon 
are added. For example, if butadiene or isoprene represents the initial material, 
a different compound such as 2,3-dimethylbutadiene may be added. 

Bridgman and Conant'"* were successful m polymerizing to rubbery materials 
such unsaturated hydrocarbons as isoprene, 2,3-climethyl-l,3-butadiene and styrene 
at pressures of 3000-12,000 atmospheres at room temperature. At 12,000 atmos¬ 
pheres, isoprene yielded a tough, transparent, rubber-like solid which was 100 
per cent polymerized. The reaction time is much less than can be obtained by 
any other method of polymerization, being 50 hours in this instance. Styrene, 
when subjected to pressure, yielded a hard resin, but when mixed with an equal 
part of malonic ester and subjected to 12,000 atmospheres, a soft, white, rubbery 
mass resulted. Vinyl acetate was also completely polymerized to a transjiarent 
rubber-like solid at high pressures. 

In order to separate a mixture of olefins into monolefins and diolefins, Brooks'**^ 
treated the mixture with a dispersion of finely divided cuprous chloride in aciueous 
ammonium chloride. The ciqirous chloride reacts with the diolefins but not with 
the monolefins so that the two are easily separated. The diolefins are regenerated 
by heating and can then be iiolymerized to a rubber-like material. 


British P. 363,348, 1930, to I G. Farbenilid. A-G.; Br,t Chem Abn B, 1932, 272 

wiR. Plauson, U. S. P. 1,436,819, Nov. 28, 1922; Chem. Abs , 1923, 17, 771. British P 115,116, 1920, 

to H. O. Traun’s Forachiingslab. G. m b H.; J. 8. C. L, 1922, 41. 436A 

M»K. Meisenburg, U. S P. 1,901,364, Mar. 14, 1933, to I. G Farbeniml. A-G ; Clunn Ab» , 1933, 
27, 3113. Bntiah P. 349,976, 1931; Chem. Abs., 1932, 26, 6463. French P. 709,637, 1931; Chem. Ab^.. 
1932, 26, 1476 

Ambrose and H. Reindel, German P. 623.033, 1929, to I. G. Farbenind. A-G ; Chem. Abs., 
1931, 25. 8368. British P. 340,004, 1929; Chem. Aba., 1931, 25. 2878. See also O. Ambrose, J Eisle 
and J. Stoehrel, V. S P. 1,891,203, Dec. 13, 1932; Chem. Abs., 1933, 27, 1893. 

W. Bysov, Britisli P. 314,932 and 314,933, 1928; Bnt. Chem Aba.. B, 1929, 829 Ruaamn 
P 11,276, 1929; Chem. Zen^r., 1931, 1, 8407; both to Gosudarstvennyi Trest Resinovoi Piomyshlennosti 
(State Resinotrest). 

British P. 307,308, 1928, to I. G. Faibenind. A-G.; Chem. Abs, 1929, 23, 5362 British P 
385,616, 1929; Chem. Aba., 1931, 25, 1706. 

wp. W. Bridgman and J. B. Ckinant, U. S. P. 1,952,116, Mar 27. 1934. to E I. du Pont de 

Nemours 4 Co.; Chem Abs., 1934, 28, 3416. Cf. Proc. Nat. Acad. Sri, 1929, 15, 680; Chem Ab.s , 

1929, 23. 5090. Sec also French P. 699.555. 1930; Chem. Aba., 1931, 25. 3358. British P. 365,102, 
1920, to Imperial d^em Ind., Ltd ; Chem. Abs., 1933, 27, 1643. 

T. Brooks. U. S. P. 1,988,479, Jan. 22, 1935. to Standard Alcohol Co.; Chem. Abs., 1935, 29, 

1684. 
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Viscous or Oily Polymers of Butadienes 

Reference has already been made to the oily by-products obtained during the 
polymerization of 1,8-diolelins to rubber-like materials. Highly viscous oils have 
been obtained by heating butadiene or its methyl derivative to 220"C. under 
pressure. However, if the temperature is not allowed to exceed 150°C. clear 
oils result. Polymers procured in this manner are recommended as constituents 
of paints, varnishes and adhesives.^** Oily polymers are also prepared^**" by treat¬ 
ing butadiene and its homologues at high temperatures and at ordinary pressures 
m the presence of nickel, aluminum, glass wool, silica gel, or si3ongy iron. It is 
said that in general butadiene and other olefins, obtained from the destructive 
distillation of coal, may be polymerized to yield products useful as lubricating oils 
and plastics."" 

By heating a mixture of butadiene, benzene, hgroin and xylene at 1S0°C. and 
under 80 atmospheres for 4 hours, a polymerized product said to be of value in 
the pre]iaration of transparent lacquers is formed."’ Oils for varnishes are made by 
heating butadiene and similar hydrocarbons to 120-180"C. under pressure in the 
presence of oxygen or gases containing, or yielding, oxygen."’* For coating and 
adhesive com])ositions the oily polymerization products of diolefins are used in 
admixture with cellulose derivatives or synthetic resins, along with various fillers."* 

Resinous, non-rubber-like products result on heating diolefins with substantial 
quantities (e.g., 1 to 5 parts) of an inorganic acid, preferably of sulphur or phos¬ 
phorus, or an organic derivative such as benzenesulphonic acid."* However, 
branched-chain olefins if polymerized at —10°C. in the presence of boron trifluoride, 
aluminum chloride or similar inorganic halides yield viscous, semi-solid products. 
The estimated molecular weights of these polymers range from 1000 to 10,000."'’ 

Products of varying degrees of usefulness have been obtained"* by separating 
the fractions resulting from the polymerization of butadiene hydrocarbons. Sepa¬ 
ration IS effected by selective solvent action. For example, one fraction is recom¬ 
mended for use in the manufacture of artificial silk and another for coatings or 
impregnation of paper. Fractions are also obtained having the requisite properties 
necessary for vulcanization to synthetic rubber. Hard flexible foils, as exempli¬ 
fied in films, bands and lacquer coatings, possessing considerable resistance to 
chemical influences have been prepared by subjecting a non-distillable poly¬ 
merization product of a diolefin to heat treatment in the presence of oxygen.'" 
Similar materials are prepared by using sulphurizing agents instead of oxygen."* 


Polymerization of Cyclic 1,3-Diolefins 

Like the simple straight-chain conjugated diolefins, the cyclic diolefins, cyclo¬ 
pen tadiene and 1,3-cyclohexadiene also possess a great tendency to polymerize to 

^®*J. Eisele and J Stohrel, German P. 589,589, 1928, to I. G. Farbenind A.-G ; Chem. Abs., 1932, 
26, 2333 Also addn P. 540,998, 1928; Chem. Abs, 1932, 26, 2333. British P. 328.908, 1928, Bnt. 
Chem. Abs. B. 1930, 754. French P. 079,539, 1929; Chem. Abu., 1930, 24. 3914. 

French P. 683,284. 1929, to 1. G Farbenind, A.-G.; Chem Abe., 1930, 24, 4519. 

British P. 305,603, 1927, to I. G. Faibenind. A-G.; Bnt. Chem. Abe, B, 1929 , 275 

J. Stohrel and J. Eisele, German P. 542,805, 1929, to I. G. Farbenind. A.-G.; Chem. Abe., 1932, 
26, 3124 

French P. 39,353, 1930, addn. to 679,589, to I G Farbemnd. A.-G.; Chem. Aba., 1932, 26, 2333. 

British P. 359,944, 1930, to 1. G. Farbenind. A.-G.; Chem. Aba., 1932, 26. 4144. 

^''♦Bntish P. 338,152, 1929, to I. G. Farbenind. A.-G.; Brit. Chem. Aba. B. 1981, 261. 

British P. 401,297, 1932, to I. G. Farbenmd. A.-G.; Bnt. Chem. Aba. B, 1934, 136. 

French P. 691,901, 1930, to I. G. Farbenind. A.-G.; Chem. Aba, 1981, 25, 1346. 

177 0. Schmidt, U. 8. P. 1,901,045, Mar. 14, 1933, to 1. G Farbenind. A.-O.; Chem. Aba., 1933, 27, 
3113. British P. 329,000, 1929; Chem. Aba., 1930, 24, 5586. French P. 688,990, 1929; Chem. Aba., 
1930, 24, 1753. 

i7«0. Schmidt, German P. 568,906, 1938, to T, G. Farbenind. A.-G.; Chem. Aha.. 1933, 27. 2845. 
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high-molecular-weight resinous polymers. These products, however, differ some¬ 
what from the rubber-like polymers of butadiene and isoprene. 

Cyclopentadiene. By polymerization under controlled conditions, cyclo- 
pentadiene has been shown to yield a whole senes of lower polymers, including the 
dimer, trimer, tetramer, and pentamer, as well as a complex polycyclopentadiene 
(CsHalx, where x may vary within the limits 20-100. The polymerization of 
cyclopentadiene to solid polymers proceeds spontaneously on standing at ordinary 
temperature, particularly in the presence of air or oxygen, but is more rapid 
at higher temperaturesLight has little influence on the reaction.^®^ However 
when small amounts of ethyl mercaptan are added to the cyclopentadiene, resin- 
formation takes place upon standing in light.*“ By heating cyclopentadiene to 
135®C., dicyclopentadiene^** is formed mainly, but by prolonging the heac treat¬ 
ment and employing higher temperatures other polymers can be obtained.^ These 
polymers are crystalline solids (up to the pentamer, at least) and can be separated 
from one another by vacuum distillation. Each polymer contains two double bonds 
and can be hydrogenated to the corresponding dihydro- and tetrahydro derivatives. 
By thermal treatment they can be partially depolymenzed with the formation 
of cyclopentadiene and its lower polymers. The melting points of the lower poly¬ 
mers of cyclopentadiene are given in Table 23. 


Table 23. —Polymers of Cyclopentadiene. 


Compound 

Dicyclopentadiene .. 

Tricyclopentadiene . 
Tetracyclopentadiene 
Pentacyclopentadiene 
Polycyclopentadiene . 


Melting Point °C. 

/ 32.5 (a-form) 

\ 19 5 (^-form) 

60 

188-190 

270 

decomposes above 300 


The chemical constitution of these crystalline polymers has not been definitely 
decided. Wieland'®* proposed a formula which assumes the addition of a cyclo- 
pentadiene molecule activated in the 1,4 position to another molecule at the 1,2 
position. The investigations of Alder and Stein^®® tend to corroborate this formula 
which may be represented by the grajihic structure 


H H, 



In the case of the spontaneous polymerisation of cyclopentadiene to its dimer the reaction is 
practically independent of the presence of oxygen See G. R. Schuitze, J ACS , 1934, 56, 1552 

E. RoHcoe, J C S., 1885, 47, 669; Ann. 1886, 232, 348; Chem. Zentr., 1886, 449 A. Etard and 
P. Lambert, Compt. rend., 1891, 112, 945: J.C 8 , 1891, 60, 1085. A Kronstein, Ber., 1902, 35, 4150 
H. Stobbe and F. DUnnhaupt, Ber, 1919, 52, 1438. A. P. Terent'ev and L A. Solokhin (Snitef. 
Kauchuk, 1933 , 5, 9; Chem. Abs , 1934, 28, 3^) report Uiat the reaction between cyclopentadiene and 
p-nitrobenzene-diazoniiim chloride can be utilized to determine the extent of polymerization. 

Stobbe and F Reuse, Ann., 1912, 391, 151; Chem. Abs., 1912, 6, 3275. 

1*3 0. Kruber and W. Schade, Brennstoff-Chem., 1933, 14, 124; Chem. Abs., 1933 , 27 . 3802. 

^** Cry.<italline dicyclopentadiene ha.s been obtained from coke-oven gas in amounts of 15-20 kg. per 
1000 tons of coal. See R. Horclois, Chtmte et mdustne, 1934 , 33 (April Spec. No.), 357; Chem. Abs., 
1935, 29. 140 

^** H. Staudinger and A Rheiner, Helv. Chim. Acta, 1924 , 7 , 23; Chem. Abs., 1924, 18, 1275 H 
Staiidinger and H. A. Bruson, Ann, 1926 , 447, 97; Chem. Abs., 1926 , 20, 2148. H. A. Bruson and 
H. Staudinger, Ind. Eng. Chem , 1926, 18, 381. 

MflH. Wieland, Ber., 1906. 39. 1492. 

“*K. Alder. G. Stein, and others, Ann, 1932, 496, 204; 1933, 504, 216; Brit. Chem. Abs A, 1932, 
938; Chem. Abs., 1933, 27 . 5311. Ber., 1934, 67, 613; Chem. Abs., 1934, 28, 6114. Angew Chem., 1934, 
47. 837; Chem. Abs., 1935, 29, 2516. 
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Furthermore, the latter investigators assert that the lower polymers of cyclo- 
pentadiene form an homologous series of the general formula 



in which x is a small integer. 

Additional corroboration for the Wieland formula has been made available 
through the researches of Pirsch^*’ on the molecular depression of the melting point. 
The argument is based on observations that dicyclic compounds, whose molecular 
structure is almost equally developed in all three spatial directions, have very high 
values for molecular melting point depressions.^**® The results obtained with 
a-dicyclopentadiene were in accord with this view. 

An alternative formula for the structure of dicyclopentadiene was originally 
advanced by Kraemer and Spilker.'*® If 1,2 addition takes place the dimer may 
be represented by the graphic formula 

B, Hi 

/C\ 

CH CH-CH CH 

I!h— in—in—(lin 

This formula is supported by Staudinger and Rheiner’®” who assign to the non- 
resinous polymers of cyclopentadiene the constitution 

Hj H, H2 

/C\ 

CH CH— —CH CH— —CH CH 

(in—in- -in—in- -in—lin 


where x is a relatively small integer. 

Polycyclopentadiene. Products very different from the simple crystalline 
polymers described m the preceding section are obtained when cyclopentadiene is 
subjected to the action of various strong polymerizing agents, the best being stan¬ 
nic chloride and antimony pentachloride. Boron trichloride, titanium tetrachloride, 
arsenic hahdes, ferric and bismuth halides, sulphuryl chloride, phosphorus pentoxide 

Pirach, Ber., 1934, 67, 101; Bnt. Chem. Abt*,, A, 1934, 2B5. 

Alder and G. Stein (Ber., 1934, 67. 373; Chem. Abi., ir34, 28, 3061) are of the opinion that 
molecular melting point depressions are of limited value in the determination of configuration in the case 
of cyclopentadiene polymers. It is pointed out that both configurations, under question, are capable of 
existing m stereoisomeric forms; hence either of the proposed formulas is capable of fulfilling the 
conditions for high molecular molting point depressions. 

i»G. Kraemer and A. Spilker, Ber., 1896, 29, 552; J.C.8., 1896, 70 (1). 289, 

H Staudinger and A. Rheiner, loc. cit. 



18S 


THE CHEMISTRY OF SYNTHETIC RESINS 


and phosphorus pentachloride exert a somewhat less vigorous polymerizing action. 
With stannic chloride the reaction is so vigorous that strong cooling in conjunction 
with an inert liquid diluent must be employed. The product in every case is a 
white amorphous powder somewhat resembling rubber. However the resin ob¬ 
tained by polymerizing dicyclopentadiene with heat and pressure is quite hard 
and resembles amber.^®‘ The rubber-like polymers are insoluble in acetone, ether 
and alcohol, although colloidal solutions are formed with common rubber solvents. 
When dried at 50°C. in a high vacuum the polymer swells to a spongy brittle 
white mass which can be powdered. Polymerized cyclopentadiene has an empirical 
composition corresponding to (CsHo)* and a molecular weight which varies be¬ 
tween about 1260 and 6670. The pure compound is unsaturated and contains one 
double bond j^er CbH« unit. It appears that polycyclopentadiene, or ^‘cyclopenta- 
diene rubber,” consists of a series of hydrocarbons of the general formula:^” 



in which x is an integer varying from about 20 to 100. 

When exposed to air, cyclopentadiene rubber gradually takes up oxygen to the 
extent of about 19.5 per cent by weight to give a deep-orange powder of the com¬ 
position (CaHeO),. Polycyclopentadiene can also be vulcanized with sulphur chloride 
in chloroform solution to yield products varying from a soft gel to a hard-rubber 
ebonite material, which can be pulverized only with great difficulty. All these 
vulcanized products are insoluble in organic solvents. 

Polycyclopentadiene is attacked by ozone, nitrogen trioxide, and hydrogen 
chloride, and can be hydrogenated to a brown, glassy, insoluble mass. Accord¬ 
ing to Bruson and Staudinger,*** polycyclopentadiene might find application as a 
lacquer base rather than as a rubber substitute. 

Gum-like modifications of polycyclopentadiene have been found in appreciable 
quantities in mains for the distribution of coke-oven gas and carburetted water- 
gas. The formation of such gummy and resinous polymers presents a serious 
problem with regard to clogging of meters and small pipes. Shively suggested'*^ 
that the polymerization of dienes in the pipe-lines was promoted by the presence 
of traces of oxygen and favored by high pressures and humidities. An explana¬ 
tion for the effect of oxygen and pressure is afforded by the alternative view'**^ 
that resinification takes place as a result of the vapor-phase condensation of the 
unsaturated hydrocarbon with nitrogen peroxide and the subsequent polymerization 
of the condensati 9 n products. The nitrogen peroxide is formed by the oxidation 
of nitric oxide which is unavoidably introduced into the gas during its manu¬ 
facture. (See Chapter 35.) 

1,3-Cyclohexadiene. This hydrocarbon is more resistant to polymerization 
than butadiene or its 2- and 3-alkyl derivatives and is more related, in this respect, 
to the 1- and 4-substituted butadienes. It is not acted upon by sodium. Con- 

L. Gurwitsch, "Wisaentschaftliche Grundlagen der Erddlbe^irbeitung; ” Julius Springer, Berlin, 
1013, 48. 

A. Bruson and H. Staiidinger, 2nd, Eng, Chem., 1923, 18, 381. 

H. A. Bruson and "H. Staudinger, he, cit, 

»WW. L. Shively, Am, Gas A»ttoc. Proc., 1981, 13» 735; Chem, Aba., 1332, 26, 4159. 

»®«G. Bei'khoff, Met 0<u, 1931, 51. 430; Chem. Abs., 1932, 26, 1756. P. Schuftan, Brennatoff- 
Chem., 1982 1 3, 104; Chern. Aba., 1932 26, 2849. See also A. L. AVard, C. W. Jordan and W. H. Ful- 
weiler, 2nd. Eng. Chem., ,1932, 24, 939. 
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centrated sulphuric acid reacts explosively with it to yield resins or tars/®* An¬ 
hydrous metallic halides such as ferric chloride and aluminum chloride^*" convert 
it, into resins. On heating at 2(X)-220°C. for several hours, the hydrocarbon is 
largely polymerized with the production of a solid rubber-like polymer (‘^dihydro- 
benzene rubber”) and a terpenic dimer. Practically no polymerization occurs 
on heating cyclohexadiene below about 120°C. The dimer of cyclohexadiene is 
a liquid which is resinified by concentrated sulphuric and nitric acids. Hofmann 
and Damm*®* have assigned the fallowing formula to dicyclohexadiene: 


H H 2 



This structure has been confirmed by Alder and Stein.'®" 

Useful resins are said to be obtained by treatment of cyclohexadiene with 
polymerizing agents in the presence of diluents.^ Thus, 200 parts of cyclo¬ 
hexadiene, 500 parts of glacial acetic acid and 5 parts of 97 per cent sulphuric 
acid are boiled for 7 hours, the acetic acid removed by vacuum distillation and 
the sulphunc acid by washing with water and mild alkali. The product is a 
clear, glassy solid which is soluble in turpentine or benzene. Aluminum chloride 
has also been suggested as a polymerizing agent. For instance, 6 parts of anhydrous 
aluminum chloride are slowly added, with cooling, to 30 parts of cyclohexadiene, and 
the mixture is heated at 40°C. until reaction ceases. The mass is extracted with 
benzene, the extract washed with soda solution and the benzene distilled off to yield a 
colorless resin. Alternatively, the reaction mixture is washed with dilute hydro¬ 
chloric acid and the resin distilled with steam. In a similar way, resins may be 
prepared from l-methyl-l,3-cyclohexadiene. 

A thick, amber-yellow resinous substance was obtained by Zelinsky and Titova^' 
by allowing 1,3-cyclohexadiene to absorb oxygen to the limit of its capacity. The 
analysis indicated that the product contained 1 mol of oxygen per mol of cyclo¬ 
hexadiene and in view of its resinous nature, a dimeric formula, CiaHwOi, has been 
suggested. 


Co-P olymerization of Diolefins 


Synthetic resins are now being prepared by the condensation of diolefins with 
olefins in cracked-gasoline fractions under the influence of aluminum chloride. 
Several reactions occur in this treatment, including polymerization of the diolefin, 
condensation of the diolefin with a monolefin, and condensation of diolefins with 

i«»A. Baeyer, Ber , 1892. 25, 1841. 

N. D. Zelinsky, Y. I. Denisenko, M. S. Eventova and S. I. Khromov (Smtet. Kauchuk, 1933, 4, 11; 
Chem. Abs., 1934, 28, 3617) found that l.S-cycloheocadiene polymerized when heated with alumiiuun 
chloride and that 1,4-cyciohexadiene was partially polymerized and partially dehydrogenated to benzene. 

Hofmann and P Damm, Mitt. 8chle$t8chen Kohlenfortch, Kauer-WHheltn Oes., 1925, 2, 
97; Chem. Abi., 1928, 22. 1249. 

i«>K. Alder and G. Stem, Ann., 1932, 496, 197; Chem. Aba., 1932, 26. 5093. 

British P. 23,543. 1912, to Badiache Anilm A l^da>F^rik; J.S.C.I., 1913, 32, 876. German P. 
263,159, 1912; Chem. Aba., 1914, 8, 266. 

D. Zelinsky and A. N. Titova. Ber., 1931, 64. 1399; Chem. Aba., 1031, 25. 4235. 
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arotnatic hydrocarbons. The two latter reactions both give rise to hard resins 
under appropriate conditions. 

Condensation of Diolefins with Monolefins. When anhydrous aluminum 
chloride is placed in pure isoprene, no temperature rise occurs and there is no ap¬ 
preciable reaction, though a small amount of insoluble polymer is formed on long 
standing. If, however, a small amount of a monolefin hydrocarbon, such as 2- 
pentene or trimethylene, is introduced into this mixture a vigorous reaction takes 
place immediately. Certain phases of this interesting reaction were investigated 
and discussed by Aschan.*“ Later, Thomas and Carmody*^ investigated the 
products of the reaction between 2-pentene and isoprene in the presence of 
aluminum chloride at 1-4®C. After decomposition of the reaction mixture with 
water, two types of product were obtained, namely, an insoluble polymer approxi¬ 
mating in composition to (CftHg),, and a soluble polymer, ranging from a viscous 


Fig. 48. 

Relationship Between Two Polymers as 2- 
Pentene is Added to Isoprene. (C. A. 
Thomas and W. H. Carmody ) 


Courtesy Industrial and Kngintcriny Chenuitry 
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oil to a hard resin. The relative proportions of these two products and also the 
hardness of the soluble polymer depended upon the proportions of 2-i)entene and 
isoprene employed. The amount of soluble polymer increased and its hardness 
diminished with increasing proportions of 2-pentene. Only small amounts of 
soluble polymer (and large amounts of insoluble polymer) were formed with small 
proportions of 2-pentene. (See Fig. 48.) Subsequent experiments have indicated 
that 2-pentene produces this effect by acting as a mutual solvent for the isoprene 
and the aluminum chloride.*^ 

The soluble polymer, which is of technical interest, consists of a mixture of 
higher oils and a hydrocarbon resin, the hardness depending upon the amount of 
oils present. The resin is soluble m most hydrocarbon solvents and drying oils 
On exposure in thin films to air, the resin slowly oxidizes, becoming harder. The in¬ 
soluble polymer, on the other hand, is a white granular material, which tends to 
depolymerize at 116®C. This material is probably a true polymer of isoprene. 

The application of these observations to the manufacture of a synthetic resin, 
which may find use in the paint and varnish industries, has been described by 
Thomas and Carmody.** A cracked-gasoline distillate containing diolefins, mono- 

Aschan, OJversigi Finska Vetenskaps Sor , 19>5, 58, 122; Chem. Abs., 1916. 14, 3654. 

**C. A. Thomas and W H Carmody. J.A.C S , 1932 , 54. 2480 

*>* C. A. Thomas and W. H. Carmody, J A C S., 1933, 55. 3854. 

** C. A. Thomas and W. H. Carmody, Ind. Eng. Chem. 1932, 24, 1125. C. A. Thomas and C. A. 
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lefins, and also aromatic hydrocarbons, is used as raw material.'*®' The products 
of vapor-phase cracking are suggested. A fraction obtained at high temperature 
and low pressure with the following characteristics is mentioned by these investi¬ 
gators as having proved successful in the production of the resin: 


Boiling range, °C. 23®-180° 

Specific gravity at 20°(\ . 0.84-0 80 

Aromatics, per cent . 40-55 

IJnsaturates, per cent 45-00 

Bromine number, milligrams per gram 1003 

Refractive index 1.416-1.517 

Average molecular weight 150 


Polymerization is carried out in vessels equiiiped with cooling coils. Anhydrous 
aluminum chloride is added in a thin stream and towards the end of the reaction the 




- «« »n/i¥ 
H—H toot UK nii.v<r 

tKKT 

itrOWtK tmLcit 




ait. 


aacittasiftaaa 


^ M*a itmaiM 
MAKb 

Amamm ycLiow 
Au tars/iK 


Courtegy Industrial and Engineering Chemistry 

Fig. 49.—Effect of Catalyst on Density and Yield of Resin from Cracked Gasoline. 
(C. A. Thomas and W. H. Carmody.) 


rate of addition may be somewhat increased After a time a point is reached when no 
more heat is evolved. The di.stillate darkens in color as polymerization proceeds and 
the specific gravity increases 10 to 15 per cent. With increasing proportions of catalyst, 
the yield of resin rises to a maximum and its iodine value falls to a minimum. (See 
Figs. 49 and 50.) The effectiveness of the catalyst is believed to be proportional to 
the amount of it that goes into solution. About 6 hours is required for complete 
polymerization. After the completion of the polymerization the reaction mixture is 
treated with an alkali and the precipitated aluminum hydroxide and insoluble polymer 
are filtered off. The filtrate, consisting of a solution of the soluble resin, is first dis¬ 
tilled under reduced pressure and then steam is passed directly into the molten resin. 
A diagram of the process for obtaining resins from petroleum distillates is given in 
Fig. 51. By controlling the time and temperatwe of the steam treatment, the hard- 

Hoohwalt, U. S. P. 1,836,629, Dec. 15, 1931, to Davton Synthetic Chemicals, Inc.; Chem. Abs., 1932, 
26. 1144. British P. 340,001, 1929; Chem. Ahg, 1931, 25, 2867 See also A. D Camp, Chem. Met. 
Eng., 1934, 41, 123. M. Jeannv, Rev. gen. mat. platUques, 1934. 10. 306 Chem Abs., 1934, 28, 7041. 

a«»See B. V. Bui 2 ov (/. Applied Chem., V. S 8. R.. 1933, 6, 1074; Chem. Abs., 1934, 28, 5711) for 
another description of rubber-preparation from petroleum. 
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ness of the resin can be varied within certain limits. The resulting resin may be used 
for various industrial purposes. For varnish making, a light-amber-colored, hard, 
brittle material, melting at 110-115.6®C. (ball and ring method), may be prepared. 
This resin is soluble in practically all hydrocarbon solvents, and all acetic acid esters 
except ethyl acetate. It also dissolves readily in drying oils, such as linseed oil and 
tung oil. With the latter drying oil the resin makes varnishes which dry quite 
rapidly.*" The resin is insoluble in methanol, ethyl alcohol, ethyl acetate, and 
acetone. It is practically neutral and its iodine value can be varied to bring out un¬ 
usual characteristics. For example, on baking a film, prepared from a highly unsatu¬ 
rated resin in petroleum solvents, at 105®C. for one hour, the film becomes insoluble 
in its original solvents. This phenomenon is comparable with the drying of unsatu¬ 
rated oils. 

Later investigations®®* on preparation of resins from petroleum revealed that the 
nature of the final product can be varied by employing different proportions of two 
cracked-distillate fractions, one boiling at 25-50® and the other at 125-180®. It was 
also found that the insoluble polymer referred to above can he converted into a use- 



Fia. 50. 

Relation of Iodine Number and Yield of 
Resin from Cracked Gasoline. Weights are 
expressed in grams per 100 cc. (C. A. Thomas 
and W. H. Carmody.) 
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ful resin. The filter residue is freed of inorganic matter (e.g., aluminum chloride) 
by repeated washings with hydrochloric acid (10 per cent). After this treatment 
there remains a white granular material insoluble in most solvents. By heating 
this mass at 300® out of contact with air a light amber-colored resin results which 
is soluble in drying oils and in benzene, gasoline and naphtha. 

According to Schering,** oils and resins are formed by condensing diolefins 
(butadiene, isoprene, or dipentene) with monolefin hydrocarbons (amylene, diamyl- 
ene, menthene, pineiie, camphene and styrene) in the presence of catalysts, e.g., 
anhydrous aluminum chloride, ferric chloride, boron trichloride, and magnesium 
chloride. Sodium stearate”® has also been recommended as a catalyst for use in the 
polymerization of mixtures of butadiene hydrocarbons with monolefin benzenes. 
Resinous materials were produced in this way by condensing butadiene and styrene. 
The products consist of an ether-soluble portion, a sticky solid, and an ether- 
insoluble yellow powder. Treatment of equal parts of camphene and isoprene with 
5 per cent of aluminum chloride yielded an ether-soluble, soft solid and an insoluble 
residue, which was white or light yellow, easily pulverized and insoluble in most 
of the common solvents. 

By condensation of a diolefin with styrene, rubber-like or plastic masses are 
obtained depending upon the proportions of the reactants. The polymerization 

C. A. Thomas and P. E. Marlimc. Ind. Eng. Chem,, 1W2, 24, 871. 

**C. A. Thomas and W. H. Oannody, U. S. P. 1,882,708, Dec. 4, 1934, to Dayton Synthetic 
Chemicals, Inc.; Chem. Aba., 1035, 29, 523. 

»» E. ScherinK. German P. 278,480, 1913, to Chem. Fabr. auf Actien, 1915, 34, 238. 

910 E. Tschunkur and W. Bock, German P. 5^,785, 1^, to I. Q. Farbenind. A.-G.; Chem. Abs.^ 
1984, 28. 2305. 
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IS carried out, after emulsification with sodium stearate or sodium mono- or 
dibutylnaphthalenesulphonate, at 40-60®C. for several days*“ The rubber-hke 
products may be vulcanized'^ and used in the manufacture of conveyor belts, tires, 
driving-belts and coatings. Instead of styrene, other olefin benzenes such as poly- 
vinylbenzenes or nuclear or side-chain homoiogues of styrene may be used. For 
example, butadiene and a-methylstyrene are polymerized in aqueous emulsion in 
the presence of diethylaminoethyloleamide at (k)°C. for 4 to 5 days to yield a syn¬ 
thetic rubber.““ A mixture of a diolefin and vinylnaphthalene (not more than 
50 per cent) may also be polymerized in a similar way to furnish a latex which 
is coagulated and may be vulcanized with the addition of fillers, e.g., lampblack.®^* 
A material resembling rubber or deresinated gutta-percha, and capable of re¬ 
placing rubber in the insulation of submarine cables, is prepared by polymerizing 





Fig. 51.— Schematic Representation of the Production of Resins by Treatment of 
Cracked Petroleum Distillates with Aluminum Chloride. (C. A. Thomas and W. H. 
Carmody.) 

a mixture of a butadiene hydrocarbon and an aromatic olefin (styrene, naphthyl- 
ethylene, and di vinyl benzene) at 20-200° C. in the presence of a catalyst, such 
as sodium or sodium amalgam, and, if necessary, of an antioxidant and a hydro¬ 
carbon swelling agent to render the product thermoplastic.”’ Similarly, polyolefimc 
benzene derivatives (e.g., styrene, divinylbenzene) may be mixed with a double 
proportion of butadiene and polymerized. However, in this case the reaction is 
carried out in any aqueous emulsion.”* 

Condensation of DioleBns and Monolefins with Aromatic Com¬ 
pounds. Thomas and Carmody®” have found that isoprene condenses with a num¬ 
ber of benzene homoiogues in the presence of anhydrous aluminum chloride, yielding 
hard resins. Benzene homoiogues employed in the condensations included toluene, 
0 -, m- and p-xylene, ethylbenzene, propylbenzene, isopropylbenzene, hexamethyl- 

British P. 339,255, 1929, to I. G. Faibenind. A.-G.; Chem. Aba, 1931, 25, 2598. E. Tschunkur 
and W. Bock, German P. 570,980, 1933; Chem. Aba, 1933 , 27, 4441. 

*** A. Beck and M. Mueller>Cunradi, German P. 573,569, 1933; Chem. Aba., 1933. 27, 4442. K 
Meisenburg and W. Bock, U. S. P. 1,915,745, June 27, 19^, to I. G. Farbemnd. A.-Q.; Chem. Aba., 
1933, 27. 4440. 

British P. 342,314, 1929, to I. G. Farbenind. A.-G.; Chem. Aba., 1931, 25, 4443. Frendi P. 
701,102, 1930; Chem. Aba., 1931, 25, 3876. 

British P. 358,877, 1930, to I. G. Farbenind. A.-G.; Chem. Aba., 1932, 26, 6183. French P. 
40,244, 1931, addn. to 701,102; Chem. Aba., 1933, 27. 862. See also K. Meisenburg and W Book. 
German P. 573,568, 1938, addn. to 570,980, 1933, to 1. Q. Farbenind. A.-G.; Chem. Aba, 1933, 27, 4441. 

*“W. E. Hugh, British P. 345,989, 1929, to Standard Telephones A Cables, Ltd.; Bnt. Chem. Aha. 
B, 1931, 710. French P. 707,692, ioSO, to I.<e Material Telephonique S. A.; Chem. Aba., 1932, 26, 7M. 
“•French P. 699.154, 1980, to I. G. Farbenind. A.-G.; Chem. Aba., 1931, 25, 3521. 

A. Thomas and W. H. Carmody, Ind. Eng. Chem., 1932, 24, 1128. 
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benzene, sec-butylbenzene, tert-butylbenzene and tert-amyJbenzene. No appreciable 
amount of resin was obtainable in the condensation of isoprene with benzene. How¬ 
ever, Thomas*** prepared a resin by polymerizing a solution of impure dipentene in 
benzene using aluminum chloride as a catalyst. Hexadienes, butadienes and di¬ 
methyl butadiene as well as isoprene arc suggested for resin manufacture with 
homologues of benzene and aluminum chloride. Other resins have been prepared 
by the reactions of various mixtures of olefins and diolefins with substituted ben¬ 
zenes.*** Among these are the reaction of a substituted benzene with (A) a cyclic 
diolefin and an open-chain monolefin; (B) a cyclic olefin and a straight-chain diolefin 
and (C) a cyclic olefin and a cyclic diolefin. Aluminum chloride is employed as 
catalyst. 

Michel^ was able to alkylate naphthalene and its hj drogenated derivatives with 
ethylene or other olefins using ferric chloride or aluminum chloride as catalysts. 
Oily products recommended as motor fuels or dye intermediates resulted when the 
^reaction was carried out at pressures of 20-30 atmospheres and at temperatures up 
to 200°C. Upon subjecting anthracene, phenanthrene or acenaphthene to anal¬ 
ogous treatment using slightly greater pressures, resins and lubricating oils were 
produced.*** 

The reaction of 14 parts of isoprene and 50 parts of toluene at 160°C. under 
2-7 atmospheres pressure (soditim catalyst) yields 3-methyl-5-phenylpentene as 
an oily liquid (b.p., 218-222°) with an aromatic odor.®* Similar condensations have 
been effected between butadiene and tetrahydronaphthalene, 2,3-dimethylbutadiene 
and toluene and between butadiene and toluene. Rubber-like masses are obtained 
in small amounts in these reactions. 

Berry and Reid®* obtained ethyl derivatives with ethylene, and propyl deriva¬ 
tives with propylene, when benzene, toluene, bromobenzene, and cyclohexane were 
treated with these olefins in the presence of aluminum chloride. Tarry high- 
boiling products were formed at the same time in varying amounts. 

Condensation products of 1,3-biitadiene and cyclic hydrocarbons having at 
least one aromatic nucleus and no olefinic sidechains, or alkyl, halogeno, nitro, 
alkoxy, or carbalkoxy derivatives, can be prepared,*** employing a catalyst such 
as aluminum chloride. Thus 1,3-butadiene is passed into mixtures of aluminum 
chloride and tetrahydronaphthalene, benzene, m-xylene, chlorobenzene and nitro¬ 
benzene. The products are stated to be useful as thermohardening bases for lac- 
qpers. Besides aluminum chloride, boron fluoride, or ansolvo-acids®* derived from 
these halides, may be used as catalysts. Soft resins are prepared by heating car- 

»^C. A. Thomas, U. S. P. 1,939,932, Dec 19, 1933; to Dayton Synthetic Chemicals, Inc.; Chem. 
Abs., 1934, 28. 1559. U S. P. 1,947,826, Feb. 20, 1934; Chem, Abs , 1934, 28. 2927. 

■i®C. A. Thomas, U. S. P. 1,982,707, Dec. 4, 1934, to Dayton Synthetic Chemicals, Inc.; Chem 
Abs., 1935, 29, 523. 

“OR. Michel, U. S P. 1,766,344, June 24, 1930, to I. G. Farbenind. A -G ; Chem Abs., 1930 , 24, 
4051. British P. 265,601, 1927, Bnt. Chem. Abs. B, 1928, 740 German P 505,403, 1926, with adclns. 
523,691, 1026, and 523,834, 1927; Chem. Abs., 1931, 25, 3667, 4282 See aKso U. S P. 1,667,214, Api 24. 
1028 and re-issue 17,548, Dec. 31, 1029; Chem. Abs., 1028 , 22, 1980;’l930, 24, 1123. British P. 273,665. 
1927, and 295,990, 1028; Bnt. Chem Abs. B, 1928. 740; 1930, 276. 

«iR. Michel, U. 8 P. 1,741,478, Dec, 31, 1929, to 1. G. Farbenind A.-G.; Chem. Abs, 1930, 24, 
1123. U. S. P. 1,878,963, Sept. 20, 1932; Chem. Abs., 1033, 27, 310. German P 550,494, 1027; Chem. 
Abs., 1932, 26. 4065. See also Bntiah P. 316,951, 1929; Bnt. Chem. Abs. B, 1031, 194. French P. 
665,402, 1928; Chem. Abs, 1930. 24, 930. 

“2F. Hofmann and A Michael, U. 8. P. 1,934,123, Nov. 7, 1933, to I. G. Farbenind. A -G. ; Chem. 
Abs., 1084, 28, 488. German P. 557,514, 1928; Chem. Abs, 1033, 27, 514. 

«*T. M. Berry and E. E Reid, J.A.C.8., 1927, 49, 3142. 

»* British P. 838.109, 1929. to I. G. Farbenind. A.-a.; Chem. Abs., 1031, 25, 2313. British P. 
315,812, 1929; Bnt. Chem. Abs., B, 1930, 1103. 

** In extension of Werner’s so-oall^ “anhydro-acids,” neutral moleculea which combine with a 
solvent increasing its acidity by forming complex anions are called "ansolvo acids ” For example, 
when more than 1 mol of sine ehlonde is present in a complex acid, the anion is regarded a.«» the 
co-ordination center. Many other compounds such as magnesium chloride, zinc chlorate, sulphur 
dioxide, boron trioxide and pyroboric acetate increase the ionization of organic acids. Boron tH- 
fluonde is the most strongly acting ansolvo-acid. Boron tnfluonde-acetic acid boiling at 59 C. 
under 13 mm. pressure is as strong as sulphuric acid. H. Merwein, Ann., 1927, 455, 227; Bnt. Chem, 
Abs, A. 1927, 836. 
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bazole with olefins at 100-200°C. in the presence of aluminum chloride, fuller's 
earth, tonsil, or franconite. For optimum results, the use of an inert solvent is 
said to be desirable.®* The residue resulting from the refining of oils with liquid 
sulphur dioxide has been treated with olefins in the presence of aluminum chloride 
to produce a yellow oil and a resinous product.®" 


Vulcanization of Rubber-like Polymers 

Vulcanizing procedures involving the use of sulphur alone have not, as yet, 
been successful in converting the polymerization products of butadiene and its 
homologues into finished synthetic rubber of good strength and elasticity. However, 
the incorporation of finely divided substances such as carbon, colloidal silicic 
acid or oxides of metals with the polymerization product materially increases the 
quality of the resulting vulcanized material.®* Tschunkur and Bock®* were suc¬ 
cessful in obtaining a synthetic rubber of good tensile strength and extensibility 
by vulcanizing stocks containing 30-80 per cent of their weight in carbon black. 
The tensile strength is reported as 150-275 kg. per sq. cm. with an ultimate 
elongation of 400 to 800 per cent. The tensile product (kg./sq, cm. X % stretch) 
ranged from 50,000 to 190,000. On the other hand, vulcanization in the absence 
of carbon black gave products having a tensile product of only 15,000 to 40,000. 
The same workers have reported®* that a synthetic rubber of good quality resulted 
when a mixture containing 45 per cent of polymerized styrene and 55 per cent of 
butadiene polymerizate was vulcanized with finely divided carbon comprising 
20-70 per cent of the weight of the mixture. Polymerization products of vinyl- 
naphthalene have been suggested for use in an analogous manner with butadiene 
polymers. Products with a tensile strength of 30 to 50 kg. per sq. cm. and an 
ultimate elongation of 300 to 500 per cent have been obtained®^ by vulcanizing a 
polymerization product of butadiene and isoprene with 15 parts of zinc oxide, 
3 parts of sulphur, 2 parts tar and 1 part diphenylguanidine. However, when the 
vulcanization was carried out with the addition of 50 parts of carbon black, the 
tensile strength ranged from 180 to 220 kg. per sq. cm. and the ultimate elonga¬ 
tion had increased to 600-800 per cent. Similarly, a polymerization mixture 
prepared from a 10:3 mixture of butadiene and o-methylstyrene“* was compounded 
with 50 parts carbon black, 15 parts zinc oxide, 2 parts stearic acid, 1 part sul¬ 
phur, 1.77 parts of an accelerator and vulcanized. The product had a tensile 
strength of 211 kg. per sq. cm., and an ultimate elongation of 500 per cent.*"** 

The character of the finely divided carbon used modifies the properties of the 
vulcanized product. It is reported®* that lampblack produces a more plastic 
and softer sodium-butadiene rubber with a much lower tensile strength than 
does carbon-black under the same conditions. It was found that rubber in- 

»»R. Michol, U. S. P. 1,916,629, July 4, 1933, to I. G. Farbenind. A.-G.; Chem. Abt., 1933, 27, 
4700. British P. 827,746, 1928; Bnttsh Chem. Ab$ , B. 1930, 625. 

Michel, German P. 516.653, 1928, to I. G. Farbenind. A.-G.; Chem. Ab$., 1931, 25, 2845. 

“•French P. 655,217, 1928, to I. G Farbenmd. A.-G.; Chem. Abs., 1929, 23, 4108. French P. 

36,424 addn. to 655,217, 1924; Chem. Ab$., 1930, 24, 6065. French P. 37,374, 1929, addn. to 655,217; 

Chem. Ab$., 1931, 25. 2596. 

*»E. Tschunkur and W. Bock, U. S. P. 1,826,846, Oct. 10, 1931, to I. G. Farbenind. A.-G.; Brit. 
Chem Abe. B, 1932 , 689. German P. 532,456, 1929. 

»»B. Tschunkur and W. Bock, U. S. P. 1,938.730, Dec. 12, 1983, to I. G. Farbenind. A.-G.; Chem. 
Abe., 1934, 28, 1574. U. S. P. 1,988,731, Deo. 12, 1933; Chem. Abe., 1934, 28, 1574. K. Meisenburg and 
W. Hock, U. S. P. 1.938.751. Dec. 12, 1933; Chem. Abe., 1934, 28, 1574, 

British P. 834,554, 1929, to I. G. Farbenind. A.-G.; Brtt. Chem. Abe. B, 1931, 78. 

“•British P. 339,255, 1929, to I. Q. Farbenind. A.-Q.; Brit. Chem. Abe. B, 1981, 264. 

S'” It is reported that a mixture possessing practically the same tensile strength as ordinary synthetic 
rubber is obtained bv using 25 per cent of reclaimed synthetic rubber in the mix and adding pine tar 
as a softener Sec I Belen’kii, J. Rubber Jnd. (U. S. S. R ), 1934, 11. 345; Chem. Abe., 1985, 29, 638. 

I. Raiz, G. Builo and A. Ermolaev, J. Rubber Ind. {V. 8. 8. R.), 1932, 8 , 147; Chem. Abe., 

1933, 27, 2337. 
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creaised in hardness very rapidly when the percentage of carbon black was iii> 
creased above 45 per cent. Since the plasticity of sodium-butadiene rubber renders 
the ordinary milling operations impossible, methods for reducing such a charac¬ 
teristic are desirable in this instance. Farberov and Merzlikin*'®* have reported 
that beneficial results were observed upon treating the crude synthetic rubber 
with dry steam in a vulcanizer and subsequently drying the material in a vacuum. 
A mixture of the resulting product with carbon black showed a decrease in plas¬ 
ticity of 20 per cent, calendered without difficulty and exhibited a 6-10 per cent 
increase in its resistance to tearing. Bock and Tschunkur**® have reported that 
polymerized isoprene or similar hydrocarbons vulcanized in the presence of finely 
divided carbon black yielded products having an index of strength between 40,000 
and 150,000. 

Chesnokov®*’ found that sodium-butadiene rubber when washed free of metallic 
sodium vulcanized best^ The addition of a naphthenic acid to neutralize the metal¬ 
lic sodium was not advantageous since an additional amount of sulphur was re¬ 
quired (about 5.5 per cent more) and, in general, the vulcanization process was 
retarded. Vulcanization accelerators®* such as aldehyde ammonia, previously dis¬ 
solved in a solvent, favor the production of articles having improved elasticity 
and strength. Water, hydrocarbons, ethers, weak acids and liquid bases may serve 
as solvents for the accelerators. The addition of a bleached lignite wax to the 
material to be vulcanized facilitates mechanical treatment such as mixing and 
kneading.®*® Preservatives, including the hydroxy derivatives of biphenyl®** and 
its substitution products and emulsified aldo-o-naphthylamine,®*® are said to be 
effective in preventing aging. The customary mastication process which pre¬ 
cedes vulcanization may be avoided by incorporating the sulphur, fillers and par¬ 
ticularly the carbon black while the polymerizate is still in the form of an 
emulsion.*** Ermolaev and Bobrova*** have investigated the effect of various in¬ 
organic substances on the properties of finished synthetic rubber products. They 
found that magnesium oxide was a good reinforcing agent, magnesium carbonate and 
kaolin produced soft materials indicating a medium reinforcing power, lithopone and 
zinc oxide have very little reinforcing action, chalk is not effective in this capacity, 
and barytes and lime can be used only when the product is not required to have 
elasticity. On the other hand, talc and infusorial earth gave products of excellent 
elasticity and lightness. Furthermore, Bock and Tschunkur®** have asserted that 
such finely divided inorganic compounds can be substituted for lampblack to 
yield an acceptable synthetic rubber. 

»M. Farberov and F. Merahkin, /. Rubber Ind. (17. 8. S. R.'), 1933, 10, 123; Chem. Aba., 1934, 28, 
2944. 

“•W. Bock and E. Tschunkur, U. S P. 1,911,672, May 30, 1933, to I. G. Farbenind A.-G.; Chem. 
Ab$., 1933, 27. 4133. French F. 690,043, 1930; Chem. Abe., 1931, 25, 1118. German P. 578,965. 
1938; Chem. Abe., 1934, 28. 930. 

*WN. Cheanokov, /. Rubber Ind. (U.SS.R.), 1933, 9. 34; Chem. Abe., 1933, 27 , 5576. 

•“The presence of sodium presents a fire haaard in the calendering operation. See P. Kaplan, J. 
Rubber Ind., 1934, 11, 139; Chem. Abe., 1934, 28, 7591. 

•“T. Goost, U. S. P. 1,918,466, July 18, 1933, to I. G. Farbemnd. A.-G.; Chem. Ab$., 1933, 27 , 4958. 
German P. 582,386, 1938; Chem. Abs., 1933, 27, 5318. British P. 335,970, 1929; Chem. Abe., 1931, 25, 
2032. 

•“French P. 701,063, 1980, to I. G. Farbenind. A.-G.; Chem. Abe., 1931, 25, 3874. Biitish P. 337,095, 
1929; Chem. Abe., 1931, 25. 77. 

•ttBritish P. 350,568, 1930. to I. G. Farbenind. A.-G.; Chem. Abe., 1931, 25v 770. 

“•H. Tochterman and C. Heuck, U. S. P. 1,814,420, July 14, 1931, to I. G. Farbenind. A.-G.; 
Chem. Abe., 1981, 25. 5811. Frenoh P. 682,161, 1929; Chem. Abe., 1980, 24, 4425. German P. 577,731, 
1983; Chem. Abe., 1934, 28. 685 

•*»A. Beck and M. Mueller-Cunradi, U, S. P. 1,991,867, Feb. 19, 1935, to I. G. Farbenind. A.-G.; 
Chem. Abe., 1935, 29, 2396. British P. 368,256, 1930; Chem. Abe., 1933, 27, 2389. French P. 718,884. 
1931; Chem. Abe., 1932 , 26. 1880. See also French P 669,942, 1929; Chem. Abe., 1930, 24, 2008. 

•“A. Ermolaev and A. Bobrova, /. Rubber Ind. (17. S. 8. R.), 1933, 9, 121; Chem. Abe., 1933, 27, 
6019. 

»“W. Bock and K. Tschunkur, German P. 580,540, 1988, to I. G. Farbenind. A.-G.; Chem. Abe., 
1934, 28, 1891. 
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Applications op Polymerization Products 


Interesting possibilities for the industrial utilization of the various polymeriza¬ 
tion products of olefins and diolefins have been advanced, and suggested applica¬ 
tions have been extended to include such fields as the manufacture of automobile 
tires, electrical insulation, coating compositions, plastics and molded articles, 
adhesives, and synthetic fibers. The characteristics and uses of synthetic products 
obtained from chloroprene are dealt With in Chapter 8. 

For the manufacture of automobile tires the polymerizates may be used alone 
or mixed with natural rubber, but in either case the crude material is vulcanized 
in the presence of lampblack.*** A method for producing synthetic rubber of a 
mixed type is described by Tschunkur and Bock.***^ A butadiene polymerization 
product is mixed with at least 10 per cent by weight of natural rubber, 20-70 
per cent of finely divided carbon black based on the weight of the mixture and 
a vulcanizing agent such as sulphur. Products, as prepared, have a tensile strength 
of 180 to 250 kg. per sq. cm. at a stretch of 500 to 800 per cent. In general the 
elasticity of synthetic rubber leaves much to be desired, hence it has been sug¬ 
gested that the treads be made from synthetic rubber and the side walls from 
natural rubber.*** 

The selection of polymerization products to be used in tire manufacture may be 
made on the basis of their relative viscosities in solutions of the same concentra¬ 
tion .“*" Good resistance to the attrition and wear encountered by the tire treads 
may be obtained with a polymerizate of high viscosityFor the side walls, how¬ 
ever, a material of low viscosity is desirable. A composition for tires is also pre¬ 
pared by mixing butadiene polymerization products with natural or synthetic 
resins."' A mixture recommended for rubber soles for footwear consists of synthetic 
rubber (25), lampblack (20-30), kaolin (14.5-15), scrap rubber (22-30), sulphur 
(1.8), zinc oxide (1.5) and calcium oxide (2-3 per cent) and various accelerators 
and anti-agers.“* 

Since elasticity is not of prime importance in the manufacture of electrical in¬ 
sulating materials, synthetic rubber is readily adaptable to this purpose.*" Schmidt"* 
and his co-workers have prepared insulating products by heating non-distillable 
polymers of butadiene at 100-500°C. in the presence of a sulphurizing agent until 
the tensile elasticity is destroyed and the product sufficiently hardened. Insula¬ 
tion for submarine cables has been described®* comprising 35-40 per cent of deresin- 


C. Krauch and M. Mueller-Ounradi, U. 8. P. 1,97ft,946, Nov. 6, 1934, to I G. Farbenind. A.-G ; 
Chem. Abe., 1936, 29, 880. British P. 326,202, 1928, addn. to 299,037, 1928; Bnt. Chem. Ah%. B, 1980, 

621. British P. 860,490, 1930; Bnt. Chem. Abs. B, 1931, 770 

9*'^E. Tschunkur and W. Bock, U S, F. 1,900,667, May 2, 1933, to I. G. Farbenind. A.-G.; Chem. 

Abe, 1983, 27, 3642. U. 8. P. 1,911,729, May 30, 1933, Chem. Aba., 1933 , 27, 4133. French P. 689,404, 

1930, to I. G. Farbenind. A.-G ; Chem. Aba., 1931, 25, 1119. 

»«C. Krauch and M. Mueller-Cunradi, U. 8. P. 1,979,947, Nov. 6, 1984, to I. G. Farbenind. A.-G.; 
Chem. Aba., 1936 29, 380. French P. 37,663, 1929, addn. to 660,684, 1928, Chem. Aba., 1931, 25, 4741. 

British P. 340,681, 1929, to I. G. Farbenind. A.-G.; Chem. Aba., 1931, 25, 4744. French P. 
699,911, 1930; Chem. Aba., 1931, 25, 3621. 

Severe tests made on tires from butadiene rubber have proven them satisfactorv. See 8. Levin 
and V. Evstratov, /. Rubber Ind., (U. 8. 8. R ), 1934, 11, 97; Chem. Aba., 1934, 28, 7691. 

“^British P. 384,968, 1929, addn. to 299,037, 1928, to I. G. Farbenind. A.-G.; Chem. Aba., 1981, 25, 


1706 French P. 662,608. 

A. Pisarenko, Kothevenno-Obuvnaya Prom., 1934, 13, 619; Chem. Aba., 1986, 29, 2891. Cf. O. 
Khoikhin and S. Gerchikov, ibid., 660; Chem. Aba., 1935, 29, 2391. 

***See B. Fabritsiev, I. Telkov and A. Suslyakov, /. Rubber Ind. (.U. 8. 8. R.), 1934, 11, 223; 
Chem. Aha., 1936, 29. 688. 

*“0. Schmidt, G. Niemann and E. Meyer, U. S. P. 1,882,976, Oct. 18, 1932, to I. G. Farbenind. 
A-G.; Chem. Aba., 1988, 27, 862. O. Schmidt, B. Schnell and E. Meyer, U. 8. P. 1,901,044, Mar. 14, 
1983; Chem. Aha., 1983, 27, 8018. German P. 518.328, 1929; Chem. Aba., 1931, 25, 2498. French P. 
694,161, 1980; Chem. Aba., 1981, 25, 1926. . ^ 

■“British P. 869,647, 1930, to Feiten A Guilleaume Chrlswerke A.-G.; Brit. Chem. Aba. B, 1982, 
646. German P. 568,246, 1930; Chem. Aba., 1933, 27, 862. C/. Bntish P. 379,941, 1932; Chem. Aba., 

1933, 27, 3548. 
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ized gutta-percha or balata, 35-45 per cent of synthetic rubber and 10-30 per cent 
of hydrogenated synthetic or natural dealbuminized rubber. Submarine cables, de¬ 
signed to prevent incorporated magnetic material from being subjected to strains 
due to pressure and bending,are filled with a polymerized cyclic terpene hydro¬ 
carbon as a pressure-equalizing compound. Rubber, gutta-percha or balata may 
be used along with the polymer. Cables may be coated also with a polyinenzation 
product of butadiene to which has been added magnesium oxide, lampblack and 
sulphur along with accelerators and anti-aging substances. The insulation is vul¬ 
canized at 100-150°C."''" 

Rubber dielectric compositions have been prepared in which a synthetic hydro¬ 
carbon polymerization product, e.g., polymerized styrene or butadiene, may com¬ 
prise as much as 80 per cent ol the composition, the remaining 20 per cent being 
rubber, gutta-percha or balata or a mixture of these.**^ A somewhat novel procedure 
involves the imbibing of the stvrene by the rubber after which the styrene is 
polymerized by heating at 100" lor 7-14 days. The composition is obtained m its 
finished form by masticating the polymerization mixture with wax. 

Since synthetic rubljer-like jiroducts may be obtained m a plastic condition, thev 
may be molded or shaiied and vulcanized until quite hard, thus yielding u.seful 
articles of many kinds. For example, Tschimkur and Bock"“* describe frost-resisting 
vessels which do not harden or become brittle at low temperatures. The plastic 
material comprises a mixture of polymerized isoprene and dimethylbutadiene mixed 
with sulphur, zinc oxide, tar, stearic acid, lampblack and diphenylguanidme. Hard 
masses for the manufacture of molded articles*" are obtained by heating, without 
suliihur, the iion-distillable polymers of butadiene or its derivatives to 1(X)-500"C. 
However, before heating there may be added other polymerization products, sol¬ 
vents, rubber, fillers, coloring matter and plasticizers. The resulting resin may be 
similar to ebonite with good electrical insulating properties or it may be soft and 
pliable, depending upon the conditions of the reaction and added materials. Other 
similar hardened products have also been described.*®^ A hard rubber-hke com¬ 
position said to be resistant to heat and chemical reagents has been prepared 
by Zieser*®* who polymerized mixtures of butadiene, natural rubber and sulphur 
using an alkali metal as the catalyst. The proportions of rubber used varied be¬ 
tween 40 and SO per cent and the proportion of sulphur added was large. 

Synthetic rubber, such as may be obtained from isoprene, butadiene or dimethyl- 
butadiene, is used in conjunction with other natural or synthetic plastic substances 
in the manufacture of products resembling leather, linoleum, ebonite, celluloid and 
artificial wood.*®* For example, a linoleum substitute contains 8 parts of dimethyl- 
butadiene rubber, 5 parts of rosin, 5 parts of a mineral oil, 50 parts of cork, saw¬ 
dust, peat meal, cellulose acetate or the like, 10 parts of heavy spar or lithopone, 
12 parts of magnesia and 10 parts of ochre. After thorough mixing, the plastic 

*WA. R Kemp, U. S. P. 1.8W.279, Dec. 27, 1932, to Bell Telephone Laboratories, Inc. ; C/iem. .46;< , 
1933 , 27, 1883. British P. 378,502, 1932, to Enettncal Reseaich Products, lac.; Chem Ab»,, 1933, 27, 
3641, U. S. P. 1,882,081, 1932; BrU. Chein. Abn. B. 1933, 717. BntisJi P 404,027, 1934, Cfiem. Abx , 
1934, 28. 3939 

Biiti^h P 332,891, 1929, to I. G. Faihenind A -G ; Cheyn A6«., 1931, 25, 549 

M. C Field, W. E Hugh und L. G. B. Parsons, Biitish P. 357,624, 1930, to Standard Telephoneh 
A Cables, Ltd.; Chem Ahi>, 1933, 27 , 443. 

K. Tschunkur and W. Bock, German P, 551,967, 1929, to I. G. Farbenind A.-G.; Chem. Abx., 
1932 26 4982 

British P. 323,012, 1928, to I G. Farbenind A.-G.; Chem. Ab»., 1930, 24, 2917. French P. 
674,679, 1929; Chem Ab»., 1930, 24, 2816. Bee also Butish P. 304,612, 1929, Br,t. Chem. Abu B. 1930, 
677. British P 345,239, 1929; Brit. Chem. Ab»., B, 1931, 599. O Schmidt and E. Meyer, German P 
557,751, 1928; Chem. A6*., 1982, 26, 4982. 

French Pt 690,484, 1930, to I. G. Farbenind. A.-G ; Chem. Abe., 1931, 25, 1119. French P. 
691,357, 1929; Chem. Abe., 1931. 25, 1119. French P. 692.606. 1930; Chem. Abe., 1931, 25^ 1706. French 
P. 715 904, 1931; Chem. Abs . 1932, 26. 1620. British P. 332,557, 1929; Brit Chem. Abe. B, 1980 981 

"•W. Zeiaer, U. S. P. 1,982,390. Oct. 81. 1933, to I. G. Farbcmnd. A.-G.; Chem. Ab^., 1934 28. 6^8. 

•“British P. 304,612, 1M9. to I. G. Farbenind. A.-O. ; Bnt. Chem. .Abe. B, 1930, 677. French P. 
667,409, 1929; Chem. Ab$., 1980, 24, 1189. German P. 575.286. 1933; Chem. Abs., 1983 . 27 , 3581. 
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mass is rolled into sheets. A similar preparation*** contains along with the usual 
fillers, methyl rubber W, nitrocellulose or linoxyn. 

Coating compositions of various kinds have been described in which synthetic 
rubber products are the essential ingredients. Synthetic rubber in colloidal dis¬ 
persions has been suggested as a base for the preparation of varnishes and lac¬ 
quers.** A varnish-like material for coating the textile covering of airplane wings*** 
contains polymerized butadiene hydrocarbons. Quick-drying coating materials*" 
said to be transparent to light in a layer 2 inches in thickness are prepared by 
fractionating vapor-phase-cracked gasoline and polymerizing a fraction with a 
maximum boiling point of 112°C. Lacquer coatings**® have been prepared from 
polymerization products hardened by air or oxygen in the presence of catalysts 
or by treatment with aluminum chloride, sulphur or sulphur dichloride. Complex 
products said to be useful as lacquer components may be derived from the poly¬ 
merization of mixtures of butadiene and stand oil (linseed oil previously heated 
to 315°C. without driers).*** Squalene, a hydrocarbon of the formula C.<oHn(. con¬ 
taining 6 conjugated double bonds and 8 methyl groups, was found to be of 
little value in paint making, since films of its polymerization product were quite 
brittle, swelled in water and were completely destroyed by sodium hydroxide.”® 
A road-making composition recommended by Bond”^ is prepared by stabiliz¬ 
ing an aqueous dispersion of synthetic rubber through the addition of at least 
150 per cent by weight of portland cement. Vulcanizing agents and compounding 
ingredients may also be included to suit the particular conditions under which the 
material is to be used. It is also said that the addition of 1-20 per cent of diolefin 
polymerizates produces a beneficial effect upon the elasticity and stability of road- 
construction materials when subjected to cold w’eather.”* Brown”® advocates em¬ 
ploying synthetic rubber as a coating for a plastic, bituminous flooring material. 

A somewhat unusual ajiplication of polymerization products has been proposed 
in the preparation of a substitute for reinforced glass.”* The method of manufacture 
involves the application of a soft coating of a polymerization product of butadiene 
to an open-meshed fabric such as a mesh of tinned iron wire or vegetable fiber and 
hardening the film with oxygen or heat. A hard, transparent product results. 
Hydrogenated butadiene polymers are said to be applicable as an intermediate 
layer between two glass sheets in the manufacture of non-splintering glass.”® 
The polymerization products of butadiene and other diolefins along with their 
condensation and transformation products have been found adaptable to the 
manufacture of synthetic fibers, foils and the like. A characteristic process for 
the preparation of foils and threads”* consists m coating glass plates with synthetic 
rubber (from butadiene) dissolved in cyclohexane or methylene dichloride. After 

British P. 348,077, 1930, to I. G. Farbenind. A-G ’ Chem Ab^ , 1933, 27, 449. Sei* also British 
P 399,856, 1933, to Behr-Maiining Corp.; Chem. Ahn , 1934, 28, 1823 

2«*Ficnch P. 717,087, 1931, to Radiochemisches Forschungs-Institiite G. m b H., Chem Abs., 
1932. 26, 2879. 

Gorman P. 512,526, 1929, to I G Farhenind A-G ; Chrm Ahx , 1931, 25, 1393 

Hvman, IJ. 8 P. 1,919,722; 1,919,723, July 25, 1933, to Velsicol Corp.; Chem Ahff., 1933 , 27 , 4942 
^ British P. 334,961, 1929, to I. G. Farbenind. A -G ; Chem. Abs., 1931, 25, 1412. French P. 
687,773, 1930; Chem. Abs., 1931, 25, 78.5. 

O Jordan, H. Hopff and E. Kuhn, German P. 588.306, 1933, to I. G. Farbenind. A -G ; Chem 
Abs . 1934 , 28, 1558. 

P. Slansky, Fettchem. Umschau 1933, 40, 77; Chem. Abx., 1033, 27 , 3091. 

A. E. Bond, British P. 369,561/ 1930, to R Cntohley, Ltd.; Brit. Chem. Abs B, 1932 , 651. 

*7* British P. 337,521, 1929, to I. G. Farbenind A.-G.; Bnf. Chem A6«. B, 1931. 160. 
s^R. Brown, British P. 372,031, 1931, addn to 342,398; Chem. Aba, 1933 , 27, 3313 

Schmidt, German P. 536,119, 1929. to I G. Farbenind. A.-G.; Chem. Abs., 1932, 26, 1087. 

British P. 336,075, 1929, Chem. Abs., 1931, 25, 2022 French P. 734,688, 1932; Chem. Abs, 1933 , 27, 

1128 French P 699,514. 1930; Chem. Abs., 1931, 25, 3449 

*«M. Dunkel, W* Breners and W. Wolff, German P. 593,465. 1934; Chem. Abs., 1934 , 28, 3203 
*7* British P 327,164, 1928, to I. G. Farbenind A-G ; Chem. Abs., 1930, 24. 5182 French P. 
37,485, 1929, addn. to 676,658, 1929; Chem. Abs., 1931, 25, 2597. See also O. Schmidt, German P 

568,906, ,1928; Chem. Abs, 1933 , 27, 2845. Gcnnan P. 583,145, 1933; Chem. Abs., 1934 , 28, 1222. 

Gennan P. 577,732, 1933, Chem. Abs., 1934, 28, 685. 
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the solvent has evaporated the product is treated with sulphur chloride vapor to 
form a thin transparent foil. Threads are made in a similar manner except that 
the rubber solution is forced through an orifice to form the filament. A crimped 
or curled effect can be imparted to the fiber”’ by immersion in organic swelling 
agents such as solutions or emulsions of dipentene, cyclohexane, ethers, esters, and 
ketones. For example, a fiber with a wool-like appearance results by allowing 
dipentene to exert its action upon the threads for 100 minutes at 45®C. 

Wulff, Moll and Breners”* state that the addition of about 0.5 per cent of 
hydrocarbons such as polymerized styrene, indene and hydrogenated natural 
or synthetic rubber greatly improves the viscosity, pour point and stability of 
lubricating oils. Alternatively the unpolymerized hydrocarbons may be added and 
subsequently polymerized in situ. 

Other uses for diene polymerization products include the utilization of their 
benzene solutions as adhesives.”® Thus, solutions of mixtures resulting from the 
polymerization of butadiene or isoprene with balata, gutta-percha or rubber are 
recommended for bonding rubber to metals.®® Synthetic rubber coating com¬ 
positions may also be used in conjunction with water-sensitive adhesives m the 
preparation of stamps to be used on regenerated cellulose surfaces.®’ High polymers 
of isobutylene have been suggested as adhesives for safety glass, plywood and 
adhesive plasters.®* Also, similar polymerization products when incorporated with 
kieselguhr and vulcanized m the presence of sulphur, zinc oxide, diphenylguanidine 
and naphthylamine, yield porous sheets for use in electrolytic cells.®® Another 
preparation recommends the addition of rosm-ethylene oxide resins.®’ 

Schmidt and Bock®*^ have made use of polymerization products in the manu¬ 
facture of colloidal solutions and pastes of insoluble dyes and pigments. The 
polymerizates, prepared m the usual way, are ground with the other components 
and the colloidal solution is formed by the subsequent addition of an organic 
solvent. 

In order to impart additional rubber-like qualities to polymerized isoprene, 
Pratt®* dispersed the material in water and coated the colloidal particles with al¬ 
bumin or casein. By adding a tanning agent the strength and toughness of the 
protein coating is increased. 

arr French P. 693,921, 1930, to I. G Farbenind. A.-G.; Cheni. Abs., 1931, 25, 2008. French P. 692,027, 
1930; Chem Aba. 1931, 25. 1392. British P 346,799, 1920; Chevi Abs . 1932, 26, 2067 

Wulff, F. Moll and W Breuers, German P 557,306, 1930, to I. G. Farbenind A.-G ; Chem 
Aba., 1933, 27, 410 British P. 399,527, 1932. Brit Chem. Aba. B, 1933, 997. British P 379,717, 1931; 
Brit. Chem Aba.. B, 1932, 971. See also French P. 758,269, 1934; Chem. Aba., 1934, 28, 3230 See also 
British P 411,893, 1932; Bnt. Chem. Aba B, 1934 , 749. French P. 758,269, 1934, Chem Aba. 1934 , 28, 
3230. 

aro French P. 685,745, 1930, to I. G Farbenind. A-G.; Chem. Aba., 1930, 24, 5951. German P. 
545,861, 1928, Chem. Aba., 1932, 26. 3633. German P. 526,106, 1928; Chem. Aba, 1931, 25, 4373. 

«»D. F. Twiss, F. A. Jones and J. H. Anderson, U. S. P. 1,931,879, Oct. 24, 1933, to Dunlop Rubber 
Oo., Ltd.; Chem. Aba., 1934, 28, 687 British P 395,430, 1933; Chem. Aba., 1934, 28, 687. 

*»E. B. Benger, U. S. P. 1,953,946, Apr. 10, 1934, to E. I. du Pont de Nemours A Co. ; Chem. Aba., 

1934 28 3850. 

aw French’P. 775,306, 1934, to I. G. Farbenind. A.-G.; Chem. Aba., 1935, 29, 2625. 

w* British P. 331,197, 1929, to I. G. Farbenind. A.-G.; Chem. Aba., 1931, 25^ 39. French P. 668,045. 

1929; Chem. Aba., 1930, 24, 1545. 

British P. 331,227, 1980, to I. G. Farbenind. A.-G.; Brk. Chem. Aba. B, 1930, 830. Cf. French 
P. 667,957, 1929; Chem. Zentr., 1980, 2. 1455. See also Chapter 38. 

•*0. Schmidt and B. von Bock, German P. 549,205, 1929, to I G. Farbenind. A.-G.; Chem. Aba., 
1982, 26, 3886. French P. 689,711, 1980; Chem. Aba., 1931, 25, 1046. 

•• W, B. Pratt, U. S. P. 1,671,314, May 29, 1928, to Dispersions Process, Inc.; Chem. Aba., 1928, 22, 



Chapter lo 

Resins from Petroleum 

The possibility of employing petroleum as a cheap and abundant material for 
the production of resins has attracted considerable attention. Although it must be 
admitted that many of such products thus far obtained from petroleum are of an 
inferior grade, being dark in color and either soft or very brittle, at least one type, 
namely, that obtained by the polymerization of highly cracked gasoline, appears to 
have commercial significance. 

Both neutral and acidic resinous bodies are present in natural petroleum though 
generally in relatively small proportions. Such substances are not strictly synthetic 
in the usually accepted sense of the word. They are discussed in this chapter, how¬ 
ever, because of their possible utilization. Resins have been produced also by the 
condensation of petroleum distillates and residuums. Artificial asphalts belong to 
the class of oxidized petroleums and are only briefly mentioned since they are more 
fully discussed in other treatises. The conversion of petroleum hydrocarbons into 
resins by condensation with various reagents, e.g., formaldehyde, acids, or sulphur, 
has been suggested from time to time but apparently little progress has been made 
in this direction. 

Cracking, or thermal decomposition, of petroleum distillates under proper con¬ 
ditions yields unsaturated hydrocarbons, monolefins and diolefins, which can be 
polymerized to resinous materials. Methods for the preparation of the latter are 
discussed in Chapter 9. Cracking petroleum hydrocarbons (for example, methane 
or natural gas) at very high temperatures gives resin-forming hydrocarbons includ¬ 
ing butadiene and, probably, also indene. 

Oxidation of cracked hydrocarbon mixtures, such as cracked gasoline, proceeds 
spontaneously with the formation of resinous or gummy bodies. Treatment with 
refining agents (sulphuric acid, activated absorbent earths or zinc chloride) also 
converts unsaturated hydrocarbons of this type into resins. Since the latter sub¬ 
stances are by-products of a large industry and could be available in great quan¬ 
tity, the separation of high-grade products, therefore, offers commercial possibili¬ 
ties. So far, however, little success apparently has attended efforts to utilize these 
by-products of refining. 


Resins op Petroleum 

The resinous and asphaltic constituents of petroleum consist of two classes, 
hydrocarbons and oxygenated compounds of high molecular weight.' The latter 
are composed of acidic bodies, neutral resins and asphaltic materials. Asphaltenes 
and carbenes often contain relatively large proportions of combined sulphur. 
Nevertheless, it is possible that neither sulphur nor oxygen is an essential constit¬ 
uent of such materials since an asphaltene of the formula CeoHiad and sp.gr. 1.023 
has been isolated. 

^D. Holde and R. Eickmann, Petroleum, 1907, 2, 1077; Chem. Aba., 1908, 2, 1341. Mitt. kgl. Ma- 
terialprufungaamt., 25, 8; Chem. Aba., 1908, 2, 177. 
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The various types of resinous matter are differentiated by their solubility in 
organic solvents. Petroleum resms, which resemble vegetable resins in some of 
their properties, are extracted from distillates with 70 per cent alcohol.^ Other 
extraction solvents which may be employed, particularly with lubricating or 
turbine oils, are acetone or castor oil* and a mixture of methyl alcohol and a 
hydroaromatic hydrocarbon such as cyclohexane.* These resins are described 
as oxygen- and sulphur-containing, terpene-like hydrocarbons. A more convenient 
method consists in treating the distillate with an absorption agent, e.g., animal 
charcoal or Florida earth. The latter is then extracted with benzine (to remove 
oil) and afterwards successively with ether, benzene and chloroform.'' This pro¬ 
cedure results in a. partial fractionation of the resins, as indicated by a gradual in¬ 
crease in the specific gravity, viscosity and oxygen and sulphur contents, and 
decrease in proportions of carbon and hydrogen, of the extracted products. 

According to Borodulin* the resinous constituents of petroleum distillates are 
(a) asphaltenes or (b) unsaturated hydrocarbons which are easily converted to 
resins, e.g., by polymerization or oxidation. The former are precipitated by the 
addition of petroleum ether’ or are removed by Floridin or animal charcoal. 
Unsaturated hydrocarbons are resinified by treatment of the distillate with alco¬ 
holic sodium hydroxide,* sulphuric acid or formaldehyde (see discussion of formolites 
on pages 211-214). 

Benzine, or petroleum ether, emjiloyed in the quantitative precipitation of 
asphaltenes should correspond to the following specifications:® d’* 0.695-0.705, a 
boiling range of 65-95°C., and not more than 2 per cent be soluble in a mixture 
of 80 parts of 96 per cent sulphuric acid and 20 parts of fuming acid (20 ])er cent 
SOs). Other suggested precipitants are acetone,^" ethyl acetate'^ and methyl ethyl 
ketone saturated with water.’* 

Carbenes and carboids are types of substances representing successive decomposi¬ 
tion (or possibly condensation) jiroducts of asphaltenes.’* Both possess a lustrous 
black color and resemble coal in ajipearanee. Carbenes are insoluble in cold 
carbon tetrachloride and carboids in all organic solvents. 

Neutral Resins. Neutral resins, asphaltenes, carbenes, and carboids form a 
series of oxygenated substances of increasing molecular complexity and diminish¬ 
ing solubility. Marcusson’* considers petroleum resins are the first stage in the 
conversion of high-molecular-weight petroleum hydrocarbons into asphaltenes and 
describes them as being soluble in petroleum spirit, chloroform, carbon disulphide 
and benzol and having a specific gravity of about 1. Nitration indicates that 
both resins and asphalt are apparently polycyclic compounds. At 100°C. sulphuric 
acid changes these resins into insoluble sulphur compounds. Sulphuric acid and 

* D Holdo and R Eickmann, lor rit 

•F Schwartz and J Maicusson, Z avgew Chem , 1913, 26, 385. Chew Ahi* , 1913, 7, 3019 

♦C. Kruuch, M Pier and A. Eiscnhut, U. S. P. 1,960,974, Mav 29, 1934, Ui 1 G Faibcnind A -G ; 
Chem. Abi*., 1934 , 28. 4587, 

® D. Holde and R Eickmann, hic at. See also P. Smirnov, Nejt Khoz , 1925, 8. 286, JSC I. 

1925, 44, 836B. 

« M. W. Borodulin, Petroleum Z , 1927, 23, 1515 

^V. E. Rakovaki and S I Rubin (Khim Tverd Topi, 1934, 5. 131; Chem Aht^ , 1934, 28. 6282) 
suggest petroleum ether as a precipitant for asphaltenes, painffin and other solids fiom low-temperatuie 
tar. 

•R. Kisaling, Chem.-Ztg . 1907, 31, 328; JSC I, 1907 , 26, 463 Chem -Ztg , 1908, 32. 938; 
J.8C.L, 1908. 27. 1053. K Weisseberg, Petroleum Z , 1934. 30 (4). 5; Rnt Chem Ahs. B, 1934 , 308. 

• D. Holde and R Eickmann, lor at D. Holde, Chem.-Ztg , 1914, 38, 241 See also H Bur«?tin 

and J. Winkler, Prxemyzl Chem,, 1928, 12, 445; Chem. Aba, 1928, 22, 4786. Erdol u. Teer, 1926, 5, 26, 

42, 62; Chem. Aba., 1929, 23. 2289. 

Schwait* and H. Schluter, Chem.-Ztg., 1911 35, 413 
H Kantorowicz; Chem -Ztg , 1913, 37* 1438 The use of this liquid is contested by D Holde 
and G Meverheim (Chem.-Ztg., 1914, 38. 241. 264) 

’*F. Schwartz, Chem.-Ztg . 1911, 35, 1417 . 

«.I. Marcusson. Chem -Ztg, 1918, 42, 437; J.S.C I., 1919, 38. 98A 

»*J. Marcusson, Z. angew. Chem., 1916, 29, 346; J,8.C I , 1916, 35, 1099. Chem-Ztg , 1915, 39,*581, 
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formaldehyde react with the resins to form sparingly soluble precipitates. When 
heated for some time at 120°C. neutral resins become insoluble in petroleum ether, 
(leej) black in color and are transformed into asphaltenes. 

Resinous components of lubricating oils are present to the extent of a few tenths 
of a per cent and can be separated from the hydrocarbons with alcohol and ether 
They are solid, oxygenated, lac-like bodies and may be a cause of gumming as 
their removal appears to decrease the gumming tendency of lubricants. 

Neutral resins can be separated from oils and oxygenated materials by the 
following method.^* The oil is washed with caustic soda solution to remove 
naphthenic and asphaltogemc acids. Asphaltenes are precipitated by the addition 
of petroleum ether and the residual oil is treated at 50°C. with silica gel in amounts 
determined by the resin content.” Fuller’s earth is not as satisfactory as it adsorbs 
only 20 per cent as much resin and also effects polymerization. Adsorbed 
oil is removed from the gel with benzene and the resins are extracted with chloro¬ 
form or a mixture of benzene and ethyl alcohol. The products obtained in this 
manner are neutral and only slightly imsaturated Their molecular weights (m 
benzene) vary from 226 to 1112 and they form a series of oxygenated compounds 
of the formula‘s C„H 2 „-mOp, m which n varies from 16 to 69, m from 8 to 48, 
and p from 1 to 3. Although unstable, these resins can be distilled at low pressure 
and give no evidence of colloidal behavior. However, they are easily transformed 
into asphaltenes by oxidation, which is accompanied by loss of hvdrogen and 
further condensation. Sulphuric acid reacts with them to form asphaltenes and 
also sulphonates. Both neutral resms and asphaltenes are attacked by perbenzoic 
acid but not by iodine.^® 

An examination of the resins formed during the distillation of petroleum was 
made by Siebeneck“ who reported that these substances distilled over with steam 
at 40()°C. in a yield of about 0.3 per cent. The crude materials had specific gravities 
greater than 1, softening iioints about 45° and flow points about 60°. Purifica¬ 
tion was accomplished by drying at ordinary pressure. Though not completely 
soluble in benzine, the dried resins were wholly soluble in benzene and analogous 
coal-tar distillates. By vacuum and steam distillation the crude material was 
separated into an oil (17 per cent of the total) and several resin fractions as follows: 

Rosin 1 (11 per cent). 

Rosin 2 (29 per cent), softening at 53'’C. and flowing at 70°C. 

Resin 3 (13 per cent), softening at 55°C. and flowing at 72°C. 

Resins 2 and 3, constituting 42 per cent of the crude, were dark yellow in color 
and stated to be valuable technically. 

Tweddle*' suggests treating an orange-colored, resinous, oily residue from the 
distillation of crude petroleum with benzine, thereby obtaining a yellow crystalline 
precipitate which is termed petrozeene. This substance (sp.gr. 1.204) melts at 420- 
430°C., but if heated to higher temperatures it sublimes and distils, giving off 
brilliant yellow fumes. Its spectrum is somewhat similar to that for anthracene, 
possibly indicating petrozeene to be a polycyclic hydrocarbon. By appropriate 
treatment it may be transformed into dyes and other coloring materials. 

i'' A E. Dunstan and F. B. Thole, Chem. Met. Eng , 1923 , 28, 299. A. Seton, J.S C.I , 1929, 48, 81; 
Chem. Ahg.. 1929, 23. 2026 

A. Snehanon and N A Vasiliev, Petroleum Z., 1927, 23, 1818; Bnt. Chem Aha. B, 1928, 78. See 

also N. A. Vasiliev and L. N. Zhirnova, Neft. Khoz., 1929, 17. 707; Chem. Aba. 1930, 24, 2869. 

17 V. Toknluno^ (Xeft Khoz , 1927, 12, 414, 558; 1928. 15. 73; Chem Aba., 1928, 22, 4786; 1929, 23, 

2026) pioposcd a iiirthod of separating mnsout and ozocerite into neutral tars and soft asohalts 

(adsorbed bv silica pel), unsaturated compounds and aromatics (adsorbed b> activated silica gel) and 
paiaflRnx and napthenes (unadsorbed). 

7* The sulphur content corre.sponds to less than 1 atom and is therefore calculated with the oxygen. 

S. .Nanietkin and V. G. Putzello, Neft. Khoz., 1929, 16, 230; Bnt. Chem. Aba. B, 1930, 180. 

»»H. Siebenei'k. Petroleum Z., 1923. 19. 939; Chem. Aba, 1924, 18, 462. 

« H. C. W. Tweddle, U. S. P. 189,402, Apr. 10, 1877. 
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Resins are prepared from heavy residual hydrocarbons, of petroliferous origin, 
by submitting the latter to distillation at low pressures (to remove oily constitu¬ 
ents) and extracting with a hydrocarbon solvent, e.g., kerosene or naphtha.*® The 
last operation precipitates asphaltenes. Aqueous emulsions of such oil-soluble resins 
are proposed as sizing agents for paper, for impregnation of porous paper and 
in the manufacture of laminated paper and board.** 

Incorporation of tar pitch and picoline with petroleum residues, by the applica¬ 
tion of heat, to give synthetic resins is described by Maslyanskii ** 

Asphaltenes. These are present in crude petroleum, particularly in the 
higher-boiling fractions and residuums from distillation. They are formed probably 
from the aromatic constituents of an oil by condensation and polymerization, 
asphaltic resins being an intermediate stage. Asphaltenes having the following 
composition, carbon 71.6 per cent, hydrogen 6.3 per cent, oxygen 13.3 per cent 
and sulphur 8.1 per cent, were prepared by heating naphthenes or paraffins with 
sulphur and then oxidizing with air.** The so-called asphaltenes obtained from 
acid sludge differ from normal asphaltenes in being soluble in basic solvents. They 
are coagulated by heating to 100°C. and are probably oxonium compounds derived 
from sulphuric acid. 

Asphaltenes are brown to black in color, have no apparent melting point and 
decompose to gas and coke at 300°C. They are insoluble in petroleum ether, alco¬ 
hol, water and most other solvents but dissolve in carbon tetrachloride. Solution 
is preceded by swelling of the material and results in the formation of a viscous 
liquid. The latter appears to be colloidal and highly dispersed and as stable as 
aqueous gelatin solutions. Asphaltenes are lyophile colloids with respect to aromatic 
hydrocarbons, halogenated hydrocarbons, carbon disulphide and petroleum tars 
and are lyophobic with respect to paraffin hydrocarbons and naphthenes.** Their 
molecular weights are about 5000-6000 and they contain appreciable proportions 
of oxygen and usually some combined sulphur. Substances of this type precipitated 
from Grozny petroleum contained 85.5 per cent carbon, 6.8 per cent hydrogen, 
7.7 per cent oxygen and some sulphur and had a density of 1.145. 

Oxidation of the higher fractions of petroleum with air or oxygen at elevated 
temperatures yields asphaltenes. The work of Chernozhukov,*^ however, indicates 
that the presence of sulphur compounds is essential during oxidation. Thus, oxida¬ 
tion of liquid paraffin, free of sulphur, by oxygen at 250°C. and 12 atmospheres 
pressure for 2 hours gave a yellow oil from which a flaky sediment could be pre¬ 
cipitated, but no asphaltenes or carbenes were formed. Similar treatment of 
sulphur-free oils to which sulphur was added yielded synthetic asphaltenes pos¬ 
sessing the properties of natural asphaltenes but of lower molecular weights. Vari¬ 
ous asphaltenes were prepared by oxidation of sulphur-containing crude oils with 
air or oxygen under pressure. Those from a turbine oil distillate had the 
empirical formula CiraHiTeOnS, and those from a light spindle oil the formula 
CjaeHiiaOiaS. Chemozhukov concluded that sulphur compounds of unknown con¬ 
stitution and of various stages of oxidation are responsible for the production of 
asphaltenes. The important role of sulphur compounds in this respect is indicated 
also by the observation that resinous deposits, obtained from Boryslaw (Galicia) 

« French P. 744,169, 1933, to SUndard Oil Development Ck).; Chem Aba., 1933, 27, 4109 

** Qirleton Elhs, U. S. P. 1,948,442, Feb. 20, 1934, to Standard Oil Development Co ; Chem. Aba, 
1934, 28. 2906 

«N. A. Maslyanskii, Russian P. 28,268, 1930; Chem. Abs., 1933, 27 , 3837. 

*®V. Kalichevskv and 8. C. Fulton, Nat. Pet. News, 1931, 23 ( 51), 33. 

••A. Sachanen, Ne/t. Khoz., 1924, 7, 933; Chem. Zentr., 1925, 1, 18^. Petroleum Z., 1925, 31, 1441; 
J.S.C.I., 1925 , 44, 745. 

^ k. I. Chemothukov, Neft. Khoz,, 1928, 15, 670; Chem. Abs., 1929, 23, 1258. Soywzneft-Neftyanoe 
IzdateUtvo Moscow-Petrograd, 1930, 36; Chem. Abs., 1981, 25, 5757. 
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paraffin oils on storage, had a sulphur content of 2.5 per cent whereas the crude 
oil contained only 0.1 per cent sulphur.* 

Elimination of asphaltenes and other dark-colored substances from natural or 
artificial asphalts furnLshes lighter-colored products which may be employed in the 
manufacture of asphalt paper, lacquers, varnishes or paints.* Purification consists 
in the addition of a precipitant, such as aromatic-free gasoline or pentane, to the 
molten crude material. Further treatment of the asphalt solution with decoloriz¬ 
ing agents, e.g., bleaching earths, is also advantageous. A combination of physical 
and chemical methods may be used. For example, after dilution with the precipi¬ 
tant the solution of asphalt is subjected to the action of sulphuric acid, anhydrous 
alumirlum chloride, ferric chloride or boron fluoride. The latter procedure con¬ 
verts any dissolved asphaltenes into insoluble substances. 

Resinous or asphaltic materials are precipitated from mineral oils by warm, 
dilute sulphuric acid (1-10 per cent soln.)*‘ or by allowing the oil to stand in con¬ 
tact with concentrated aqueous solutions of heavy metal salts, especially the 
chlorides.® 

Moderate hydrogenation of asphaltenes, particularly in the presence of a hydro¬ 
carbon solvent, transforms them into resins or resin-like bodies “ 

Discussion of more complex oxygenated materials, including carbenes, carboids 
and asphalts, are beyond the scope of this text. Resins made by oxidation of 
various petroleum fractions are described later. 

Petroleum Acids. Carboxylic acids in iietroleiim, which are comprehended 
under the generic name of naphthenic acids, are of technical and scientific in¬ 
terest.* These acids differ considerably in physical properties, depending upon 
their origin. Those of low molecular weight are volatile oils of penetrating odor 
and consist mainly of monocarboxylic acids containing one cyclopentane ring. 
Bicyclic and possibly other polycyclic monocarboxylic acids are present also in 
Rumanian, German, Californian and Texas crudes.® High molecular weight acids, 
such as those from lubricating stocks, are viscous liquids and, in some instances, 
semi-solid materials. 

Acids isolated from certain lubricating oils of American origin are of special 
interest.* These are monocarboxylic acids of the series C„H8„-«Oa and CnHan-«02 
(n varying from 16 to 25) having molecular weights ranging from 250 to 376. 
They are viscous liquids which do not solidify at —30°C., are non-volatile in 
steam and do not absorb oxygen or ^*dry’' on exposure to air. Salts of these acids 
are soluble in gasoline, ether and carbon tetrachloride while the lithium, ammo¬ 
nium, potassium, sodium and magnesium salts are soluble in water. The acids are 
prepared in the following manner. 

Gasoline vapors are passed into alkali sludge obtained by washing acid-treated 

» S. von Pilat and J. Dukiet, Erdol u. Teer, 1926, 2, 571, Chem Aba., 1928, 20, 3560. 

“ J. W. leNobel, U. S P. 1,868,211, July 19, 1932, to Bataafache Peiioleum Maatsohappij; Chem 
Aba., 1932, 26, 5220. British P. 313,433, 1928; Bnt Chem. Aba B, 1930, 93 

^R. N. Donaldson and R. McOblluin, U, S. P 1,508,115, Aug. 26, 1924, to Standard Oil Co of 
Cahf ; Chem. Aba., 1924, 18. 3270. 

French P. 670,796, 1929, to N. V. Mejnbouw- en Cultuunnaatschappij “Boeton”; Chem. Aba., 
1930 . 24. 1970. 

“French P. 744,220, 1933, to International Hydrogenation Patent.s Co., Ltd ; Chem Aba., 1933, 27, 
4109. 

“ Asphaltic acids and asphaltic anhydrides are described by V. Kalichevsky and S. C. Fulton (loc 
cit ) but little is known about them. They are spanngly soluble in light naphtha, have relatively high 
specific gravities and are unstable. They are readily distinguished from true naphthenic acids which 
are stable and saturated in character. See also J. Marcusson, Z. angew. Chem., 1916, 29, 346, J.S C 
1916, 35. 1099. 

•*J. von Braun, Ann., 1981, 490, 100. For a summary of the physical and chemical properties of 
naphthenic acids occurring in petroleum, see, Carleton Ellis, "The Chemistry of Petroleum Derivatives," 
The Chemical Catalog Co., Inc., New York, 1934. 

•SQ. Alleman, U. S. P. 1,694,461. 1,694,462 and 1,694,468, Dec. 11, 1928, to Sun Oil Co.; Chem. Aba., 
1929, 23, 696. See also H. T. Maitland. U. S. P. 1,425,88^, 1,425,883, 1,425,884 and 1,425,885, Aug. 15, 
1922, and 1,528,884, Mar. 10, 1925 to Sun Oil Co.; Chem. Aba. 1922, 16. 3388; 1925. 19, 1502. 
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lubricating distillates. This results in a separation into oil and water layers and 
is facilitated by the addition of 0.1 per cent by volume (on the sludge) of a satu¬ 
rated solution of sodium chloride. Dissolved resins are removed by the gasohne-oil 
layer. The oil-free soap solution (water layer) is concentrated and then cooled 
to —5*^0. at which temperature precipitation of .soa]) occurs. This may be hastened 
by cooling to slightly lower temiieratures. 'file soap is decomposed by acidifica¬ 
tion or b> hydrolysis with steam under pressure and the free acids further purified 
by distillation under reduced pressure. Acids obtained directly from the soap 
have an acid number of about 103 The acid number of the distilled product is 
usually greater. For e.xample, distillation of the acids under 4 mm. pressure yielded 
the following fractions: 

Fraction Temperature Acid No. 

1 . . Up to 187 

2 180-190^^0. 174 

3 . 190-200‘=‘C. 160 

Residue Acid -t Resins 61 

Another method of lainfication consists in acidifying the aqueous solution of 
alkali salts, adding xylene, and removing water by distillation of the mixture.**' 
The residue is separated into acnls and insoluble colloidal hydrocarbons by extrac¬ 
tion with ethyl alcohol. 

In the preparation of metallic derivatives either the purified soap or acids de¬ 
rived therefrom, without preliminary distillation, may be used. Thus, addition 
of a solution of calcium chloride to an aqueous solution of the soap gives the calcium 
salt which IS a light-colored, sticky, tenacious mass practically insoluble in water 
and can be washed free of entrained salts by agitation with water.** It is slightly 
soluble in methyl or ethyl alcohol and acetone, very soluble in ethyl acetate, carbon 
tetrachloride, gasoline, benzine or ether and dissolves to some extent in turpentine 
and linseed oil. The calcium salt may be used in numerous ways, for example, as 
a water-proofing material, adhesive, wood filler, grafting wax, cement or varnish. 
The barium salt, though somewhat darker in color, possesses similar properties. 

Precipitation of the calcium salt in the presence of water-soluble dyes leads 
to the formation of color lakes which are insoluble in water but soluble in other 
solvents, such as ethyl acetate or petroleum ether.*" These lakes, and also those 
similarly prepared from the barium salt, may be employed in the manufacture of 
lithographic and printing inks, colored paints and varnishes. 

Of the other metallic derivatives of these complex acids, the copper, chromium, 
and nickel salts which are green in color, and the cobalt salt, which is purple, may 
be employed in paints. The manganese salt is mahogany m color and hardens on 
exposure to air. Lead and zinc salts, though darker in color, possess properties 
somewhat similar to the corresponding barium and calcium compounds. 

Naphthenic acids, obtained from the waste lyes in refining lubricating oils from 
Galician and Rumanian crudes, are described as brownish-black, resinous sub¬ 
stances,** readily soluble in benzine. Sanijiles of each exhibited acid numbers of 87 
and 157, respectively. Metallic derivatives of some monocarboxylic naphthenic 

»• G. Alleman. U. 8. P. 1,931,8W, Oct. 24, 1933, to Sun Oil Co.; BHt, Chem. Abu. B, 1934, 615. 

^G. Allernau, U. 8 P 1,637.510, Aug. 2. 1927, to Sun Oil Co ; Chem. Ah»., 1927, 21, 3127. 

Allenian, U. S P. 1,781.772, Nov. 18, 1930. to Sun Oil Co.; Chefn. Ah$., 1931, 25. 420 

® F. Schwttilz Rud J Marinisson, Chem Rev. Fett-und HarzindwtriF, 1908, 15, 165; Chert%. Abn.. 

1908, 2, 2738. H. Burstin Petroleum Z., 1921, 17, 1169; Chem. Abs., 1922, 16, 16M, points out that 
dilute caustic alkali first extracts naphthenic acids fnim mineral oils, further extraction yielding resins. 
Foi the extraction of naphthenic acids frcmi waste lyes obtained in refining Japanese petroleum, see Y. 
Tanaka and S Nagai, JA C.S., 1923 , 45, 754. / Soc. Chem. Ind. Japan, 1923, 26, 1115; 1926, 29. 115; 
Chem. Ab$., 1924, 18. 2332; 1026. 20, 2744 Y. Tanaka, K. Horiuchi and Q. Oyama. ibtd , 1923, 26, 
1190; Chem. Abe., 1924, 18. 2688. Y. TaruOca, S. Nagai and 8. lahida, ibid., 1924, 27 . 810; Chem. Abe., 
1925, 19, 486. Y. Tanaka and T. Kuwata, ibid., 1927. 30. 48; Chem. Abs., 1927, 21, 1004. 
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acids, particularly the lead salts of trideca-, tetradeca-, and pentadeca-naphthenic 
acids from Japanese crudes, are resinous in appearance” 

In refining crude petroleum distillates, addition of sufficient alkali before distilla¬ 
tion retains the natural emulsifying agents (naphthenic acids or acid resins) in 
the residues.*® The latter may be dispersed directly in water, or acidified (to liberate 
the organic acids) and then emulsified in dilute caustic soda solution. 

Materials resembling rubber or linoxyn may be prepared in the following 
manner.*^ A slightly alkaline solution of an alkali naiihthenate is treated with a 
solution of aluminum or chromium salts until a salt of hexanaphthemc acid 
(o-methylcyclopentanecarboxylic acid) begins to precipitate. In this way the un¬ 
pleasant odor of the naphthenate is said to be removed. The naphthenates so 
obtained, when heated to 170°C., yield very viscous solutions resembling solutions 
of rubber. At higher temperatures (eg., 300*^0.) a horny mass is produced which 
gives mobile solutions in turpentine, pine oil and solvent naphtha. 

Zernik** is of the ojnnion that the impleahant odor associated with naphthenic 
acids is due possibly to low-boiling fractions and unsaponifiable constituents in the 
crude product. Such impurities can be eliminated by fractional distillation and 
treatment of the (naphthenic) soap solutions with inert solvents. Distillation in¬ 
volves cautious dehydration and fractionation in vacuo (without superheated steam) 
from vessels containing aluminum cooling coils. Salts of the purified acids may be 
employed in making resins and lacquers. 

A number of metallic salts of naphthenic acids have been proposed for various 
purposes. For example, lead salts are suggested as driers for varnishes,** those of 
aluminum and chromium as siccatives,^* and others such as iron, zinc or calcium 
for improving the properties of electrical insulating materials,*^ or when mixed 
with fillers (e.g., lithopone, cork meal, sawdust or powdered metals) for the manu¬ 
facture of artificial leather, sealing wax or adhesives.** Other uses for metallic 
naphthenates include incorporation with ceresin or paraffin or carnauba wax to 
yield synthetic resins and waxes,*'^ addition to lubricating or other oils to increase 
their viscosity** and act as antioxidants,*® as emulsifying agents for petroleum 
distillates*® and residues,*^ and catalysts for the polymerization of drying or semi- 
drying oils.“ Calcium naphthenate is said to be a stabilizing agent for coating 
compositions containing a polysaccharide ester and an alkyl naphthenate.®* Con¬ 
densation products of naphthenic acids and ammo-alcohols (for example, mono-, 
di- or tri-ethanolamme) may be employed as dispersing agents m the dyeing of 

»•¥ Tanaka, K. Honuchi and G Ojaina, J. Chem. Ind (Japan), 1923, 26, 1190, Chem. Abs , 1924, 
18. 2688. 

British P 302,346, 1928, to Batanfsche Petroleum Maatschappij , firtt Chem Ahti B, 1930, 312, 
Ruth and E Asser, German P. 327,913, 1919; JSC I. 1921, 40, 188A 
«F Zeimk, Erdol u Teer, 1925, 1 ; Chem. Abs., 1926, 20, 2743 Also, U. S P 1,537,572, May 12, 
1925, Chem. Abs , 1926, 20, 513. 

«Geiman P. 510,937, 1929, to I. G. Farbenind A -G ; Chem Ahs , 1931. 25. 1108 
<*G Ruth and E Asser, Gennan P 327,374 and 327.375, 1919, J SCI , 1921, 40, 187A 
♦"‘British P 318,412, 1928, to I. G, Fafbenind A-G.; Brit Chem Ahs B, 1929, 901. German P. 
482,366, 1928; Chem. Abs.. 1930 , 24, 447. 

♦•F. Pohl, Gennan P. 383,815, 1921, to C Taper GmbH.; J S C.I , 1924, 43. 303B 
*■ F Zeinik, German P. 3^,289, 1921, to Erdol- & Kohlo-Verwertung A.-G.; J SC I , 1924 , 43 , 392B 
392B 

♦«E A. Rudiger, Canadian P. 265,727, 1926; Chem. Abs, 1927, 21, 1007. L L Rebber. U. S. P. 
1.582,227, April 27, 1926, to Union Oil Co. of Calif.; Chem Abs., 1926 . 20, 2067. DeR. Fnzell, U. S. P. 

1,582,258, Apnl 27, 1926, to Union Oil Co. of Calif.; Chem Aba , 1926 , 20. 2067 

♦“T Yamada. J. Sor. Chem Ind. Jgpan, 1930, 33, 318, 319; Chem. Aba., 1930 24. 5996, 5997 

“DeR, Fnzell and B. A. Stagner, U. S. P. 1,582,257, Mar. 27, 19M, to Union Oil Co. of Calif.; 

Bnt. Chem. Aba. B, 1926, 575 

R Lichtenstem, British P. 263,975, Nov. 3, 1925, to “Allchemin” allgcm. chem Ind. A -G ; Brit 
Chem. Aba B, 1927, 190. 

“G Petrov, British P. 214,679, 1922; Chem. Aba., 1924, 18, 2820. 

“ S. Horn, U. S. P. 1 829,750, Nov. 3, 1931; Chem. Aba., 1932 . 26, 816 Calcium naphthenate has 
been employed also to stabilize cellulose esters and ethers. British P. 423,644, 1934, to Bnt. Celanese, 
Ltd.; Brit Chem. Aba. B, 1935, 320. 



208 THE CHEMISTRY OF SYNTHETIC RESINS 

cellulose acetate fabricsArylamino derivatives have been prepared by the reac¬ 
tion of aromatic amines on naphthenic acids." The latter acids, in chloroform 
solution, react also with hydrazoic acid to yield amines." 

Naphthenic acid anhydrides, made by heating the acids with acetic anhydride, 
are soluble in ether and benzene but very much less so in cold 95 per cent alcohol 
than naphthenic acids.” The anhydrides react with cellulose, in the presence of 
pyridine, to give the corresponding esters. 

Resins by Oxidation of Petroleum 

Oxidation of petroleum and petroleum distillates gives rise to a wide variety 
of products including resins and asphaltic materials, depending upon the conditions 
of oxidation. Thus far, however, no high-grade resin appears to have been made 
by such methods. Brooks'* considers that in view of the nature of copal acids and 
those of other natural resins, there is a distinct promise that polycyclic hydro¬ 
carbons of lubricating oil distillates and the heavier fractions of gas oil can be 
oxidized to resins. No such procedure has been developed yet which does not 
give black asphaltic products. 

From the viewpoint of synthetic resins, the most interesting reactions are 
those yielding asphaltenes and asphalt-like bodies and carboxylic acids. Vapor- 
phase oxidation of heavy petroleum distillates gives acids of the aldehyde or 
hydroxy-aldehyde type mixed with aldehydes of various molecular weights. On 
saponification with alkalies, brown or yellow resins are formed by condensation." 
If the soaps are separated and treated with an excess of dilute hydrochloric acid, 
resinification of the liberated acids takes place." These latter resins are suggested 
as bases for paint and varnish mixtures. 

Resinifiable acids are obtained by catalytic oxidation of hydrocarbon oils in the 
liquid-phase. For example, by air-blowing petroleum in the presence of alkalies 
Schaal*^ obtained liquid acids which, on vacuum distillation, furnished a residue 
of a resinous nature. Solid acids from this sam^ procedure formed asphalt-like 
masses with calcium or magnesium oxides. Esters of the latter acids were some¬ 
what resinous in character and could be used in making varnishes or as substitutes 
for waxes, pitch or asphalt. CharitschofT* points out that Schaal's method yields 
not only naphthenic acids but also viscous poly naphthenes which are probably 
bicyclic condensation products. These poly naphthenes seem to be pseudo-acids, 
apparently tribasic although they contain only four atoms of oxygen. As they 
are easily decomposed to resinous substances by heat or the action of concentrated 
alkaline solutions they have been called asphaltogenic acids. 

High-boiling petroleum fractions (lubricating distillates, turbine or transformer 
oils) give resins and asphaltic substances, which are either neutral or acid in 
character, on exposure to air. Three classes are recognized in the case of lubricat¬ 
ing oils;" 

MH. Dreyfus, British P. 394,667, 1933; Chem. Abs., 1934 , 28, 272 

French P. 711,962, 1930, to Soc. prod. chim. et matieres colorant#**; <^e Mulhouse; Chem. Aba., 
1932, 26, 1943. 

**K. F. Schmidt and S. Strsygowski, German P. 600.435, 1928, to Knoll A.-G. chem. Fabnk, Chem. 
Abe., 1932, 26, 2198. K. F. Schmidt, German P. 544,890, 1C30, to Knoll A.-G. chem Fabrik; Chem. 
Abe., 1932, 26, 3315. 

G. Kita, T. Mazume, J. Sakrada and T. Nakashima, Kunetetaffe, 1926, 16, 167; Chem. Abe., 1927, 
21, 320. 

WB. T Brooks, Ind. Eng, Chem., 1924, 16, 189. 

»J H James, U. S. P. 1,681,237 and 1,681,238, Aug. 21, 1928, to C. P. Byrnes; Bnt. Chem. Ab»., 
B 1928 866 

••M.'h. James, U. 8. P. 1,894,362, July 17, 1938, to C. P. Byrnes; Brit. Chem. Abe. B, 1933 , 904. 

« E. Schaal, German P. 32,706, 1884. British P. 12,806, 1884; J.S.C.l., 1885, 4, 679. 

«K. W. Charitschoflf, Ckem.-Ztg., 1909, S3, 1166. J. Ruee. Phve.-Chem. 8oe., 1908, 40, 1413, 1757; 
J C.S . 1909, 96 (1), 164. J. Ruee. Phye.-Chem. koc., 1909, 41, 345; J.C.8., 1909, 96 (1), 471. 

«J. C. Jennmgs, J.C.8.I., 1929, 48, 1180. See also T. S. Sligh, Jr., Proc. A.8.T.M., 1924, 24 (2), 
964; Chem, Abe,. 1926, 19, 1491. 
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(1) Asphaltic resins, soluble in oil and petroleum ether and absorbed by charcoal 
and fuller’s earth, which are responsible for the discoloration and increase in viscosity 
of the oil. 

(2) Asphaltenes, which are insoluble in petroleum ether and are formed by oxida¬ 
tion of the resins. 

(3) “Varnish,” which is the final oxidation jiroduct and is insoluble in all the usual 
solvents. 

It IS doubtful, however, whether the above classification is complete since acidic 
resins are often produced. In the sludging of turbine oils, for example, complex 
naphthenic acids probably containing hydroxy, keto, or aldehydic groups are 
formed. A turbine oil sludge investigated by Salathe** contained 13.6 per cent 
of complex naphthenic acids having 50 or more carbon atoms per molecule. In 
the dry state these acids were brown, hard, brittle resins and were soluble in the 
lower aliphatic alcohols, chloroform, pyridine, aniline, benzene and slightly soluble 
in ether. The calcium salt was obtained as a brown gelatinous precipitate. 

Oxidation of tar oil, paraffin, or montan wax also furnishes acids of high molec¬ 
ular weights. By treating tar oil (free of phenol) at 2(X)°C. with air under 30 
atmospheres pressure, in the presence of sodium carbonate, Schneider‘S secured a 
55 per cent yield of liquid syrupy acids whose properties were similar to those 
of Charitschoff’s polynaphthenic acids. In the absence of alkali about one-half of 
the tar oil was precipitated as a solid asphalt. Lignite tar gave mainly monobasic 
fatty acids. Using 200 g. of paraffin, 800 cc. of 2.bN sodium carbonate solution, 
30 atmospheres pressure, a temperature of 170°C. and 200 1. of air per hour, 141 g. 
of paraffin were oxidized giving 46 per cent of water-insoluble acids. These w^ere 
brown in color and had an average molecular weight of 271. From American paraf¬ 
fin, acids of the formula CnlUnO^ (n = 13, 15, 17 or 19) were obtained. In the 
latter instance, reaction was accelerated by salts of iron, copper and manganese, 
but not by alkalies. Montan wax was difficult to oxidize and yields were low. 
Schmidt** exposed paraffin wax to a blast of air for a considerable period of tune 
at 100-120°C., producing resin acids and fatty acids. Rapidity of reaction is 
increased by addition of mercuric oxide or previously oxidized wax. 

Chernozhukov*^ states that the oxidation products (of petroleum) having acid 
values between 60 and 110 form resinous bodies by loss of carbon dioxide and 
subsequent condensation of the resulting unsaturated hydrocarbons. Also condensa¬ 
tion of aldehydes and other intermediate oxidation compounds may take place. 
Reaction of acids with aldehydes m the presence of amines is a method suggested 
by Petrov." 

The dark-colored liquids obtained by pressing crude acids (from oxidation of 
paraffin wax) are acidic in character and insoluble in petroleum ether. These may 
be combined with glycerol, or other polyhydric alcohols, to give materials resem¬ 
bling hnoxyn or artificial rubber." Catalysts, e.g., lead oxide or sulphur, may 
be used also. To illustrate, 150 parts of the liquid acids are mixed with 19.3 parts 
of glycerol and heated for 30 minutes at 170-210°C. A dark, tenacious, non- 
greasy elastic mass is formed which is soluble in alcohol, petroleum ether and 
acetone. Addition of 15 parts of sulphur to the above mixture before heating 
results in a deep-black, crumbly mass. The liquid acids may be substituted by 
unsaturated aliphatic acids made by dehydration of the oxidation products of paraf- 

®*A. Salathe, Ind. Eng. Chem., 1926, 17, 414. 

«W. Schneider, Brennitoff-Chem., 1920, 1, 70, 80; Chem. Aba, 1921, 15, 743. 

«»A. Schmidt, British P. 142,507, 1920; J.S.C I., 1921, 40, 74A 
N. I. Chernozhukov, Jzveatta Thermo-Chem. Inat., Moscow, 1928, 6, 7; Btit. Chem Abs. B, 1929, 
985. 

«G. S. Petrov, Russian P. 24,585, 1931; Chem. Aba., 1932, 26, 2334. Russian P 27,468, 1931; 
Chem. Aba., 1938, 27, 2321. 

»M. Luther and R. Held, U. S. P. 1,884,023 and 1,884,024, Oct. 25, 1982, to I. G Farbenind. A.-G.; 
Chem. Aba., 1933, 27, 1222. 
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fin hydrocarbons or waxesReaction then takes place best in the presence of a 
solvent, such as a i^etroleum distillate. Air or oxygen may be passed into the 
mixture during heating. 

Artificial shellac is prepared by Burwell*^ in the following manner: 

A fuel oil distillate, of 33-18° Be, is oxidized at 130-160°C. and 150-350 atmospheres 
pressure with uir or oxygen-enriched air About 0.1 per cent of iron, copper, or 
manganese oleute is used us cutulyst. The initial products of the reaction consist of 
petroleum-soluble acid.s and petroleum-in.soluble hydroxy acids.^* Reaction is con¬ 
tinued until the concentration of the latter reaches 20-40 per cent. Three layers are 
formed, the top consisting of unchanged hydrocarbons and petroleum-soluble oxida¬ 
tion products and the bofiom of an aqueous solution of acids. The middle layer con¬ 
taining hydroxy acids is separated and di.stilled at a pressure of 10-20 mm. and tem¬ 
perature of 140-275°C to remove the more volatile constituents. Employment of the 
higher distillation temiieratures furnishes harder and more brittle resins, but the less 
brittle, even tacky, re&ins have significant dielectric properties. 

Air-bluwing of alberta bitumen results in the formation of rubber-like products 
During blowing there is a decrease in the proportions of asphaltous acids and 
anhydrides, oily constituents and resins, and an increase in the melting point of the 
material. At the same time the molecular weight of the resins increases from 733 
to 1012 and that of the asphaltenes from 2219 to 4690. Reactions appear to be 
essentially dehydrogenation, i.e., removal of hydrogen as water, followed by poly¬ 
merization. The latter is accelerated by the sul])hur content of the bitumen. 

The possibility of preparing re.sins from high-boihng petroleum distillates by 
treatment with ozone is indicated by the work of Koetschau.’* By subjecting 
a transformer oil (sp.gr. 0.915 and molecular weight, in benzene, 293) to the action 
of ozone at 12°C. a 23 per cent yield of ozonides was obtained. These were solid 
or semi-solid substances, insoluble m petroleum ether and having a mean molecular 
weight of 663. The latter figure corresponds closely with the calculated value of 
the dimeric ozonide, Unless kept at low temperatures, the ozonides 

decompose and redden. Ozonization of spindle oils, from Texas and Pennsylvania 
crude oils, yielded a fiocculent, white precipitate which, at temperatures of 21 °C. 
or higher, gradually changed to a red-colored resin. Stable products were obtained 
from oils previously refined with aluminum chloride, the latter procedure removing 
a large proportion of the sulphur compounds. 

Mention has been made of the important role played by sulphur compounds 
in the formation of asphaltenes from heavy oils.^® Sludge formation in transformer 
oils by oxidation apparently is markedly accelerated by salts of sulphomc acids.’® 
Certain metals, for example, copper and lead, increase the rate of development of 
both resins and sludge in the same types of oil.'” The changes taking place in 
petroleum residues and tars on blowing with air were investigated by Marcasson 
and Picard.’® Oxidation and polymerization were not influenced by catalysts such 
as manganese dioxide or fuller’s earth possibly because the latter were poisoned by 
sulphur compounds, 

British P. 327,094, 1928, to I G Fsrbenind. A.-G ; C/tem Abt , 1930, 24, 5i72 

«A. W. Burwell, U S P. 1,770,875 and 1.770,870, .lulv 15, 1930, to Alox Chein Corp ; Chem Abu, 
1930, 24, 4647. British P. 309,383 and 30'J,384, 1917; Chem. Abs., 1930, 24. 717 Gennan P 568,267, 

1928, Chem. Abs„ 1933, 27. 2052. 

'’^Similar acids are found as lacquer deposits within Diesel ensrines The formation of the lacquer 
18 attributed to incomplete combustion; C. A. Bouman, Proc. World Pet. Congr., 1933, 2, 248; Brit. 
Chem Abs. B, 1934, 1046 

Katz, Can. J Rea, 1934, 10. 435; Bnt Chem. Abs B, 1934, 562. 

Koetschau, Chem.-Ztg , 1921, 45, 486; Chem. Abs , 1921, 15. 2717. 

A. I. Chernozhukov, loc at. See also C E. Waters, Ind Eng. Chem., 1922, 14, 725. 

^G. L. Stadnikov and Z. I. Vozzmskaia, Traits Karpov Chem., 1926, 5, 109, Chem Abu., 1928, 22, 
2049. Neft. Khoz, 1927, 12, 694; Chem. Abs., 1928, 22, 4240. Petroleum Z, 1929 . 25, 651; Chem Abs , 

1929, 23. 4336. 

H. Stager, Schweiz Elektroteth. Ber. Bull, 1924, 15, 93; Chem Ab«., 1925, 19, 724 H von der 
Heyden and K. Typke, Petroleum, 1924 , 20, 320, 857 , 953 * 

Mfircuason and M Picard, Chem.-Ztg., 1924, 48, 335. 
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Resinous substances are produced by oxidation of petroleum hydrocarbons 
with certain chemical reagents. When liquid paraffin of the German Pharmacopoeia 
IS oxidized in sulphuric acid with potassium permanganate a soft resin is obtained. 
If first oxidized m alkaline solution with permanganate and then further in acid 
solution a brittle resin softening at 75®C. is formed. This resin is partly soluble 
in hot caustic potash solution, is easily soluble in benzene, chloroform, turpentine, 
ether, alcohol and acetone, and is difficultly soluble in carbon tetrachloride, methyl 
alcohol and heavy benzine.**® Chlorine resinifies paraffin oil, addition of potassium 
bichromate favoring the production of solid material. If bichromate and hydro¬ 
chloric acid are used, the reaction is likely to become violent and requires careful 
attention. By heating 2 parts of liquid paraffin oil with 2.5 parts of nitric acid 
(sp.gr. 1.486) for 10 hours at 90-100°C., then adding 0 5 part of nitric acid and 
heating for 2 hours longer, solids were obtained. These, when dissolved in 15 per 
cent caustic potash solution and acidified with hydrochloric acid, gave a 75 per 
cent yield of resinous brown fatty acids. By employing this same procedure, 
paraffin wax yielded a mass of ointment-like consistency. Yellow vaseline fur¬ 
nished both a solid and an ointment-like resin, the latter containing no acid 
constituents. 

After partial neutralization and esterification of the acids in montan wax, re¬ 
sulting from bleaching with chromic acid, the mass can be incorporated with iron 
Iiowder to give products applicable to the manufacture of magnetic cores.®® A 
varnish, which however is not very fast to moisture, is made by dissolving the 
calcium salt of oxidized vaseline in tufpentine." 

The work of Bestuzhev** indicated that mild oxidation of lubricating oils with 
nitric acid converted the naphthenic constituents mainly to acids. When concen¬ 
trated nitric acid and elevated temperatures were employed oxidation was more 
energetic and yielded polymerization products, resins and asphaltic compounds. 

According to Kleiber and Gilardi** a type of synthetic rubber is made in the 
following manner: 

Five 1. of American petroleum are agitated for 4 hours with 1.25 1. of nitric acid 
(sp.gr. 1.4), The reaction mixture is washed with water and alkali, and repeatedly 
distilled from rosin. The it'sidue may be used as a substitute for copal The dis¬ 
tillate is heated with alkali (125 g of sodium hydroxide in 1.25 1. of water) at 156®C. 
and a pressure of 5-6 atmospheres for 1 hour. Three layers are formed. To 5 1. of 
a mixture of the two upper layers, at 40®C , are added 2 kg. of acetic acid and 155 
1. of formaldehyde, in small portions, followed by 350 g. of crude rubber. Heating is 
continued for 8 hours at 60®C. Treatment of the resulting syrupy liquid with 4 vol¬ 
umes of acetone or alcohol precipitates a vulcanizable, elastic mass. 

Rubber-like bodies may be obtained by oxidation of hot oil or pitch with air 
in the presence of an oxygen-transmitter such as the oxides of nitrogen.®* A 
catalyst, e.g., nitric acid and a little manganese dioxide may be employed also. 

Resins by Condensation with Various Reagents 

Reaction with Formaldehyde. Reaction of certain cyclic and unsaturated 
hydrocarbons with formaldehyde, in the presence of sulphuric acid, gives the so- 

'^»A. Langer, Chem.-Ztg , 1921, 45. 466; Chem. Abs., 1921, 15. 2717. 

K Eisenmann and F. Bergmann, U. S. P. 1,783,560, Dec 2, 1930, to I. G. Farbenmd. A.-G.; 
Chem. Ab8., 1931, 25, 389. British P 320,016, 1928; Chem Abi., 1930 . 24, 2847. 

•IS. Vedenkm, Malyamoe Delo, 1931, (8), 26; Chem. Abs., 1032, 26, 5219. 

•• M. Bestuzhev, Erdol u Teer, 1931, 7, 205; Chem Abu., 1031, 25, 3816. 

••E Kleiber and P Gilardi, British P. 312,741, 1928; Bnt. Chem. Abi. B, 1039, 652. French P. 
36.588, 1929, addn. to 651,824, 1928; Chem Ab«., 1929, 23, 3600; 1930, 24, 6065. 

•♦K. W. Nielaen, Danish P. 33,940, 1924: Chem. Abu., 1925. 19, 1508. British P. 229,690, 1925; 
JSC /., 1925 , 44. 873B. 
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called '^formolites'^ which are solids, often of a resinous nature “ This reaction was 
discovered by Nastyukov,“ who proposed it as a quantitative method for the deter¬ 
mination of aromatics. The test as originally advocated by Nastyukov involved 
mixing the petroleum distillate with an equal volume of concentrated sulphuric 
acid, the latter being added in small portions, and then adding slowly with good 
agitation one and a half volumes of aqueous formaldehyde. A precipitate was 
formed which after washing with petroleum ether and ammonia water was a brown 
powder. These proportions were satisfactory when the formolite was less than 50 
per cent of the weight of the oil; if greater, then the proportions of reactants 
suggested were 1:1:2." If less sulphuric acid was employed the product varied 
in character from the usual amorphous insoluble powder through soluble solid 
to soluble liquid materials. Highest yields were obtained by carrying out the reac¬ 
tion at about 0°C.“ 

The above procedure was modified later,** and proportions of oil, acid and 
formalin were changed to 1:4:2. After condensation, the mixture was refluxed on 
a water bath for 1 hour, and then diluted with 5 volumes of water. Any clear 
supernatant oil was withdrawn. After heating again for 1 hour, in a current of 
steam, the precipitate was filtered, washed and neutralized as before, dried and 
weighed. Tc the weight in grams add 6.25 per cent (to account for persistence 
of moisture and change in weight due to reaction with formalin) to obtain formolite 
numbers. Such alterations in method are said to yield a powder-like mass which 
is never sticky. The solubility of formolites in benzene and their insolubility in 
other solvents (alcohol, chloroform, carbon tetrachloride, acetone and ether) appear 
to increase with the boiling point of the oil.*® 

Severin" investigated the effects of the sulphuric acid-formaldehyde mixture on 
different types of hydrocarbons. Paraffins (normal hexane or octane) and satu¬ 
rated naphthenes (methyl or dimethylcyclohexane) did not react with this re¬ 
agent. Olefins (amylene or octylene) yielded a reddish-brown syrupy liquid and 
unsaturated naphthenes (cyclohexane or dimethylcyclohexane) gave reddish-brown 
precipitates soluble in water. Aromatics formed water-insoluble precipitates which 
were red in color except those from naphthalene and anthracene, which were deep 
green and yellowish green, respectively. It was suggested that olefins be removed 
from petroleum fractions (boiling below 200°C.) with 3 per cent of sulphuric acid 
before formolite numbers are determined. Also distillates with a high content of 
aromatics should be diluted with paraffinic benzine.” 

Tauss” reports that conjugated diolefins, e.g., methylbutadiene, respond to the 
formolite reaction. Completely substituted aromatics, such as hexamethyl- or 
hexaethylbenzene, do not yield formolites, thus apparently indicating that only 
hydrogen atoms attached to the benzene nucleus combine with formaldehyde. He 
also proposed the use of trioxymethylene instead of aqueous formaldehyde as the 
latter so dilutes the sulphuric acid as to impair its value as a condensing agent.” 

•• Some German chemists comprehend under the term formolite all resins yielded by the action of 
formaldehyde on any substance capable of reacting with this aldehyde to form resinous bodies. The 
resinifying reactions of formaldehyde are so varied and the products so diverse, physically and 
chemically, that such a classification is considered by the author to lead to much confusion. 

««A. M. Nastyukov, /. Ru'm. Phyt.-Chem, Soc., 1904, 36, 881; J C.S , 1904, 86 (1). 801 Trudx 

hak\»er tech. Qe*., 1908, 5. A. M. Nastyukov and N. V. Gunn, J Rush Phys -Chem Soc., 1916, 47, 

46; Chem. Ah§., 1916, 9, 1471. 

»»A. M. Nastyukov, Petroleum, 1909, 4, 1836; Chem. Aha., 1910, 4, 247 

•A. M. Nastyukov, Petroleum, lOil, 7, 289. 

••A. M. Nastyui^, /. Ind. Chem. (Rutsia), 1926, 1, 23; Chem. Aba., 1926, 20, 498 

»K. Kostrin, Neft. Khot., 1925, 8, 679; Chem. Aba., 1927, 21, 1703. 

E. Severm, Mon. du v^trole Rown., 1911, 21, 22/, Chem. Aba., 1911, 5, 3904 

** Dilution with aliphatic bensine to minimise over-heating is recommended by J. Marcusson {Chem - 
Zta., 1911, 35, 729) and B. Tarasaov and V. Rudenko {Neft. Khoe., 1926, 10, 245); Chem Aba, 1927 . 21. 
2654. 

M J. Tauas, /. prokt. Chem., 1919. 99, 276; Chem. Aba., 1920, 14, 934. 

•*A critical analysis of the formolite reaction is given by J. Hosek, Chem. Obzor., 1929, 4, 67; 

Chem. Aba., 1929, 23, 2813. 
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It is interesting to note that the procedure of Richardson," in which trioxymethylene 
is employed, gives rise to a gummy material insoluble in concentrated ammonium 
sulphate solution but soluble in water." 

A further modification of the formolite reaction is proposed by which vari¬ 
ous properties of the oil can be determined.*^ The first formolite number, Fi, is 
obtained as previously described. The second number. Fa, is obtained by treating 
the first formolite with petroleum ether in the cold, filtering, drying at 100-105°C. 
and weighing. F^Fa, or a is the true potential content of lubricating oil. The 
second formolite is treated in the same way with chloroform to give Fay or the real 
formolite number. Fa-Fa, or h, represents the resin content of the oil. Formolite 
values up to F^ are calculated. Differences between these indicate the proportions 
of total unsaturated cyclic hydrocarbons, light lubricating fractions, asphaltic un¬ 
saturated hydrocarbons and saturated hydrocarbons. The Engler viscosity, E, may 
be calculated according to the formula 

(E + b) _ ^ 

{Fa -H 26 - 3.5) 

in which the values of C (a constant), at 100°C. for cylinder oils and “viscosmes” 
and at 50°C. for machine oils, are 0.20, 0.22 and 0.29, respectively. 

Formolites are obtained by treating (unsaturated) fractions from the distilla¬ 
tion of Ostaschkov sapropel^^ with an equal volume of concentrated sulphuric acid 
and 0.5 volume of 40 per cent formalin." These are brown, amorphous products, 
insoluble in organic solvents and have no definite melting points. Such resins 
from sapropels are suggested as electrical insulating materials, as they are re¬ 
ported to possess the property of adhering to metals without cracking when the 
latter are bent.*" 

Application of the formolite reaction in the refining of lubricating or burning 
oils is described by Nastyukov.*** The crude distillate is treated with a mixture 
of 4 volumes of sulphuric acid and 2 volumes of 40 per cent formaldehyde. The 
reaction mass is diluted with water, steam distilled to remove volatile products, 
and filtered. The precipitate is washed, neutralized and dried and the resulting 
brown powder freed of adsorbed oil by extraction with benzene. This formolite, 
alone or mixed with synthetic resins or other plastics, may be employed in the 
manufacture of molded articles.*" 

Ormandy and Craven*" found when cracked gasolines are refluxed with formalin, 
m the presence of an electrolyte, brown resins are formed. These varied in con¬ 
sistency from a sticky oil to a hard gum. A typical reaction mixture consisted of 
5 g. of gasoline, 5 cc. of formalin and 5 cc. of hydrochloric acid (sp.gr. 1.16).- Heat¬ 
ing for about 2 hours was necessary. The reaction product was isolated by evapora¬ 
tion of the gasoline and drying the residue in a steam-oven. Yields were roughly 
proportional to the bromine number of the hydrocarbon liquid, though small amounts 
of resins were obtained from benzene and its immediate homologues. Condensa¬ 
ble. Richardson, Ind. Eng. Chem., 1916, 8, ,319. 

•• A. Holmes, Ind. Eng. Chem., 1924, 16, 258. 

•"A. M. Nastyukov, Petroleum Z., 1926, 22, 1349; Chem. Aba., 1927, 21, 1538. Petroleum Z., 1927, 
23, 1451; Brit. Chem. Aba. B, 1928, 148. 

^ Sapropel is a naturally occurring oily or wax-like decomposition product of marine plants and 
animals: L. Litinsky, Petroleum-Z., 1921, 17. 437: Chem. Aba, 1921, 15, 3739. Kukuk, Brennatoff- 
Chem., 1921, 2, 305; Chem. Aba, 1922, 16, 543. H. Potonie, Ber. deiU. pharm. Qea., 1907, 17. 180: 
Chem. Zentr., 1907, 2, 555. 

wW. Walgis, Neft. Khot., 1925, 9, 290; J 8.C.I., 1925, 44, 886B. 

^ N. Zelinski and B. Maxarov, Neft. t. alanc. Choajajatvo, 1925, 8, 945; Bnt. Chem. Aba. B, 1926, 

121 . 

^A. M. Nastyukov, British P. 289.920, 1927; Chem. Aba., 1929, 23, 968. 

'oaA. M. Nastyukov, German P. 509,305, 1927; Chem. Aba., 1931, 25. 784. Cf. O. Katstov, Plaat%~ 
cheakie Maaaui, 1934 (1). 28; Chem. Aba., 1884, 28, 6000. 

W. R. Ormandy and E. C. Craven, /. Inat. Pet. Tech., 1924, 10, 99. 
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tion with formaldehyde converted only a part of the unsaturated hydrocarbons to 
resins in one treatment. An increase in the proportion of formalin, or substitution 
of formalin by paraformaldehyde, resulted in a smaller yield of products. Some of 
the results obtained by these investigators are given in Table 24. 


Tabus 24. —Resina from Cracked Gasoline and Formaldehyde. 



Bromine No. 

Yield of Resin, % 

Cracked Gasoline No. 1 . 

76 2 

35 8 

Cracked Gasoline No. 2 

21 6 

6 9 

Cracked Gasoline No. 3 

70 6 

37 2 

Cracked Gasoline No. 4 

64 5 

27 5 

Cracked Gasoline No. 5 . 

20 0 

4 2 

Cracked Gasoline No. 6 

83 2 

54 0 

Cracked Gasoline No. 7 

59 3 

26 2 

Benzene 

0 2 

0 5 

Toluene 

Nil 

1 5 

m-Xylenc 

Nil 

6 8 


Reaction With Methylal. According to Herr/'^* methylal yields condensa¬ 
tion product-s of the formolite type with the aromatic constituents of petroleum 
or its distillates. Methylal is said to be superior to formaldehyde because it acts 
as a solvent as well as a condensing agent and is more sensitive, being capable 
of detecting 0.05 per cent of benzene. 

One part by weight of the oil dissolved m 2 ]>arts of methylal and 4 parts of 
sulphuric acid introduced as a fine stream gives a product which is separated by pour¬ 
ing the liquid mixture into water, neutralizing with ammonia and filtering. If the 
liquid is kept cool during reaction, the product is soluble in chlorobenzene. On the 
other hand if the liquid is allowed to become hot and finally is heated on a watei 
bath for half an hour, a large yield of an imsoluble material is obtained A rough 
rapid comparative determination of the unsaturated constituents of an oil can he 
made by taking a 2 cc, sample in a graduated stoppered bottle, adding 4 cc. of methylal 
dissolved in 10 cc. of light petroleum, then 2 cc. of sulphuric acid and shaking for 
one minute. After standing for half an hour, the volume of the precipitate is read 
directly. 

An investigation of the formolite reaction was made by Dobryanski,'"® using 
a solution of 1 g. of benzene in 9 cc. of benzene, and methylal instead of formalde¬ 
hyde. The optimal proportion of reactants was 5 cc. of methylal, 7.5 cc. of 93 6 
per cent sulphuric acid and 10 cc. of the benzine solution. The highest formolite 
number was obtained in 10 minutes, and an excess of the acid should be avoided 
Formolites differed qualitatively according to the conditions and proportions of 
reactants. The condensation product obtained when the quantity of mixture em¬ 
ployed was considerably less than that mentioned above was designated a-formolite. 
The. dark-colored condensate obtained by treatment with an excess of sulphuric 
acid was called 7 -formolite. This became a horn-like mass when dried. jS-Forrnolite 
was secured under optimal conditions. The high sensibility of the formolite number 
against the quantity and concentration of aromatic hydrocarbons renders the 
determination of the latter in unknown mixtures problematical. At best the num¬ 
ber can be used for comparative purposes only. 

Reaction With Metallic Halides. Anhydrous stannic chloride"^ polymer¬ 
izes oxygenated bituminous constituents of petroleum. Only a small amount of 
the reagent is required to produce a bulky precipitate from a heavy crude distillate. 
This chloride converts tars into solid asphaltum or pitch-like substances. For ex- 

»<»*V. P. Herr, Chem.-Ztff., 1910. 34, 898; J.S.C L, 1910, 29, 1094. See also M. Borodulin. Neft 
Khot., 1928, 14, 863; Chem. Ab«., 1928, 22, 2262. 

«»A. Dobryanski, Neft. Khoz . 1927, 12, 57; Chein Ab»., 1928, 22, 4239. C/. A. Dobryanski and 

M. Olevakii, Neft. Khot,, 1927, 12, 227; Chem, Abt., 1928, 22, 4240. 

>MO. Toroesian, Ind. Eng. Chem., 1921, 13. 904. 
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Hinple, pin€ tar is changed into a solid, lustrous, pitch-like body on treatment with 
10-15 per cent of stannic chloride. Reaction is very vigorous and highly exothermic. 

As previously mentioned, leNober*^ empIo 3 ^ed ferric chloride, anhydrous 
aluminum chloride or boron fluoride to eliminate asphaltenes, as amorphous in¬ 
soluble materials, from asphalt. Other halides suggested as precipitants for as¬ 
phaltic or gummy compounds from lubricating oils include titanium chloride, 
zinc chloride and stannic bromide di.ssolved in liquid sulphur dioxide.*** 

Stable resins are prepared in the following manner from petroleum tar.** The 
tar is distilled at low pressures fl mm.) to remove oily material and the residue 
is treated for 2 hours at 100-180°C. with 1-10 per cent of aluminum chloride. Re¬ 
active constituents are condensed or polymerized. The resin is purified either by 
extraction with a selective solvent or by treating its solution in a hydrocarbon 
solvent with sulphuric acid and evaporating the solvent after neutralizing. 

Zelinskii and Smirnov*^® heated the heptanaphthene fraction (b.p. 101-102®C. at 
740 mm.) from Baku petroleum with aluminum chloride in sealed tubes to tem¬ 
peratures of 100-140° The reaction products consisted of a gas (mainly isobutane), 
high-boiling liquid unsaturated hydrocarbons and a yellow non-distillable resin. 

Reaction With Sulphur and Sulphur Chloride/'' When saturated 
hydrocarbons are heated with sulphur to temperatures above 200°C. reaction occurs 
yielding hydrogen sulphide and resinous and asphaltic substances of unknown con¬ 
stitution. Though some cyclic hydrocarbons, such as cyclohexane, are stable to sul¬ 
phur at temperatures up to 200°C. many high-molecular-weight hydrocarbons and 
heavy petroleum distillates are vigorously attacked under these conditions.^** Indi¬ 
cations are that both condensation and dehydrogenation reactions take place.*** For 
example, cyclic sulphur-containing compounds are obtained by heating sulphur and 
octane in sealed tubes to 270-280°C. Their formation may be represented by: 

CH^CHaCHaCHaCHaCHaCHjCH, —CHaCH— 

in, (!^h, (^h, 

CH,CH—CH—CHCH, + 7S 

in, in, in, 

Under similar conditions hexylene and sulphur gave the following compounds: 
CeHiaS, boiling point 40-41 °C. at 10 mm.; C„HuS, boiling point 112-113®C. at 
10 mm.; C^HmS, boiling point 128°C. at fO mm.; and an asphaltic residue whose 
composition corresponded to the formula, C^HaoS,.*** Resinous or asphalt-like sub¬ 
stances resulting from sulphurizing paraffin hydrocarbons may be added to rubber 
before vulcanizing.*'® 

Reaction of sulphur monochloride with saturated hydrocarbons yields chlorinated 

W leNobel, U S P, 1,868,311, .July 19, 1932, to Bataafsche Petroleum Maatschappij; Chem. 
Aba. 1932, 26, 5220 See also, P. Sechler, British P 382,842, 1932, Chem. Aba, 1933 , 27 , 2030. 

R F. Davis, U. S, P 1 941,251, Dec, 26, i933, to Umveisnl Oil Pioducts C'o , Chrm Aba., 1934, 
28. 1520 

10* Briti.sh P 397,699, 1932, to Standard Oil Development Co ; Brit. Chem. Aha B, 1933, 929. 

N. D Zelmskn and V. A Smirnov, Brennatoff^Chem., 1925, 6, 249; Chem. Aba.. 1925, 19, 3476. 

1 '' See also Cliapter.s 58, 59 and 60. 

Prothi^re, f^ht/rm Ztp., 1903, 48, 78; Chem. Zentr, 1903, 1. 1344. H. Gfeller and K. Schaef¬ 
fer. Srhweit Apoth Ztg., 1929, 67. 109; Chem. Abs., 1930, 24, 4997. H. Siebeiieclc, Petroleum Z., 

1922, 18. 281; Chem Aba., 1922, 16, 3200. 

iw Friedmann, Ber , 1916, 49, 1344. W. Markownikow and J. Spady, Ber., 1887, 20, 1880. For 

a discussion of the reactions of hvdrocarbons with sulphur, see Carieton EHlis, “The Chemistry of 

Petroleum Derivatives,” The Chemioal Catalog Co., Inc., New York, 1934. 

W. Friedmann, Ber., 1916, 49, 1515. 

'UH. Klein and A. Beck, German P. 566,724, 1928, to I. Q. Farbenind. A.-Q.; Chem. Aba., 1988, 27, 
2601. 


CHaC-C-CCH, + 5H,S 

I! 
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compounds accompanied by the evolution of hydrogen chloride Simultaneously 
polymerized substances are formed, probably from unsaturated hydrocarbons due 
to elimination of hydrogen chloride from the chlorinated compounds. With 
ethylenic hydrocarbons apparently two hydrogen atoms are removed yielding 
hydrocarbons containing a triple bond. This may occur in one of two ways: 
either direct elimination of hydrogen as hydrogen chloride 

-€H==CH—+ S 2 CI 2 —C=C—-f 2HC1 + 28 

or substitution of one hydrogen at low temperatures followed by subsequent de¬ 
chlorination at higher temperatures. 

—CH=CH— ——CCl=CH-> —^ —CsC—+ HCI 
Other possibilities are the formation of cyclic compounds 

—C—S— 

-~CH==:CH—+ S 2 CI 2 —> +2HC1 


-C—S^-S—C— 

2—CH=:CH—-h 2 S 2 CI 2 —> II II 4-4HC1 

—c—s—s—c— 

Asphaltic bodies are made by treating petroleum distillates with sulphur or sul¬ 
phur monochloride. Thus, Hermes“^ heated a mixture of 11 parts of tar, 2 parts 
of resin and 1 part of sulphur to the melting point of sulphur and then added 
11 parts of powdered lime to the brown, thickened mass. The product was a 
brown, opaque, resinous mass insoluble in water. 

Landsberg“® obtained an insoluble sulphur-containing material by the action 
of sulphur and sulphur monochloride on oils from the dry distillation of acid 
sludge. 

Knight'" secured an extremely hard material, by heating residual hydrocarbons 
(asphaltum, pitch, natural bitumen) with about 1 per cent of sulphur to 204°C. 
Reducible metallic oxides, such as those of iron, lead or manganese were added to 
assist dehydrogenation and subsequent hardening. Earthy substances (aluminum 
silicate, talc, calcium carbonate and silica) also are incorporated. The resulting 
plastic may be molded into various forms. It is described as non-porous, non- 
adsorptive and resistant to acid and alkali corrosion. Dehydrogenation of petro¬ 
leum residues and subsequent condensation of the unsaturated hydrocarbons, by 
heat and pressure, is recommended by Murez.“® 

Another procedure"' comprises distilling a mixture of crude oil and calcium 
carbonate to a temperature of 274®C., the latter being added to neutralize any 
sulphuric acid formed. The residue is treated at 250®C. with sufficient sulphur to 
give the desired consistency. Residues from certain Rumanian oils require about 
7.4 per cent of sulphur, but too much of this element adversely affects the ductility 
of the bitumen. EglofT” suggests heating residues from cracked distillates with 
5-10 per cent of sulphur (or sulphur compounds) at 260°C. and a pressure of 50 
poun^ for 6 hours. Volatile compounds are continuously removed during the 
operation. 

»*J. V. Meigs, Ind. Eng. Chem., 1917, 9, 6M. £. Lonind, ibid., 1927, 19, 733. 

Hermes, British P. 10,423, 1902; J.3.C.L, 1902, 21. 1326. See also D. W. Peck, British P. 
24,629 and 24,680, 1893; J.S.C.I., 1899, 18, 1021. 

^L. Landsberg, British P. 8,069, 1913; Chem, Abn.. 1914, 8, 3285 

Knight, V. S. P. 1J05,206, Aug. 19. 1924; Chem. 1924, 18, 3258. 

»»A. B. Mures, French P. 707,745, 1930; Chem. Abs., 1932, 26, 840. 

^British P. 188,354, 1621, to '^Bitumul Matita,*’ Sop. Anon. Romana; J.8.C.J., 1923, 42, 46A. Cf 
A. Montu^, French P. 332,772. 1903; J.8.C.J., 1903, 22. 1289. 

>*Q. Egloff, U, 8. P. 1,896,227, Feb. 7, 19M, to Universal Od Products Co.; Brit. Chem. Abs. B, 
1983, 929. 
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Resins From Acid Sludge and Petroleum Sulphonic Acids 


Concentrated or fuming sulphuric acid reacts with various types of petroleum 
hydrocarbons to form oxygenated, condensed or sulphonated products 

Refining of petroleum distillates with sulphuric acid yields large quantities of 
acid sludge, its formation being at a maximum in the drastic treatment of heavier 
fractions for white oils and medicinal paraffins. However, even in the less severe 
treatment of lubricating oils, sludges are formed which tend to become solid. 
Hydrocarbons responsible for such are not true unsaturates, such as are present 
in cracked distillates, hut are more likely polynuclear naphthenes with unstable 
groupings or bridge structures.'”* 

Acid sludge consists of a mixture of unchanged sulphuric acid, oil, viscous or 
solid oxygenated and resinous substances and sulphonic acids Weir, Houghton 
and Majewski'” state that flocculation and adsorption of (colloidally?) dissolved 
bitumens as well as sulphonation and oxidation takes place. True sulphonic acids, 
of which both oil- and water-soluble types exist, may be extracted from acid treated 
oils or sludge by caustic soda, and their sodium salts freed of sodium sulphate by 
further extraction with a solvent, such as ethyl or isopropyl alcohol. 

Many attempts have been made to utilize acid sludge in the preparation of 
resins, asphalts and paint bases. Possibly because of the sulphurous nature of 
the initial material, no high-grade products have been produced therefrom 

The possibility of employing acid sludge and bases in the manufacture of drying 

oils, varnishes and lacquers has received some attention. For example, it was pro¬ 

posed to make a paint oil, capable of drying to a varnish-like finish by extracting 

^23 Although aiomatic hydiocarbons form sulphonic acids almost exclusively, many of the paraffins 
and naphthenes undergo simultaneous oxidation and sulphonation. R. A Worstall, Am Chem J , 
1898, 20, 664: JCS. 1899, 76 (1), 18. G N Burkhardt, J C.S, 1930 , 2387. C. J Istrati and M. 
Michailescu, Bull Soc. Set. Bucharest, 1904, 13, 143; Chem. Zentr., 1904, 2, 1447. Hydrocarbons contain¬ 
ing a tertiary grouping are more readily sulphonated and oxidized than straight chain aliphatics and 
the large losses experienced m acid refining of mineral lubricating oils may be attributed partly to 
sulphonation and oxidation of such branched-chain compounds, B. T. Brodcs, "The Non-Benzenoid 
Hydrocarbons," The Chemical Catalog Co , Inc., New York, 1922, 63. 

w* A E. Dunstan and F B Thole, J. Inst. Pet. Tech., 1918, 4, 191. 

H M Weir, W. F. Hought 9 n and F. M. Majewski, Ind. Eng. Chem, 1930 , 22, 1293. 

For methods of separating resins from mineral oils, residuum and acid sludge by solvents, see 

B. Diamond, German P. 173.616 and 176,468, 1904; JSC!., 1907 , 26, 87; Chem. Abs., 1907, 1. 1350 
C Daesschnei, Rev prod chim., 4 (20), 309; J.S.C.I., 1902, 21, 168. British P. 10,663, 1901; /SC./. 
1902, 21, 765. L Singer, British P. 109,270, 1917; Chem. Abs., 1918, 12, 93. An asphalt-like product is 
obtained bv wa.shing acid sludge with gasoline and water to remove oil and sulphuric acid, respec¬ 
tively; L. Landsberg, U. S. P. 1,211,721, Jan 9, 1917; Chem. Abs., I9l7, 11, 1039. An acid resm ob¬ 
tained in refining petroleum, after removal of free sulphuric acid, is dried and agitated at 120-125*C. 
with concentrated sulphuric acid, German P 333,169, 1918. to Harburger chem. Werke Schbn & Co : 
J S.C.I., 1921. 40, 339A. Acid tar, note, A. G. Wass, British P. 13,885, 1887; J.S.C.I., 1888, 7. 683 
Hardening tars, H. Trillich, German P. 200,524, 1907; J.SC.I., 1908, 27 , 974. J. C. Berntrop and 
M T. Q van Ledden Hulsebosch (British P. 8,462, 1898; J.S.C.I., 1899, 18, 361) state that solidification 
of petroleum residues is effected by intimately rubbing together, for a prolonged time, a mixture of 
them and resin with slaked lime and water until a tough mass is produced which will harden on 
standing. This can be molded by pressure into a firm body. Asphalts m petroleum refining, note, 

C. B. Forward and J. M. Davidson, British P. 20.879, 1898; J.S.C.T., 1899, 18, 128. J A Soriano 
(French P. 332,051, 1903 ; J.S.C.1, 1903 ; 22, 1196; 1904, 23, 55) mixed a bitumen composition with an 
alkali earth compound To convert acid tar from petroleum into a product resembling purified soft 
bitumen, the tar is kneaded with an amount of iron filings or borings more than sufficient to combine 
with the sulphuric acid present: C. Rave, British P. 607, 1888; J.S.C.I , 1889, 8, 112; W. P. Thompson, 
J.8 C 1, 1888, 7 , 303. For the production of asphalt from sludge, see M E. Schmiltz, Bull, soc tnd 
Mulhouse, 1927, 92, 693, 695, 608; Bnt. Chem. Abs. B, 1927, 384, 385. Hard pitch from acid sludge* 
O. Dieckmann, U, S P. 1.703,615, Feb. 26, 1929; Bnt. Chem. Abs B, 1929, 466. Oxidizing petroleum 
residues, see (3. H Grey, British P. 18,302, 1898; J.S.C.I., 1898, 17, li87. A. W. Adiasiewitsch (Zap 
imp. russk. tech, ohschtsch 29, 93; JSC.I., 1896, 15, 346) prepared resinous material from lubricating 
oil residuum by blowing with "de-oxygenated" air at 160-200*C and subjecting the material to a 
simultaneous discharge of electricity Ree also Kouindjy. Bull, de la soc. d*encouragement pour Vin- 
dustne nationale, 94. 1116; J.S.C.I., 1896, 15, 533. C. J. Burkley (U. S. P. 1.306,520, June 10, 1919; 
Chem. Abs., 1919, 13, 2140) subjects a mixture of gilsonite, 5 parts, and cylinder oil, 6 parts, to air 
blowing at 175-225^0. ‘for about 3 hours and produces a tough plastic material with a dull luster 
W. Daitz (German P. 336,603, 1918, to Harburger chem Werke Schbn A Co.; J.S.C.I., 1921, 40, 651A) 
makes a hard asphalt from residues, obtained in treatment of mineral oils, by mixing with magnesium 
oxide and water (to neutralize free acid) and then blowing with air at 130-170*C. See also W. R. 
Warden, U. S. P. 1,385,511, July 26, 1921, to Central Commercial Co.; J.8.C.I., 1922, 41, 5A. 
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sludge with water, neutralizing the oily or resinous residue and removing the 
separated oil.*” Or the neutralized residue was dissolved in a mixture of alcohol 
and benzene, oil of turpentine or tar oil to give a lacquer.'^ The latter was said 
to be quick drying, owing to the presumed siccative properties of the petroleum 
acids, and could be used on wood, metal and leather. 

Bird** suggests diluting sludge with water to approximately 25 per cent con¬ 
centration, warming to about i00°C., and treating with a halogenating agent, 
e.g., sodium chlorate. The resinous body thus formed, when hot, is a translucent 
mass and can be drawn into long silky threads possessing a coppery luster. On 
cooling it becomes friable and can be ground to a powder. The resin dissolves 
in alcohol and evaporation of the solvent yields reddish-brown scales similar in 
appearance to shellac. This substance may be employed in the manufacture of 
phonograph records, insulating media and as a constituent of moldings. 

Preparation of resins from oil-refining sludges is described by Demann.'*^ 
Three methods are advanced which consist of treatment (a) with bleaching earths, 
such as silica gel or fuller’s earth; (b) with substances which coagulate or resinify, 
e.g., phenols, sodium phenolate or formaldehyde; or (c) with water and a heavy 
benzine, benzene, tetralin, or liquids of either a strongly aliphatic or polymethylene 
character. Products are separated from the acid or other associated liquids. 

Substances resembling blown asphalts are obtained by the following procedure.’®^ 
Approximately equal quantities of petroleum asphalt and sludge are heated to 
lJk)®C. After thorough agitation, the temperature is raised slowly to 250“C. and 
maintained until complete decomposition of acid compounds is effected. A mix¬ 
ture of petroleum residues and animal or vegetable oils may be subjected in like 
manner to the action of sulphuric acid at 120®. After removal of volatile com¬ 
ponents, by distillation, a plastic or elastic residuum is obtained.’®* 

Water-soluble petroleum sulphonic acids, or ^'green” acids, are extracted from 
acid sludge with alkalies.’” These substances are readily soluble in alcohols, chloro¬ 
form and benzene, and less soluble in carbon tetrachloride, carbon disulphide, ether, 
naphtha and xylene. They appear to be monosulphonic acids having molecular 
weights of about 400-500. When anhydrous, the acids are dark, gummy hygro¬ 
scopic materials or even solids and somewhat resinous. 

Oil-soluble, or ^^mahogany,” sulphonic acids are secured by washing acid treated 
and neutralized high-boiling petroleum distillates with solvents such as an aqueous 
solution of acetic acid or its water-soluble esters,’” or with isopropyl alcohol 
Such acids are lighter in color than green acids, and are soluble in ether or chloro¬ 
form but insoluble in amyl alcohol. 

According to von Pilat, Sereda and Szankowski,’” three classes of petroleum 
sulphonic acids may be distinguished by the solubility of their calcium salts: 

'«Millochan, U. S. P 37,918, Mar. 17, 1863. G. W. J. Bradley (British P 412,343, 1934, to Woodall- 
Duckham, Ltd.; Chem Abs., 1934, 28, 7668) auggeeta treating acid sludge with boiling water. 

^ R. Zolosiecki, Chem. Rev. Fett.- ima Hartinduatne, 1898, 5 (2), 27; J.SCI , 1898. 17, 340. 

C. Bird, U. S. P. 1,917,869, July 11, 1933, to Standard Oil Development Co.; Chem. Aba., 1933, 

27, 4666. 

iMW. Demann. Briti.sh P. 258,241, 1925; Chem. Aba., 1927, 21, 3126. German P. 436,242, 1925; 
Brit. Chem. Aba. B, 1927, 436. 

F. R. Moxer and J. Greutert, C. S. P. 1,862,060, June 7, 1932, to Shell Development Cb.; 
Bnt. Chem. Aba. B, 1933, 538. Cf. L. Bolgar, British P. 227, 291, 1927; Bnt. Chem. Aba. B, 102$, 252. 
Hungarian P. 104,822, 1928: Chem. Aba., 1933, 27, 2001. 

i»L. d'Antal, Britiah P. 406,283, 1932; Brit. Chem. Aba. B, 1934, 490. 

^Varioua methoda for obtaining petroleum aulphonic acids are described bv Carleton Ellis, “The 
Ch«ni.^trv of Petroleum Derivatives," The Chemical Ci^atalog Co., New York, 1934. 

>»*P. I Scheatakoff, U. S. P. 1,706.940, Mar. 26, 1929; Chem. Aba., 1929, 23, 2290. Bntiah P. 247,940, 
1925; Chem. Aha., 1927, 21, 593. 

***C. I. Robinson, U. S. P. 1,387,868, Aug. 18, 1921, to Standard Oil Development Co.; Chem. Aba., 
1921, 15, 4048, E. B. Oobb, U. S. P. 1,387,835. Aug. 16, 1921, to Standard Oil Development Co.; 
/.S.C.I., 1921, 40, 728A. E. B. Cobb and A. Holmes, U. 8. P. 1,707,187, Mar. 26, 1929, to Standard 
Oil De%^opment Co.; Brit. Chem. Aba. B. 1929. 634.n 

MBS. von Pilat, J. Sereda and W. Rsankowaki, Petroleum Z. 1933, 29, 1; Bnt. Chem. Aba. B, 1938, 
211. 8. von Pilat and £. Davidson, Petroleum Z., 19^, 24, 1559; Brit. Chem. Aba. B, 1929, 47. 
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a-SuIphonic acids occurring principally in acid sludge, but aUo j^urtly in the oil 
layer; the calcium salts are soluble in water or ether. 

/y-Sulphonic acids; found mainly in the oil phase but also in sludge when oleum iis 
used; the calcium salts are insoluble in water but soluble in ether. 

7 -Sulphonic acids; present only m acid sludge; the calcium salts are soluble m water 
but insoluble in ether. 

Salts of both green acids and mahogany acids have been suggested as con¬ 
stituents of lubricants. Such a material to be used in the die-drawing of metals 
consists of sodium salts of water-soluble acids, tallow and water, the ingredieiits 
being heated to 82°C. to effect homogeneous mixing.*®^ Alkali salts of oil-soluble 
acids, either alone"'*® or emulsified with mineral oils and animal fats,"**' have been 
proposed also. Another prejiaration contains petroleum lubricating oil, an alkali 
soap of a fatty acid (e.g., sodium oleate) and an alkali metal oil-soluble sul- 
phonate.^*® The latter facilitates feeding of the lubricant by a wick. A similar 
mixture may be employed for lubricating artificial silk during spinning.**^ 

A flexible, transparent, gelatinous product is made by evaporation of an aqueous 
solution of gelatin containing a clear oil (medicinal white oil) emulsified with the 
aid of mahogany usulphonates.'*"' 

Heavy metal sulphonates may be used as driers, either alone or in combination 
with other driers."^’* For example, sodium salts of oil-soluble suliihonates, after 
extraction with 35-65 per cent aqueous alcohol, are freed of oil with 10-20 per cent 
of gasoline. The salts then are converted to oil-soluble lead, cobalt or manganese 
sulphonates, and the latter separated from insoluble material with an organic sol¬ 
vent, e.g., a mixture of benzene containing 75 per cent of ethyl or isoprojiyl alcohol. 
A composition of 5-25 per cent of oil-soluble calcium sulphonates, 5-25 per cent 
resins and 50-90 per cent of a drj'ing oil is suggested as the film-forming constituent 
of varnishes.'*" 


Resins From Chlorinated Petroleum Hydrocarbons 


Chlorination of petroleum hydrocarbons has been utilized in two distinct ways 
for producing synthetic resins. In some cases the chlorinated derivatives of high- 
boiling petroleum fractions are resins or resin substitutes. In other instances 
elimination of hydrogen chloride from such chlorinated material yields hydrocarbons 
of varying degrees of uiisaturation, some of which may be polymerized to resinous 
substitutes or used as drying oil substitutes. 


Chlorinated Petroleum Hydrocarbons’*® 

Paraffin, ceresin, montan wax and petroleum oil can be chlorinated to a Il/m 
degree by dissolving in carbon tetrachloride and introducing chlorine for a pio- 

H. L. Johnson, U. S. P. 1 795,491, Mar 10, 1931, to Standard Oil De\ elopriu*nt Co ; Bnt. Cfn-m. 
Aba, B. 1931, 1039 

'WJ C. Sharp, U. S P. 1,789,054, Jan 13, 1931, to Standard Oil Co. of Ind ; Bnt Chem. Abs B, 
1931 847 

l3»E.* W. Adams, U. S. P 1,871,939 and 1,871,940, Amc 16, 1932, to Standard Oil Co of Ind ; 

Chem. Aba., 1932, 26, 6119, 6160. M H Aneson, U. S P. 1,871,941 and 1,871,942, Aug. 16, 1932, to 

Standard Oil Co of Ind.; Chem. Aba., 1932, 26, 6119 

A. E Becker, U. S P. 1,888,794, Nov. 29, 1932, to Standard Oil Development Co.; Chem. Aba., 

1933, 27. 1745. 

A. E. Becker and de V Stonaker, British P 277,637, 1927, to Standard Oil Development C<^>.; 
Bnt Chem. Aba. B, 1929. 202 

Heckel, U. S. P 1,902,304. Mar 21, 1933, to Twltf^hell Process Co ; Bnt. Chem Aba, B, 

1933, 1023. 

i"H. Buc, U. S P. 1.686,484, 1,686,485, 1.686,486, Oct. 2, 1928, to Standard Oil Development Co.; 
Bnt. Chem. Aba. B. 1929, 530. 

J«H. Buc, U. S. P. 1,735,493, Nov. 12, 1929, to Standard Oil Development Co ; Chem Aba., 1930, 
24, 739. 

t'** A more extensive discussion of resins from chlorinated hydrocarbons is given in Cliapter 56. 
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tracted period. If a rise in temperature occurs during the early stages of the 
reaction, the temperature is allowed to fall before introduction of chlorine is con¬ 
tinued. In this way paraffin, containing 70 per cent of chlorine, furnishes a trans¬ 
parent solid substance. Highly chlorinated paraffin is very resistant to acids 
and alkalies. It is not attacked by boiling 65 per cent nitric acid, concentrated 
hydrochloric acid or 10 per cent aqueous caustic soda solution. Chlorinated 
ozokerite is scarcely effected by fuming nitric acid at 300®C. under pressure. In 
spite of this resistance to various reagents, chlorinated aliphatics exhibit a tendency 
to split off hydrogen chloride on long standing. Apparently the chlorine atoms 
are not bound so firmly as in chloronaphthalenes (Halowax).'** The use of various 
chlorinated paraffins in the manufacture of chewing gum is described by Geller.'*^ 
Chlorination products of drying oils, paraffin wax, naphthalene and various 
other substances are employed by Blakeman'*® in paints. Asphaltic oils, fish oil, 
waxes and coal-tar, all chlorinated to a greater or lesser degree, are proposed 
by Ellis'" as flame-proof insulators. A mixture of chlorinated asphaltum and 
chlorinated vegetable oils, the latter serving as a toughening agent, is used by 
Wickenden'®* in paints and varnishes. For example, petroleum pitch or asphaltum, 
melting at 120*C., and 10-20 per cent of cottonseed oil are treated with chlorine in 
carbon tetrachloride solution until absorption is complete. The solvent is removed 
subsequently by distillation. 


Chlorination and Dechlorination 


Methylcyclopentane has been utilized in the preparation of resinous condensa¬ 
tion products similar to those from cyclohexadiene.'*' A petroleum fraction (from 
Caucasian petroleum) boiling from 68-73®C. is chlorinated to yield a dichloromethyl- 
cyclopentane. The latter is dLssolved in glacial acetic acid and treated with a small 
proportion of sulphuric acid. Elimination of hydrogen chloride and subsequent 
polymerization of the resulting methylcyclopentadiene probably occurs. When the 
dichloro derivative is dissolved in two parts of acetic acid and boiled with 20 per 
cent of zinc chloride, hydrogen chloride is evolved copiously and a resin precipitated. 

Bielouss'“ and Gardner'®* chlorinate petroleum and then dechlorinate the prod¬ 
uct by heating to 220-240®C. to obtain a drying oil.'** If the temperature during 
dechlorination rises above 250®C. resinous and asphaltic substances are formed. 
Dechlorination is accelerated by catalysts such as metallic iron, aluminum or zinc or 
their oxides. 

Dechlorination may be effected in the presence of rosin, in which case the 
acidic component (rosin) is neutralized during heating.'** The resulting product 
can be used as a paint vehicle. If a high-boiling glyceride, e.g., soya oil or hydro- 

German P. 248,779 and 286,866, 1910, and 286,156, 1911, to C F Boehringer <& Sdhne; y.S.C/., 
1912, 31, 886; 1913 , 32, 499, 613 French P. 469,261, 1912; 1913, 32, 1120 

W. Geller, U. S. P. 1,865>6 and 1,866,017, Apr. 19, 1932, to Amencan Chid© Co.; Chem. 
Ahs., 1932, 26, 3346. 

i««W. N. Blakeman, U S. P. 989,226, 989,226 and 989,227, Apr 11, 1911; Chem. Ah% , 1911, 5, 2190. 

^•Carleton Elhs, V. S. P. 1,246,809 and 1,246,810, Nov. 13, 1917, and 1,248,638, Dec. 4, 19l7; Chem. 
Abs„ 1918, 12, 298, 412. 

»»L. Wickenden, U. S. P. 1,398,084, Nov. 22, 1921; Chem. Abe., 1922, 16, 842. 

^German P. 263,169, 1912, to Badische Anihn> A Soda-Fabnk; Chem. Ab$., 1914, 8, 266. British 
P. 23,643, 1912; J.8.C.I., 1913, 32, 876. 

^E. Bielouss, U S. P 1.384,423, July 12, 1921, to H. A. Gardner; Chem. Abs., 1921, IS, 3758 

lUE Bielouss and H. A Gardner, U. S. P. 1,3^,447, July 12, 1921, to H. A Gardner; Chem Ab$., 
1921, 15k 3768. 

*** V. Kiselev {Maslobotno-Zhtrovoe Delo, 1932, (8), 26; Chem. Ab»., 1933, 27, 3348) states none of the 
synthetic suMtitutes for linseed oil is satisfactory and new synthetic products, most likely from 
naphtha, will have to be developed to replace linseed or wood oil economically. A. Ya. Dnnbers and 
E. M. Pnk (Lakokrasochnaya Ind., 1933, 4696, 15; Chem. Ab»., 1933, 27, 62D2) indicate the poo^ility 
of prepanng drying oils by chlorinating polymers obtained in petroleum distillation and condensing them 
with soaps. Seie also A. Ya. Drmberg, J. Appl. Chkm. Ruts., 1934, 7, 1046, 1200; Brit. Chem. Abe. B, 
1936 318 

i»H. A. Gardner, U. S. P. 1,412,399, April 11, 1922; Chem. A6t,, 1922, 16, 2233. 
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genated whale oil, be substituted for rosin and the mixture distilled under reduced 
pressure, then a distillate is obtained which possesses the properties of a drying 
oil and the residue (after cooling) is generally a hard, brittle resin.'*® The latter 
may be employed in varnishes. Unsaturated, or dechlorinated, oils can be com¬ 
pounded with rubber and utilized in the manufacture of molded articles or rub¬ 
berized fabrics.'®' 

Viscid resinous condensation products are made from high-molecular-weight 
hydrocarbons by successive halogenation and dehalogenation followed by evapora¬ 
tion, or from heavy petroleum oils by chlorination and subsequent treatment with 
Devarda’s alloy.'®® On distillation, the resinous products give a residue of pitch 
which is said to be applicable as a brewer's pitch.'®® The distillate can be submitted 
again to the same treatment. Oil-like bodies, recovered from petroleum tar by 
distillation under reduced pressure, are converted into non-reactive resins by 
chlorination followed by distillation.'®® Extraction of the distillation residue with a 
selective solvent yields the purified resin. 

The following procedure is suggested by Hultman'®' for preparing a soft, rubbery, 
vulcanizable material. A mineral oil boiling above 205°C. is treated at tempera¬ 
tures below its boiling point with a polymerizing agent, e.g., cerium oxide or dioxide. 
The product is cooled to about 17°C. and subjected to the action of an activated re¬ 
ducing gas (such as methane and carbon monoxide contacted with nickel or 
platinum at 205°C.) and finally to a halogenating agent, chlorine, bromine or boron 
fluoride. The rubbery product can be readily separated from the bulk of the oily 
mass. 

Morrell and EglofT®® described the chlorination of polymerized hydrocarbons, 
obtained from petroleum distillates, in the presence of phenols. The viscosity of 
the product is regulated by the proportion of chlorine employed. 

Hydrocarbons resulting from the destructive hydrogenation of oil or coal are 
subjected to the action of dehydrogenating agents, e.g., chromic oxide at 500°C. 
The product is treated with aqueous hydrochloric acid and then passed over 
barium chloride. The resulting olefins are reacted with chlorine and again de- 
jchlorinated, by elimination of hydrogen chloride. Polymerization with sodium of 
the unsaturated hydrocarbon thus formed gives resinous or rubber-like bodies.'®* 

Resins From Cracked Distillates 

Hydrocarbon oils, which have been subjected to thermal decomposition, or 
cracking, differ in important respects from corresponding fractions from crude 
petroleum. Unlike crude mineral oils, cracked products contain unsaturated hydro¬ 
carbons including monolefins, diolefins and olefins having aromatic substituents.'®* 
The proportion of unsaturated hydrocarbons in, for example, a cracked gasoline 

A., Gardner, U. S. P. 1,408,884, Apr 7, 1923, and 1,484,018, Feb. 2, 1924; Chem. Abg , 1923, 17, 
3260’ 1924 1 8 1194 

A. Gardner, IJ. S. P. 1,446,039, Feb. 20, 1923; Chem. Abs , 1923, 17, 1560. 

iw Devarda’s alloy is an alloy of aluminum containing varying proportions of copper and zinc. 
A typical composition is 59 parts of aluminum, 39 parts of copper and 2 parts of zinc. 

i«»H. Rebs, German P. 343,466, Aug. 7, 1915; J.S.CJ., 1922, 41, llOA. 

ISO S. C Fulton, U. S. P. 1.081,824, Nov. 20, 1934, to Standard Oil Development Co.; Chem. Abx., 
1935, 29, 589. British P. 397,699, 1932; Brit. Ch6m. Abe. B, 1983, 929. French P. 744,169, 1933; 
Chem. Abe, 1933, 27, 4109. 

w'E. W Hultman, U. S. P. 1,704,194, Mar. 5, 1929, to F. P. Dunklee, J. Monteleone and W. R. 
Sunons; Brit. Chem. Abe. B, 1929, 338. 

*o*J. C. Morrell and G. Egloff, U. S. P. 1,744,136, Jan. 21, 1930, to Universal Oil Products Co., 
Bnt. Chem. Abe. B, 1930, 997. 

»“C. Krauch and M. MUller-Conradi, U. S. P. 1,828,495, Sept. 16, 1931, to I. G. Farbenind. A.-G.; 
Chem. Abe., 1932, 26, 291. 

A proposed method of purifying used lubricating oils involves reducing them with a hyposulphite. 
A. Franke and G. Thomas, French P. 768,179, 1934; Chem. Abe., 1935, 29, 594. 



222 


THE CHEMISTRY OF SYNTHETIC RESINS 


depends mainly upon the temperature and duration of cracking, and the pressure.** 
High temperature (about 600®C.) cracking at approximately atmospheric pressure, 
so-called vapor-phase processes, yields gasoline with a relatively large proportion 
of olefins. At lower temperatures and superatmospheric pressures, sometimes desig¬ 
nated liquid-phase cracking, distillates with a smaller percentage of unsaturates are 
produced. 

Cracked distillates, especially cracked gasoline, because of these unsaturated 
hydrocarbons may be regarded as a potential source of synthetic resins. Resinous or 
gummy substances obtained by oxidation of such hydrocarbons, particularly by ex¬ 
posure of cracked gasoline to air or oxygen, though as yet of no practical value 
are discussed because they appear to have some possibilities. Perhaps the most 
successful method of utilizing olefins in cracked distillates as raw materials for 
resins is by controlled polymerization. An exami)le of such a procedure is the action 
of aluminum chloride on gasolines containing monolefins, diolefins and aromatics. 
Of interest in this connection is the formation of resinous products m the large- 
scale refining of cracked gasoline with sulphuric acid, zinc chloride or activated 
earths. 

Gumming of Cracked Gasolines. When cracked gasolines are allowed to 
stand in contact with air for prolonged periods of time a semi-fluid, brown, sticky 
mass gradually accumulates in the container. This material is designated “gum’' 
because of its similarity in appearance and consistency to natural gums. Its 
formation is accelerated by bright sunlight or rise in temperature. Gum is pro¬ 
duced also by evaporation of cracked gasolines in the presence of air. 

The formation of gummy deposits, by slow oxidation of oils, was probably 
noted first by Schonbein.** Such resmification is described also by Hall*’" and by 
Dunstan and Pitkethly** for cracked distillates, by Nash*’’’’ for oils separated 
from Athabaska “oil sands,’* by Hoffert and Claxton for crude benzol,"® and by 
Forbes-Leslie**^ and Neubronner"* for shale oil distillates. A study of these resins 
from the standpoint of petroleum refining was made by Ellis and Wells."® Proce¬ 
dures for removal of resin-forming hydrocarbons from petroleum distillates are dis¬ 
cussed by Petrov,"* Schwartz,"® Black and Chappell,"® Teplitz,*" and others."® 

The work of Smith and Cooke"* indicated oxidation of hydrocarbons to alde¬ 
hydes and polymerization of the latter to be the cause of gum- and resin-formation 
in cracked gasolines. Moisture and light accelerated these reactions. At first 


1*® For a discussion of the effects of these factors on the composition of cracked gasoline, see Carle- 
ton Ellis. “The Chemistry of Petroleum Derivatives,” The Cliemicnl Catalog Co , Inc . New Yoik, 1934. 

i"® Schonbein, /. prakt. Chem., 1866, (1) 98, 257; 1867, (1) 100, 496, 1867, (1) 201, 145. See also 
C. Engler and H. v. Hofer, “Das Erdol,” S. Hirzel, Leipzig, 1913, 1, 517. 

A. Hall. J. Pet, Tech.. 1915, 1, 147. 

A. E Dunstan and R. Pitkethly, Ind. Eng, Chem., 1929, 21, 643. 
awA W Nash, 7. Inst Pet Tech., 1927, 13, 681 
”0W. H. Hoffert and G. Qaxton, JSC.L, 1933, 52, 25T. 

JT'W. Forbes-Leslie, J S.C.I., 1924 , 43, 537T 

K Neubronner, Petroleum Z., 1927, 23, 789; Bnt. Chem Abs B, 1927, 737. 

Carleton Ellis and A A. Wells, Ind Eng Chem . 1915 , 7, 1029. Note also Carleton Ellis, U S 
P. 1,328,060 and 1,321.061, Oct. 7, 1919, to Elhs-Foster Co.; J S.C I , 1919, 38, 891A 
Petrov, British P. 291,823, 1927; Chem. Abs., 1929, 23, 1260. 
i^F. Schwartz. Petroleum Z., 1928, 24. 803; Br%t Chem. Abs. B. 1928 , 591. 

^’•J. C Black and M L Chappell, U. S P. 1,810,068, June 16, 1931; Chem Abs., 1931, 25, 4697. 

M. Teplitz, U. S P 1,801,213, March 14, 1931, to Corona Conversion Corp.; Brtt. Chem, Abs. 
B, 1932, 10. 

For a review of methods of removing gum-forming constituents by refining or prevention of gum 
by addition of inhibitors, see Carleton Ellis, “The Chemistry of Petroleum Derivatives.” The Chemical 
Catalog Co . Inc., New York, 1934. V. A. Kalichevsky and B. A. Stagner, “Chemical Refining of 
Petroleum,” The Chemical Catalog Co.. Inc,, New York, 1933. A discussion of the resinification of 
gasoline is given by E. Norlm, Tek Ttd , Vppl C, Kemi, 1933, 63, 89; Chem. Abs., 1934 , 28, 1849 
F. Sager (J. Inst Pet. Tech , 1934, 20, 1044) reports the isolation of a naturally occurring inhibitor 
(probably p-cre.sol) from cracked Rumanian gasoline For a ‘itudv of the effect of various inhibitor* 
on cracked gasoline, see C. G Dryer, J. C. Morrell, (3. Egloff and G D. Sowry, Ind. Eng Chem , 
1935 . 27, 15. 

N A C Smith and M B. Cooke, Bureau of Mines, Reports of Investigations, 1922 , 2394; Chemi 
Abs., 1922, 16, 4332. 
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it was thought that phenol-aldehyde resins were formed, but the absence of phenols 
and further investigations on the behavior of aldehydes led Smith and Cooke 
to the conclusion that aldehydes alone were responsible for resinification. It 
was noted that gum initially obtained was sticky, but on standing became harder, 
and on prolonged drying ultimately gave a hard, brittle resin. The latter was 
partly soluble in acetone, whereas soft gum was entirely soluble in that solvent. 
As much as 18 per cent of oxygen was present in some gums. 

Brooks***^ studied the gum obtained by slow oxidation of cracked gasoline and 
found It contained a complex mixture of organic peroxides, aldehydes, ketones 
and acids. He also showed that aldehydes alone were not capable of forming 
gum under his experimental conditions. However, Wagner and Hyman^^ noted 
that a solution of crotonaldehyde in straight-run gasoline, subjected to the action 
of oxygen and light, yielded considerable quantities of gum similar in characteris¬ 
tics to that from cracked gasoline. 

As a result of his work, Brooks put forward the theory that the initial step 
in gum-formation consisted in the development of organic peroxides, of the type 
— C —C—, from the more reactive hydrocarbons. Aldehydes, ketones or organic 

I I 

()—0 

acids were regarded as decomposition and reaction products of the peroxides. In 
Mijiport of this view. Brooks found that a marked positive test for pero.xides can 
be obtained in a refined cracked gasoline after exposure to air and sunlight for 
half an hour. Furthermore, freshly-formed gums contained a substantial pro¬ 
portion of explosive organic peroxides. This theory of the intermediate forma¬ 
tion of peroxides has been substantiated by other investigators. The unsaturated 
conii)ounds responsible for the production of peroxides are probably conjugated 
diolefins, aromatic olefins and similar reactive unsaturated hydrocarbons.'®* 

Tauss''** concluded that the color which appears when benzines or benzols are 
shaken with sulphuric aCid is the result of a condensation of sulphur or oxygen 
compounds with olefins. When exposed to air the dye, thus formed, goes over 
to acid resins. Carpenter'** states color reversion is due to unstable resin-forming 
bodies, some of which are members of the cyclopentadiene family, including in- 
dene, cumarone, fulvenes, fluorene and their homologues. Hydrocarbons of these 
classes exhibit a strong tendency towards peroxide formation. Amend'** observed 
the presence of a .small proportion of terpenes, and related hydrocarbons, in 
cracked distillates. Such hydrocarbons were easily converted by oxygen into 
resinous or rubber-like bodies. Baxter'** noted that oxygen was necessary for 
gum-formation in gasolines from Colorado oil shales. Reaction was more rapid 
in sunlight than m the dark and was accelerated also by ozone but inhibited by 
phenylhydrazme. Gums from shale gasoline were soluble in methyl alcohol. 

Cassar'*' reports that simple monolefins, when added to olefin-free gasoline in 

B. T. Brooks, Jnd. Eng Chem , 1926, 18, 1198. 

C R. Wagner and J. Hyman, /. /rwt. Pet. Tech., 1929, 15, 674 Arner Pet Inst , Proc. Ann. 
Meeting, 1930, 11 (1. Sect. 3), 118; Chem. Abs.. 1930, 24, 2282 

'“i* P'or the formation and reactions of peroxides .see C Engler, Ber , 1900, 33. 10 0, 1097 A Bach, 
Compt retid , 1897, 124, 951; J C.S. 1897, 72 (2), 401. C. Engler and W Wild, Her. 1897, 30. 1669 
C Engler and W. Frankenstein, Ber , 1901, 34, 2933 H. Staudinger, Ber.. 1925, 58. 1075. W P Joris-en 
and P A, A. van der Beek. Rer. trav. chim., 1928, 45, 245; Chem Abs., 1926. 20. 2322 H, N 
Stephens, J ACS, 1928, 50, 568. C. Moureu and C. Dufrais.se, Bull. nor. chtm , 1924 , 35, 1564; Chem 
Abs, 1925, 19, 1126. S. F Birch and R. Stansfield, Nature. 1929, 123, 490' Chem. Abs. 1929, 23. 2813 
J A C Yule and C P. Wilson, Ind. Eng. Chem., 1931, 23, 1254. P. N Kogennnn, Trans Xnd World 
Power Canf , Berlin, TSO, 8, 33; Chem Abs., 1931, 25, 5549 C. G. Dry'ei, C D Sowry, J. C, Mor¬ 
rell and G Egloff, Ind. Eng Chem., 1934 , 26. 885. 

*®*J. Tauns, Z angew. Chem , 1928, 41, 628 

A. Carpentei, J. Inst. Pet. Tech., 1926, 12, 518. See also, G. A. Burrell, Ind. Eng. Chem,, 1928, 

20 . 602. 

P. Amend. U. S. P. 1,428,064, July 18, 1922; J.S.C.J., 1923, 42, 760A. 

R. A. Baxter, tnd. Eng. Chem., 1929. 21, 1098. 

^ H. A. Cassar, Ind, Eng. Chem., 1931, 23, U32. 
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concentrations as high as 20 per cent, do not yield gum even when subjected at 
100®C. to air under 100 pounds pressure. Diolefins in gasoline, however, readily 
form gum on evaporation of the solvent. Aliphatic or cyclic diolefins and monolefins 
attached to a benzene ring are considered the gum-forming constituents of gasoline 
by Flood, Hladky and EdgarFractions of cracked distillates giving the greatest 
proportions of gum possessed boiling points corresponding to those of conjugated 
diolefins and cyclo-olefins.'" The latter types of hydrocarbons may be removed by 
treatment of cracked distillates with sulphuric acid or maleic anhydride.'" 

The work of Mardles and Moss'*' also indicates that gumming of cracked spirits 
is essentially oxidation involving formation of organic peroxides. Usually on ex¬ 
posure of such liquids to air, there is a period of induction when the rate of 
gumming is small; this is followed by more rapid reaction as the products of 
o.xidation accumulate. The rate is increased also by (1) aeration, (2) increased 
temperatures, (3) action of actinic light, and (4) the presence of certain sulphur 
and easily j^eroxidizable compounds. On the other hand, gumming is inhibited 
by addition of '‘anti-oxygen,” e.g., phenol or thymol, by surfaces, such as soda- 
lime, iron or copper gauze,'" and by water. A light-colored viscous gum was 
prepared by heating vapor-phase gasoline at 50°C. for about three weeks. Steam 
distillation of the gum yielded organic acids, aldehydes and other oxygenated 
hydrocarbons, and neutral oil. Furthermore, this gum, which also contained active 
oxygen, was soluble in hot water to the extent of about 30 per cent, and the re¬ 
mainder dissolved in dilute caustic soda solution. These results are comparable 
with those obtained by Brooks with a pale yellow resin which had been stored 
for about 6 months. This resin contained 30 per cent of material soluble in 
water, 30 per cent of neutral oil consisting chiefly of aldehydes and ketones, and 
about 40 per cent soluble in 3 per cent aqueous alkali. On distilling the gummy 
residue from cracked gasoline, Wagner and Hyman'** observed a series of explosions 
and the evolution of vapors of acrolein. Similar observations on the decomposi¬ 
tion of residues from cracked distillates were previously reported by Ellis and 
Wells.'** 

An examination of resins made from cracked gasolines under various conditions 
is reported by Story, Provine and Bennett.’*® That obtained by evaporation of 
the gasoline in a copper dish was a brown powder, insoluble in water and almost 
completely insoluble in acetone, alcohol or chloroform. It had a molecular weight 
of 200, began to soften at 98®C., melted at 105°C. and boiled with decomposition at 
164-169®C. On heating with alcoholic potassium hydroxide, a large proportion 
of the material was saponified. One hundred grams of the gum, under the latter 
conditions, yielded only 13 g. of unsaponifiable constituents, while 55.0 g. of 
water-insoluWe and 30.5 g. of water-soluble acids were recovered from the hydro¬ 
lyzed product. 

Exposure of cracked gasoline to sunlight and air at 27°C. gave a gum whieh 
was a viscous, sticky liquid, and gradually turned brown. When dried, this 

»»D. T. Flood, J. W. Hladky and G. Edgar, Ind, Eng. Chem., 1983, 25. 1234. 

»»S. M. Martin, W. A Gruae and A. Lowy, Ind. Eng. Chem., 1933 . 25. 381. 

Reaction between maleic anhydride and conjugated diolefins is discussed in Chapter 40. 

W. J. Mardles and H. Moss, /. Inst. Pet. Tech., 1989, IS, 957. 

*®®On the other hand, the “copper-dish method'* for determination of gum usually yields higher 
ami more erratic results than meth^s employing other surfaces, e.g., glass or porcelain. This may be 
attributed possibly to the catalytic effect of copper. See, for example, V. Voorhees and J. O. Eisenger, 
Oil and Qaa /., 1928, 27 (31), 152; Chem. Aha., 1989, 21, 2286. W. Littlejohn, W. H. Thomas and 
H. B. Thompson, /. Inat. Pet. Tech., 1030, 16, 684. £. B. Hunn, H. G. M. Fischer and A. J. Black¬ 
wood, 8. A. E. Journal {Penn. Sect. P<aper\ 1030, 26, 31; Nat. Pet. Newa, 1939, 21 (43), 65; Chem. 
Ah8., 1930, 24, 2280. M. T. Zamfireseu, An. Min^or Romania, 1932, 15, 177; Brit. Chem. Aba. B, 
1934, 132. 

C. R. Wagner and J. Hyman, /. Inat. Pet. Tech., 1989, 15, 676. 

^ Carleton Ellis and A. A. Wells, Ind. Eng, Chem., 1915, 7, 1029. 

“*L. G. Story, R. W. Provine and H. T. Bennett, Ind. Eng. Chem., 1929, 21, 1079. 
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iott gum was converted into a material very similar to that produced by the 
jopper dish method. The dried gum had a molecular weight of 338 and on 
japonification with alcoholic potassium hydroxide yielded the following substances: 

Per Cent 

Unsaponifiable matter . . . 

Steam-volatile acids ... 

N.n.vol.ta..c,d.{K£™ar 

All gums were the result of oxidation reactions and peroxides were present in 
the early stages. The chief constituents were acids which, from their physical 
properties and composition, appeared to be polymers of unsaturated acids. Absence 
of saturated fatty acids is significant. The unsaponifiable portion resembled poly¬ 
merized aldehydes, ketones and oxides. Gum formed in sunlight differed from 
that obtained by evaporation in being more highly polymerized or condensed and 
also more extensively oxidized. 

It is interesting to note that gums are formed by the action of phosphorus 
pentoxide at 30-50°C. on the unsaturated hydrocarbons in lubricating oils or 
kerosene.*®® The products are thick, sticky, reddish-brown materials and may be 
removed from the oil by washing with water. 

Wagner and Hyman'*" report that on treating a gasoline, which gave a large 
proportion of gum on evaporation, with a concentrated solution of alcoholic potas¬ 
sium hydroxide a violent reaction took place accompanied by the formation of a 
reddish-brown resin. 

Resins by Polymerization of Cracked Distillates 

An account of the polymerization of unsaturated hydrocarbons under the in¬ 
fluence of heat, energy activation and catalysts is given in Chapter 9. Polymeri¬ 
zation of simple monolefins does not yield resinous polymers of high molecular 
weight, the products being mostly oily or viscous liquids. On the other hand, 
controlled polymerization of conjugated diolefins and olefins of the styrene type 
furnishes high-molecular-weight resinous polymers. The use of particular frac¬ 
tions of cracked gasoline as raw materials for such resinous polymerized bodies 
has been suggested repeatedly. 

Reference has been made (Chapter 9) to the formation of resins by the action 
of aluminum chloride on highly cracked gasolines containing aromatic, diolefin and 
olefin hydrocarbons.'®* Such resins are probably the result of simultaneous poly¬ 
merization of monolefin and diolefin hydrocarbons and also condensation of diolefins 
with aromatics. The product is amber-colored, melts at 230-240°F. (ring and ball 
method), is soluble in practically all hydrocarbon solvents but insoluble in methyl 
or ethyl alcohol and acetone. It is neutral, possesses an iodine number of 130-160 
and a saponification value of 5-15 (see Fig. 52). The resin dissolves readily in 

«»C. C. Furnas, Ind, Eng. Chem., Anal. Ed., 1929, 1, 185. 

C. R. Wagner and J. Hyman, loc. ext. These investigators also noted the marked accelerating 
action of strong acids, such as hydrochloric acid, on gum-formation. 

“»C. A. Thomas and W. H. Carmody, Ind. Eng. Chem., 1932, 24, 1125. C. A. Thomas and C. A. 
Hochwalt, U. S. P. 1.836.629, Dec. 15, 1931, to Dayton Synthetic Chemicals, Inc.; Chem. Abt., 1932, 
26, 1144. French P. 679,402, 1929. to Thomas A Hochwalt Laboratories, Inc.; Chem. Abe, 1930, 24, 
39*5 French P. 723.070, 1931, to Dayton Synthetic Chemicals, Inc.; Chem. Abt., 1932, 26, 4191. British 
P. 340,001, 1929, to Thomas A Hochwalt Laboratories, Inc.; Chem. Abt., 1931, 25, 2867. C. A. Thomas 
and W. H. Carmody, U. 8. P. 1«982,708, to Dayton Synthetic Chemicals, Inc.; Chem. Abt., 1935, 29, 
523. F. W. Sullivan. Jr., V. Voorhees, A. W. Neeley and R. V. Shankland. Ind. Eng. Chem., 1931, 
23, 604. M. Jeanny, Rev. gen. mat. plattiquet, 1934, 10, 306; Chem. Abt., 1934, 28, 7041. A. D. Camp, 
Chem. Met. Eng., 1934, 41, 123. 
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linseed or tung oil and yields quick-drying varnishes. The chief advantages are 
stated to be fastness to light and speed of drying when incorporated with drying 
oils. The varnish films display a tendency to bleach. 

In refining cracked gasolines with adsorbent earths, such as fuller’s earth, various 
clays, bauxite or activated carbon, polymerization of reactive unsaturated hydro¬ 
carbons takes place on the surface of the contact material.'** In one method, 
gasoline is vaporized and passed through the adsorbent at a temperature of about 
2(X)°C. This yields a refined gasoline and leaves gummy and resinous polymers 
in the adsorbent so that frequent revivification becomes necessary. Another pro¬ 
cedure consists in conducting liquid gasoline through a bed of refining material 
maintained at ]00°C. and redistilling the filtrate. Polymers and gums are washed 
out of the contact mass and recovered by evaporation of the solvent. In this man¬ 
ner the effectiveness of the polymerizing agent is prolonged. Vapor-phase refining 
of cracked gasolines is more generally utilized especially at temperatures above 
200°C. and at superatmosphenc pressures.^ Cracked gasoline is treated also with 
clay at 600-650°F. and 1000 pounds pressure. The mixture is then passed to a 
vaporizing drum, and gasoline distilled from clay and iiolymers by reduction in 
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Fin. 52. 

Effect of Time on Yield (g. per 100 cc.) 
and Iodine Number of Resin from 
Cracked Gasoline by Treatment with 
Aluminum Chloride. (C. A. Thomas 
and W. H. Carmody.) 
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pressure.**' In addition to the previously mentioned materials, pumice stone, 

Floridin and silica gel promote polymerization.*® Brooks*** noted pronounced ability 
of certain sedimentary rocks of Oklahoma to effect polymerization of hydrocar¬ 
bons. Several were nearly equal to the best grades of fuller's earth. 

Gray and Mandelbaum*** passed the vapors of gasoline containing diolefins and 
other unstable hydrocarbons through an adsorbent catalyst, Floridin earth of 
60-90 mesh. They found that polymerization occurred accompanied by formation 
of high-boiling liquids. These polymers were yellow to ruby-red or green viscous 
oils or resinous substances and amounted to 0.3-1.0 per cent of the distillate treated. 
In one instance, after separation of gasoline, the residual polymers were frac¬ 
tionated under 0.2 mm. pressure and yielded a fraction boiling at 300-400°F. 

and a semi-solid tacky residue. The physical properties of the former, which was 
unsaturated (iodine number of 200), corresponded with those of a lubricant. In¬ 
corporation of the thick residues with linseed or tung oil and addition of a 

*«See, eg., A. E. Dunstan, F. B. Thole and F. G. P. Remfry, J.SC.L, 1924, 43. 179T. F. G. P. 
Retnfrv, Biitii^h Patents 201,868 and 212,500: Chem. Abe., 1024, 18, 1195 , 2245. H. Gault and R. Sig- 
walt, Ann. office nat. comb. Itqutdet, 1927, 2 , 309, 543; Chem. Abs., 1928. 22. 370 

D F Ger.*<tenberger, Nat Pet, News, IMl, 23 (6), 59; Chem. Ab»., 1931, 25, 2842. 

»*1W. W Holland, Refiner, 1932, 11 (1). 28; /. Imt. Pet. Tech., 1032, 18, 8eA. 

•®*H. I, Wnterman and J. H. J. Perquin, /. Inst. Pet Tech,, 1926, 12, 506 H. I. Waterman and 
J. C. Jamin, ibid., 1912, 12. 510. R. C. Geddes, Oas WoHd, 1931, 94 (Co’cing ), 9; Chem. Abs , 
1931, 25. 2270. M. R Mandelbaum and R S. Nisaon, Ind. Eng. Chem., 1026. 18. 564. 

*«B. T. Brooks, Petr. Eng., 1930, 1 (9), 191. 

•^T. T. Gray and M. R. Mandelbaum. Ind. Eng. Chem., 1924, 16. 913. 
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japan drier yields a varnishOn the other hand, treatment of the light ends 
(those boiling below 113°C.) of vapor-phase-cracked gasoline with activated clay 
gives a pale yellow product. Distillation of the latter leaves a residual, trans¬ 
parent, rapidly drying oil.** 

Dunham*” obtained a resinous product by conducting hydrocarbon vapors, 
having 5-10 per cent of diolelins, through bauxite, fuller’s earth, animal or vege¬ 
table charcoal or porous clay, heated to about 200°C. The resin, representing a 
nearly quantitative conversion of the diolefins, was molten at this temperature, 
flowed through the contact mass, and was withdrawn. It solidified to a brittle sub¬ 
stance, in appearance somewhat resembling the darker varieties of colophony. It 
was soluble in alcohol, benzol and acetone, slightly so in ether and about 50 per 
cent dissolved in gasoline. The resin is suggested for varnish manufacture, for 
insulating compositions, and may be vulcanized with sulphur. 

Refining of gasoline, naphtha, burning and lubricating oils at high tempera¬ 
tures with finely divided substances is described by Leslie and Barbre.** Oil is 
run into a digestor provided with reflux, and polymerizing agents then added. 
The latter may be fuller’s earth, kieselguhr, clay, charcoal or powdered coke 
mixed with an alkaline substance, e.g., calcium carbonate. Alternate refluxing and 
distillation is employed, some distillate being eliminated after each refluxing treat¬ 
ment. As the more volatile fractions are gradually distilled, the temperature 
of refluxing rises. Combined treatment m this fashion ultimately gives a product 
which, after removal of heavy oils by steam distillation, yields a residue exlnbiting 
resinous properties.** Smith and Ziser’“° suggest allowing cracked distillates to age 
for about 2 weeks, extracting any petroleum acids foimed with alkalies, and then 
removing resins by adsorbent earths. 

Resinous polymerized hydrocarbons which remain on the contact materials can 
be extracted by solvents such as a mixture of alcohol and ether or liquid sulphur 
dioxideThese extracted substances may be added to lubricating oils to bring 
the latter to a standard color. 

Morrell and EglofT^ subject the resinous substances, recovered from spent 
adsorbents, either to the action of oxidizing agents (air, oxygen or ozone) at slightly 
elevated temperatures, or to the polymerizing effect of salts such as ferric, zinc or 
stannic chloride, or to a combined treatment of both. Hard resins can be obtained 
wliich may be employed for varnish, paint, insulating films or fillers. A modifi¬ 
cation of the above procedure consists in oxidizing in the presence of phenolic 
compounds.^* For example, a mixture of equal parts of resinous polymers and 
phenols or tar acids is heated to 300°F. in a current of air, until the mixture at- 

B. Chittick, U S P 1,891,079, Dec. 13, 1932, to Pure Oil Co. ; Chem. , 1933, 27. 2051 
See also G. Zilberman. A. A. Bolotin and S Yakubo\ich, Lakokrasochtiuyu Ind,, 1933 (1), 37, Chem 

Abu , 1933, 27, 4695. G Zilhernmn, S. V. Yakubovich, A. A. Bolotin and M. I. Micheeva, J. Chem. Ind. 

(Moscow), 1933 (4), 16r Chem. Abs., 1933, 27, 5558. 

**J. Hyman, U. S. P. 1,919,722, July 25, 1933, to Velsicol Orp ; Brit. Chem. Ab«. B, 1934, 462 
V. Dunham, V. S. P. 1,324,649, Dec. 9, 1919; J.SCI., 1920, 39, 164A. British P 138,046, 
1919* J.S.C.I 1920 39 342A. 

E H Leslie and C, Baibre, U. S. P. 1.337,523, Apr. 20, 1920, to General Petroleum Coip.; 
Chem. Ab8., 1920, 14, 1895. 

**Carleton Ellis and J. V. Meigs, ‘‘Gasoline and Other Motor Fuels,” D. Van Noatmnd Co., 
New York, 1921, 120. 

«0F. H. Smith and G. J. Ziser, XT. S P. 1,507.692, Sept. 9, 1927, to Standard Oil Co. of Calif. 

J. C Moiiell, XI S P. 1 608,135, Nov. 23, 1926, to Univeisal Oil Pioducta Co ; Chem .Aba, 1927, 

21, 318. See also T. T Gray, British P. 249,871, Mar. 24, 1925; Chem. Abn., 1927, 21, 1007 

*i*C. C. Miller, U. S. P. 1,869 608. Aug. 3, 1932, to Standard Oil Development Co ; Brit Chem Abu 
B, 1933, 499. CJ Oeiman P. 1^,173, 1^, to Staiidnid Oil l^evelopinent Co.. Chem. Abu., 1933 , 27, 
5182. A method for incorporating resins \^ith oils is dean died b\’ M B Hopkins, XJ. S. P. 1,948,267, 
Feb. 20, 1934, to Standard Oil Development Co ; Chem. Abs., 1934, 28, 2884. 

*wj. C. Morrell and G. Egloff, U. S. P. 1,627.054, Mar. 3, 1927, to Universal Oil Products Co.; 
Chem. Abs., 1927, 21, 2186. 

^ ®*J. C. Morrell and G. Egloff, U. S. P. 1.766,927, Jnn. 24, 1930, to Universal Oil Products Co.; 
them. Abs., 1980, 24, 4409. 
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tains the desired viscosity or hardness. Action of the oxidizing agent is promoted 
by ultraviolet or actinic lightAn alternate procedure is chlorination of the 
resin phenol mixture."* 

Resinous polymerized hydrocarbons are obtained by treatment of cracked dis¬ 
tillates, particularly those containing diolefins, with hot concentrated aqueous 
zinc chloride,pumice saturated with an alcoholic solution of zinc chloride,-''* 
stannous chloride"® and alununum chloride.”® For example, with the last-named 
agent a drying-oil substitute, a mixture of polymerized olefins and diolefins, may 
be obtained as a by-product in the refining of highly cracked distillates.”^ In the 
case of aluminum chloride very resinous and sticky polymers often are formed 
which are difficult to remove from the reactor and involve loss of the metallic 
chloride. Double compounds of aluminum chloride and olefins (e.g, AlCb • C 2 H 4 ) 
may be employed also.”® 

Although refining with sulphuric acid is still extensively practiced, large losses 
of hydrocarbons accompanied by formation of tars and resins often are experi¬ 
enced with highly cracked distillates.”® To minimize such losses the use of dilute 
acid of various concentrations has been proposed.”* Polymerization of the lower- 
boiling fractions of vapor-phase-cracked gasoline with dilute acid to give drying-oil 
substitutes is described by Hyman.”® Amber-colored resins are reported to be ob¬ 
tained by treating petroleum distillates (containing a large proportion of olefins) 
with 90-95 per cent acid at 95-105°F., removing the acid-sludge and steam-distilling 
it after neutralization.”* Such resins may be hardened by treatment with cresylic 
acid or formaldehyde in the presence of ammonia. 

Attempts have been made to utilize the tars and resinous by-products of 
refining as raw materials for the production of asphalts. The difficulty attending 
such utilization appears to be the complete removal of sulphuric and sulphonic acids 
or sulphuric esters. Wilhelm®" makes a neutral composition by the action of sul¬ 
phur or hydrogen sulphide on acid tars at 130°C. The sulphuric acid present is 
reduced to sulphur which in turn accelerates resinification of the mass. Such 
bitumen is said to be adaptable for use in street paving, in the preparation of 


*>’• .T. C. Morroll, U. S. P. 1,888,044, Nov. 15, 1932, to Universal Oil Products Co ; Chnn. Abs , PSS, 
27, 1530 

C. Morrell and G. EglofT, U. S. P. 1,744,135, Jan. 21, 1930, to Universe^l Oil Products Co ; 
C/irm. Ab»., 1930, 24, 1529. 

-'IT A Lachman, Od and Gas 1931, 30 (26), 30; Chem. Abs., 1932, 26, 1425. Petroleum Wnrhf, 
1931, 28 (11), 23; Chem, Abs., 1932, 26, 2044. Reiner, 1931, 10 (11), 72; Chem. , 1932 , 26, 3097 
A. Ya Kubulnek, Neft. Khoz., 1932 , 22, 104; Chem Abs., 1932 , 26, 4455. F. E. Kimball, U. S P 

I, 917,648, July 11, 1933; Bnt. Chem. Abs. B. 1934, 310. 

“T* A. E. Dunstan, British P. 327,421, Oct. 4, 1928, to Anglo-Persian Oil CJo.; Bnt. Chem. Abs B. 
1930 599 

«»a’. Mailhe, Compt. rend., 1925, 181, 668; Chem. Abs., 1926, 20, 497. 

2»A E. Dunstan, British P. 119,751, 1917; JS.C.L, 1918, 37, 727A. A. E. Dunstan and R. Pit- 
kethlv, J. Inst. Pet. Tech., 1934, 10, 728. S. Stranricy and F. Hansgirg, British P. 267,959, 1927; Brtt. 
Chem. Abs. B, 1928 , 633. 

One oil of this typo, Puresinol, is described as having sp.gr. 0 956, Saybolt viscosity (at I00*F.) 
200 sec.s., and iodine number 175 (Ind. Eng. Chem., 1934, 26, 9). See also French P. 680,038, 1920. 
to Pure Oil Co.; Chem. Abs., 1930, 24, 3799. French P. 759,080, 1934, to I. G. Farbenind. A.-G ; 
Chem. Abs., 1934, 28, 3228, 

*«H. Hauber, German P. 557,305, 1929, to I. G. Farbenind. A.-G.; Chem. Abs., 1933 , 27 , 304 
See also British P. 345,334, 1929, and 413,007, 1932, to I. G. Farbenind. A.-G.; Chem. Abs., 1032, 26, 
155; 1935, 29, 523. 

2®® For resin-formation during acid treating of cracked distillates containing unsaturated hvdrocarbons, 
see A. Ufer, British P. 251,117, 1925, to Ges. fur Warmetechnik; Chem. Abs., 1927, 21, 1348. A. S. 
Ramage, U. S. P. 1,483,835, Feb. 12, 1924; Chem. Abs., 1924, 18, 1194. Wdlbling, Braunkohle, 1922. 
21, 453; Chem. Abs., 1928, 17, 206. B. Melis, Ann. chim. appheata, 1928, 18, 108; Chem. Abs., 1928, 22, 
3060. 

»‘See, fbr example, H. J. Halle, U. 8. P. 1,681,638, Aug. 21, 1928, to Universal Oil Products Co.; 
Chem. Abs., 1928, 22, 3984. V. Voorhees and E. J. Schaffer, U. 8. P. 1,810,632, June 16, 1931; Bnt. 
Chem. Abs. B, 1932 , 412. Carleton Ellis, U. 8. P. 1,328,061, Oct. 7, 1919, to Ellis-Foster Co.; 

J. S.C.1, 1919, 38, 891A, 

*a»J. Hyman, U. 8. P. 1,919,728, July 25, 1033, to Velsicol Corp.; Chem. Aba., 1933, 27, 4942. 

»«F. Look, Oil News. 1934 36. 138; /. Inst. Pet. Tech., 1034 20, 545A ; 1935, 21, 439. 

»»F. Wilhelm, British P. 254,674, 1925; Brit. Chem. Abs. B, 1927, ^96. 
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roof boards, for the manufacture* of varnish and briquette resins as well as for the 
generation of liquid asphalt. 

In the Hamburger process’®' acid sludge is heated at 80-100°C. until stratifi¬ 
cation into three layers occurs; a top layer of oil, an intermediate bituminous layer, 
and a bottom layer of sulphuric acid. The bituminous layer is separated and then 
freed of acid by heating to 150® while a stream of air or steam, preheated to 
170-200®C., is passed through it. Benesch*" suggests heating acid sludge only 
to 50®C. to effect stratification. The intermediate layer is removed, mixed 
with silica, sawdust or other inert material and extracted with organic solvents 
(ether, alcohols, esters or ketones) in a Soxhlet apparatus. Two liquid layers 
are obtained, of which the lower is mainly sulphuric acid and the upper con¬ 
sists of a solution of resin in the solvent. To remove the last traces of acid, 
the process can be repeated. Evaporation of the solvent yields the resin. 

Pickering"®^ makes a neutral resin from acid sludge by extraction with hot acetone, 
or other water-soluble organic solvent, followed by dilution of the acetone solu¬ 
tion with water. Acetone is distilled off and aqueous sulphuric acid is with¬ 
drawn. The insoluble resinous material is washed with a dilute aqueous solution 
of sodium chloride or carbonate, and finally heated to 125°C. to eliminate all traces 
of solvents. 

In another procedure the tar acids from refining cracked distillates are diluted 
first with water and then with aqueous alkali.”® The latter is waste liquid from 
v/ashing acid-refined benzines, ^paration into two layers occurs. The upper 
oily layer is removed, neutralized and distilled with steam. The fraction boiling 
between 200® and 280®C. is heated with manganese or cobalt driers to give a 
varnish-like product. It may be polymerized also to hydrocarbons of high molec¬ 
ular weights. Treatment of the still residue with steam and air furnishes an 
asphalt-like substance (soluble in benzene) which may be used in lacquers. 

Polymerization of mineral oils with sulphuric acid, m the presence of a small 
proportion of caoutchouc which acts as a priming agent, yields an elastic mass 
capable of being vulcanized.”* 

Miscellaneous Processes 

Auer®®* proposed heating oils containing unsaturated hydrocarbons with acids, 
their salts, or organo-metalhc compounds. The resulting mass afterwards may be 
subjected to the action of ultraviolet light. For example, mineral oil is heated to 
300-350®C., under reduced pressure, with cobalt linolate and potassium thiocyanate. 
The resinous bodies so formed may be employed in the manufacture of varnish, 
rubber, soap or candles. 

According to Arnot,”“ fluid compositions which harden on use are made by 
mixing a large proportion of tar and asphaltic bitumen with a cracked distillate 
boiling above 190®C. The unsaturated hydrocarbons in the latter resinify or poly¬ 
merize with those present in tar or bitumen under the influence of atmospheric 
oxygen. 

Sautermeister and F. Wilhelm, U. S. P. 1,677,781, July 17, 1928; Chem. AbM., 1928, 22, 3290. 
French P. 606,8*7, 1925, Bnt. Chem. Aba. B, 1927, 182. 

8»S. Hamburger, British P. 359,461, 1930; Bnt. Chem. Aba. B, 1932, 9. 

^E. Benesch, German P. 388,467. 1922; J.S.C.I., 1924, 43, 366B. 

^J. Pickering, British P. 279,613, 1926; Brit. Chem. Aba. B, 1928, 6. 

W. dePiotrowsky and J. Winkler, British P. 309,718, 1928, to Oalicyjskie Towarsystwo Naftowe 
Galieja Soc. Anon.; Chem. Aba., 1930, 24, 719. 

^E. Kleiber and P. Gilardi, Swiss P. 146,279, 1929; Chem. Aba., 1932, 26, 387. 

^ L. Auer, French P. 652,796, 1926; Chem. Aba., 1929, 23, 3804. Rev. gen. mat. plaatique, 1929, 5, 
315; Chem. Aba., 1929, 23, 458. 

Amot, U. S. P. 1,847,805, March 1, 1932; Chem. Aba., 1932, 26, 2569. 
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DeGiron®" developed a process for the manufacture of rubber-like materials 
which consists in mixing petroleum fractions boiling at 280-370‘’C. (atmospheric 
pressure) with the aqueous portion of the fermentation products of hay or molasses. 
The mixture is aerated m direct sunlight for 70-80 hours. One to two per cent 
of a base, e.g., magnesium oxide, and 0.5-1.0 per cent of sulphur monochlonde or 
1-6 per cent of sulphur, are added and the mass heated to 115-r20°C. If exposure 
of the mixture of oil and fermented liquor is continued for 90-100 hours longer, 
75-85 per cent of the oil is converted into fatty acids which may be employed 
in the manufacture of soap. 

Molding compositions for electrical insulation or as compounding ingredients 
in rubber goods are prepared by Winkelmann®** by blowing a heated mixture of 
petroleum oil flux, asphalt and pine tar with air. 

Tarry residues (as well as gaseous and liquid products) are obtained by the 
thermal decomjiosition at 496°C. of thioethers, mercaptans or disulidiides.'^ 

Effect of Light 

The effect of light on petroleum products, especially cracked distillates or 
those containing olefins, appears to be that of polymerization or an acceleration of 
oxidation reactions, or probably a combination of both. The action of sunlight 
in promoting the gumming of cracked gasolines has been mentioned previously. 
These effects are indicated also by the work of Ostrejko-^' and of Cariienter^*'" on 
the color changes observed during the exposure of petroleum oils to sunlight. 

Mardles and Moss“*^ increased the gum content of cracked gasoline by expos¬ 
ing samples in quartz tubes (half-filled) to the action of ultraviolet light. P>eund“^* 
noted that resin formation increased with time of exposure. He believed that the 
source of such materials were complex unsaturated hydrocarbons and not paraffins, 
naphthenes, aromatics or simple olefins. Absorption of oxygen was considered 
to be of secondary importance. However, Vellinger and Radulesco^ state the 
rate of absorption of oxygen by cracked distillates during irradiation (with mer¬ 
cury light) in pyrex glass vessels paralleled the amount of gum formed, some sam¬ 
ples absorbing more than thirty volumes of the gas. Oils exliibiting the longer in¬ 
duction period yielded the smaller quantity of gum. 

Increase in viscosity (by polymerization) is effected by treatment of oils, in 
either the liquid or vapor phase, with light from a mercury vapor lamp."** Ellis“'*“ 
deblooms lubricating oils with ultraviolet light in the presence of an inert gas, 
e.g., nitrogen, to prevent oxidation. In this manner the resin-forming constituents 
are polymerized. In the latter operation substitution of air for nitrogen results 
not only in the oil being debloomed but also a substantial proportion is con¬ 
verted to acids and esters."** Tauss"*^ suggests, as a refining procedure, accelerating 
l^olymerization of resm-forming constituents by treating heated oil with a small 
proportion of oxygen. Reaction is catalyzed further by irradiation, the glow dis¬ 
charge or addition of alkalies or acids. 

«»J. T. deGiron, U. S. P. 1,835,W8, Dec. 8, 1931; Brit. Chem. Ab». B, 1932, 911. French P 
728,602, 1931; Chem. Abs., 1932, 26, 6184 See also J S.C.L, 1932, 51, 191 

*WH. A. Winkelmann, U. S. P. 1,709,242, Apr. 16, 1929, to Philadelphia Rubber Woiks Co. • 

Chem. Abs., 1929, 23. 2272. 

W. P. Faragher, J. C Morrell and S Comay, Ind. Eng. Chem., 1928, 20, 527. 

R, A. Ostrejko, Trudy, bak. otd. imp. rw$k. tech, obschtsch., 1895, 10 (2), 21; 1895, 10 (41 

19; 1896, 10 (6), 1; J.S.C.L, 1896, 15, 26, 345, 645. 

**«J. A. Carpenter, /. Jnst. Pet Tech., 1926, 12, 518. 

E. W. J. Mardles and H. Moss, J. Inst. Pet. Tech., 1929, 15, 657. 

Freund, Brermstoff-Chem., 1933, 14, 61; Chem. Abs., 1933, 27. 8808. 

•»£. Vellinger and O. Radulesco, Compt. rend., 1933, 196, 1495; Bnt. Chem. Abs. B, 1933, 659. 

*««£. Goldstein, Bntish P. 249,895, 1924; Brit. Chem. Abs. B, 1926, 526. 

M*Carleton Ellis, U. S. P. 1,089,859, Mar. 3, 1914, to Ellis-Foster Co.; Chem. Abs., 1914, 8, 2501. 

•mt. T. Gray, U. S. P. 1,158,205, Oct. 26, 1915; Chem. Abs., 1915, 9, 8858. 

•(U. Tauss, German P. 475,277, 1923; Chem. Abs., 1920, 23, 3340. 
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Cracked gasoline may also be purified by submitting it to a mild treatment 
with aluminum chloride (1 per cent at 60-70°C.). The rest of the gum-forming 
.substances are largely removed by exposing the material for 3 hours at room tem¬ 
perature to high-frequency alternating current discharges Unsaturated com¬ 
pounds which exhibit a knock-decreasing effect are said to be retained in the 
gasoline.®** 

.'48 p Winklei atid H Haeublor, U. S P 1,990,213. Feb .5, 1935, to I G Fatbenind A -G 



Chapter ii 

Polystyrene and Related Resins 


Styrene' (CeH,^—CH=CHa), a colorless liquid boiling at 143°C.,* can be con¬ 
verted into a hard, colorless resin with attractive industrial and commercial possi¬ 
bilities. The resin, referred to here as polystyrene,* is the basis of commercial prod¬ 
ucts which go under the trade names of Victron,* Resoglaz,® and Trolitul.® 
Polystyrene is one of the oldest synthetic resins, having been prepared bv 
Simon’ in 1839. Like most other resinification reactions the transformation of 
the liquid styrene to solid resin is one of polymerization: nCsHg—>'(C8H»)n. Staud- 
inger* represents the structure of polystyrene as a long chain of styrene groups 
formed by end-to-end combination at the olefinic double-bond, as follows: 

CeHfi CeH* C6H6 CgHs 

- i—c—c—c—d:—c - (D 

di dij i A ki 'k kt 

However, it is conceivable that instead of a symmetrical arrangement a more or 
less random union of styrene groups might result 


—CH—CIL—CIL—CH-CH—CHa— 



Pyrolytic products of polystyrene jioint to formula I as the correct structure of 
the polymer. That is, by Wting polystyrene at atmospheric pressure at 310-350®C. 
for 6 hours or under high vacuum at 290-320°C. for 12 hours and fractionating 
the products, the following were identified: 

Styrene CH=CH2 


Distyrene 


CH 2 —CHj—C==CH2 




1 , 3 -Diphenylpropane CH2—CH2—CH2 

(kut 

^ Other names for this compound are styrol, styrolene, vinylbenzene, phenylethyiene and cinnamene. 

• For other lecentlv determined physical-chemical properties see S. Sabetay, Bull. soc. chim , 1929, 
45, 69; Chem. Ab$,, 1929, 23, 2427. See also A. P. Aleksandrov, J. tech. Phye. (17. 8. 8. R.), 1933, 3, 
823; Chem. Abs., 1934, 28, 3061. 

•The resin has been generally called “metastyrene,” but to indicate its polymeric nature it seems 
advisable to dispense with the prefix “meta,” which really denotes position of substitution in the 
benrene-nng, and to call it polystyrene as suggested by Staudingei. 

• Naugatuck Chemical (Company. 

• Advance Solvents & Chemical Corp. 

• I. G. Farbenindustne A.-G. 

^ E. Simon, Ann., 1839, 31, 267. 

• H. Staudinger, “Die hochmolekularen organischen Verbindungen,” J. Springer, Berlin, 1932, 162. 
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Tristyrene 


CH,—CH2—CH~Cn.,—C=^CH2 

('.Hs 


1,3,5-Triphenyliientane CHj—CHj—CH—CH.—CHj 

ioH, ieHs 

In no case were compounds isolated which would correspond to the structure TI 
as a source.®* 

Polystyrene is thus a long methylene-chain substituted alternately by pheinl 
groups. This conception of the molecular structure is confirmed by measurements of 
light-absorption® and Raman spectra'® of solutions which indicate an alkylbenzene 
structure for the polymer. Also, theoretical considerations based on the determi¬ 
nation of the streaming double refraction" of dilute solutions of polystyrene show, 
at least for the lower polymers, that the dissolved molecules are straight threads ’ ’ 
It has been estimated that in the more-highly polymerized forms there may be 
several thousand styrene units in the chain.” 

The end valences may be satisfied by: (1) migration of an H-atom from one 
end of the chain to the other, or from one molecule to another: 


Cells CeHe (\li, 

C=C— 

A k A 

(2) combination with a catalyst A-B, or solvent molecules and impurities present* 


Cells CeHe (.^5 
A—c—B 

! I I I I I 

H H, H H H, 

or (3) cyclization, ring formation by union of the two ends of the chain. The 
structure would then become a flattened ring or double chain: 


CoHe Celle Celle 

ni’—c—c—CH, 
H 2 i k 

H Hj H Hs 


U 4 _U 4 „ 

Ha 


The question of the nature of the end groups of the polystyrene chain is still 
undecided. The end carbons are not trivalent and the molecule does not apjiear 
to be cyclic. Although there is the possibility of ring formation at the ends of 
the chains similar to the rings shown by Bergmann'* to occur m the dimerization 


H. Staudinger and A. Steinhcfer, Ann., 1935, 517 , 35. 

®J. H. deBoer, R. Houwmk and J. F. H. Cu&ters, Hec. trav. chtm., 1933 , 52, 709; Chem. Aba, 1933, 
27, 5004. 

WR. Signer and J. Weiler, Helv. Chim. Acta, 1932, 15, 649; Chem. Aba., 1932 , 26, 5497. Cf. J II. 
Hibben, Ind. Eng. Chem., 1934 , 26, 646. 

“ Chapter 3. 

^ R. Signer and H. Gross, Z. phynxk. Chem., 1933, 165, 161; Bnt. Chem Aba. A, 1933 , 902 
“R. Signer and H. Gross, Helv. Chim Acta, 1934, 17, 355, Chem Aba, 1934 , 28, 4287. See also 
tbid., 1934, 17, 59, 726; Chem. Aba., 1934 , 28, 4709, 6047. 

i«E. Bergmann, Ann., 1930, 480, 49; Ber., 1931, 64, 1493. 
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of as 5 ^m-diphenylethylene and a-methylstyrene, Staudinger and Steinhofer''”’ con¬ 
sider it more' likely that the molecule contains a double bond at one end, the 
mechanism of its formation involving the wandering of a hydrogen atom from the 
end of one chain to saturate the end of another as follows: 


H , 

-CH~CHo—C—CH 2 -+-CH—CHi—CH—CH.2-—>- 

d'ells ieHs 

•• —CH—CH,—c=cnj + CHj— CHi—CH—CH2- •• 

(kus ('.Hi 

However, attempts to determine unsaturation by bromine absorption were un¬ 
successful, as well as reactions in which styrene was polymerized, or polystyrene 
was depolynierized, in the presence of various substances such as hydriodic acid, 
acetic acid, acetic anhydride, chloroform and piperidine which would be exjiected to 
add to double bonds. The 'final product in each case was a hydrocarbon and con¬ 
tained no detectable extraneous group. 

Polymerization 

Styrene may be polymerized in various ways. The change may be i^rought 
about simjily by heating, catalysts may be added which accelerate the reaction, or 
It may occur in presence of other substances not catalysts. Styrene may be heated 
in an inert solvent, with or without a catalyst, or the solvent may be one that 
itself polymerizes or assists in the polymerization. Co-polymerization or hetero¬ 
polymerization (see Chapter 4) may be utilized to produce special properties in 
the final polymerized product. Emulsions may be heated to form an artificial 
latex. In all cases, substances such as softeners, dyestuffs, fillers and pigments, 
may be added to modify the nature and appearance of the plastic. 

Kronstein'^“ heated styrene m a sealed glass tube and observed that polymeri¬ 
zation progressed in two stages. Thickening occurred gradually during the first 
stage and after a certain period gelatinization'® suddenly set in. Polymerization is 
a continuous reaction in which the molecular weight and softening point of the poly¬ 
mer gradually increase. The apparent discontinuity noted by Kronstein is ex¬ 
plained by the assumption that gelatinization occurs as soon as the softening point 
of the pol}'mer is higher than the temperature at which the reaction tube is being 
heated. 


Classification of Polymers 


Products of different properties are obtained by polymerization at a high tem¬ 
perature or at a low temperature. Also the properties are dependent upon the 
presence of a catalyst, the products of catalytic polymerization being comparable to 
those obtained at a higher temperature, Ostromislensky“‘ designated the products 
of low-temperature polymerization as alpha-metastyrol; high-temperature prod¬ 
ucts, beta-metastyrol; and those obtained by use of catalysts, gamma-metastyrol. 

^®H. staudinger and A. Steinhofer, Ann., 1935, 517, 35. 

A. Kronstein, Her., 1903, 35, 4154. 

L. Auer considered this phenomenon analogous to the thickening of drying oils See C/iem. 
UrMchau, 1926, 33, 216; Bnt. Chem Abs. B. 1926, 388. 

I. Ostroinislensky, U. S. P. 1.683,402, Sept. 4, 1928, to Naugatuck Chemical Co.; Ckem. Aba., 
1928, 22, 3893: 
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Staudingcr'^ adopted a different basis of classification. He found that all dis¬ 
tinctions could be traced to differences in molecular weight; or, stated in an¬ 
other way, to differences in length of the chains formed by the polymerization re¬ 
action. He classified the polymers therefore as eucolloidal polystyrene (long chains 
of high molecular weight), and hemicoUoidal polystyrene (short chains of relatively 
low molecular weight)."" 

The product of poljunerization is not a single substance but a mixture of homo- 
logues of varying chain-length. Molecular weight determinations give only aver¬ 
age molecular sizes. The mixture may be separated into fractions showing dif¬ 
ferent molecular weights, whose solutions differ in viscosity/® and whose toughness 
and strength in massive form vary considerably. In fact all the properties of 
polystyrene are functions of the average molecular weight of the substance."* 


Low-Temperature Polymerization 

Polymerization occurs more slowly at low temperatures than at high, but the 
low-temperature product has a much higher molecular weight. Blyth and Hof- 
mann“^ observed that styrene changed to polystyrene on heating at water-bath 
temperature for 3 days, whereas only a half hour was required at a temperature of 
200°C. Ostromislensky^® heated styrene in sealed tubes at a moderate temperature 
for a period w'hich varied according to the temperature us^d. He suggested heating 
for 20 hours at 140°C., 18 hours at 155°, 16 hours at 165° or 10 hours at 175° to 
produce the resin. 

Pure styrene at room temperature polymerizes extremely slowly and may be 
kept several years with only partial iiolymenzation. Staudinger®* separated the 
polymerized portion from a sample which had been standing for some time and 
found that the resin w'ls much tougher than polystyrene prepared at higher tem¬ 
peratures, did not soften until heated above 200°C. and gave a highly viscous solu¬ 
tion m benzene, the material swelling before it dissolved. The molecular w^eight 
w^as 350,000, indicating that about 3000 molecules of styrene had combined to 
form the average resin molecule. Solutions of polystyrene of such high molecular 
weight show jironounced colloidal projierties. The solubility and swelling power 
of polystyrenes are apparently related to their molecular structure. Staudmger 
and Hetier'^ found that styrene polymerized with 1 per cent of p-divinylbenzene 
forms an insoluble resin. It is their belief that polymers of this type have 3-dimen- 
sional molecules, while those that swell in organic solvents have thread molecules. 
The p-divmylbenzene may be present as an impurity, formed w4ien styrene is pro¬ 
duced by the dehydrogenation of ethylbenzene containing small amounts of diethyl- 
benzene. 


Properties of Polystyrene 

Polystyrene resin obtained at a low or moderate temperature without a catalyst 
is water-white and transparent, remarkably tough, and shows a dull fracture when 

H. Staudjnger, Ber., 1929, 62, 2893; Chem. Aha, 1930, 24, 1663. 

The ihocolloitl theoiy waa applied to polystyrene resins by Oatwald in 1922. See R. Hou- 
wmk, KoUoul-Z , 1934, 68, 371; Chem. Aha, 1934, 28, 7500. 

Staudmger, M. Brunner, K. Fiey, P. Garbach, R. Signer, and S. Wehili, Bcr., 1929, 62, 241; 
Chem Ab^ , 1929, 23, 2949. See alao VI. Z. Danes, Kolloid-Z., 1934, 68, 110; Chem Aba , 1934, 28, 6359. 

** H. Stuudmgei, W. Heuer and E. Huaeiiiann, Z. phyaikal. Chem, 1934, 171, 129; Bnt. Chem. Aba. 
A, 1935, 163 R. Signer, Kolloid-Z., 1935, 70. 24; Bnt. Chem. Aha. A, 1935, 162. A. Smakula, Z. angew. 
Chem., 1934, 47, 777; Chevi. Aha., 1935, 29. 1073. 

Blyth and Hofmann, Ann., 1845, 53, 311. 

2a I. Ostromislensky, IJ. S. P. 1,083,403, Sept. 4, 1928; Chem. Aha., 1928, 22, 3893. British P. 236,891, 
1925; Chem Aha., 1926, 20, 1243. 

a* H. Staudmger, Z. phyatk. Chem., 1931, (A) 153, 410; Chem. Aha., 1931, 25, 4847. 

2«H. Staudinger and W. Heuer, Ber., 1934 , 67. 1159, 1164; Chem. Aba., 1934 , 28, 6120. Z. phyaik. 
Chem., 1985, (A) 171, 129; Chem. Aha., 1935, 29, 2051. Cf. R. Signer and H. Gross, Helv. Chim. Acta, 
1034, 17 , 335; Chem. Aba., 1034, 28, 4287. 
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broken (see Fig. 53). It can be cut into thin films and shavings but can be pul- 
veriaed only with great difficulty. Average properties of the resin are: specitic 
gravity, about 1.06; refractive index, from 1.50 to 1.75; hardness (Mohs), between 
2 and 3; piercing potential, over 850 volts per mm.; and transverse tensile strength, 
about 6000“ pounds per square inch. The resin is soluble m benzenoid hydro- 
carbons,” chlorinated hydrocarbons, cyclohexanone, ethyl and butyl achate, in¬ 
soluble in alcoholic solvents, glycol ethers, acetone, petroleum hydrocarbons and 
most acids and alkalies. The viscosity of the solutions varies with the molecular 

weight. 1 j* 

When heated, polystyrene first becomes elastic like rubber and at ordinary 
temperatures it may be compared with rubber that has been cooled to a very 
low temperature. It gives x-ray diffraction patterns, similar to those obtained 
with unstretched crude rubber,*’ characteristic of amorphous sulDstances. Even 
when stretched to 400 or 500 per cent elongation the pattern is unchanged,” in 
contrast to rubber which when stretched shows regular crystalline interferences. 
In polystyrene a marked polarization may be observed.” A contrast may also 



CourteMy Bakelite Corp. 

Fig. 63. —Pieces of Polystyrene Resin. 


be noted in the character of viscous solutions’ of polystyrene and rubber (or 
cellulose nitrate). The fundamental difference is consiiiered lo be in the shape 
of the particles.” 

When heated to temperatures above 300°C. polystyrene is depolymerized to 
the monomer.” This reaction is not quantitative but is a convenient way of identi¬ 
fying the resin, for the styrene thus obtained may be converted into the characteris¬ 
tic dibromide, and it is a useful means of isolating styrene from a solution or com¬ 
plex mixture.” The material is heated until the polymer has formed, and this is 
recovered either by adding a non-solvent to precipitate it, or by distilling off all 
volatile liquids by means of steam. Destructive distillation of the resinous mate¬ 
rial then gives styrene. A small amount of the dimer (distyrene)” is formed 
simultaneously, which is removed by fractionating the distillate. 


of 10,^1^2%TAund^ to® "®“® “Victron" stated to have a transverse tensile strength 

the drteimination of w^er in hydrocarbons. H. B^roche and W. Scheer (Brermstoff-Chem., 1933, 
408; Bnt. Chem, Abt. B, 1934, 51) have used calciujn chloride enclosed in capsules of polystyrene. 
When immersed in the Iwdrooarbon. the capsule dissolves 

*fE. A. Hauser and P. Rosbaud, Kautschuk. 1927. 17- AU» 1097 91 IfiOO 



2S. 

"E. Erlenmeyer, Ann.. 18M, 135. 123. R. Fittig aid H. Erdmann. Ann.. 1883. 216. 187. W. Kttnigs 
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Polystyrene is resistant to most chemicals, even hydrofluoric acid and bromine 
having no efi“ect on the solid resin. However, in solution it may be hydrogenated, 
nitrated,*® sulphonated** and chlorinated,*^ these reactions being confined to attack 
upon the phenyl groups.®* 

Laage®“ carried out the polymerization in the presence of a plasticizer to im¬ 
prove the flexibility of the product. He added 10 per cent ethylacetanilide and 
heated the mixture at 100°C. for 24 hours. Ostromislensky** dissolved a small 
amount of rubber in styrene and heated the solution at 140°C. The product had 
a nacreous luster similar to mother-of-pearl and was more flexible than the poly¬ 
styrene made without admixture of rubber. 


Fig. 54. 

Polystyrene KncoIIoid Prepared by H. 
StandinRer. Moleenlar Weight 440,000 



Colored masses are obtained by dissolving fluorindenes or other dyestuffs in 
styrene and heating the solution. Addition of 0.5 per cent anthracene gives a vio¬ 
let fluorescence to the resin without affecting its transparency.*^ Amber-like bodies 
are formed by adding an azo-dye which decomposes during the heating to give a 
brown color.*® Other kinds of coloring agents include colloidal metals, such as 
silver or gold, formed by thermal decomposition of metallic salts during the poly¬ 
merization of styrene. The addition of 0.013 per cent of silver nitrate causes the 
resin to have a dark red color by transmitted light, and an opaque, gray shade by 
reflected light.*® Spongy masses of low density suitable for heat-insulation are 
})repared by dissolution of gases (air, methyl chloride, carbon dioxide or dimethyl 
ether) under pressure in the molten resin and then releasing the pressure.** 

Polystyrene is slightly permeable to moisture.*® Tests have shown that the dif¬ 
fusion of water through polystyrene is twice that through hard rubber, gutta¬ 
percha or asphalt and about half that through soft vulcanized rubber. However, 
the amount of water actually absorbed is a small fraction of the quantity diffused. 

and C. Mai, Ber., 1892, 25, 2658. R. Stoermer and H. Kootz, Ber., 1928, 61, 2330; Chem. Abs , 1929, 
23, 1397. E Bergmann and H. Taubadel, ibid., 1932, 65, 463; Chem. Abs., 1932, 26, 2976. 

** H Staudinger, E. Geiger and E Huber, Ber., 1929, 62, 2W; Chem Abs., 1929, 23, 2950 H 
Staudmger and V. Wiedersheim, ibid., 1929, 62, 2406; Chem. Abs., 1930, 24, 3003. H. Staudingei, Gei- 
nian P 504,215, 1926, to I. G. Farbenmd. A.-G.; Chem. Abs., 1930, 24, 5518. 

Blyth and Hofmann, Ann , 1845, 53, 316. 

“C. Wulflf, German P. 580,366, 1933; to I. G. Farbenmd. A.-O.; Chem. Abs., 1933, 27 , 4816. British 
P. 367,416, 1930; Bnt. Chem. Abs. 3, 1932, 591. A carbon tetrachloride solution is treated with chloixi- 
sulphonio acid to give wetting, emulsifying and siting agents. 

^ H. B. Dykstra, U. S. P. 1,890,772, Dec. 13, 1932, to E. I. du Pont de Nemours A Co.; Chem. Abs , 
1933, 27, 1643. British P. 364,873, 1931, to Imperial Chem. Ind., Ltd.; Bnt. Chem. Abs. B, 1932 , 494. 
See also C. Wulff, German P. 573,065, 1930, to I. G. Farbenind. .\.-G.; Chem. Abs., 1933 , 27, 2961. 

* When dissolved m carbon tetrachloride and treated with osone for a prolonged time, poh - 
.styrene gives an ozonide which may be hydrolyzed and the product oxidized to a substance of high 
molecular weight similar to polyacrylic acid. H. Staudinger and S. Wehrli, Helv. Chxm. Acta, 1929, 
12. 1124. I 

»*E. Laage, German P. 487,707, 1925, to I. G. Farbenind. A.-G.; Chem. Abs., 1930, 24, 1947. 

I. Ostromislensky, U. S. P. 1,613,673, Jan. 11, 1927, to Naugatuck Chemical Co ; Chem. Abs , 
1927, 21, 806. 

«I. Ostromislensky, U. S. P. 1,627,195, May 8, 1927; Chem. Abs., 1927, 21, 2136. 

«ai. Ostromislensky. U. S. P. 1,613,674, Jan. 11, 1627; Chem. Abs., 1927, 21, 806. 

Ostromislensky, U. 8. P. 1,705,264, March 12, 1929, to Naugatuck Chemical Co.;- Chfim. Abs., 
1929, 23, 1911. 

"C. G. Munters, British P. 406,267, 1932; Brit. Chem. Abs. B. 1934, 384. 

«D. B. Hermann, Rubber Age (N. Y.), 1934, 36, 78; Chem. Abs., 1985, 29, 1174, 
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A tough polymer is obtained by heating styrene at an tijoper temperature limit 
of approximately 176®C. The product formed at higher temperatures does not 
have the pronounced colloidal characteristics of the eucolloidal polystyrene thus 
far described (See Fig. 54). Its molecular weight is progressively lower as the 
pol3anerization temperature is raised, since heavy organic molecules are less stable 
at a high temperature than lighter ones. 

High-Temperature Polymerization 

The polymer resulting from reaction at high temperatures (above about 
175®C.), or at lower temperatures for very long periods, is brittle in contrast to 
the tough product formed under le&s drastic conditions. Ostromislensky^® heated 
styrene for 40 hours at 140°C. to yield a resin which he called beta-metastyrol. 
Also, by heating styrene for IS hours at 170°C., 12 hours at 180°C., and 2 hours 
at 185®C., he obtained the same type of product. Jl was transparent but dark 
in color and gave a shiny and lustrous fracture like other brittle materials. It was 



Fio 55 

Polystyrene Ilemicolloid Prepared by H. 
Staiidin^i'i. Moh'cular Weight 3,000. 


too brittle to be cut or planed and could be pulverized easily. Its shock-resistance 
was low and its transverse tensile strength only about lOCX) jiounds per square inch. 
The same properties result when the tough eucolloid is heated to a high temperature. 

Polystyrene formed at high temperatures is a hemicolloid (see Fig. 55). It dis¬ 
solves very readily in all solvents m which the eucolloid is soluble, yielding solu¬ 
tions of low viscosity. Solubility in ether distinguishes it from the low-temperature 
polymer, which is insoluble or only jiartially soluble in this solvent. (See Table 25.) 

The uiijier temiieratiire limiP^ at which polystyrene may be obtained is about 
3(X)®C. Above this point the resin is depolymerized. 


Catalytic Polymerization 

Polymerization of styrene in the presence of catalysts generally produces resins 
similar to those obtained at high temperatures. The color, however, is usualh’ 
better due to the lower temperatures used. The main advantage of catalytic 
polymerization is the greater speed at which the resin is formed. 

A great many different agents have been suggested to accelerate the resinifica- 
tion. Most of them fall into the classes of oxidizing agents (oxygen, peroxides, 
peracids, ozone and ozonides), acids, metallic halides and alkalies. Also light 
has a polymerizing effect. • 

Oxygen Catalysts. Oxygen was one of the earliest catalysts employed. In 
mm imTTtctj'im, 

at 800-340*C. under low' pressure, .some naphthalene is formed as well as 
iSSz polymers, according to H. p'lscher and A. Treibs, Ann., 1925 , 446, 241; Chem. Abs., 
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fact, when Simon^* noticed the transformation from a liquid to a solid he attributed 
it to oxidation and called the product '^oxide of styrol.’’ The reaction was regarded 
as analogous to the oxidation of linseed oil. Blyth and Hofmann*® showed that 
oxygen was not essential for they obtained tlie resin by heating styrene in a 
sealed tube. However, oxygen is usually present when the resin is formed, espe¬ 
cially when the reaction is carried out on a large scale, as by heating the liquid 
under a reflux condenser or in an autoclave, since there is always some air above 
the liquid. 

Table 25 .—Physical Properties of Various Polystyrenes * 


Material 


Mol. 

Wt. 

Degree of 
Polymeri¬ 
zation 

Appear¬ 
ance of 
Precip¬ 
itate 

Melting 
Point 
in "C. 

Solu¬ 
bility in 
Ether 

20"C. 

Dimer. . 


208 

2 

Fluid 

Fluid 

Readily 

0 17 

Trimer. 


312 

3 

Fluid 

Fluid 

soluble 

Readily 

0 24 

Hemicolloid polymerized 
with SnCL .... 

3,000 

30 

Brittle 

105-110 

soluble 

Soluble 

0 78 

Polymerized at 
under N 2 . 

150°C. 

23,000 

230 

white 

powder 

White 

120-130 

Partly 

4 2 

Polymerized at 
under N 2 . 

100°C. 

120,000 

1200 

powder 

White 

160-180 

soluble 

Insoluble 

22. 


fibers 


Polymerized at room tem¬ 
perature in air. 200,000 2000 White >180* Insoluble 39 

fibers 

Highest fraction polymer¬ 
ized at room temperature 

under N 2 . 600,000 6000 White >180* Insoluble 110 

fibers 

• H Staudingor, “Die hochmolckularen orfcaniRchcn VerbindunRen,” Verlag von Julius Springer, Berlin 
1932, 1S6. 

■ The rate of fu&iou was very slow, and a definite* temperature could not be fixed 

There is a difference between polystyrene formed in the absence of air or 
oxygen and that formed in its presence. Styrene iiolymerized m absence of air 
produces very clear, vitreous resins which form much more viscous solutions than 
those of resins formed in contact with air.®^ When styrene is heated in the presence 
of o:^ygen the two reactions, oxidation and polymerization, occur simultaneously. 
Addition of cobalt compounds,®' or of iodine and iodine compounds,®* accelerates 
oxidation. Perbenzoic acid“ speeds up both reactions. Anthracene on the other hand 
accelerates oxidation but inhibits polymerization. 

The polymerization products of styrene formed in the presence of oxygen al¬ 
ways contain small amounts of polymeric peroxides and produce traces of benzalde- 
hyde when the resins are depolymerized.*'** Stobbe®® found that styrene which 
had been exposed to light in the presence of oxygen gave benzaldehyde and formal¬ 
dehyde as well as the polymer. Polymerization occurs more rapidly in oxygen than 

^E. Simon, Ann., 1839, 31, 267. 

^ Blyth and Hofmann, Ann , 1845, 53, 291. 

H. Staudingw* ai^d H. Machemer, Ber., 1929, 62, 2921; Chem. Abs., 1930. 24, 1564 

»C. Dufraisse and D. Nakae, Compt. rend., 1932, 194. 880; Chem. Abs., 1932, 26, 2917. 

“O. Moureau and C. Dufraisse, ibid., 1924, 178, M4; Chem Abs., 1924, 18, 2635. 

“N. A. Milas, Proe. Nat. Acad. Set., 1928, 14, 844; Bnt. Chem. Abs. A, 1928, 149. Whem .styrene 
IS oxidized by perbenzoic acid at a low temi>erature a good yield of styrene oxide Is obtained acxjord- 
ing to H. Hibbert and C. P Burt, J.A.C.S., 1925, 47, 2243. See also “Styrene Oxide,” m “Organic 
Syntheses,” John Wiley A Sons, New York, 1928, VIII, 102. 

*♦ H. Staudmger and L. Lautenschlkger, Ann., 1931, 488, 1, Bnt. Chem. Abs. A, 1931, 1031. 

»H. Stobbe, /. prakt. Chem., 1914, 90, 551; Chem. Abs., 1915, 9, 1174. 
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in an atmosphere of carbon dioxide. The addition of peroxides increases the rale 
of reaction but the effect is not as great as that of oxygen. It is concluded that 
an initial autoxidation product of styrene, a moloxide, is the actual catalyst when 
using oxygen.®* Stobbe and Posnjak®’ observed that styrene that had stood for 
two weeks was more easily polymerized than freshly distilled material, probably 
because of autoxidation. 

Ostromislensky,“ by adding 1 per cent of benzoyl peroxide to styrene and 
heating the solution to 175°C. for an hour, obtained a brittle resin which he called 
7-metastyrol to distinguish it Irom the polymers formed without a catalyst. Law- 
son®® used benzoyl peroxide^"' with a solvent. Hydrogen jjeroxide*' also has been 
recommended for use in emulsions. Other peroxides suggested include those of 
asym-diphenyleth 3 ’lene, cyclohexenc, phellandrene*“ and triphenylmethyl.*® Natel- 
son** used benzoyl hydrogen peroxide, prepared in a nascent condition from benzal- 
dehyde and an equivalent amount of oxygen. A 45 per cent solution of styrene 
in ethylbenzene was completely polymerized in 12 hours at 175°C. with 2 per cent 
of this catalyst. Barrett*® obtained a product of low viscosity by heating styrene 
(or a vinyl ester) with benzoyl peroxide and rosin or a rosin ester at 110°C. and 
500 lbs. pressure in a solvent naphtha solution. 

Houtz and Adkins** studied polymerization in presence of the ozonides of a mix¬ 
ture of the two octylenes known as diisobutylene. A small quantity was sufficient 
to cause solidification of styrene in the course of a week at room temperature 
Lawson*" heated styrene in solvents which had previously been treated with ozone 

Photocatalysis. Ordinary light accelerates the polymerization of styrene 
Blyth and Hofmann®* found that exposure of the liquid to light in glass tubes caused 
thickening. Lemoine*® noticed that a sample, which was probably impure, poly¬ 
merized slowly in the dark. Ultraviolet hghf® is very effective. Taylor and 
Vernon’^ employed light from a mercury arc and noted that the process has certain 
characteristics of a chain reaction.*^® One molecule may be activated by absorption 
of light and react with a second molecule. The new double-molecule, which has an 
excess of energy, reacts with a third and so on down the line until the initially 
acquired energy has been dissipated.’® 


H. Staudmger and L Lautensclilager, loc cit R C Houtz and H Adkins iJ A.C.S , 1933 , 55, 
1609), contrary to the conclusions of Staudmger and Lautenschlager, have indicated that peroxides and 
osonides are much more active than oxygen as polymerization catalysts. See also R. C. Houtz and 
H. Adkms, ibid., 1931, 53. 1058 

H. Stobbe and G. Posnjak, Ann., 1909, 371, 259 

“I Ostromislensky, U. S. P, 1,683,404, Sept 4, 1928, to Naugatuck Chemical Co.; Chem Abs , 
1928, 22, 3893 

“W. E. Lawson and L T. Sandburn, U. S. P 1,881,282, Oct. 4. 1932, to E I. du Pont de Nemours 
& Co.; Chert. Abs., 1933, 27 , 513. British P. 319,590, 1929; Brit. Chem. Ab$. B, 1931, 685. French P. 
682,126, 1929. 

80F Fichter and A. Schmder found benzoyl peioxide to give some resin when exposed to ultraviolet 
light. Helv. Chim. Acta, 1930, 13, 1428; Bnt Chem. Aba. A, 1931, 220. 

P. 355,573, 1^, to I. G Farbemnd. A.-G.; Bnt. Chem. Aba. B, 1932, 32. French P. 
709,592, 1931, Chem. Aba , 1932, 26, 1300. 

H. Staudmger and L Lautenschlager, loc. cit. 

"I. ^tromi^ensky, U. S. P. 1,683,404, Sept. 4, 1928; Chem. Aba., 1928, 22, 3893. 

•* S. Natelson, Ind. Eng Chem , 1933, 25, 1391. 

1934*28’ ^ Nemours & Co.; Chem Abs , 

^ R. C. Houtz and H. Adkins, J A.C.8, 1931, 53, 1058. 

S E. I du Pont de Nemours & Co.; Chem. Aba., 

1933, 1639. British P. 319,587, 1929; Bnt. Chem. Aba. B, 1931, 666. French P. 682,127, 1929. 

“Blyth and Hofmann, Ann., 1845, 53, 291. 

“O. Lemome, Compt rend, 1897, 125 , 530, 1899, 129, 719. 

Jofiritish P. 409.132, 1933 to Bnt. Celanese, Ltd,; Bnt. Chem. Aba. B, 1934, 534. 
y H. S. Taylor and A A. Vernon, J.A.C8., 1931, 53, 2527 
T u polymenzaUon reactions have bwn known to involve a chain merdianism. See, for example, 

iw?* ' ^2, 1659. H. W. Starkweather and 6. B. Taylor, 

considered the polymerization of styrene by light to be revoia- 
noticed that a solution of polystyrene, after exposure to ultraviolet light, decolorized 
p^anganate, prMumaWy by depolymenzation to form styrene. A polystyrene solution which had 
been kept in the dark did not decolorize permanganate. 



11. POLYSTYRENE AND RELATED RESINS 


241 


In the presence of carbonyl compounds, styrene is readily polymerized in glass 
(in a few hours with benzophenone and benzanthrone under a 500-watt lamp at 
60-70°C.). Apparently traces of activated oxygen play a role in initiating the 
chain reaction. Antioxidants inhibit the reaction.^* Exposure to a concentrated elec¬ 
tromagnetic field IS said to stimulate polymerization of styrene.” 

Acid Catalysts. Acids act as polymerization catalysts. Concentrated sul¬ 
phuric acid” has a very vigorous action. Chromic acid causes rapid formation 
of a dark brown mass. Lespieau and Deluchat” prepared p-divinylbenzene and 
reported that it polymerized very rapidly to an amorphous powder insoluble in 
ordinary solvents. Sabetay” prepared the same compound avoiding all traces of 
acid, and found it to be much more stable.” 

Unless present in very small amounts, acids usually impart a dark color to the 
resin. However, using about 0.5 per cent hydrochloric acid does not unduly affect 
the color and a product giving a solution of low viscosity is obtained. The reac¬ 
tion may be carried out at 150°C.*' Fredenhagen**^ recommended hydrofluoric 
acid as a catalyst. 

Stannic chloride is very active and causes polymerization even at low tempera¬ 
tures. When 3 per cent of this reagent is added to styrene at —3°C., reaction sets 
in at once and the temperature rises to 80°C. An orange-colored product is 
formed which is probably a complex containing the catalyst m combination. The 
color disappears on addition of alcohol.® Aluminum chloride,® as well as other 
metallic halides,and i)henyldiazonium fluoborate® are also active catalysts. 

Addition of iodine in solid form® causes polymerization but using a solution 
of iodine"*^ largely inhibits this action on account of the formation of iodine com- 
j)ounds. Iodine influences the autoxidation in contact with air.® Bromine water 
causes partial polymerization.® 

Mercaptans® act as resin-forming catalysts especially in the presence of oxygen, 
a fact which has a bearing on the use of such materials as stench-producers in city 
gas that contains styrene. Sulphur dioxide*" in the presence of oxygen or peroxides 
also has a positive effect on olefins m general, but not as pronounced as mercaptans. 
The action is explained as the result of the catalytic effect of sulphur trioxide, the 
latter being formed through oxidation of sulphur dioxide by the peroxides. 

Alkaline Catalysts. Metallic sodium reacts very slightly with styrene. First 
a small amount of an orange-colored compound is formed and then polymeriza- 

R Pummerer and H Kehlen, Ber, 1933. 66, 1107; Chem. Abs, 1933, 27, 6018; Rubber Chem. 
Tech,, 1934, 7, 184; Chem. Abs., 1934 , 28, 4628. German P. 576,141, 1933, Chem. Abs, 1933, 27, 3721. 

British P. 417,501, Sept 28, 1934, to Temion A.-G.; Chem. Abs., 1935, 29, 1178 

7« M Berthelot, BiUl soc. chtm., 1866, (2) 6, 296. 

77 H Lespieau and R. Deluchat, Compt. rend., 1930, 190, 683; Chem. Abs, 1930, 24, 2733. 

7«S Sahetay, Compt. rend., 1931, 192, 1109; Chem. Abs, 1931, 25, 3973. 

2,4-Dimethyl-3-vinylpyrrol-5-carboxylic acid is eawlv resinified by hydriodic or sulphuric acid, 
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tion occurs.” Matthews” produced a tough jesin by allowing styrene to stand in 
contact with metallic sodium for some time. A solution of sodium in Jiquid am¬ 
monia converted styrene partly to ethylbenzene and partly to resin. Sodium 
malonic ester” causes partial resinification. When styrene is heated in a sealed 
tube at 100-120®C. with an aqueous solution of sodium bisulphite the polymer 
is formed together with sodium phenylethylsulphonate.” Alkali hydroxides, salts, 
organic bases or water added to an ethylbenzene solution cause resinification after 
prolonged heating under a reflux condenser.*" 

Carbonyls of the heavy metals” and lead tetraethyl” also have been suggested 
as catalysts. 

Negative Catalysts. The main substances which have been found to inhibit 
the polymerization of styrene are sulphur,'” benzoqiiinone,^*" trinitrobenzene,'"® 
anthracene,'” and phenols such as hydroquinone,'” cresol and pyrogallol.'” In¬ 
hibitors are useful when it is desired to store styrene for long periods or to distil 
it. They also prevent the formation of resin from industrial gases containing 
styrene and other pol^'inerizable hydrocarbons. 

Polymerization in Solution 


When styrene is dissolved in a solvent and heated, a solution of polystyrene 
is obtained. If the liquid is a non-solvent for the polymer, the resin precipitates 
as formed. Berthelot'” heated styrene and toluene in a sealed tube at 200°C. and 
obtained a solution of resin. One process of making styrene involves the thermal 
decomposition of ethylbenzene to give a mixture of styrene and unchanged hydro¬ 
carbon.'®' Ostromislensky and Gibbons'” heated such a solution containing about 
40 per cent styrene in the presence of air and obtained a solution of polystyrene 
which could be used as a lacquer or as an impregnating agent. The resin may be 
recovered by distilling off the solvent. Steam distillation or heating in a vacuum 
oven has also been used to free the resin of solvent. In a procedure involving 
polymerization in solution, Johnston and Keen'” utilized a combination of spray¬ 
drying and steam distillation, atomizing a hot solution containing polystyrene by 
means of steam at high pressure. 
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Any soluble polymerization catalyst may be arlded to a solution of styrene. 
Lawson and Sandborn^*" used benzoyl peroxide. Heating 3900 grams of a 21.7 
per cent solution of styrene in ethylbenzene containing 8 g. of benzoyl peroxide for 
5 hours at 115-120°C. resulted in polymerizing 56 per cent of the styrene. A solu¬ 
tion containing a catalyst is best handled by first heating a small portion until 
the exothermic reaction ceases and then adding the remainder of the solution 
gradually. A special apparatus^*^ for this kind of work consists of a lower vessel 
containing the solution and an upper compensating chamber into which the liquid 
distils when the reaction starts and from which it returns gradually after cessa¬ 
tion of the initial reaction. 

Smith”* added a small amount of an alkali hydroxide, an organic base or water 
to an ethylbenzene solution of styrene. Heating under reflux for 72 hours gave a 
tough, nonfriable resin. 

In order to accelerate subsequent polymerization under heat and pressure, Law- 
son”* subjected a solution of styrene to ozone treatment for a period of 5 hours. 
This procedure may become a continuous process”* for the preparation of poly¬ 
styrene by passing the ozone-treated solution, or any solution containing a catalyst 
such as benzoyl peroxide, slowly under pressure through a lead-lined tube heated 
at about 117°C. Passage of a 45 per cent solution in ethylbenzene (to which 3 per 
cent of benzoyl peroxide had been added) under a jiressure of 200 pounds per 
square inch, and at a flow-rate of 200 cc. per hour, resulted in polymerization of 
65 per cent of the styrene.”® 

Vinylnaphthalene”® also may be polymerized to a resin. This may be done by 
heating the compound at 300°C., or by dissolving it in a solvent and heating at a 
lower temperature in presence of a catalyst. The polymer is light colored and 
suitable for lacquers or molding compositions. Furylethylene,'” another com¬ 
pound related to styrene, when heated for 6 hours under pressure at 1S0°C. with 
1 per cent of benzoyl peroxide, yields a light red syrup soluble in toluene. The 
polymerization can be carried out in solution and a lacquer obtained directly. 
Five per cent of blown linseed oil may be added as a catalyst. Polyfurylethylene 
forms films which dry tack-free in 8 hours and hard in 24 hours. Unlike poly¬ 
styrene, it is compatible with nitrocellulose The resinification of furylethylene 
is very sensitive to antioxidants, phenols (hydroquinone in particular) largely in¬ 
hibiting the reaction.”® Furylbromoethylene resinifies quite easily, and when ex¬ 
posed in a thick layer to air it changes to a solid.”® 


Complexes by Co-Polymerization 


A mixture of two or more polymerizable substances, when subjected to appro¬ 
priate conditions, may form a complex resin having properties different from a 

W. E Lawson aajcl L. T. Sandborn, U. S. P. 1,881,282, Oct. 4, 1932, to E I. du Pont de 
Nemours & Co., Chem. Aba,, 1933, 27, 513. BriUsh P. 319,590, 1929; Bnt. Chem. Aba. B, 1931. 685. 
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H3 W. E Lawson, U. S. P. 1,890.060, Deo. 6. 1932, to E. I du Pont de Nemours <k Co.; Chem. Aba., 

1933, 27, 1639. British P. 319,587, 1929; Brit. Chem. Aba. B, 1931, 666. French P. 682,127, 1929 
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simple mixture of the two polymers. A mixed-chain polymeric molecule is formed 
and the reaction is designated co-polymerization. The type and proportions of the 
different materials may be varied in any way desired, so that the number of possible 
co-polymers is very large. Styrene may be polymerized in the presence of vinyl 
chloride,vinyl ethers and esters,‘“^ acrylic esters, acrylonitrile and acryl>l 
chloride,"'^ 2-chloro-l,3-butadiene,^^ unsaturated ketones'^ or unsaturated a, ^-dicar- 
boxylic acids^ to yield resins- In the case of ketones, the resin formed is less brittle 
than the styrene resin and more soluble in benzene than a resin from the correspond¬ 
ing ketone alone.'“‘ 


Complexes by Heteropolymerization 


When a complex is formed from a mixture containing one polvmenzable sub¬ 
stance, such as styrene, and another that is not ordinarily capable by itself of poh'- 
merizing, such as maleic anhydride or cyclohexanol, the reaction is one of hetero- 
polymenzation.''-'' Voss and Dickhauser,’*’* by heating a mixture of 120 i)artj5 
maleic anhydride and 105 parts styrene on a water bath, obtained an exothermic 
reaction which yielded a hard, homogeneous mass. The product from this reaction 
has properties different from polystyrene: it is insoluble in benzene but soluble 
in acetone and aqueous alkalies. The properties may be varied by changing the 
proportions of reactants. The constitution of the resin^®^ may be represented as a 
long chain or ring of alternate maleic anhydride and .styrene groiqis. 
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A solution of this heterojiolymer in aqueous ammonia is recommended as a 
textile dressing. Fabrics are impregnated with the solution, and dried m an oven 
in order to eliminate the ammonia and to render the resin resistant to washing and 
soaping.”^ Color lakes for varnishes are improved as regards freedom from bronze 
luster when precipitated in the presence of an aqueous solution of alkali salts of 
styrene-maleic acid 

• Styrene-maleic anhydride may be converted into esters, salts or amides by reac- 

British P 313,589. 1929 to T (1 Farbenind. A.-G ; Chem. Abs , 1930, 24, 1236 Ficnch P 

676,424, 1929; Chem Abs , 1930, 24, 2846 

‘-‘British P 357,173, 1930, to I G Farbenind. A.-G.; Brit. Chem. Abtt. B, 1931, 1107. French P. 
725,844, 1931; Chem Aha, 1932, 26, 4827 See Chapter 51 

British P .371,396, 1930, to I. G Fuibenind A-G ; Bnt. Chem Aba B, 1932 , 688. See (’hapter 
53 

‘2»BritiHh P 351,508, 1930, to 1 G Farbenind A-G ; Chem Aba. 1932 , 26, 3138. 
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26, 2085 French P 707,692, 1930, to Le Material telephonique (soc anon); Chem Aba. 1931. 25, 
2418. See Cliapter 8 

P.399,232, 1932, to T G Farbenind A-G.; Chem. Aba. 1934, *28, 1881 French P. 

27. 1221 See also Gennan P. 599,058, 1934; Chem. Abs , 1934 , 28. 

6004 See Chapter 25 

P 598,732, 1934, to I. G. Farbenind. A.-G ; Chem. Aba , 1934, 

Z8y 6004. 

. K. Meisenburg. W. Bock and D Bachle, U. S. P 1,937,063, Nov. 28, 1933, to I. G. Farbenind. 
A.-G.; Chem Aba., 1934, 28, 1207 

IfT* Wagner-Jauregg. Ber , 1930 , 63, 3213; Chem. Aba., 1931, 25, 2418. 

P 549»191* 1930, to I. G. Farbenind. A.-G.; Chem. Aba., 
P- 376,479. 1931; Bnt. Chem. Aba. B, 1932, 948. French P. 719,145, 1981. 

See Chapter 40 for another structure. 
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i> 1933, 27. 427. See also British 

Tc' Reindel and A. Ohmer, U. S. P. 1,974,510, Sept. 

25, 1984, to Gen. Aniline Works; Chem. Aba., 1934, 28, 7654. • . . f 



11. POLYSTYRENE AND RELATED RESINS 


245 


tions affecting the carboxyl-groups of the polymer. These may he of value as 
germicides or antiparasitic adhesive layers and also in dyeingPolystyrene can 
also be used as a binding agent in color printing 

Treatment with glycerol gives an ester which is insoluble in alkalies. The 
glyceride may also be formed by heating a mixture of maleic anhydride, styrene and 
glycerol in an autoclave.^® Wagner-Jauregg“® found that styrene and dimethyl 
maleate reacted to form a white, amorphous powder. Polymers of styrene, vinyl 
ethers and ketones condensed with aldehydes have been suggested for insulators.”^ 
Cyclohexanol is not a 'solvent for polystyrene.^®* When a solution of styrene in 
cyclohexanol is heated m absence of a catalyst a turbid product resembling paraf¬ 
fin wax results.^®* Clear, colorless masses suitable for molding are obtained by in¬ 
cluding acetic anhydride or a plasticizer such as camphor or ethylacetanilide in the 
composition. Styrene polymerized with 5-10 per cent of a chlorobiphenyl yields 
a harder, less inflammable and more easily molded resm.”° 


Polymerization of Emulsions 

When styrene is emulsified with water and heated, a latex is formed. This 
method of forming the resin has certain advantages. The reaction may be carried 
out at relatively low temperatures and the product is easily purified and very 
light in color. 

Styrene forms a fairly stable emulsion when shaken with water containing a 
small amount of ammonium oleate. Heating this emulsion at 140°C. under pressure 
for 24 hours forms a latex which may be coagulated in the same way as rubber 
latex. Addition of methanol causes the polystyrene to separate in a finely divided 
form which is easy to wash and dry.'*'"* Styrene also may be emulsified by means 
of saponin, sulphonates or albuminous substances. Heating an emulsion made 
with milk for 10 days at 60°C. causes transformation of the styrene.'*' Latex 
formation is accelerated by addition of hydrogen peroxide.'” Prior to coagulation 
by precipitating agents, all volatile impurities may be removed by passing steam 
or inert gases through the dispersion.'” In this way a colorless polymer is obtained. 

Co-polymerization may also be carried out with the reactants in an emulsified 
condition. Butadiene or isoprene and styrene form a co-polymer which is rubber- 
like.'” For example, 2 parts of butadiene and 1 part of styrene emulsified with 
sodium stearate are maintained at 60°C. for several days to yield a latex which 
is then coagulated and the product milled with carbon black. Vulcanization of 
the composition gives a pliable rubber. Diethylaminoethyloleamide hydrochloride 

French P. 763,027, 1934, to I. G. Farbenmd. A.-G ; Chem. Abs , 1934, 28, 5190. 

^ E Knebel and Hermann Wmkeler, German P. 592,661, 1934, to I. G. Farbenmd A.-G ; Chcm 
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is recommended as an emulsifying agent. Divinylbenzene or a~methylstyrene may 
be substituted for styrene; or vinylnaphtlialene'^ may be used. If the polymeriza¬ 
tion is stopped when about 20 per cent of the diolelin is unconverted the product 
has maximum solubility in benzene, but if the process is carried to completion 
poor solubility resultsThe addition of a chlorine compound, such as carbon 
tetrachloride, ethylene dichloride, hexachloroethane or sodium trichloroacetate, to 
the emulsified mixture of styrene and diolefin causes an increased yield and a more 
plastic product.'" 

Ethyl acrylate (see Chapter 53) and styrene may be emulsified by means of 
sodium isopropylnaphthalenesulphonate, and the emulsion on the addition of hy¬ 
drogen peroxide and heating at 70-90°C. yields a co-polymer which may be formed 
into rubber-iike threads and films.'" Threads of artificial silk are produced by 
spinning a solution of a resin into a coagulating bath to produce a strongly swollen 
thread which is then stretched. Solutions of polymers of styrene, vinyl alcohol, 
vinyl acetate, vinyl chloroacetate, vinylamme or vinyl methyl ketone can be thus 
used; or, heteropolymers of these with maleic anhydride.''^ 

Polymerization Under Pressure 

The velocity of polymerization of styrene increases with increasing jiressures, 
and at high pressures, a lower temperature will bring about resinification.'"' 
Pressures as high as 12,000 atmospheres have been suggested, using a pressure vessel 
consisting of a block of chrome-vanadium steel 6 inches in diameter with a 1-inch 
hole drilled in it.'“ 


Polystyrene Coatings 


On account of its solubility in cheap hydrocarbon solvents,'^ its toughness 
and light color, polystyrene offers excellent possibilities as a film-forming mate¬ 
rial.'"* Suggested uses to which the coatings are adapted are as clear metal lacquers 
and as bases for white or pale-colored enamels which do not darken in the light. 
The lacquers are quick-drying and even when baked for a long time the films do 
not become insoluble. They are resistant to water, sea water, and moderately 
strong acids and alkalies, but are not quite as tough as nitrocellulose films. 

Exposure tests of polystyrene coatings show that plasticizers are advisable. 
Photomicrographs after 60 days of exposure of a coating formed from a 33 per cent 
solution of polystyrene in toluol showed fine cracks. A similar composition to 
which had been added 5 per cent of diphenyl phthalate gave high gloss and no 
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checking, indicating the superiority of the plasticized film.'” Some of the softer 
Aroclors'” are suitable plasticizers. Dibutyl phthalate, tnphenyl phosphate and 
tricresyl phosphate decrease the water-resistance of polystyrene in the order 
named but give clear films. Resin oils have also been suggested for this purpose.'^ 
Jaeger recommended esters of keto-aromatic acids such as methyl benzoylben- 
zoate,^” soft substances such as phthalide-phthalic-glyceride,'” or hexahydro- 
phthalide and substituted phthahdes as plasticizers.'” About 1 per cent of di-o- 
tolylgiianidine added to polystyrene solutions acts as a protective agent to prevent 
checking of coatings.'®' 

A difficulty encountered when using a solution of polystyrene as a spraying 
lacquer is cobweb formation. This is the tendency of a solution to come from the 
spray-gun in the form of long thread-like filaments. It generally occurs when the 
solution is too viscous or if the air-pressure is too low, and can usually be corrected 
by thinning the solution or adding other resins and plasticizers. Lawson and Sand- 
born'®* stated that the product obtained by polymerizing styrene in a solvent and 
m the presence of a catalyst forms lacquers which do not cobweb. Ethylbenzene 
is a suitable solvent for use during the resinification, and benzoyl peroxide, the best 
catalyst. Styrene is heated in the solution at a temperature of 115°C. until poly¬ 
merized. A lacquer which does not cobweb is made from 175 parts of polystyrene 
thus jirepared, 50 parts tricresyl phosphate and 500 parts solvent consisting of 
15 per cent benzene, 45 per cent toluene and 40 per cent xylene. 

When polystyrene is dissolved in carbon tetrachloride and chlorine passed 
through the solution in the presence of ferric or aluminum chloride at ordinary 
temperatures and in the dark, a chlorinated substance capable of being sprayed 
IS obtained.'®® Resins having the highest chlorine content show the lowest viscosity 
and highest melting point.'®* 

Lawson'®' used polystyrene plasticized by means of tricresyl phosphate, dibutyl 
phthalate, glycerol dibenzyl ether, butyl stearate or dixylylethane as a coating for 
glass, wood'®® or metal. Such a lacquer is composed of a mixture of polystyrene 
17.8 parts by weight, dibutyl phthalate 4.5 (or tricresyl phosphate 3.6), ethyl 
acetate 20, toluol 30, xylol 20 and butyl acetate 30.'®' This lacquer is suitable 
for water])roofmg shotgun shells.'®® Lacquers containing polystyrene plasticized with 
50 per cent of diphenyl phthalate have been recommended as clear top varnishes 
on lithographed metal advertising signs to prevent chalking and fading of certain 
colois,'®*' or as vehicles for luminous pigments.''"' A film of polystyrene applied to 

H. A Gardner, Ctrc. Am. Paxnt & Varrush Mfrs Assoc., 1932, 410. 

See Chapter 56. 

iBTE. Laage, German P. 560,372, 1930, to I G. Farbenind. A.-G.; Chejn. Abs , 1933, 27, 1217. 

A. O. Jaeger, British P. 359,164, 1930, to Selden Co ; Bnt. Chem, Abs B, 1932, 118 

A. O. Jaeger, U. S. P. 1,860,098, May 24, 1932, to Selden Co.; Chem. Abs . 1932 , 26. 394.5. 

A. O Jaeger, U. S. P. 1,892,784, Jan. 3. 1933, to Selden Co , Chevi Abs , 1933 , 27 . 2298 

H J Barrett and E P’. Izaid, U S. P. 1.896,504, P'eb 7, 1933, to P). 1 dn Pont de Nemours A 
Co ; Chem. Abs , 1933 , 27, 2830. 

W. E. Lawson and L. T. Sandborn, U S. P 1,881,282, Oct. 4, 1932, to E. I dii Pont de Nemours A 
Co. British P. 319,590, 1929; Bnt. Chem Abs. B, 1931, 685. French P. 682,126, 1929 See also V S. 
P. 1,975,959, Oct. 9, 1934; Chem. Abs, 1934 , 28, 7562 

British P. 364,873, 1931, to Imperial Chem Ind., Ltd ; Bnt. Chem. Abs B, 1932, 494. 

CIi lor mated polv.styrene has been recwnmended as a flux for soft soldenng. H. B Dvkstra, 
U. S. P. L800,4^, Apr. 14, 1931, to Grasselli Chemical Co.; Chem. Abs, 1931, 25, 3308. 

W. E. Lawson, U. S. P. 1,792.102, Feb. 10, 1931, to E. I. du Pont de Ninnours A Co ; Chem. 

Abs., 1931, 25. 2012. British P. 311,700, 1929; Brit Chem. Abs. B, 1930, 872. 

Hardwood coated with a polystyrene ream has been used m electnoal line insulatois. H Rost, 
U. S. P. 1,991,700, Feb. 19, 1935; Chem Abs., 1935 , 29, 2261. 

W. E. Lawson, Canadian P. 312,341, 1981, to Canadian Industries, Ltd.; Chem. Abs., 1931, 25, 

4138. 

C. E. Burke and W. E. Lawson, IT S. P. 1,862,565, June 14, 1932, to E. I. du Pont de Nemours A 
Co. British P. 315,228. 1928; Chem. Abs., 1930 . 24, 1742 

“■H. A. Gardner, Circ., Amer. Paint A Varmsh Mfrs. Assoc., 1933, 427; Brit. Chem Abs B, 1933, 
1008. 

A. W. Van Heuckeroth, Cir., Amer. Pmnt <fc Varmsh Mfrs. Assoe,, 1933, 440; Chem Abs., 1933, 
27, 4425. Luminescent pigments can be incorporated in polymerised vinylnaphthalene and vmyltetra- 
hvdronanhthalene, as well as in polystyrene. British P. 400,088, 1938, to I. G. Farbenind. A.-G.; Chem. 
Abs., 1934, 28, 2203; French P. hi,709, 1983; Chem. Abs., 1934, 28, 917. 
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hardened synthetic resins serves as an intermediate layer for metallic coatings. 
Plasticized with aryl phosphates or phthalic esters, polystyrene can be used for 
impregnating fabrics,”* or for waterproofing articles made of cellulose esters. 
Phthalide and its derivatives serve as plasticizers for styrene resin.”* Solutions of 
polystyrene or hydrogenated polystyrene may be used to stiffen textile fabrics, felt, 
atraw or asbestos fibers and render them less liable to spot with water.”® Cloth 
impregnated with a solution of polystyrene or other vinyl resin is also satisfactory 
for containers.”* Electrical conductors can be provided with inorganic insulation 
by applying a coating of lead borate and over this a thin film of an alkyd resin 
or polystyi^ipne. The resin film permits the conductor to be wound into coils”*® and 
is subsequently volatilized b}^ heating for 2 hours at 380-400° C. 

In making surfaces for recording sound, metal or paper can be coated with a 
solution of polystyrene in monomeric styrene. After the coating is applied 
polymerization is completed by heating at 60°C. using benzoyl peroxide as catalyst. 
Hardness and elasticity are altered by incorporating paralfin.”^ 

Polystyrene is not compatible with cellulose esters or ethers, polyvinyl acetate 
or Amberols, giving neither clear solutions nor clear films with these materials. 
However, polymerization of styrene in the presence of cellulose derivatives m solu¬ 
tion yields a homogeneous resin suitable for coating.”® Cellulose ester products, 
such as fountain-pens or screw caps, are coated with a film of polystyrene or its 
homologiies to make them resistant to water, acids and alkalies.'™ Polystyrene 
is compatible with Aroclors, Cumar, ester gum and some other resins. Lacquers 
may be prepared by mixing solutions of polystyrene with solutions of rosin, dam¬ 
mar, linseed-phthalic-glyceride or methyl tetrahydroabietate.'”* These resins increase 
the adhesion. 

The adljesion of coatings of polystyrene is also improved by the addition of 
10-25 per cent of cumarone resin. If a chlorinated resin, such as an Aroclor, is 
used to the extent of about 40 per cent with polystyrene, a notably fire-resistant 
coating results. One composition containing polystyrene, cumarone resin and 
tncresyl phosphate has been used advantageously in the finishing of terrazzo 
floors.'®' Disadvantages of the use of a volatile solvent are avoided by coating or 
impregnating articles with monomeric styrene or a solution of polystyrene in 
styrene, followed by heat-treatment.'®* A varnish containing polystyrene, Cumar 
and a softener gives a film with little tendency to check.'®® 

Walsh and Caprio'®* used styrene and other vinyl compounds in cellulose ester 
plastics. They prepared solutions containing styrene in an unpolymerized, par¬ 
tially polymerized'®® and highly polymerized form'®* to which were added cellulose 


British P 377,556, 1930. to Inteinational General Elec. Co, Inc ; Chem. Abs , 1933 27, 3350. 
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F wJlcIl ^ 1928; Chem. Abs., 1930, 24, 1672. 
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esters, plasticizers and other resins. When using unpolymerized styrene a catalyst 
such as benzoyl peroxide is introduced and the solution subjected to light and heat. 
The solutions are used as lacquers or the solvent is evaporated and the plastic 
worked up into shaped articlesA composition consisting of 1 part cellulose 
acetate or butyrate, 2 parts polystyrene, 1 part p>toluenesulphonamide, 3 parts 
kieselguhr and 1 part chlorobenzene, homogenized in a kneading apparatus at 110- 
120°C., can be made into oilcloth by rolling on to a cloth web.'®^ 

Polystyrene is insoluble in drying oils but this is not true of the polymer from 
divinylbenzene. Dykstra“" suggested a varnish which contains polymerized 
divinylbenzene, raw tung or linseed oil and cobalt hnoleate in a solvent. A coating 
forms flexible films when dry. Vinylacetylene, vinylnaphthalene and butadiene 
hydrocarbons have also been recommended for use in lacquers by polymerizing 
them in the presence of esters of drying oil acids.^®® 

Another suggested use for polystyrene in solution is in lubricating oils.'®' It 
is reported to improve the lubricating properties of the oil and increase the vis¬ 
cosity.'®® Alternatively, styrene may be added to the oil and polymerized in solu¬ 
tion by heating. Hydrogenation renders the polymer more resistant to heat.”*^ 
Solid lubricating greases are also said to be improved by addition of a small amount 
of iiolyrncrized styrene, hexene or turpentine, or hydrogenated rubber. 

Molded Products 

Poh styrene may be readily molded under heat and pressuie, prefe»ably at a 
high temperature as this appears to eliminate internal strains and rendeis the 
article less likely to crack on aging.^®^ A temperature of 150-190®C. and a pressure 
of 1000 pounds jier square inch are recommended. Curing does not occur and 
the molded pieces are permanently thermoplastic and soluble. Moldings have 
remarkably high shock-resistance and are stronger than phenol resins. Their in¬ 
sulating ])ower is highest of any available synthetic resin, higher even than shellac. 
A particular advantage of polystyrene is the low shrinkage that occurs on cooling; 
a commercial product has a shrinkage of 0.002 inches per linear inch of molding. 
These qualities are suggestive of the possible fields for utilization of the plastic.'*® 
Strips and bars may be formed by extrusion under pressure of the heat-softened 
resin through an orifice of suitable size. By passing a wire through the extrusion 
apparatus, a tubular coating is formed on the surface of the metal (see Fig. 56). 
This device may be applied to the-manufacture of insulated cables.'®' A related 
process'®® serves for the production of threads or films. In this case the addition 
of solvents and plasticizers to the polystyrene is recommended. 

See also British P. 409,132 and 409,582, 1933, to British Celanese, Ltd.; BrU Chem Abu B, 
1934, 534, 591. 

British P. 366,116, 1929, to I. G. Farbenind. A.-G.; Chem. Abs., 1933, 27, 2051. 
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»»»French P. 760,861, 1934. to I. G. Farbenind. A.-G.: Chem. Aba., 1934 , 28, 4220. 

British P. 401,295. 1932, to I. G. Farbenind. A.-G.; Bnt. Chem. Aba. B, 1934, 184. French P. 
42,897, 1933, addn. to 740,407; Chem. Aba., 1984, 28, 1526. 

Ostromislensky suggested an annealiniT treatment by heating the moldings for 3 to 24 houis in 
an oven at 100*0. in order to prevent cracking. U. S. P. 1,683,402, Sept. 4, 1928, Chem. Aba., 1928, 22, 
3898. 

poj> mechanical, physical and electrical properties of styrene plastic see compilation in Chem. 
Met. Eng., 1982, 39, 657. 

E. Studt and U. Meyer, U. S, P. 1,992,678, Feb. 26, 1935, to Norddeutsche Seekabelwerke A.-G.; 
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Small objects are readily formed by injection molding/*^ the plastic being par¬ 
ticularly adapted for this method.®*® The resin is heated until plastic and is then 
forced into a mold where it cools and hardens."^ Threads, ribbons and sheets can 
be made by drawing polystyrene at a high temperature.*®* 

An advantage of polystyrene as a molding material is- that, like shellac, there 
IS no waste in the process. Scraps and broken pieces may be reground and used 
over again. Clear masses may be formed from small pieces of unfilled material and 
from those containing bubbles, by adding 5 to 20 per cent of styrene and heating 
the mixture under a reflux condenser for 3 to 8 hours. Also small pieces may be 
cemented together. In working up scraps and shavings containing fillers, a fairly 



Fic. 56.—Extrvusion Apparatus for Coating Wiie with Polystyrene Resins. (E Studt 

and U. Meyer.) 


dilute solution in styrene may l)e i)re],ared and the insoluble matter allowed to 
settle 

Posner formed objects by spraying concentrated solutions of jiolyvinyl com¬ 
pounds into molds. Dentures are made which contain a very tough polymer from 
which all unpolymenzed styrene has been removeil, together with fillers and 
pl^ticizers.”* Another type of molding ,s made by impregnating fibrous material 
with an aqueous dispersion of polystyrene.”" The pulp is allowed to dry and is 
then pressed into the desired shape. Powdered material such as zinc oxide or 
finely divided asbestos- may be made into a paste with partially polymerized 
styrene and heated to complete the reaction before pre,ssmg. The co-polymers of 

M; 'M3. 770. 

csr.>.r.«»38“oS‘‘ " ct..i 

ura. rb. w. Let*.. 

Ab,. B. 1032, 1042. A polyxtv.^e denture i; Skrt«l ^ ' Bnt Chem. 
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tricresyl phosphate or phthalir esters as a denture W HUKRestwI polystvrene plasticized with 

to 499.676; Chern. Abs., 1934. 28? 1154) ftmTdeMnl (German P. 681.676. 1933, addn. 

aliphatic dicarhoxylic acids and polystvrene, plates from a mixture of cellulose ethers, 

26, llsT' Bri?il.h'’l>"*372,217! mi':*Bnf'cA«ffl'. 1032 '^“ 595 “*“'''' Cliemical Co.; Chem. Abt.. 1032, 
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styrene and acrylic esters, vinyl esters and vinyl ketones may be worked in the 
same manner as that used for the manufacture of celluloid.®^ Hofmanir’®“ uses 
co-polymers of various vinyl comiiounds, combined with fillers and plasticizers, to 
make sound records. 

On account of its high dielectric constant,®^® polystyrene is valuable in electrical 
insulators and condensers."" A sheath of polymerized styrene air-spaced from 
the conductor has been proposed."^" Field, Hugh and Parsons®*® prejiared a 
dielectric composed of purified rubber mixed with 40 to 80 per cent of polystyrene 
and up to 20 per cent of wax. Rubber compounded with polystyrene, gutta-jiercha 
and small amounts of water-resistant waxes has been similarly used.®" Chlorinated 
naphthalene with about 1 per cent of polystyrene or rubber has also been suggested 
as an insulating comjiosition.®*® Other material suitable for insulation of sub¬ 
marine cables contains the product of the co-polymerization of styrene and 
butadiene, dimethylbutadiene or 2-methyl-2,4-dimethylj)entadiene.®*® Another type 
of cable insulation is made by heating a mixture of styrene, dimethylbutadiene and 
about 15 per cent of wax in an autoclave;®" also by mixing polystyrene with plas¬ 
ticizers such as tritolyl and triphenyl phosphate, cresol or diphenylpropane.®'® 
Marble coated with jiolystyrene has been found suitable for radio insulation.®*® 

benner and Porter®®* proposed polystyrene as a bonding agent for abrasives. 
Compositions of jihenol-aldehyde resin and ])olystyrene or shellac have also been 
suggested,®" Grinding wheels"’®® may be built up of segmental blocks united with 
a cement composed of polystyrene, plaster of Pans and a solvent. Hadnagy 
and Brouillard®®® made abrasive paper and cloth by bonding the grains of abrasive 
material with an adhesive containing polystyrol, u.sed either in molten form or in 
solution. 


Laminated Glass 


Moss®®* used polystyrene and other polymerized vinyl compounds as adhesives 
for sheets of glass and cellulose esters in safety glass. The product of the reaction 
between maleic anhjTlride and castor oil or 1,3-butylene glycol may be mixed with 

Fiench P, 728,861, 1931, to 1. O Farbenuid A -G ; Chem Aba , 1932, 26. 6081 
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1, 293, Chem Abft , 1933, 27, 5993 Also see N P Bogoroditzki, G F DaletzL and V N. Mnlishe\,, 
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polystyrene to improve its adhesion.“° Polymerized vinyl compounds also may be 
blended with the nitrocellulose layer of safety glass and tend to lessen the yellowing 
effect of light,®* . . 

Transparent layers for use as glass substitutes are made by blockmg composition 
containing plasticizers and lire retardants and cutting into sheetsHopkinson 
suggested a shatter-proof, glass-hke product composed of alternate layers of tough 
polystyrene and the hard, brittle polymer. Styrene polymerized in the presence 
of sulphur, sulphur chloride or chlorinated hydrocarbons has been recommended 
for lenses, prisms and other optical elements, also as a cement for these articles. 


Production <5f Styrene 


More extended use of polystyrene demands a cheaper source of styrene. So far, 
no process ai)pears to have been developed which puts the price on a par with that 
of other leading synthetic resins. Styrene has been made in a number of ways 
including the pyrolysis of various hydrocarbons, elimination of hydrogen chloride 
from chloroethylbenzene, dehydration of phenylethyl alcohols, and decarboxylation 
of cinnamic acid. Homologues of styrene and substituted styrenes have been 
made by applying these reactions to analogous compounds. Also its synthesis 
from acetylene has been attempted. 

Styrene occurs ready-formed in coal-tar light-oil fractions and in drip-oil of 
carburetted water gas. It constitutes a nuisance in motor benzol and in various 
industrial gases on account of its gum-forining tendencies. Removal of this and 
other gum-formers would be welcomed by manufacturers of gases and might also 
serve as a source of synthetic resms 

Styrene From Chlorinated Hydrocarbons. At jiresent the most satis¬ 
factory process for producing styrene starts with ethylbenzene,^ a hydrocarbon 
which is conveniently made by passing ethyl chloride into benzene in the presence 
of aluminum chloride or from ethylene*'*' and benzene. Ethylbenzene when chlo¬ 
rinated below 30°C, gives a mixture of a- and /3-chloroethylbenzene. Passage of 
the chlorinated hydrocarbon, without separation through a nichrome tube heated 
to 675-700®C. results in splitting out of hydrogen chloride to yield styrene.*** In¬ 
stead of utilizing thermal decomposition, chloroethylbenzene may be treated with 
pyridine at 100-230®C.,*** with pyridine or dibenzylamine hydrochlorides or with 
a cyclic tertiary amine.*** 

Smith*** concentrated the chloroethylbenzene before treatment with pyridine by 
distilling off the unchanged ethyl benzene through a column. In this way a more 


*»G. KranBlein, A. Voss and E. Dickhauser, German P. 547,384, 1930, to I. G. Farbenind. A.-G.; 
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highly conccntnilod stymie solution was obtained. l)orouglr*“ formed the (|ua- 
ternary salt of pyridine and chloroethylbenzene and heated it at 375-400°C. Chlo- 
roethylbenzene may also be heated with inorganic catalysts, such as mercury salts 
or zme chloride,'*^' with strong acids, such as sulphuric or jihosphoric,®*® or with 
weak organic acids.®*' Passage of a-chloroethylbenzene over active carbon at at- 
mosiiheric pressure and at 260°C. is another method."*® Zal’kind, Berkovich and 
Amiisin®** chlorinated ethyl benzene at 70°C. in the presence of phosphorus penta- 
chloride as a catalyst. This yielded styrene on boiling with quinoline, or by 
hydrolysis with dilute soda solution, followed by dehydration with dilute acid 
potassium sulphate solution. Bromoethylbenzene gives styrene by heating under 
ordinary pressure.*** 

Analogues of styrene may be obtained by heating the corrrsi)onding chloro¬ 
ethylbenzene derivatives with nitrogen-bases or their salts,'*** or with weak, diffi¬ 
cultly volatile acids, such as boric, chloroacetic or palmitic.*** 

Deluchat'*'* used quinoline for elimination of hydrogen bromide from o- or 
m-dibromodiethylbenzene to obtain o- and m-divinylbenzene.*** p-Divinylbenzene 
may be prepared by a similar reaction.**^ A good yield of styrene is obtained by 
brominating ethylbenzene to styryl dibromide and treating the latter with mag¬ 
nesium.**® 

1,1-Dichloroethylbenzene, formed by the action of phosphorus pentachloride on 
acetophenone, breaks down on boiling in petroleum ether to give a-chlorostyrene, a 
compound which resinifies easily."*® 

Styrene from Hydrocarbons. When ethylbenzene is passed through an 
iron tube heated at approximately 650°C., styrene is formed by elimination of 
hydrogen. The efficiency of the process may run as high as 32 per cent. Cracking 
of the various homologues of benzene such as xylene, yields styrene to the extent 
of about 6 per cent.*^ 1,3,5-Dimethylethylbenzene decomposes into 3,5-dimethyl- 
styrene, whereas methylethylbenzene gives methylstyrene.*^ Berthelot** passed 
a mixture of ethylene and benzene through a red-hot tube and isolated styrene 
from the products of pyrolysis. 

Instead of splitting off hydrogen, some hydrocarbons yield styrene by the elimi¬ 
nation of methane or other hydrocarbon of low molecular weight. Cymene is said 
to give well over 50 per cent of p-methylstyrene.*® 


2*” O L. Dorough, U. S P 1,892,386, Dec. 27, 1932, to E. I. du Pont de Nemours & Co ; Chem. 
Ahs , 1933, 27, 1897 

**•'*’0. W. Jaigstorff, U. S. P. 1 870,852, Aug. 9, 1932, to Naugatuck Cljemjcal Co.; Chem Aba, 
1932, 26, 5580. 

*“0 H. Smith, U S. P. 1,870.878, Aug. 9, 1932; Chem. Abs., 1932, 26, 5580. 

^W Krey, Gennan P 599,166, 1934, to I G. Farbemnd. A.-G.; Chem. Abs., 1934 , 28, 5834. 
Flench P. 729,687, 1932; Chem. Abs, 1933, 27, 313, 

E Dorrer, German P. 559,737, 1931, to I. G. Farbenind. A.-G.; Chem. Abs., 1933, 27, 737. 

Yu. S. Zal’kind, I. P. BerkoVich and M. K. Ainusin, Plast. Mass., 1934, 1, 14; Chem. Abs, 
1934, 28. 5870. 

Thorpe, Proc. Roy. Soc., 18, 123. 

84«BMtish P 396.079, 1932. to I. G. Farbenind. A.-G.; Bnt. Chem. Abs. B, 1933, 905. French P. 
729,730, 1932; Chem. Abs, 1933, 27, 307. 

*** British P. 382,816, 1932, to I. G. Farbenind. A.-G.; Brit. Chem. Abs. B, 1933, 140. French P. 
729,687, 1932; Chem. Abs., 1933 , 27 , 313. 

**«R. Deluchat, Compt. rend., 1931, 192, 1387; Chem. 1931, 25, 4532. 

Quinoline or solid sodium hydroxide gives varnish-like polymers with diphenylcyclopropylmethyl 
chlonde. P. Lipp, J. Buckkremer and H. Seeles, Ann., 1932, 499, 1; Chem. Abs., 19^. 27, 709. 

D. Lespieau and R. Deluchat, Compt. rend., 1930, 190, 683; Chem. Abs., IMO, 24, 2733. See also 
H. Ingle, Ber., 1894, 27, 2528. 

J V Broun and K. Moldiinke, Ber., 1921, 54, 618. 

•*»C. Dufraisse and J. E. Viel, Bull, soc chtm., 1925, (4) 37, 874; Chem Abs., 1925, 19, 3263 
®®I. Ostromislensky and M. G. Shepard, U. S P. 1,541,175, June 9, 1925, to Naugatuck Chemical 
Co.; Chem. Abs., 1926, 20, 424. Canadian P. 261.825. 1926; Cheyn. Abs., 1926, 20, 3461. British P. 
232,909, 1924; Bnt. Chem. Abs. B, 1926, 299. German P. 476,270, 1924. 

Ostromislensky and M. G. Shepard, U. S. P. 1,552,874, Sept. 8, 1925; Chem. Abs., 1925, 19, 

3492. 


2»M. Berthelot, Ann., 1867, 142, 257. 

I. Ostromislensky and M. G. Shepard, U. S. P. 1,552,875, Sept. 8, 1925; Chem. Abs., 1925, 19, 


3492. 
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Styrene is formed in the vapor-phase cracking of petroleum and at least some 
natural gases.*“ When petroleum is passed through a reaction tube with a stream 
of carbon dioxide or other inert gas at a temperature of 650°C., about 6 per cent 
of styrene is obtained.^ One way of isolating styrene from the crude distillate, 
or from any other mixture, is to heat the solution for about 16 hours at 200°C. 
Polystyrene is formed and is recovered by steam distillation. It can be recon¬ 
verted to styrene by heating at 350-500°'^’^ Styrene may be separated from a 
mixture with ethylbenzene by cooling the solution to a low temperature and filter¬ 
ing off the crystallized material.**^ 

Vapor-phase cracking of aromatic hydrocarbons in the presence of dehydrogena¬ 
tion catalysts is a more efficient method. A mixture of ethylbenzene and steam may 
be led at 650°C. over silica gel, active carbon, or lime and magnesium oxide."*^ 
Styrene or vinylnaphthalene is produced when the vapor of ethylbenzene or 
ethylnaphthalerie is passed at reduced pressure over cerium, copper, iron or zinc 
oxides heated at about 700°.“" The procedure can be improved by preliminary 
heating of the catalysts in nitrogen, hydrogen or steam.”® Tungsten, molybdenum 
or uranium oxides act as promoters for other catalysts or they may be used alone. 
Various homologues of styrene are obtained when diethylbenzene, ethylbiphenyl, 
isopropylbenzene, ethyltoluene* or the product of the reaction between propylene 
and benzene are decomposed.”^ 

A mixture of benzene and ethylbenzene may be heated in the presence of 
hydrogen-accejitors, such as sulphur or a mixture of sulphur and ethylene dichlonde, 
which favor dehydrogenation by combining with the hydrogen as fast as it is 
formed.”® Ethylbenzene was also passed through a chromel tube at 675-725°C. 
m the presence of sulphur-free halogens or organic halides, such as ethylene chlo¬ 
ride and carbon tetrachloride, to obtain styrene with a concentration of about 40 
per cent.”® 

Styrene by Dehydration of Alcohols. Distillation of /^-phenyletfivl 
alcohol over anhydrous potassium hydroxide yields styrene almost quantitatively.”^ 
In like manner, distillation of p-diethylolbenzene gives p-divmylbenzene,"®® and 
a-cthylolnaphthalene produces a-vinylnaphthalene.'*"'‘ Dehydration with iiotassium 


25* S. F Biiclj anil E N Hague (Ind Kng Chem., 1934, 26, lOOil) disruss the fonnation of vtyfnu* 
and indenp as pyiolysis ^)lodu^l^ of Peisiau nalural cusps See also C.iileton Ellis, “The Cliemistiy of 

Petroleum Derivatives," The Cliemical Catalog Co , New York, 1934. 

Ostiornislcnskv. T S. P. 1,683,405, Sept 4,* 1928; C/ifw Abx , 1928, 22, 3893 

Ostrornislenskv, U S. P 1,703,950, Mar. 5, 1929, Chem Abu, 1929, 23, 1911 

*5^ H. Mark and K Wulff, German P, 534,476, 1930, to I. G. Faibeuind A -G,, ('hem Abs . 1932, 
26, 738 

*»H. Mark and K Wulff, Gennan P .550,055, 1929; Chem Abs, 1932, 26. 4089 Hnti'-h P 340,587, 
1929; Brit Chem Abs B. 1'’31, 335 French P 702,377, 1930; Chem. Abs, 1931, 25, 4285. 

Wulft and E Roell, U S P 1,986.241, Jaii 1, 1935, to 1 G. Faiheuind A -G., Cluvi /thv , 
1935 . 29, 1101 Gciinan P 563,395, 1930, Chem Abs, 1933, 27, 1015 Bnti-h P 371,587, 1930, Br>t 
Chem Abs. B, 1932 , 793 French P 721,,597, 1931; Chem Abs, 1932 , 26, 4061 See aPo Fiench P. 

40,673, 1931, addn. to 702,377; Chem Abs, 1933 , 27, 1367 and French P 762.672, 1#34, to I G 

Farl>enm(l A-G ; Chem Abs, 1934 , 28. 5081. Cf. H. Suida, U. P. 1,985,844, Dec 25, 1934, to 
269? ^^35, 29, 1099 Austrian P 182,1)42, 1932, Chetn Abs, 1933, 27, 

H Mark and K Wulff, German P. 560,686, 1930, addn. to 550,055, to I. G. Faibeumd A -G , 
Chem Abs , 1933, 27, 1015 

S*"'tt’’/• to Imperial Oiem Tnd , Ltd ; Chem. Abs., 1932 , 26, 2990 

^ Naugatuck Chemical Co ; Chem Abs, 1932. 

13 French P. 693,876, 1930; Chem Abs., 
1931. 25, 1538 Canadian P 308,122, 1931; Chem. Abs., 1931, 25, 1266. Goiman P 600,268, 19C4; 
Chem Abs., 1934 , 28, 6448. 

^ 1 . ^ 1W.827, Dec. 12, 1933, to Naugatuck aiem. O) ; 

Chev). Abs , 1934 , 28. 1367 , , ^ , 

'**29, 23. 2m. I, PalfiBV. S Rahrtnv 

jn<l D. Sontag. romp< rmd, 1932. 195, 1392; Chem. Abe.. 1933 , 27. 1«24. Cf. S. .Sabrtav and T. 
Minfsou, thtd., 842; Bnt. Chem Abs. A, 1930, 85 

^S. Sabetay, Compt. rend., 1931. 192, 1109, Chem. Abs, 1931 25. 3973. 

Aonc \ Pnmay. S. Snbetav and D Sontag, Cnmpt.^ rend . 1932, 194. 2065; Cheyn Abs., 1932 . 26. 
f g. ♦uT 1 (Gomp/. re7nt., 1933, 197, 1130; Chem Abs., 1934 , 28, 2349), distillation 

of 8-oth\lolnBphthalene leaves a re«mous lesidiie as a result of partial dehvdtndon to /9-vinylnapli> 
ihal-iic and pulymeriiation of the latter. The a-Mnylnuphlhalene foin, (D. Sontag, cAim., 
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hydroxide of a mixture of the o- and p-bromo derivatives of ^-phenylethanol, 
obtained by brornination of the alcohol, gives o- and p-bromostyrene, which 
polymerize to light-colored resms.“’ Further experiments have shown*®* that the 
bromostyrene formed m this manner is very stable to heat and shows little tendency 
to polymerize. Substitution of chlorine for bromine in this treatment results in a 
chlorostyrene which is also little polymerized by heat. Nuclear substitution of 
halogens is effected by reacting in the cold in the presence of iron filings or iodine, 
the nuclear halogen atom not being affected by potassium hydroxide treatment. 
Formation of the mercaptans from the bromide compounds and subsequent potas¬ 
sium hydroxide treatment yielded styrene in the case of the /^-jihenylethylbromide, 
and also a small amount from the a-isomer, contrary to the results experienced 
with the a-alcohol. Von Braun and Neumann*^ obtained a polymer of o-divin\l- 
benzene by treating the quaternary compound of methyl iodide and o-di-(i3-di- 
methylaminoethyl)-benzene with alkali. When /3-phenylethyl phenylacetate is dis¬ 
tilled styrene is formed.*"** Deluchat*"* produced o- and m-divinylbenzene respec¬ 
tively from o-di-a-bromopropylbenzene and m-di-a-bromoethylbenzene. 

Distillation of a-phenylethyl alcohol (phenylmethylcarbmol) over anhydrous 
liotassiurn hydroxide does not give styrene, but the passage of this alcohol over 
alumina, thoria or tungsten oxide at 250-400°C. produces that compound in 90 (ler 
cent yield.”* Phenylmethylcarbmol may also be dehydrated by heating it with 
phosphoric acid or by distilling its benzoic ester.”® 

Smith and Niederl”* obtained o-vinylphenol by the reaction of phenol and 
ethylene oxide in the presence of concentrated sulphuric acid. It is assumetl that 
hydroxyethyl phenyl ether is first formed and that this becomes dehydrated and 
undergoes rearrangement. 

Styrene was procured from a,^-dibromodiethyl ether and ethyl ether by means 
of the Grignard reaction, using magnesium phenyl bromide m ethereal solution. 
The ingredients were mixed and then refluxed 0.5 hour on the water bath. 
Ethoxyphenylethyl brcmide was produced and converted into styrene by treatment 
with a zinc-copper couple.”® 

Styrene by Decarboxylation of Acids. Bonastre”” isolated stvrene in 
1831 by distillation of liquid storax where it occurs in mixture with various cin¬ 
namic derivatives. Dragon's blood was also an early source of the comjiound 
When cinnamic acid is heated with barium hydroxide,”® or when copper cm- 
namate”* is heated, styrene is ohitained. If cinnamic acid is treated with hydrogen 
bromide and the resulting bromo-acid boiled with soda solution, styrene is pro¬ 
duced almost quantitatively by elimination of hydrogen bromide and carbon diox¬ 
ide.*** Careful distillation of cinnamic acid is a convenient method for its prepara¬ 
tion.**" 

1934, 1, 359; Chem. Abg , 1934 , 28, 4719) is more apt to polynnmze than the fl-iaomei, which is a stilul 
with an intense otloi of thymol. 

2*" L. Palfrav, S. Sabetay and D. Sontag, Compt. rend., 1933, 196, 622; Chevi. Abs., 1933 , 27 , 3203 
»»D. Sontag, Ann. chim., 1934, 1, 359; Chem. Abg., 1934 , 28, 4716. 

2 « .f V Braun and L. Neumann, Ber , 1920, 53, 110 

»7oh Hibbert and C. P. Burt, J A C.S , 1925, 47, 2240 

271 R Deluchat, Ann. chtm., 1934, 1, 181; Chem. Abs.. 1934 , 28, 3062 

27* E Laage, German P. 533,827, 1925, to I. G. Farbenind. A.-G. British T. 338,262. 1929; Bnt. 

Chem. Abe. B, 1931, 238. French P. 682,569, 1929; Chem. Abe, 1930, 24, 4523. 

27* A. Klagea and P. Allendorflf, Ber , 1898, 31, 1003, 1298 The vmvlphenylcarbinol and cmusinvl 

alcohol 'esters of fl-anthraquinone-carbo\ylic acid have a tendency to fonn glassy melts, according tt> 
J. Meisenheimer, W. Schmidt and G. Schafer (Ann., 1933, 501, 131, Chem Abe., 1933, 27, 2678) 

274 R. A. Smith and J. B. Niederl, J.A.C.S., 1931, 53, 806. 

27* H.‘I. Waterman and W. J. C. de Kok, Rec. trav. chim., 1934 , 53, 1133; Chem. Ah'*, 1935, 

29, 1073. 

27* Bonastre, J. de phnrmaae, 1831. 17, 338 
277 G15nard and Boudault, Ann., 1845, 53, 325, 

27* Gerhard t and Cahours, Ann, 1841, 38, 318. , 

•72 Hempel, Ann., 1846, 59, 318. 

2*> R. Fittig and F. Binder, Arm., 1879, 195, 137. J.C 8 . 1876, 36, 378. 

2*71. Ostromislensky, U. S. P. 1,541,176, June 9, 1926, to Naugatuck Chemical Co ; Chem. Abe., 
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4-Hy(lroxy-3-methoxj'cinnaniic acid when heated gives an oil (assumed to be 
4»hy<iroxy-3-methoxystyrene) which resinifies easily/’"' 

Styrene from Acetylene. Acetylene would seem to offer a source of 
styrene but no satisfactory process has been evolved as yet using this substance. 
Berthelot®” found a small quantity of styrene among the pyrolytic products ot 
acetylene. Also the reaction between acetylene and benzene in presence of alu¬ 
minum chloride has been attempted. Varet and Vienne'^* reported an 80 per cent 
.yield by this reaction but this has never been verified. On the contrary, Cook 
and Chambers*® found only traces of styrene, and Bbeseken and Adler,*® using a 
highly reactive preparation of aluminum chloride, obtained a product that was 
insoluble in all solvents and therefore was not polystyrene. It is known that 
aluminum chloride is a polymerization catalyst for styrene but the polymer thus 
formed is soluble. Boeseken and Adler*' considered their product to be the polymer 
of a very reactive compound CsHg formed from acetylene and benzene, and called 
it poly protostyrene. By introducing acetylene into a suspension of aluminum chlo¬ 
ride in dry benzene what is described as a cuprene-like substance is obtained, an 
amorphous mass insoluble in all solvents.*^ Thus, the reaction of acetylene and 
benzene*® does not yield styrene.”’®® However, 2,4-dihydroxystyrene is the first 
product formed from acetylene and resorcinol in presence of a mercury catalyst. 
It forms an insoluble resin on standing.*' 

The Friedel-Crafts reaction of benzene and vinyl chloride yields neither styrene 
nor polystyrene.*® Asym-diphenylethane, 9,10-dimethyldihydroanthracene and 
an anthracene-type resin are formed. 

Miscellaneous Sources of Styrene.’** Styrene was early recognized as a 
constituent of crude xylene.** Muller and Langedijk,*® after prolonged boiling of a 
specimen of crude xylene, distilled it and obtained a residue of polystyrene equiva¬ 
lent to 17.9 per cent of the mixture. Styrene also occurs in distillates from brown- 
coal tar.*® 


1926, 20, 424 Canndtnn P 261,326, 1926; T W Abbott nntl .T. R .Tohnson, Org. Sy^ntheses, 1928, 8, 
84. C/. Howard, Jahresber , 1860, 303; W. vMillei, Anv , 1877, 189, 339, Ci Kiuemer, A. Spdker and 
P. Ebeihaidt, Ber, 1890 , 23 , 3269 For formation fuan cn .un c and bv foimentation, see 01i\eio, 
/. pharm. chim. (6) 24, 62; Chem Zentr , 1906 , 2, 608 

*®>K. Brand and G. Westerburg, Arch Pharm, 1931, 269, 326; Bnt Chem .46*. A, 1931, 953. 
See also T.‘iRetchstein, Helv. C/um Acta, 1932, 15, 1450; Chem. Aba, 1933, 27, 1333. 

«»M. Berthelot, Ann, 1867, 141, 181. 

R. Varet and G. Vienne, Compt. rend., 1886, 64, 1375; Chem. Zentr., 1887, 653 Cf E Parone, 
UOrost, 1902, 25, 148; Chem Zentr., 1903, 2, 662. 

**0. W Cook and V. J. Chambers, J.A C.S., 1921, 43, 334 

J. Boeseken and A. A Adler, Rec. trav. chim., 1929, 48, 474; Chem. Aba., 1929, 23, 2948. 

^ ,1. Boeseken and A A Adler, loc cit 


s*W. O. HeriTnann, H. Deutsch and W. Haenel, U. S. P. 1,810,174, June 16, 1931, to Con.soit f. 
elektrochem. Ind ; Chem. A6«., 1931, 25, 4726. British P. 228,157, 1925; J.SCL, 1925, 44, 771H. 

^ J. S. Reichert and J. A. Nieuwland {J.A.CS, 1923, 45, 3090) prepared unsym-diphenylethane bv 
passing acetylene into benzene in the piesence of concentrated sulphuric acid and a inerciuic salt. 
Cf. J. A. Reilly and J. A. Nieuwland, J.A C.S , 1928, 50, 2564. 

p-Xylylene dibromule in toluene solution reacts with sodium by the Wurtz lenction to give an 
msoluble and infusible polymeric hydrocarbon of the same empirical formula, (CsH«)n, as the product 
from acetylene and benzene. (See R. A. Jacobson, J.A.C.S , 1W2, 54, 1516) In this case the structiiie 
of the polymer is assumed to be a long chain of p-xvlylene groups. (—CHjQ,H 4 CH.^)ii. Anothei 
iiiscduble polymer of the same empirical formula is noted in the product obtained by Heating phenyl- 


differ from polystyrene in having benzene rings as links of’the chain molecule, 
land 4^179.’ J.A.C.S., 1928, 50, 2566. Cf H. H. Wenzke and J. A. Nieuw- 


Cf. J. Boeseken and M. C. Bastet, Rec. 
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J. M. Davidson and A. Lowy, J.A C.8., 1929, 51 2978 
trav. chim., 1913, 32. 184; Chem. Aba., 1914, 8, 1270. 

sss por adiRtional information on the formation of styrene and nolvstvrene see Carleton Flli^ 
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11. POLYSTYRENE AND RELATED RESINS 


257 


A considerable amount of styrene is found in carburetted water gas^ and it is 
present in the light oil obtained in the manufacture of water gas to the extent of 
1.5 to 2 per cent.^ 

In the presence of oxygen in the gas, styrene and similar constituents, such 
as indene and cyclopentadiene, polymerize to form resins which deposit in gas 
mains and on the leather diaphragms of gas meters. Such substances are admit¬ 
tedly industrial nuisances and gas manufacturers welcome all efforts to remove 
these gum-forming materials. It has been estimated that there is a i)otential supply 
in the United States of 8,000,000 pounds per year of styrene m the drip-oil of 
carburetted water gas."*®* Brown*'^ suggested its recovery from this source by frac¬ 
tionation of the oil. However, the cost of collection would appear to be prohibitive. 

The resinous material formed by polymerization and oxidation of the unsatu¬ 
rated compounds in manufactured gas is called liquid-phase gum and occurs mainly 
in carburetted water gas and mixed gasesAnother type known as vapor-phase 
gum results from reaction of gum-forming compounds with oxides of nitrogen.®®*' 
The latter type is formed in the gas phase and is finely dispersed in the gas. It 
occurs mainly in coal and coke-oven gases.®®® The gum particles are for the most 
part highly charged and tend to coalesce, finally dropping out of suspension.®®* 

The addition of phenols to gases ha^ been suggested as a means of preventing 
gum deposits in gas mains.®®® Phenols are generally negative oxidation and poly¬ 
merization catalysts. The removal of oxides of nitrogen also aids in preventing 
gum formation in gas.®®® 


Polymerization of Styrene Derivatives 

Substitution in the benzene nucleus of styrene gives compounds having the 
same polymerizing tendency as styrene itself, and it may be even more pro¬ 
nounced. On the other hand, substitution in the ethylene side chain greatly 
lessens this tendency, depending somewhat upon the kind of group that is intro¬ 
duced. Resin-forming ability should be judged not only by the ease in which 
polymers form but also by the size of the molecules thus produced. In cases where 
molecular weight data are lacking, the physical properties of the polymer indicate 
the degree of polymerization. High polymers are tough; low polymers are brittle. 
Also soluble polymers of high molecular weight are precipitated from their solu¬ 
tions, when a non-solvent is added, in the form of soft flocks or fibers. Compounds 
of low molecular weight come down as finely crystalline or amorphous powders. 

The effect of a methyl group may be illustrated by comparing styrene com¬ 
pounds containing this group in the ring and in the side chain. o-Methylstyrene 
polymerizes more readily than the unsubstituted compound, and p-methylstyrene 
rapidly forms a tough, elastic, resinous material when heated.®®^ Also m-methyl- 

R. s. Andrews, Gas 1931, 193, 158, 212; Chem. Abi., 1931, 25, 2268. 

M»N. A. Orlov, Zhur, Pnkladnot Khim., 1930, 3, 585; Chem. Abs., 1931, 25. 1972. 

»»R. L. Brown, Ind. Eng. Chem., 1928, 20, 1178. 

««>R, L. Brown, U. S. P. 1,640,975, Aug. 30, 1927; Chem. Abi., 1927, 21, 3449. 

*>iA. L. Ward, C. W. Jordan and W. H. Fulweiler, Ind. Eng. Chem., 1932, 24, 969; 1933, 25, 1224. 

According to A. ^gelhardt and H. Riiping (Gas- u. WassOr/oc/i. |1938, 76, 478; Bnt. Chem. Abs. B, 
1933, 611), the active charcoal method of removing bensol from illuminating gas is more efficient than 
the wash-oil method, and also removes more of the gum-forming constituents from gas. For further 
information regarding treatment of styrene-containing gases, see W. W. Odell, U. S. P. 1,925,151, Sept 
5, 1983 and 1,926,058, Sept. 12, 1933; Chem. Abt., 1933, 27, 5520, 5944. Also D. L. Jacobson and W. L. 
Shively. U. S. P. 1,932,525, Oct. 81, 1938, to Koppers CJo.; BrU. Chem. Abs. B. 1984, 822. W. L. Shively. 
U. S. P. 1,945,001, Jan. 30, 1934, to Koppers Co.; Chem. Abs., 1934, 28, 2510. 

«»0. Berkhoff, Het Oas, 1931, 51, 460: Chem. Abs., 1932, 26, 1755. 

•“W. H. Fulweiler, Oas J., 1982, 200. 570; Bnt. Chem. Abs. B, 1983, 49. See also Chapter 35. 

*0*0. W.,Jordan, A. L, Ward and W. H. Fulweiler, Ind. Eng. Chem., 1934 . 26, 947, 1028. 

«»W. H. Fulweiler, British P. 836,456, 1928, to Humphrey A Glasgow, Ltd.; Chem. Abs., 1931, 25. 
1976. 

^K. Bunte, Gas und WaH,»prfarh., 1934, 77. 81: Chem. Abs., 1984, 28 , 2877. 

»wi. Osfromislonsky, V. S. P. 1,683.402, Sept. 4, 1928; Chem. Abs., 1928, 22. 3893. Britisli P. 236,891, 
1025; J.S.C.I., 1925, 44, 771B. 
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styrene solidifies when allowed to stand or when heatedThese compounds stand 
in contrast with a-methylstyrene (isopropenylbenzene) which does not polymerize 
at ordinary temperature either on long standing or by the action of light. When 
stannic chloride is added a violent reaction occurs but the degree of polymeriza¬ 
tion is not high, a mixture of polymers ranging from the dimer to the octamer 
being produced."^ The effect of a methyl group on the ^-carbon is noted from 
the behavior of jS-methylstyrene (propenylbenzene), which is converted to a low 
polymer (apparently the dimer) when boiled with metallic sodium.*^ Indene has 
a structure which would suggest a /3-siibstituted styrene. However, the ease with 
which it polymerizes shows that it is more nenrl}' related to o-methylstyrene, al¬ 
though it does not form extremely high polymers. (See Chapter 5.) 



o-methylstyrene 


CHs 

i 

a-methylstyrene 



H 

C 



(3-methylstyrene 


H 

C 



in/Jene 


When heated alone propenylbenzene does not polymerize. Also it does not 
polymerize when heated with catalysts like stannic chloride. However, m the 
presence of boron fluoride a clear, brittle resin is formed. p-Methoxy- and 
p-ethoxy-propenylbenzene polymerize more easily and mild catalysts are effective. 
In no case does the reaction go as rapidly as with styrene, nor can eiicolloids be 
obtained. The structure of poly propenylbenzene has been assumed to be: 


CtR, CeH 5 C6H5 

-CH—CH—(^H—CH-in-CH- 

<i^H, hu, CH, 

However, viscosity determinations indicate a chain length 50 per cent greater 
than is apparent from cryoscopic determination of molecular weight. Therefore, 
instead of a 1,2 addition as was formerly supposed it is suggested that 1,3 addition 
occurs: 


C.H5 CeHft 

—CH—CH.—CHr-^H —CH.—CH.— 


The mechanism of this reaction involves the wandering of a terminal hydrogen 
atom in the side chain: 


•»W. MUlIer, Ber., 1887, 20, 1216 

^audinger and F. Breusch, Ber., 1929. 62, 442; Chem. Abs., 1929, 23, 3213. See also E. Berg- 
J?'94, 1493; Chem, Ab)»,, 1931, 25, 4239. 

•^G. Errera, OatM. chim. itai, 1885, 14, 509; J.C,8., 1885, 48 772 
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CeHs _ 
<t:H=CH- 


3 


C,H. 


CH, 

mobile hydrogen 




-A 


H—CHa—CH* 
octive molecule 


CeHs 

in—CHs—CH, 


C.H» 

ifl—CHr-CH, 


C.H. 

-d:—CH2—CH.r 


Proof that the polymerization reaction is different than with styrene is indicated 
by the products obtained by cracking polypropenylbenzene. Besides the monomer, 
a small amount of 1,4-diphenylbutadiene is present.*^®* 

Many styrene derivatives have been studied which contain groups in the 
benzene nucleus. In most cases polymers of high molecular weight are formed. 
p-Ethylstyrene*^ when heated to its boiling point changes slowly to a viscous liquid 
which solidifies on cooling. 2,4-Dimethylstyrene*“ produces a tough, elastic polymer 
which is insoluble. p-Isopropylstyrene polymerizes more easily than styrene 
itself.*^ 2,4,5-Trimethylstyrene shows considerable thickening when heated at its 
boiling point,but sym-trimethylstyrene polymerizes more slowly, although it 
forms a resin when treated with concentrated sulphuric acid.*“ p-Chlorostyrene®^® 
and o-bromoethylstyrene®” change readily to solid forms on standing. p-Nitro- 
styrene when heated gives a polymer which is insoluble in all solvents.®“ /3-Nitro- 
styrene forms an amorphous solid when treated with alkaline materials such as 
sodium malonic ester®^* or ammonia, hydrazine and sodium methylate.**® 

Phenyl groups on the side chain greatly limit the size of the polymer. In the 
absence of oxygen, asym-diphenylethylene forms no polymer higher than the 
dimer.**^ However, there are two possible dimers, one unsaturated and the other 
saturated. The first is 1,1,3,3-tetraphenyl-l-butene and the second is 1,1,3-triphenyl- 
3-methylhydrindene.““ Oxidation of asym-diphenylethylene leads to an insoluble 
polymeric product.*®* Diphenylene-ethylene is rapidly converted by heat or light 


CH2 



hiphenylene-ethylene acenaphthylene 

H. Staudmger and E. Dreher, Ann., 1936, 5 1 7, 73. 

A. Klages and R. Keil, Ber., 1903, 36, 1633, 

* 1. Ostromislensky, loc. at. See also A. Klages, Ber., 1902, 35, 2249. 

»«W. H. Perkin, J.C.S , 1877, 32, 663 

A. Klages and R. Keil, Ber., 1903, 36, 1641. 

»«A. Klages and P. Allendorff, Ber., 1898, 31, 1010. 

H. Staudmger and E. Suter, Ber , 1920, 53, 1092. 

V. Braun, Ber., 1917, 50, 45; Ctiem. Abe., 1917, 11, 2786. 

»'«A. Easier, Ber., 1883, 16, 3006. 

*^®P. Herrmann and D. Vorlander, Abhandl. Natnr, Qee. Halle, 1899, 21, 261. Chem. Zentr., 1899r 

I, 730. 

•»D. E. Worrall, J.A.C.S., 1927 , 49, 1698, 1605. 

V. Lebedev, 1. Andreevski and A. Matiiiskina, Ber., 1923 , 56^ 2349; Chem. Abe., 1924, 18, 1128. 

***E. Bergmann and H. Weiss, Ann., 1930 , 480, 49; Chem, Abt., 1930, 24, 3606. C. S. Schoepfle and 

J. D. Ryan, J.A.C.S., 1980, 52, 4021. 

• 8»H. Staudinger, Ber., 1926, 58, 1076; Chem. Ab»., 1926, 19, 2668. 
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to an amorphous powder, possibly tribiphenylene-cyclohexane.*^ Acenaphthylene 
yields polyacenaphthylene, (CjaHg),^, on being heated above its melting point 
This is soluble in benzene and is precipitated as a colorless, amorphous powder 
when alcohol is added. In a benzene solution stilbene forms a dimer under the 
influence of light.**® On exposure to light and air, resinous products are obtained 
besides benzoic acid.*" In the presence of maleic anhydride, stilbene yields a hetero¬ 
polymer** of a high molecular weight, but by itself it has rather mild polymerizing 
tendencies. These phenylated derivatives,which form relatively low polymers, 
may be contrasted with the analogous a-naphthylethylene (a-vinylnaphthalene)*” 
which forms well-defined resins. 

Phenolic Styrenes 

o-Hydroxystyrene**** on standing resimfies to a glass-like mass, insoluble in 
alkalies. When treated with concentrated sulphuric acid a dark red resin is formed. 
It is doubtful whether the degree of polymerization in this resin is very high since 
the phenolic group would be expected to act as a negative catalyst. o-Hydroxy- 
styrene may he compared with cumarone which resimfies easily. (See Chapter 
5.) 

When o-methoxystyrene is heated at ISO^'C. it polymerizes and, when cold, 
is a transparent mass®'*^ p-Methoxystyrene forms highly polymerized resins. 
When the reaction occurs at low temperatures the resin molecule may contain 
as high as a thousand monomeric groups.** Of the three methoxystyrenes, the 
meta- compound polymerizes most readily, then the ortho-, and finally the para- 
compound.*** Vinyl derivatives of phenols or cre^ols are made by reacting vinyl 
halides with the aromatic compounds in the presence of aluminum chloride or 
other metallic halides. These may then be polvmerized by heat or ultraviolet 
light.** 

Eugenol, safrole and methylchavicole undergo very little polymerization. How¬ 
ever, when heated with alcoholic potash their allyl groups are rearranged to propenyl 
groups, giving the so-called iso-compounds,**® isoeugenol, isosafrole and anethole, re¬ 
spectively. These are methyl-substituted styrenes and as such they show mild 
polymerizing tendencies, at least much greater than the parent substances. Grog- 
not**^ resinified eugenol in oil of cloves by treatment with phosphorus pentoxide. 
A brittle product resembling colophony resulted, with indications that some oxida¬ 
tion had occurred. 


Wjeland, F. Rnndel and J. Ferrer, Ber., 1922, 55, 3313; Chem Abs , 1923, 17, 754i J. Fcner, 
Anairs hoc. eapan. fis qwm., 1922. 50, 459, Chem. Abs , 1923, 17, 3177 

n Stolyhwo, Ber., 1924, 57, 1531. See also K. Dziex^on-ki and Z Leyko, 

Her , 1914, 47, 1686 

»» O. Ciarnician and P Silber, Ber., 1903, 36, 4266 

G. Cianiician and P Silber, ibid , 4129. 

328T Wasner-JaureKK Ber., 1930 63, 3213; Chem. Ahn., 1931, 25, 2418. See ^Iso R. Kuhn and T. 
Waffner-Jauregg, Ber., IWO, 63, 2662; Brit. Chem. Abs. B, 1930, 1580. v. x i n aim 

/i’*” decomposition of phenyl fumarate affords stilbene. However, if substituents are present 

*" w yi u are frequently resins. R. Anschiltz, Ber., 1927, 60, 1320 

c I w ® Sabetay and D. Sontag, Compt rend ,‘1932, 194, 2066; Chem, Abs., 1932 , 26, 4326. 

B '*■ J*®"* Nemours A Co.; Chem. 

HwJ * British P. 355,032, 1930, to Imperial Chem. Ind., Ltd.; Brit. Chem. Aba. B, 1931, 

J.a’c.S^ 41, 367. See also R. A. Smith and J. B. Niederl, 

*“W. H. Perkin, Her., 1878, 11, 515. 

H. Stobbe and K. Toepfer, Ber., 1924, 57 484. 

*** A. Klages, Ber, 1903, 36, 3588. 

“BriUeh P. IMl, to British CelaneSe, Ltd.; Brit. Chem. Abe. B, 1934 , 534. 

“R. Priester, RachiloMnd., 1930, 5, 83, 108: Brit. Chem. Ah>. A. 1931, 470. 

“^L. Grognot, Rev. gen. c/imi., 1007, 10, 49, Chem. Al^s., 1907, 1, 1179. 
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Polyanethole can be prepared from anethole in various ways. It occurs only in 
a hemicolloidal form. Treatment of anethole with stannic chloride yields the 
polymer as a white amorphous powder containing about 30 monomeric groups per 
molecule.®*® This is in contrast with p-methoxystyrene, noted above, whose molecule 
lacks substitution on the /3-carbon of styrene and which therefore can yield eucol- 
loidal forms. A colorless resin has been obtained as a residue in distdling p-pro- 
penylphenol.**® 

Ciamician and Silber**'^ compared the action of safrole and isoafrole when e\ 
posed to sunlight. To both, traces of iodine were added and after protracted ex¬ 
posure the safrole was found to distil almost completely with steam, leaving only 
a trace of resinous material, while isosafrole was converted into a brittle brown 
resin. From 38 g. of isosafrole, 34 g. of resin were obtained. Methyleugenol 
similarly treated was unchanged but isomethyleugenol yielded a yellowish-brown, 
almost solid mass. Thirty-five g. of the iso-compound produced about 33 g. of 
resin, which dissolved completely in ether and made a sort of \arnish. Whitby 
and Katz**^ used stannic chloride as a polymerization catalyst for isosafrole and 
isoeugenol. They found the molecular weights of the polymers prepared at ordi¬ 
nary temperatures to be about 2000. Prepared at about 200°C., the polymers 
showed half this molecular weight. The polymers are unsaturated. Eugenol and 
safrole give the same type of resins as the iso-compounds but the reaction goes 
much more slowly. Kronstein*** heated saf»’ole, eugenol, isosafrole and isoeugenol, 

HCWTI—CHa H>C—CH=-CH> 



anethole melhylchavicole 

HC=CH-CH3 CH2~-CTI=CH, 


isoeugenol 


I OCHa 
OH 
eugenol 


HC=CH—CHa CHo—CH-=CH2 



isosafrole safrole 


*»• H. Staudinger and M. Brunner, Helv. Chim, Acta, 1929, 12, 972; Chem. Abs., 1930, 24, 613. 

A. Quihco and M. Freri, Gazx. chim. itaL» 1929, 59, 600; Chem. Abs , 19^, 24, 599, Introduction 
of salt-forming groups into polymerised propenylphenols yields substances which arrest blood-coagula- 
’ on British P. 355,574, 1930, to F. Hoffmann-LaRoche A Co., A.-G.; Brit. Chem. Abs. B, ‘1932, 80 
W. H. Moss (Canad)^ P. 318,932, 1932, to C. Dreyfus; Chem. Abe., 1932, 26. 2072) made a resin for 
use in films and lacquers by condensing allyl alcohol with o-creaol in the presence of fused sine 
chloride. 

Ciamician and P. Silber, Ber., 1909, 42, 1389. 

•«G. S. Whitby and M. Kata, Can. J. Research, 1931, 4, 487; Chem. Abs., 1931, 25, 4246. 

•“A. Kronstein, U. S. P. 843,401, Feb. 5, 1907; Chem. Abe, 1907, 1, 918. Biitish P. 17,378, 1900; 
/.8.C.I., 1901, 20, 1123. 
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H(wc:H2 



vinyls,4-7WOcat€chol methylene ether 

in the absence of oxygen, to temperatures below their decomposition points. He 
obtained pol 3 mierized substances, soluble in alcohol and ether, resembling natural 
soft resins. Heavy camphor oil undergoes a similar change. When safrole is 
passed at 600®C. over kieselguhr, it yields resinous products.*** 

Vanillin is obtained by hydrolysis of the ozonide of isoeugenol. Manufacturers 
of synthetic vanillin seek to avoid the formation of ^esin during the ozonation and 
hydrolysis of the ozonide. Resin formation is lessened by conducting the ozonolysis 
at a low temperature.*** Methylation of the phenolic group is also effective.**’ 
Treatment of isoeugenol dissolved in toluene results in less resinous material than 
when the reaction is conducted in aqueous emulsion.*** Harries**^ was able to limit 
resinification by treating the ozonide with potas'sium ferrocyanide in acetic acid 
solution. The ozonides of safrole and isosafrole decompose spontaneously at 
ordinary temperatures with formation of resins.®** 

Electrolytic oxidation of isoeugenol and vanillin in a 15 per cent solution of 
caustic soda yields resinous masses.*** Resins are also formed by oxidation of 
isoeugenol in sodium sulphate solution with an anode of lead peroxide, unless the 
phenol group is protected by methylation.**"’” 

Ramart-Lucas and P Amagat, Bull. «oc. chim , 1932, (4) 51, 108; Bnt. Chem Abs. A, 1932, 505. 
*** E. Bnner, R. PatiT and E deLi..‘<erna, ftelv Chim Acta, 1924, 7, 62, Chem Ab(( , 1924, 18, 1824 
E. Bnner, H v. Tschamer and H Paillard, Helv. Chim Acta, 1925, 8, 406, Chem Abu, 1926, 

20, 181 

French P. 421,784. See J.SC.I., 1922, 41. 70R 

Hames, German P. 321,567, 1918: J S.C 1, 1917. 36, .359 
S. Nagai, /. Chem. Ind. {Japan), 1922 , 25, 1409, Chem Abs., 1923, 17, 2110, J Fac Eng Tokyo, 
1923, 13, 185; J.S.C I., 1924, 43, 988B 

A Lowy and C M Moore, Trans. Am Electrochem Sor , 1922, 42, 273 Chem Abs, 1922, 16, 

3815 

Fichter and A Christen, Helv Chim Acta. 1925, 8, 332; Chem Abs, 1925, 19, 2195 



Chapter 12 

Miscellaneous Resins From Hydrocarbons 
and From Phenols. 

Certain Tars 


Hydrocarbon-Aldehyde Resins 


The interaction of aromatic hydrocarbons with aldehydes has been known at 
least since 1872 when Baeyer^ condensed benzene and formaldehyde. Similar work 
was done by others at this time. Substances used included benzene, toluene, 
mesitylene, diphenyl, naphthalene, formaldehyde, acetaldehyde, methylal, and 
chloral.* The compounds obtained were generally of the diarylmethane type, and 
little or no account was taken of resin-forming tendencies in these condensations. 

Nastyukov* condensed formaldehyde and benzene in the presence of sulphuric 
acid and obtained an insoluble amorphous solid which he found to be very stable 
to oxidizing agents. Repeating the experiment with naphtha he decided that this 
type of condensation product was characteristic of unsaturated cyclic hydrocarbons 
and the percentage weight isolated was denoted as the ‘Tormohte Number'' of an 
oil so treated.* The same method was used by Arnold® in his investigation of low- 
temperature tar oils. 

However, it was about 1907 that aromatic hydrocarbons, particularly naph¬ 
thalene, became prominent as useful starting materials for resin production by 
virtue of their condensation with formaldehyde. It was reported that the prod¬ 
ucts were soluble in oils, in hydrocarbons, in their chloro derivatives, and in some 
cases even in drying oils. Bohn® devised several procedures for making such resms. 
The following is an example of one of them: 

To a solution of 8 parts of ^ per cent formalin, or its equivalent of methylal, in 
n5 parts of 97 per cent sulphuric acid is added 10 parts*of naphthalene. The reaction 
IS carried out for about IV 2 hours at 110°C., m which time the mixture thickens. 
Treatment of the cooled product with water removes the catalyst and with benzene and 
alcohol removes any unchanged hydrocarbon. A bright yellowish-brown re.sin is 
finally obtained. 

Bohn stated that the use of one molecular proportion (or greater) of formal¬ 
dehyde yielded resins of higher melting point than those obtained with smaller 


'A. Baeyer, Ber„ 1872, S, 1094; J.C S , 1873, 26, 501. 
r ®aeyer, Her., 1873, 6, 220; J.C.S, 1873, 26, 884 Her., 1874, 7, 1190, J C.S, 1875, 28. 148 

J, Wciler, Her., 1874, 7, 1181; J.C 8., 1875, 28, 151. O. Fischer, Her., 1874 , 7, 1191; J C.S.. 1875. 28, 
154. J. Grabowski, Her., 1874, 7, 1605; J C.S., 1875, 28, 455. 

*A. M. Nastyukov, J. Russ. Phvn.-Chem. Soc., 1903, 35, 824; 1904, 36, 881; J.C. 8 ., 1904, 86 (1). 
242» 801 

*See also A M. Na.styukov and K. L. Malyarov, /. Russ. Phys.-Chem. Soc., 1910, 42, 1596; J.C 8., 
1911, 100 (1), 249. A. M. Nastyukov and N. V. Gurin. J. Russ. Phys.-Chem Soc., 1915, 47, 46; J C 8., 
1915, 108 (1), 227 A. M. Nastyukov, British Patent 289,920, 1927; Chem. Ahs., 1929, 23, 968; J. Chem. 
Ind. (Russui), 1925, 1 (4), 28; Bnt. Chem. Aba. B. 1926, 860. B. T. Brooks, “The Cheraistiy of the 
Non-benzenoid Hydrocarbons.” The Chemical Catalog Co., 1922. 286, 

*H. Arnold, Z. angew. Chem., 1923, 36, 545; Chem. Aba., 1924, 18, 1190. 

«R. Bohn, U. S. P. 898,307, Sept. 8, 1908, to Badische Anilin- A Soda-Fabrik; Chem. Aba., 1909, 
3, 883. 
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proportions’ It was suggested that the products could be used in making var- 
nishes and sealing wax.® 

Hydrocarbons were condensed with formaldehyde (40 per cent) in the presence 
of concentrated sulphuric acid (sp. gr. 1.84) in a process employed by Bayer & 
Co.* The acid formed less than 60 per cent of the mixture. At 110-115°C. naph¬ 
thalene yielded a white resin, soluble in acetone, benzene, solvent naphtha, car¬ 
bon tetrachloride and carbon disulphide. Phenanthrene gave a brownish-yellow, 
brittle resin, soluble in benzene and xylene; and anthracene, a yellow resin soluble 
in benzene. Under pressure at 118-125°C., benzene formed a soft brown resinous 
mass soluble in benzene; toluene, a clear liquid, soluble in ether, acetone, benzene, 
and carbon tetrachloride; and xylene, a brown resin soluble in acetone, benzene, 
carbon tetrachloride and solvent naphtha. These products, especially those melting 
below 1(X)°C., were thought to he of value in varnish making. 

Condensation products of naphthalene with formaldehyde, intended for use in 
the lacquer or varnish industry, were prepared by Folchi'" as follows: 

One hundred grams of naphthalene arc added to 80 cc. of 30 per cent formalde¬ 
hyde, 100 cc. of sul]ihuric acid (sp. gr. 1 84) gradually added, and the mixture heated 
under reflux on a water bath at 80°C. for 1% hours with agitation. The contents 
of the flask are poured into water at 80-90°C. and the melted condensation product 
is washed with water, dilute alkali, and with water again. The mass is then dried at 
80®C. for 4 to 5 hours. For use as lacquer the material is melted with a small 
quantity of turpentine and mixed with refined tar. By strict attention to the above 
reaction conditions a weight yield of 100-110 per cent of the naphthalene used may be 
obtained. The hardness of the product varies with the temperature of formation. 
An alternative method is to use 100 grams of naphthalene, 80 grams of 40 per cent 
formaldehyde, and 120 grams of sulphuric acid, heating for 3 horn’s at 90-95®C. In this 
case the yield is 80-90 per cent. Folchi stated that the action of formaldehyde on 
unsaturated aliphatic hydrocarbon.^ gave rubbery masses and the action on aromatic 
hydrocarbons gave materials similar to phenol-aldehyde resins. 


La Vingtric” mi.xed a naphthalene-formaldehyde resin with rubber, and by 
vulcanizing with sulphur obtained an ebonite. The resin was prepared a.s fol¬ 
lows: 1 part of naphthalene is dissolved m 2 parts of concentrated sulphuric acid 
and heated with 3 parts of 13 per cent formalin at 140°C. in an autoclave. The 
product is purified by washing with water and caustic soda solution. Depending 
on conditions, the resin may have a melting point of 100°C. and be soluble in such 
solvents as carbon tetrachloride, or it may be an insoluble powder. A similar 
reaction was carried out by Aimond.^** Naphthalene was converted into its sul- 
phonic acid, using concentrated sulphuric acid, and then condensed with formalde¬ 
hyde at 140°C. to yield a resin (Naphthoform A) which was infusible and insoluble. 
When introduced into ebonite it speeded the vulcanization. It was discovered 
that if the naphthalene was first treated with formaldehyde, and then mixed with 
sulphuric acid, the resulting resin (Naphthoform B) was fusible, melting at 100- 
r20°C. 


The last-noted examples have all used sulphuric acid as catalyst, but other 
catalysts have been found effective in some cases. For instance, aromatic hydro¬ 
carbons, or derivatives, are heated with aldehydes, preferably in a solvent such 
as acetic acid, with the use of such limited proportions of phosphoric or halogen 


« German P. 207,743, 1907, to Badische Amlin- & Soda-Fabiik: 

British P. 16,245, 1907. French P. 386,664, 1908; J.SC.L, 1908, 27 , 457 695 
Ak * ilL linoleum was suggested by F. Fritz, Chem. Ztg,, 
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1909, 28, 431. 
1933, 57 , 997; Chem. 


1818, to Farbenfabr. vorm. F. Bayer A Co.; 1922, 41, 640A. 

»«P. Folchi, Chem. Ztg., 1922, 46, 714; J S.C.1, 1922, 41,’ 720A. 

Vingtrie, French P. 493,569, 1920, and addition 22,728, 1920; Kvinst$toffe, 1922, 
12, 172. For ft comjparison of the products obtained by Bohn, Folchi, and la Vingtrie, see A. Hutin, 

S' K " “i.’ Frytllender. KumUtoffe, 

1922, 12, 172; Rev. prod, chtm., 1922 , 25, 653; Chem. Aba., 1923, 17, 1156. 
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acids that products soluble in linseed oil are obtained.'® By using as conden.sing 
agents organic acids such as formic, oxalic or lactic, and varying the amount of 
formaldehyde used, the products will range from viscous oils to brittle resins. Other 
condensing agents include sodium bisulphate, stannous chloride, zinc chloride,'* 
calcium chloride and magnesium sulphate.“ Hydrocarbon derivatives which have 
been used are phenetole, anisole, diphenyl ether, m-cresol ethyl ether, a-naphthyl 
ethyl ether and /S-naphthyl ethyl ether. 

Experiments performed in the author's laboratory'® have demonstrated that 
resinous products are obtained when benzene and formaldehyde are condensed with 
zinc chloride and hydrogen chloride. Dry hydrogen chloride was passed for 25 
minutes at 65°C. through a well-stirred mixture of benzene (200g.), 40 per cent 
formalin (35g.) and zinc chloride (50g.). The reaction product was subjected 
to steam-distillation to remove liquid components, leaving as a residue a dark 
violet, nearly black resin (yield 40%), insoluble in alcohol and acetone. 

Benzaldehyde has been used in place of formaldehyde for condensation when 
the cyclic hydrocarbon contains eight or more carbon atomsCondensing techni¬ 
cal xylene, or solvent naphtha, with benzaldehyde in the presence of concentrated 
sulphuric acid at less than 20°C. for 24 hours yields an oily product. This cil 
is steam-distilled to remove unaltered hydrocarbons, and the wax-like still-residue 
IS purified by extraction with benzene. The resulting resin is a viscous mass. 

Hydrogenated naphthalenes have also been utilized in condensations with alde¬ 
hydes, forming products which can be incorporated with linseed oil and turpen¬ 
tine in varnish manufacture.^® Using phosphorus pentoxide as a catalyst, tetra- 
hydrona])hthalene will condense with paraformaldehyde to form a light-colored 
resin, and a viscous oil, the latter probably ditetrahydronaphthalene.'® The use 
of inorganic acids in place of phosphorus pentoxide will produce more resin and 
less oil. 

Morgan and Harrison®® have made resins by condensing acenaphthene with 
formaldehyde. In experimental work 26 g. of acenaphthene and 5 g. of para¬ 
formaldehyde were dissolved in 450 cc. of glacial acetic dcid at 25°C. Into this 
was stirred a mixture of 4.2 cc, of concentrated sulphuric acid and 9 cc. of glacial 
acetic acid. The liquid quickly developed a light blue color, and in a few minutes 
a white solid began to precipitate. After 5 days the solid was washed with water 
and dried (yield 25 g.). The resin had a melting point of 126-128®C. and was 
soluble in chloroform, benzene, and carbon tetrachloride, but insoluble in alcohol. 
It was found that fluorene and indene produced resins when similarly treated. 
4-Chloroacenaphthene, when treated with formaldehyde as above, produced a resin, 
and also when heated with alkali it produced tarry material (m.p. 210-215®). In 
experiments by Lorriman,®^ gummy products were obtained when acenaphthene, 
dissolved in benzene, was treated with a mixture of acetic anhydride and the reac¬ 
tion product of phthalic anhydride and aluminum chloride. 

Indene was condensed with formaldehyde by Claasz,*® as follows: A mixture of 
100 parts of indene, 100 parts of formalin (30 per cent), and 5-10 parts of con¬ 
centrated hydrochloric acid is boiled under reflux for 5 hours, yielding a layer of 

German P. 403,264, 1919, to Farbw. vorm. Meister, Lucius & Brilning; 1925, 44, 216B. 

German P. 406,152, 1919, 406,999, 1919, aod 407,000, 1920, to Farbw. vorm. Meiater, Lucius & 
Brilning; 1925, 44, 461B. 

“ German P. 387,886, 1918, to Chem. Fabr. K. Albert, G. m. b. H.; /.S.C./., 1924, 43. 797B. 

^•See American Perfumer, 1923, 18, 541. 

German P. 365,541, 1920, to Farbw. vorm. Meister, Lucius A Brilning; J.8.CJ., 1923, 42, 614A. 

»German P. 805,575, 1917, to Akt. Ges fiir Anihn-Fabr.; J.8^,L, 1921, 40, 439A. 

«German P. 333,060, 1918, addition to 319,799, 1917, to Tetrabn » m. b H.; /SC/.. 1921, 40. 379A. 
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«F. R. Lorriman, J,A.C.8., 1927 , 47, 212. 

«M. Qaass, German P. 310,783, 1918; /.C.5./., 1920, 39, 273A. 
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thick, clear oil, which becomes viscous when washed and cooled. When exposed 
to air it acts somewhat like a drying oil. 

The condensation of 1-chloronaphthalene with formaldehyde in the presence of 
acids was found to yield clear elastic resins useful in varnishes and in the pres¬ 
ervation of leather.** It was also found that chloronaphthalenes will condense 
with themselves or with aromatic hydrocarbons if aluminum chloride or ferric 
chloride is used as a catalyst. These resins are soluble in oils but not in alcohol. 
Beer“ noted that l-chloronaphthalene or its methyl homologues, or chlorinated 
anthracene could be condensed with less than 10 per cent of formaldehyde in sul¬ 
phuric acid at a temperature below that at which the hydrocarbon is ordinarily 
sulphonated. The resins were soluble and could be used as wetting, dispersing and 
emulsifying agents, and as solvents for fats and oils. 

Bosshard and Strauss** observed that naphthalene will condense when it is 
heated with dehydrated oxalic acid and aluminum chloride at 100°C. Treatment 
of the reaction product with hydrochloric acid, and subsequent steam distillation to 
remove excess naphthalene yielded a brittle, reddish brown resin (rii.p. 95°) re¬ 
sembling colophony.** The use of ferric chloride instead of aluminum chloride 
resulted in a blackish brown pulverulent mass (m.p. 180°C.). These resins were 
used in varnishes and as impregnating agents. 

Similarly, a condensation of naphthalene is effected by heating it with glycollic 
acid and phosphorus pentoxide.” The reaction is carried out by heating this mix¬ 
ture under pressure for 15 hours at 130-170°C., allowing carbon dioxide to escajie 
from the apparatus from time to time. Steam distillation of the reaction product 
removes unchanged naphthalene and leaves behind a yellow resin (m. p. 80-85°C.) 
resembling shellac. Aromatic hydrocarbons may be converted into resins by lirst 
decomposing them with sulphuric acid using phosphorus pentachloride or sulphur 
dichloride as a catalyst, and then condensing the products directly with poly- 
hydric alcohols, e.g., glycerol.** 

Anthracene and phenanthrene, in the presence of aluminum chloride in aromatic 
hydrocarbons (benzene, toluene or m-xylene), undergo autocondensations, and 
also condensations with the aromatic hydrocarbons.** In the autocondensations, 
very active hydrogen is released which causes the formation of low-melting tarry 
by-products. However, if dry oxygen is passed through the reaction mixture, 
the active hydrogen is oxidized, and the resins obtained have higher melting 
points. 

Resins have been formed by condensing benzene, ethylbenzene, isopropylbenzene 
or butylbenzene with a symmetrical ethylene dihalide using aluminum chloride as 
catalyst." 


In the methylation of xylene to form durene, pentamethylbenzene and hexa- 
methylbenzene. Smith and Dobrovolnj^^ found that the synthesis of hexa methyl- 
benzene was hindered by the formation of dark tars from condensed rings and 
from the decomposition of hexamethylbenzene. Red, tarry material was obtained*^ 
in an attempt to convert pentamethylbenzene into hexamethylbenzene and 1,2,3,4- 

»German P. 332,884 and 382,391, 1918, to Akt. Ges. fiir Anilin-Fabr.; J.8.C.L, 1921, 40, 358A 
**0. L. Beer, British P. 362,016, 1930; Chem. Abs , 1933, 27, 1112. 

» o ^ P* Strauss, German P. 380,5n, 1920, to Elektrochem. Werke G. m. b H.; 

1924, 43, 433B. 

“A Japanese add earth has been employed in resinifying naphthalene. See K. Ishimuia, Bull. 
Chem. 8oc. Japan, 1934, 9, 521; Chem. Abs., 1935, 29, 1704. 

B^shard and D. Strauss, British P. 171,956, 1921, to Elektrochem. Werke G. ni. b H.; J S.C.I, 
1922, 41, 676A. 

French P. 726,148, 1981, to Allgem. Elekt.-Ge.s.; Chem. Abs., 1932, 26, 4970. 

Schaarschmidt. C. Mayer-B|(f8tr6m, and J. Sevon, Ber., 1925, 58, 156; Chem. Abs., 1925, 19. 

A Naugatuck Chemical Co.; Chem. Abs., 1933, 27 , 3789. See R 

AnschtiU (Aw., 235, IW, 299; 7 C.S., 1887, 52, 150) for early work on this reactum. 

L. I. Smith and P. J. Dobrovolnv, J.A C 8 , 1926 48, 1413 
••L. I. Smith and A. R. Lux, J.A.C.8 , 1929, 51, 2994 
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tetramethylbenzene (prehnite) by the action of sulphuric acid (the Jacobsen re¬ 
action). 

A resinous hydrocarbon of the formula (CtHa),, was obtained by Sabatier 
and Maihle^*' by the dehydration of benzyl alcohol with metallic oxides at tem- 
l^eratures of 250-350°C. Analogous to this is the reaction of 1 volume of benzyl 
alcohol with 2 volumes of suliihiiric acid trihydrate to form a mixture of hydro¬ 
carbons which on distillation yielded a yellow, fluorescent resin.®* 

Water Soluble Products 

The replacement of natural products by synthetic resinous substances has 
affected the leather xiidustry, and tanning operations can be carried out with 
material obtained from the condensation of formaldehyde with either sulphonated 
hydrocarbons or sulphonated phenols.®® These products are also useful as wetting 
agents. 

A tanning agent was made by Schmidt®® in the following manner: Naphthalene 
and sulphuric acid are heated together at 140°C. forming i3-naphthalene sulphonic 
acid. After cooling and maintaining the temperature at 60-100°C., formaldehyde 
IS added gradually. Then, as the mass thickens, water is added to facihtate stirring. 
On cooling, the product solidifies to a resinous, slightly colored, water-soluble mass 
The resin can be used directly as a tanning agent, or it can be added to the diffi¬ 
cultly soluble tanning extracts such as quebracHo, chestnut, or mangrove to in¬ 
crease their solubility and efficiency. Kiimpf®^ used the sulphonic acids of aromatic 
hydrocarbons or their condensation products with aldehydes and ketones in the 
preparation of spinning-baths for viscose solutions. Egner®® mixed formaldehyde- 
naphthalene sulphonic acid condensations with dried products from the nitric acid 
oxidation of peat or lignite. This material tanned leather to a light color. 

A water-soluble condensation product useful as a tanning agent was made 
by Jaeger.®* Sulphonated hydrocarbons were condensed with carbohydrates and 
then further condensed with formaldehyde, and the product converted into the 
sodium salt. Hydrocarbons used in this process were crude anthracene and 
naphthalene, and the carbohydrates included cellulose from old sulphite paper, 
cotton rags or wood pulp, or soluble sugars or starches. When crude hydrocarbons 
are used the products are sometimes highly colored, this being an objectionable 
feature in some cases. The color can be removed by oxidizing the material with 
hypochlorites, chlorine, chromic acid or potassium permanganate.*® Sulphonated 
hydrocarbon mixtures produced by treating crude naphthalene, or anthracene oil, 
are condensed with formaldehyde in a process by Moeller*' to produce tanning 
agents. In place of sulphonated hydrocarbons a crude acid resin can be used, 
provided sufficient naphthalene or anthracene is added to it to use up the excess 
sulphuric acid in the resin. 

A type of wetting or dispersing agent has been obtained by condensing 

“P. Sabatier and A. Maihle, Coinpt. rend , 1908, 147, 100; J.C S , 1908 , 94 (1), 713 

»*J. B. Sendrens, Compt. rend, 1926, 182, 612; Chem Abs., 1926, 20, 1985 

The effects produced on hide substances by the condensation products of formaldehyde and 
sulphonic acids have been described by E. Woleswisky, Tech. Papers, U. S B\tr. Standards, 1926, 309, 
275; Chem. Aba., 1926. 20. 1535. 

“O. Schmidt, U S. P. 1,336,759, April 13. 1920; Chem. Abs , 1920, 14, 1766. Canadian P. 227,609, 
1923; Chem. Aba., 1923. 17, 1348. Also U. S. P. 1,216,612. Feb 20, 1917; Chem Aba, 1917, 11, 1332 
Canadian P. 228,241 and 228,242, 1923, Chem. Aba, 1923, 17, 1348. 

•■^A. Kampf, British P. 234,188 and 234,433. 1924; J.SCI., 1925, 44, 587B 
M. Egner, German P. 420,647, 1924, to Badische Amlin- & Soda-Fabnk; BrU. Chem. Abs., B, 
1926, 466. 

“A. O. Jaeger, U. 8. P. 1,961.151, June 5, 1934, to the Selden Co.; Chem. Aba , 1934, 28, 4848. 

^A. O. Jaeger, U. S. P. 1,941,475, Jan. 2, 1934, to the Selden Co.; Chem. Aba., 1934. 28. 1888. 

*^W. Moeller, U. 8. P. 1,448,278, Mar. 13. 1923, to the Cliemicnl Foundation, Inc,; Chem. Abs., 
1923, 17, 1902. C/. H. Renner and W. Moeller, British P. 146,166 and 146,180, 1920; J.S.C.I., 1922. 
41, 150A. German P. 262,338, 1918; Chem. Aba., 1913, 7, 3558. 
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/3-naphthalene sulphonic acid with benzoin and an alcohol using sulphuric acid 
as a condensing agent/"" The product, after washing with water, neutralizing with 
caustic soda and precipitating with sodium chloride, is a grayish-white powder, 
soluble in water. Similarly, the sulphonated products of mineral oil fractions 
when condensed with alcohols have yielded wetting-out agents or emulsifiers/'^ 


Resins From Reduction and Oxidation of Aromatic Hydrocarbons 


Reduction. Although experiments under this heading would hardly be ex¬ 
pected to lead to any resinous jirodiicts, the explanation of such resin formation 
may be that the partially hydrogenated intermediate compounds polymerize more 
rapidly than they absorb h\'drogen. 

Naphthalene and anthracene, when hydrogenated under 190-250 atmospheres 
pressure at 350-490°C., yielded tetrah 3 'dro derivatives, liquids resembling benzene 
and high-boiling, pitchy decomiiosition products/* Aluminum chloride as a catalyst 
increased the yield of liquid, but not of pitchy products. Schroeter, Muller and 
Huang*"" found that although pure phenanthrene hydrogenates smoothly to di-, 
tetra- and octahydro derivatives, technical phenanthrene is converted by sodium 
and amyl alcohol mto di- and tetrahydro compounds and a considerable portion 
of resinous material. Maihle*"" observed that during the reduction of benzene and 
its methyl homologues to methane at 270-280°C. in the presence of nickel, a resin 
soluble in acetone was deposited on the catalyst. Ipatiev, Orlov and Dolgov*’ have 
done considerable work on the hjalrogonation and dissociation of aromatic hydro¬ 
carbons under pressure, and have obtained, m manj^ cases, resinous substances 
as by-products. 

Oxidation. In experiments by Ono,*® naphthalene was oxidized electrolytically 
to a-naphthaquinone with the formation of small quantities of phthalic acid and 
some dark-brown resinous matter. The electrolysis was carried out in acid solu¬ 
tion using lead peroxide and platinum as the positive pole. The resinous matter 
contained phenolic hydroxyl groups. 

Fichter and Herszbein*® found that electrolytic oxidation of a-methylnaphtha¬ 
lene in sulphuric acid solution produced a resin (yield 37%). In corresponding 
experiments Fichter and Meyer"” obtained resinous material by the electrochemical 
oxidation of m-xylene emulsified with sulphuric acid, and of cymene in sulphuric 
acid-acetone solution. 

Austin and Black observed that the Tesla discharge converted benzene vapor 
into biphenyl, and toluene into bibenzyl.®* In addition, in each case resinous prod¬ 
ucts similar to shellac were formed. The resin had a deep reddish brown color 
and was apparently formed by condensed molecules of a phenolic type, the neces¬ 
sary oxygen having been derived from water molecules, since the hydrocarbons 
were not absolutely dry. This work was a continuation of earlier work by Aus- 


1932 !*fe, ^403*' b833,245, Nov. 24, 1931, to Soc. anon, pour Tincl. chim. a Bale; Chem. Abs., 

274,611, 1926, to British Dyest. Corp., Ltd.; Bnt. Chem. 
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tin“ and by Harkins and Gans“ on the behavior of hydrocarbon vapors in the 
electrodeless discharge. In these experiments resinous deposits were formed but 
they contained no oxygen. [Formula (CH)„] Similarly, benzene in the brush 
discharge yielded a resinous product (C 6 H 4 )n, m experiments by Davis.®* 

Fowler and Mardles“ found that an electric spark passing between carbon elec¬ 
trodes below the surface of liquid benzene decomposed the latter with the formation 
of a thick yellow liquid. 

The action of canal rays on hydrocarbon vapors was studied by Kohlschiitter 
and Frumkin.” With a cathode fall of 200-400 volts, all the hydrocarbons used 
(benzene, naphthalene, anthracene, biphenyl, phenanthrene) formed a deposit of 
decomposition products on the cathode. Subsequent heating of this deposit fn 
vacuo at 5(X)°C. caused the formation of a sublimate of tar. Becker®" found that 
decalin (CioHia) and tetralin (CioHw) both yielded drying resins when subjected 
to an electrical discharge in a Siemens ozone tube. 

Studying the stability of hydrocarbons in an acetic acid solution of hydrogen 
peroxide, Charrier and Moggi“ noted that benzene reacted slowly, though prolonged 
action under reflux yielded carbon dioxide and a yellow resin. Naphthalene re¬ 
acted much more quickly, producing phthalic acid and a resin. Phenanthrene gave 
the quinone and then diphenic acid and a resinous material. Gelissen and Her¬ 
mans®® in their studies of the action of dibenzoyl peroxide on benzene and toluene 
obtained considerable resinous material. The resin from benzene contained carbon 
(80%), hydrogen (6%) and oxygen (14%), In the case of toluene the addition 
of aluminum chloride or ferric chloride to the reaction mixture increased the speed 
of the reaction and decreased the yield of resinous matter. These workers dis¬ 
agreed with the explanations made by Lippmann®® who performed some of the 
primary work on this reaction. Berthelot" found that the oxidizing action of sun¬ 
light was sufficient to convert benzene into a resinous jiroduct. 

In attempts to oxidize crude anthracene to anthraquinone it was discovered that 
phenanthrene, dissolved in nitrobenzene, yielded resinous products when oxidized 
with oxides of nitrogen.®® Melaniid” noted that the oxidation of anthracene oil 
(b.j). 300-350°C.) when effected with a mixture of sulphuric acid and potassium bi¬ 
chromate or permanganate at —20 to —15*^0. using a solvent such as benzene gave a 
resin, and an oil which could be used in electric transformers. Rubrene (C 42 H 28 ), 
when treated with chromic o,xide oxidized to a resin, in experiments performed by 
Dufraisse and Enderlin.®* 

Experiments on the oxidation of methylbenzenes such as toluene, m-xylene, 
mesitylene, durene and cymene were carried out by Stephens®® by bubbling dry 
oxygen through the dry, purified hydrocarbons in dim, diffused light at about 
100°C. In every case an aldehyde and the corresponding acid were formed, and in 
addition a considerable quantity of a reddish brown resin. 

MJ. B. Austin, J.A.CS., 1930, 52, 3026 

“ W. D. Harkins and D. M. Gans, /.A.C.S., 1930, 52, 2578. 
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Abs , 1928, 22, 3888. 
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Vollman" observed that tetrahydronaphthalene on exposure to the air becomes 
yellow and to a certain degree resinifies like terpentine. Wittig and Leo*^^ in 
studies on hexasubstituted ethanes noted that p,p'-bis(diphenylmethyl) diphenyl- 
methane and the corresponding substituted ethane both formed resins when oxi¬ 
dized by contact with the air. The fulvene of i3-ionone is a viscous, orange-colored 
hydrocarbon of the formula C, 8 H 24 . On exjiosure to the air the compound ab¬ 
sorbs oxygen and forms a resinous mass.’" 


Resins From Reduction and Oxidation of Phenols 


Reduction. In experiments on the pyrogenous dissociation of aromatic com¬ 
pounds under pressure of hydrogen and m presence of catalysts Ipatiev and 
Orlov*" observed that after four hours heating at 500-550°C. under 60 atmos¬ 
pheres of hydrogen, diphenyl ether yielded a little benzene, 3 per cent phenol, 
and about 30 per cent of a non-volatile, viscous, black resin, the remainder being 
unchanged material. In the presence of alumina at 480°C., the reaction yielded 
15 per cent benzene, 9 per cent phenol, but no resin. When heated under the 
same conditions but with a mixture of aluminum and cupric oxides, neither phenol 
nor o-cresol gave any resin. Some 20 per cent of the phenol employed was re¬ 
duced to benzene. Catechol, however, yielded 75 per cent phenol, 10 per cent 
benzene and 15 per cent of a brittle brown resin. Working with Dolgov, Ipatiev*^® 
isolated several crystalline compounds and a considerable amount of resin from 
the reduction of /3, /3-dihydroxydinaphthylmethane under 100 atmospheres of hydro¬ 
gen in the presence of nickel at 250°C. 

Oxidation. The rapid discoloration by air of alkaline solutions of phenols 
is a commonplace observation, and the well-known estimation of oxygen in gas 
analysis is based on the extreme rapidity with which pyrogallol absorbs oxygen 
under such conditions. Photograph development is based on a similar property 
of hydroquinone. FischeF‘ and co-workers, in particular, have made a study of 
these reactions and found that the products formed could be readily obtained as 
resins Uvseful for a variety of purposes, such as ingredients in paint and varnish 
preparations. For instance, dissolving phenol in concentrated aqueous ammonia 
solution and treating with air, using copper as a catalyst, a black solution was 
obtained which dried to a viscous syrup and finally to a varnish-like product. 

Pummerer” oxidized phenol or its homologues in alkaline solution with potas¬ 
sium ferncyanide, or m acetic acid solution with lead dioxide, or with ferric 
chloride. The brown, resinous products so obtained were further polymerized by 
treatment with alkalies, acids, or heat. Reduction or acylation of these products 
improved their color and rendered them insoluble in alkali. 

By bubbling moist air tlirough cresols or xylenols for about 10 hours at 150- 
170 C. in the presence of traces of manganese dioxide or ferric chloride, resinous 
substances have been obtained.” Unchanged material is removed by steam distil¬ 
lation. Both the duration of the heating and the reaction temperature affect the 
quality of the resulting products, which are usually dark brown to black masses, 
ranging in consistency from soft to hard brittle resins. The softer products are 
converted into highly lustrous, hard and brittle resins on further heating. The 
resins are soluble in dilute caustic soda solution but are not soluble in sodium 
carbonate. They are soluble in some organic solvents, e.g., ether, alcohol, acetone 
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and benzene but are insoluble in cold turpentine. The softer resins are readily 
soluble in fatty oils but the hard resins go into solution very slowly. The resini- 
fication is thought to be brought about by oxidation of the alkyl groups of the 
phenols and subsequent polymerization of the resulting intermediate reaction 
products, this second reaction occurring either among the intermediate products 
themselves or with unchanged phenols. 

Bunge^* prepared resins by oxidizing phenols in primary monohydnc alcohols 
using as catalysts iialladium, iilatinum or the salts of vanadium. As an example, 
phenol in methyl alcohol is heated under 20 atmospheres of oxygen in an autoclave 
using an alkaline solution of a vanadium salt as catalyst. 

Magidson and fellow-workers^'^ obtained resinous material when oxidizing phenol 
with sodium peroxide in sulphuric acid solution in an attempt to produce pyro- 
catechol and hydroquinone. The u.se of hydrogen peroxide to oxidize anisole to 
guaiacol caused the formation of much resinous material, formed apparently from 
the condensation of the guaiacol under the influence of the oxidizing agent. 

Voss^** found that certain oily condensation products could be converted into 
resins by oxidation. Passing air or oxygen at temperatures of 160-190°C. into the 
condensation products of phenol and benzyl chloride, naphthalene and benzene 
chloride, and tricresol and xylyl chloride, he obtained brown resins, suggested tor 
lakes, insulators and varnishes. 

Cresol is used as an absorption liquid for solvent recovery in the Bregeat 
system.” Its prolonged use however results in the contamination of the cresol 
with considerable amounts of resin, thereby lowering the efficiency of the cresol.” 
It was found that this resinification was caused by the presence of volatile acids, 
industrial dust and various peroxides. It was observed by Triebs” that the resini¬ 
fication of phenols by air-oxidation is catalyzed by the presence of iron, lead, bis¬ 
muth, cobalt, nickel, copper or aluminum. He also noted that cresol resin so 
obtained contains less oxygen than the original cresol, because of the formation of 
water in the oxidation. 

Goldschmidt, Schulz and Bernard'" obtained a brown resin (30% yield) by 
oxidizing o-cresol with lead dioxide in a mixture of moist ether and acetic acid at 
-“10°C. Analysis and molecular weight determinations indicated the formula 
C2iHi80a(0H), The presence of the hydroxyl group was shown by the solu¬ 
bility of the resin in caustic soda and by methylation with dimethylsulphate. In 
an attempt to synthesize a perhydrobenzophenanthrene, Schrauth and Gorig*^ ob¬ 
tained a resin as the result of oxidizing with phosphorus pentoxide a mixture of 
phenol and o-cyclohexyl-cyclohexanol. The resin was dark brown in color and 
solidified to a glassy, transparent mass. When applied to wood, it formed a lac- 
like coating. 


Electrolytic Oxidation 


Bart oh and Papasogli®* on electrolyzing solutions of phenol in potassium and 
sodium hydroxides with coke, graphite and platinum electrodes, obtained an acid 

«F. C. Bungp, German P. 582.728, 1933; Chem Abs.. 1934 , 28. 918. 
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having the composition C 7 H 6 O 4 (m.p. 93 °C.). With retopt coke as the positive 
electrode an extensive decomposition of phenol occurred and a resin was formed. 
Electrolysis of an emulsion of symmetrical-m-xjdenol m 2A7^-sulphuric acid, and also 
in acetone yielded m~xyloquinone and a resin. The latter was obtained in larger 
5 deld when an o-xylene solution of the xylenol was treated sirnilarly.^ In a high 
vacuum this resin yielded a fraction corresiionding m composition to a dixylenol 
(CigHwOg). Electrochemical oxidation of thymol also yielded some resin 


Oxidation Under Pressure 

A more extensive investigation of oxidation of phenols to resins was made by 
Fischer and Schrader,“ by using air under 45 atmospheres pressure. They were 
seeking to obtain substances similar to phenol-aldehyde resins from the phenols 
of low temperature tar without the addition of formaldehyde. The bodies ob¬ 
tained consisted partly of insoluble condensation material and partly of degradation 
product. Under some conditions fairly clear resinous substances were obtained, 
the color being dependent on the temperature and concentration of the mixture. 
Phenol at 100°C, in a 2 . 5 A-caustic soda solution yielded a considerable quantity 
of brown resinous material, though less at 150-200°C. The three isomeric cresols, 
oxidized in caustic soda solution, yielded coloring matters and degradation prod¬ 
ucts but little resinous matter. The former were apparently fuchsine derivatives 
resulting from the condensation of cresol with aldehydes. In A-sulphuric acid 
above 150°C. cresol was extensively oxidized, yielding solid substances. At 150°C. 
the products were a hard lustrous orange-colored resin, soluble in benzene and 
alcohol, a brown substance insoluble m benzene, and small quantities of coloring 
matter. 

Fischer®* obtained yellow resinous material or asi)halt-likc substances by heat¬ 
ing one molecular proportion of a phenol dissolved in an excess of 2.5A-caustic soda 
solution at about 200 °C. and under 40 atmospheres pressure of either oxygen or 
air. Dilute sulphuric acid may be used instead of the alkali. 


Pressure Treatment op Coal-Tar Phenols 


Fischer, Gliiud and Breuer®’ heated low-temperature tar, its fractions boiling 
below and above 300°C., and the phenols and neutral oils of these fractions sepa¬ 
rately under pressure in contact with steel wool in an autoclave at 320°C. for two 
successive periods of three days each. After this treatment, the tar itself and 
the hydrocarbons had a higher viscosity and density and a higher setting point 
than before. The phenols thickened more rapidly and to a greater extent than the 
hydro(;arbons, giving pitch or asphalt-like products.®® 

Low-temperature tar and also the fraction distilling below 270° C. were sub¬ 
jected by Fischer and Ehrhardt®* to pressure oxidation in a continuous stream of 
air at 150°C. and 40 atmospheres pressures. The product was a black, lustrous, 
])itchy substance partly soluble in benzene. Tu determine whether the hydro¬ 
carbons, as well as the phenols, were oxidized, the hydrocarbons were treated 
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tendency <>« Iht phenoN to condense under prewnire increases with molecular weight. 

Fischer and U PJirhardt, Ges. Abhandl. Kunnt. Kohle., 1919, 4, 280; Chem. Abs., 1921, IS, 2713. 
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separately. This treatment produced a clear, limpid oil and also a reddish yellow 
oil which deposited solids when cooled, and when exposed to the air, dried like 
varnish. Thus it was indicated that the hydrocarbons were attacked but to a 
lesser extent than the phenols. In an oxidation carried out at 100°C. the hydro¬ 
carbons of a 270°C. fraction were scarcely attacked, whereas the phenols were 
extensively changed to resins and acids. It was suggested that the oxidation 
products of low-temperature tar can be used m paints and varnishes. 

In these experiments lead oxide was found to have no catalytic effect on the 
oxidation, though some light was shed on the behavior of lead jihenolate paints. 
In other studies on lead phenolates, Fischer and Ehrhardt found that crude tar 
oils could be oxidized with lead oxide. The oxidation products, when distilled 
with potassium permanganate or nitric acid, gave varnish-like materials.*^ 

Resinous black printing colors were obtained when tar oils or tars were oxidized 
with oxygen under pressure using catalysts such as aluminum, iron, vanadium oxide, 
ferric chloride or sulphur chloride.®^ Karpati““ obtained solid condensation products 
possessing good electric insulating properties when he oxidized under pressure 
tar distillates (boiling up to 230°C.) containing a high proportion of creosote. 

Basic Lead Phenolates 

A curious type of resin obtained by the action of litharge on phenols has been 
extensively investigated by Fischer and Ehrhardt.®* Lead oxide dissolves readily 
in phenol with a strong evolution of heat, and, on cooling a gelatinous mass re¬ 
sults. In water a basic lead phenolate separates, which when heated above 100°C. 
IS transformed into a viscous product that may be drawn into threads and on cooling 
yields a glassy mass. These investigators attempted to utilize the product for 
varnishes and paints. Its films are brittle, and on protracted exposure show indica¬ 
tions of formation of lead oxide.at the surface. The resin prepared from phenol 
itself when applied as a coating to a surface will crystallize m the course of a few 
days and become worthless. Lead oxide likewise combines with cresol, parahydroxy- 
biphenyl and the naphthols. The higher the molecular weight the less is the tend¬ 
ency to crystallize, and quite durable coatings were obtained from lead oxide and 
a-naphthol. Phenols from the crude phenol-rich fraction (middle oil) of low tem¬ 
perature tar or coke oven tar yield products which have been found useful for 
protecting ironwork from rusting. 

In preparing this lead compound, lead oxide is added to the phenol at about 120°C., 
in quantity only sufficient to give the basic compound, and the additions are made in 
small portions with stirring, since the resinous compound is decomposed by over¬ 
heating. The product may then be thinned with benzene or solvent naphtha, or the 
diluent (of sufficiently high boiling point) may be present during the reaction. 

Ordinary phenol (4.7 parts) and lead oxide (10.8 parts) in benzene (20 parts) 
yielded a solution which gave a glassy coating on drying, but in two days was 
cloudy, becoming crystalline and powdering readily. A cresol mixture known as 
liquid carbolic acid (5 parts) with lead oxide (10.8 parts) in benzene (20 parts) yielded 
a coating which became crystalline in the course of a few davs. p-Hydroxybiphenyl 
(8.6 parts) and lead oxide (10.8 parts) gave a good coating which was unchanged for 
months. a-Naphthol (7.2 parts) and lead oxide (10.8 parts) yielded a varnish which 
was slightly greenish in color after dryingi. The coating ^owed no tendency to 
crystallize and appeared quite resistant to weathering influences. /S-Naphthol gave a 
softer product but did not darken. Phenolphthalein was unaffected by lead oxide. 

Phenols from low temperature tar (b.p. 200-270°C., 200 cc.) mixed with lead 
oxide, (126 grams) and heated to 120°C., reacted violently causing the temperature 

®®F. Fischer and U. Ehrhardt, Oes. Abhandl. Kennt. Kohle, 1919, 4, 264; Chein, Abs,, 1921, 15, 3559. 

German P. 364,830, t920, and its addition 367,495, 1920, to Riitgerswerke A.-G.; J.S.CJ., 1923, 
42, 614A, 7dlA. 

**E. KdrpAti, Chetn. Runda. MitteUuropa u. Balkan, 1026, 3, 3; Chem. Abs,, 1026, 20, 3227. 

•*F. Fischer and U. Ehrhardt, Oe«. Abhandl. Kennt. Kohh. 1010, 4, 257,264; 1021, 40, 398A. 
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to rise to 140°C. The mixture was finally heated to 155°C. and subsequently thinned 
w’ith 150 cc. of benzene. A rather durable v^arnish was obtained. Phenols boiling 
between 200-250®C. similarly treated with lead oxide gave a dull varnish which did 
not ciystallize. 


Treatment of Certain Tars 

By extracting Russian peat with a benzene-alcohol mixture, up to 24 per cent 
of bitumen can be obtained.®^ This bitumen when treated with solvents is divided 
into two fractions, yellow or brown cry.stallme waxes soluble m light petroleum 
and black resins soluble in benzene. Polymerization ol the resins takes place 
when the bitumen is heated to 180°C , yielding substances insoluble in organic 
solvents. 

To improve the quality of tars by making them more plastic and increasing the 
speed of drying, the tars are treated with aldehydes and oxidizing gases using 
ammonia as catalyst. A similar re.sult is obtained by incoriioratmg with the 
tars a synthetic resin having an aldehydic base.®'"’ 

When an intermediate distillate from gilsomte is purified with sulphuric acid 
and then sulphonated with fuming sulphuric acid a semi-drying viscous oil is 
obtained, after washing out excess acid. Mixing the oily jiroduct with linseed 
oil causes it to dry homogeneously rather than with the formation of a surface 
film.®® 

By treating coal-tar pitch (1000 parts) preferably containing montan wax (2 
parts) with steam and hydrogen under 3-8 atmospheres pressure in presence of 
ferric oxide (S parts) and chloride (5 parts), Rahmann®’ secured a heavy anthra¬ 
cene oil (80 parts) at 240-300®C., and both a yellowish wax and a reddish resin 
(together 370 parts) at 300-360®C. The resin and wax may be used as obtained, or 
may be mixed with 3 to 20 per cent of montan wax, paraffin or ceresin, and u>ed 
in the manufacture of dyes, varnishes and impregnating materials. 

By allowing petroleum asphalt to interact in an inert solvent with sulphuric acid 
or aluminum chloride, Lechler*® obtained a product with greater stability and higher 
softening point than the original asphalt. This material was suggested for the 
manufacture of paints or emulsions. Tar oils, tars and pitches containing crude 
phenols, were used by d’Antal®® to form resins by mixing them with vegetable oils 
or bituminous substances and heating with sulphuric acid. The resinous ma>ses 
obtained in this way when mixed with fillers are said to be useful for molding article.'^ 
or for structural material. 

Fischer, Horn, and Kiister have used lignite directly for moldings by mixing 
with phenols.^®® Lignite or ligmtic brown coal, pulverized and vacuum dried, i> 
kneaded at 80®C. with 12 per cent of its weight of cresol in a volatile solvent. 
Swelling occurs and when this has ceiised the solvent is removed by vacuum distilla¬ 
tion. The resulting material when pressed at about 150®C., under 4000 lbs. jier 
square inch is named ‘‘Kolinit.” It is stated to be a better electrical insulator than 
ordinary phenol-aldehyde resin and only slightly inferior to it in mechanical strength, 
and the cost of raw materials is about 10 per cent of the cost for phenol-aldehyde 
resin. In place of phenols the substitution of organic bases (eg., aniline, iiyridine, 

•*G. Staclnikov and N. Titov, Brennstoff-Chem., 1928, 9, 325, 357; Brit. Clietn Abu. B, 1928, 882. 

1029, 42. 

w French P. 760,710. 1934, to Bozol-Mal^ra fSoc ind. de prod, cliiin.); Clicm. Abs , 1934, 28, 4213 
™ Hujden, and O. R Douthett. U S. P 1,459,328, .Imie 19, 1923; Chnn. Abs , 

1923, 17, 2956. 

b853.699, April 12, 1932; Chem Abs., 1932 , 26, 3371 British P 325,810. 
1928; Bnt. Chem. Abs. B. 1930, 450. 

•®P. Lechler. Bnti.sh P. 382.842, 1932; Bnt. Chem. Abs B, 1933. 52. 

••L. d'Antal, British P. 391,364, 1933; Chem. Abs., 1933, 27, 4944. 

O. Horn, and H. Kuster, Brenn*t-Chem., 1932, 13, 468; 1934, IS, 327; Chem. Ah.s , 
1933, 27. 2014 ; 1934, 28, 7437. 
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quinoline) gave favorable results. The plasticity and strength of the material 
was found to be improved by the addition of small amounts of rubber. The 
plastic is stable, odorless, and non-melting; it is readily machined and can be 
used for making buttons and plates. 

The neutral oils of low-temperature lignite tar, extracted with methyl alcohol, 
and treated with mercuric acetate at 100°C., yielded mercurous acetate, mercury 
and resins in experiments performed by Benthm and Ruhemann.'^^^ 

Stuer and Grob'®® have studied the results of passing mixtures of acetylene with 
various gases such as ammonia, hydrogen sulphide and steam over catalysts. They 
found that at 350°C. steam and acetylene when passed over bog iron ore yielded a 
mixture of aldehydes, ketones, alcohols, phenols, and tar and resinous materials. 
From this mixture a good resin solvent could be obtained by fractional distillation. 

By heating tar oil hydrocarbons (b.p. above 140°C ) containing 0 5 to 10 per 
cent of aluminum chloride with acetylene gas, Lilienfeld^®* obtained viscous oils 
whicli when purified by vacuum distillation were reported to be suitable for lubri- 
(*ation or therapeutic purposes. By incorporating them with cellulose ethers and 
modifying the ])roducts by the addition of camphor, cellulose esters, oils or fillers, 
he obtained substances available for the manufacture of films, filaments, varnishes, 
insulators, adhesives, and artificial leather. 

Jena^®^ extracted a varnish resin from bituminous coal by using as solvents 
either methyl or ethyl alcohol or acetone. A fraction (b.p. 180-230°C.) of low- 
temperature bituminous coal-tar has been suggested by Ehrmann'®^ as a source of 
raw material for resin and lacquer manufacture. 

By extracting lignite with acetone, or other ketones, containing hydrochloric 
acid, staining solutions for wood are obtained. If cellulose acetate is added the solu¬ 
tions are said to be useful for paints or lacquers.^®® 

An acid resin from coal-tar was used by SchuchardF®^ as a binder in briquettes. 
Liquid components were first removed from the resin by squeezing it between hot 
rollers and the resin was then mixed with coal dust and tar residues. Another 
briquette binder is made by benzene extraction of the residues from the pressure 
hydrogenation of coal.’®® 

Sperr’®® has converted coal-tar pitch (m p, 40°C or over) into a paint by melt¬ 
ing It and mixing it with solvent naphtha at 100-200®C, so that a colloidal solu¬ 
tion is formed. The paint is said to be useful for coating iron and steel to pre¬ 
vent corrosion. In studies on tar acids in coal tars, Cheng and Morgan^’® found that 
the resins present in these tar acids could be extracted by treatment with caustic 
soda and subsequent precipitation with benzene. 

Four types of resins have been isolated from the tars of wood, peat, lignite and 
bituminous coal:—neutral resinenes, basic re.sinamines, phenolic resinols and resinoic 
acids 

The resinenes are presumably amorphous mixtures of hydrocarbons. On oxi¬ 
dation with permanganate the resinenes yielded various benzenecarboxylic acids, 

1*^0. Rentlim and S. Ruhemann, Braimkohle, 1925, 23, 765; Chem. Ahs., 1925, 19, 3156. 

iwB. C. Stuer and W. Grob, U. S. P. 1,421,743. July 4, 1922; Chrm. Ahtt., 1922, 16, 3093. 

Lilienfeld, British P. 149,317, 1920; J S.C.I., 1921, 40. 840A. British P. 149,319, 1920; Chem. 
Aba , 1921, 15. 419. 

Jona. Geiman P. 386,708, 1921; J.S.C L, 1924, 43, 641B 

Ehrmann. Brennat.-Chem., 1929, 10. 405; Chem. Aba., 1930, 24. 5136. 

Ehivnhenj. H. Wiederhold, C. Krug. M. G. Holsboer and K. Fisrher. Geiman P. 422,739. 
1921, to Studienges. f. Ausbau der Ind.; Brit. Chem. Aha. B, 1926, 414. See also O Kiebs, Ttcr n 
Bitumen, 1929 27. 273; Chem. Aba., 1929, 23, 5030 

Schuchaidt, German P. 376,730, 1921, to Ges. fUr Teervcw. m. b. H ; J S.C.I., 1923, 42. 968A. 

German P. 568,758, 1930, to Ges. ftlr Kohlentechnik; Chem Aba., 1933, 27, 2774. 

W. Sperr, Jr., U. S. P. 1,275,778, Aug. 13. 1918; Chem. Aba, 1918, 12. 2137. 

iwy. C Cheng and J. J. Morgan, Gaa Age Record, 1927, 59. 737, 748, 779, 815, 851; Chem. Aba, 
1927, 21. 3264 

’"G. T. Morgan, J.S.C.I., 1928, 47, 131T; 1932 , 51, 67T. 
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^g., meUitic, C«(COOH)e, mellophanic l,2,3,5“C«Ha(COOH)4 and phthalic acid. 
The resinanmes are amorphous solids insoluble in ether but soluble in alcohol and 
m dilute mineral acids. They consist of various nitrogen-containing substances. 
The resinpls are amorphous solids of a phenolic nature (m.p. 1(X)-160°C.) amount¬ 
ing to about 3 per cent of the weight of the original tar. The resinoic acids are of a 
stronger acid nature than the resinols and are soluble in aqueous sodium bicar¬ 
bonate. In general the resins of low-temperature coal-tar are pale yellow to brown 
amorphous powders. They are of high molecular weight and are soluble in many 
organic solvents. Evaporation of such solutions leaves the resins behind as hard, 
tra^parent films. The resins furnish wood stains of even tone without raising the 
grain of the wood.”* 

Morgan*"* and others recovered resins from low temperature coal-tar by first 
extracting the tar with a solvent such as ether or benzene and then precipitating the 
resin with petroleum ether or by evaporation of the solvent. These resins were used 
in lacquers and molded articles. 




Chapter 13 

Phenol-Aldehyde Resins 
1 . Historical 

Condensation of phenols with aldehydes yields a large number of products of 
various properties. Some are crystalline, others are amorphous or resinous. This 
discussion concerns the resinous bodies only and includes a historical sketch of some 
of the early investigations of these resins, and of the development work which 
resulted in making phenol-aldehyde resinous products Commercially successful. 

Salicylic Acid. An insoluble resinous body was obtained by Gerhardt' as 
early as 1853 by dehydrating sodium salicylate with phosphorus oxychloride. The 
course of the reaction is indicated as follows: 

2(C7H603) -CuHioOs -p H 2 O 

Gerhardt observed that the resin was affected by aqueous caustic potash. Schroder, 
Prinzhorn and Kraut,* in 1869, found that the dehydration of sodium salicylate with 
phosphorus oxychloride produced a resin which was insoluble in water, alcohol and 
ether and which when treated with caustic potash could be hydrolyzed to yield 
salicylic acid.® Velden^ showed that salicylic acid in the presence of sodium amalgam 
and acid forms hydroxybenzyl alcohol by reduction and then by dehydration be¬ 
comes a saliretin body. Baekeland® also has shown that resinification of this char¬ 
acter occurs when salicylic acid is reduced at the cathode by electrolysis. 

By condensing salicylic acid with gallic acid Doebner® obtained a white amor¬ 
phous powder which was recommended as an antiseptic. An antiseptic which 
readily gives off formaldehyde and ammonia was also produced by Speyer"^ from 
naphthol or polyphenols like resorcinol or pyrogallol and an excess of ammonia 
and of formaldehyde. This gave an insoluble powder. 

Baeyer’s Work. Any discussion of the resinous condensation products of 
aldehydes and fihenols, lacking reference to the work of Baeyer in 1872 would be 
incomplete. At this early date Baeyer* announced that the reaction between 
phenols and aldehydes is a general one. He noticed that oil of bitter almonds 
(benzaldehyde) united with pyrogallic acid on heating in a manner resembling 
that of phthalic acid. A colorless resinous substance associated with a red 
oxidation product was obtained. The colorless resin was formed immediately 
in the cold when pyrogallic acid in hydrochloric acid was mixed and well agitated 
with oil of bitter almonds and hydrochloric acid. Resorcinol and oil of bitter al- 

» C. F. Gerhardt, Ann., 1853, 87, 159. 

• Schroder, Prinshorn and K. Kraut, Ann., 1869, 150, 1. 

• An octa- or nona-sahcylosahcylic acid niav be* formeil. The probable linking of the chain is 
according to the formula HO^QjHjCOO—(C<jH,COO)—C^H^COOH ^e F. Beilstein «n<l F. Soelhemi. 
Ann., 1861, 117, fft. Also L. V. Redman, A. J. Weith and F P. Brock, Ind. Eng Chem , 1914. 6, 3. 
E. Drabble and M. Nierenstein, Btochem. J., 1907. 2, 96, Chem. A6«., 1907, 1, 1146, noted similarities 
between resin-like constituents of cork, and salicylic acid condensation nroducts 

*R. V. d. Velden, J. prakt, Chem., 1877, (2) 15. 164; Jahrettber., 1877, 5, 337. 
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monds react in like manner when concentrated sulphuric acid is added gradually 
to a mixture of them. Thickening occurs and after purification a red resin is 
obtained. The resin dissolves in concentrated sulphuric acid, forming a water- 
soluble substance. 

When acetaldehyde was added to a mixture of concentrated sulphuric acid 
and phenol, Baeyer found the mixture to thicken and on the addition of water 
to yield a white sticky substance. This was soluble in caustic potash affording a 
violet-colored solution. Aldehyde-ammonia dissolved in hydrochloric acid and 
mixed with pyrogallic acid in concentrated hydrochloric acid yielded a soft white 
precipitate, easily soluble m hot water. By heating the aldehyde with pyrogallic 
and hydrochloric acids a red substance was obtained. Chloral acted similarly to 
acetaldehyde. 

Michael and Comey* found that equal parts of acetaldehyde and resorcinol 
dissolved in 3 parts of alcohol and slightly acidified with hydrochloric acid solidified 
on heating at 100®C. to a gelatinous mass, insoluble in the usual solvents. 

Benzaldehyde and Phenols. The reaction between benzaldehydc and 
phenols was studied by Michael^ and found to result in various resinous bodies. 
Phenol and benzaldehyde in alcoholic solution, in the presence of a trace of hydro¬ 
chloric acid, did not react in the cold but on heating for several hours yielded a 
resin Orcinol, resorcinol and pyrogallol react with benzaldehyde in the cold in the 
presence of hydrochloric acid with the evolution of heat. Salicylaldehyde also re¬ 
acts with phenol. Resorcinol and benzaldehyde heated in a closed tube to 200°C. 
form a resin, but heating in open vessels does not bring about a reaction. In the 
presence of acids, the union takes place far more rapidly. A trace of hydrochloric 
acid causes the formation of a white amorphous compound. Water may replace 
alcohol as a diluent. On heating to boiling the aldehyde gradually unites with the 
resorcinol and is completely converted into a resin. To obtain the resin in pure 
form, Michael treated a solution of equal parts aldehyde and resorcinol in 3 parts 
of alcohol with a minute amount of hydrochloric acid, and, after the reaction was 
complete, allowed the solution to cool and filtered it from crystalline material. 
The filtrate was poured into water and a white resinous mass precipitated which 
was extracted several times with a large quantity of cold water, redissolved in a 
small amount of alcohol and reprecipitated by pouring mto water. 

All attempts to obtain this body m a crystalline form were without success. 
The white material remained unchanged in contact with the air when it contained 
considerable water, but it darkened when the water was removed. Before drying 
at 100 C. the resin is insoluble in boiling water but melts under it to a reddivsh 
mass. It is very soluble in alcohol, benzene, ether and glacial acetic acid. On 
exposure to the air it gradually takes up oxygen and is converted into a dark 
brown substance, decomposition taking place very rapidly when the resin is 
heated. The resin dissolves readily in alkalies and the solutions become dis¬ 
colored quickly on exposure to air. The dried resin is also soluble in alkalies. It 
melts with complete decomposition at a high temperature, somewhat above 300®C. 
Michael prepared an acetyl derivative of the resin, a white amorphous substance 
somewhat less soluble in alcohol and benzene than the parent resin. The acetyl 
compound was insoluble in alkalies in the cold. Michael found the crystalline 
material formed in alcoholic solution during the preparation of the resin to be 
the result of the action of hydrochloric acid on the resin. The activity of acids 
as catalysts varies with their strength, hydrochloric and sulphuric acid being most 
active. Phosphoric acid is somewhat less vigorous and organic acids, such as 


• A. Michael and A. M. Comey, Am. Chem. J., 
w A. Michael, Am. Chem. J., 18S3-1884 , 5, 388. 
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acetic, fomiic, lactic and oxalic acids, are much less active. Alkalies also were 
found to have a catalytic effect; caustic soda, caustic potash and potassium car¬ 
bonate yielded resins of a similar character. In preparing the resins the solution 
should be kept as much as possible from the air when employing alkaline catalysts, 
as oxidation accompanied by darkening takes place. 

Trzcinski^^ treated 3 parts by weight of /8-naphthol and 1.5 parts of benzal- 
dehyde in 1.5 parts of alcohol with 1 part of concentrated sulphuric acid and ob¬ 
tained a crystalline body, but the same procedure applied to a-naphthol yielded 
only resinous products. 

Formaldehyde and Phenols. Baeyer^* found that methylene acetate reacted 
with phenol in the presence of concentrated hydrochloric acid to form a colorless 
resin. Ter Meer‘® used methylal with certain phenols and likewise obtained con¬ 
densation products of resinous character which were not further investigated. 
However by 1890 formaldehyde was a commercial preparation and at the insti¬ 
gation of Emil Fisher investigations were carried out by Kleeberg'* on its con¬ 
densation products with phenols. Kleeberg found that formaldehyde reacts ener¬ 
getically with phenol, resorcinol and pyrogalhc acid in the presence of concentrated 
hydrochloric acid to yield products which are insoluble in alkalies and are so diffi¬ 
cult to purify that their composition could not be determined. With gallic acid a 
compound of a more definite character was produced, an acid CiaHnO,o, apparently 
being the result of a union of two molecules each of gallic acid and formaldehyde 
with the elimination of water: 

2C7H6O6-f 2CH2O —^ CiflHiaOio-h 2H2O 

Kleeberg’s experiments with gallic acid consisted in treating a hot aqueous solu¬ 
tion of 20 g. of the acid with 40 cc. of commercial formaldehyde solution, concen¬ 
trated hydrochloric acid being added until the solution became turbid. On cooling 
a small amount of a brown resin and a larger quantity of a colorless amorphous 
substance separated, which was particularly investigated by Kleeberg. It was found 
to be very difficultly soluble in all common solvents but easily soluble in fixed alkalies 
and aqueous ammonia. The condensation product proved to be an acid which 
when purified was amorphous and colorless. On strong heating it carbonized 
without melting. 

Kleeberg mixed 10 g. of phenol with 20 cc. of a 40 per cent aqueous formalde¬ 
hyde solution and added concentrated hydrochloric acid with cooling. Reaction 
took place with the evolution of considerable heat and a rose-red viscous mass 
formed which solidified on cooling. The pulverized product was extracted by boil¬ 
ing with water and alkalies until the color had disappeared completely. The 
purified product was practically insoluble in all of the common solvents and in 
caustic alkali solutions. On heating, it carbonized without melting. Analysis of 
various preparations made according to the foregoing gave no concordant results 
and Kleeberg concluded that the substance was a mixture of complex condensation 
products possessing no phenol group. It is evident that here in Kleeberg's grasp 
was the principle of our present-day resinoids (see Chapters 1 and 14). 

Hosaeus'® referred to unpublished investigations carried out by Tollens, who 
heated dilute formaldehyde solutions with phenol, resorcinol, pyrogallol and phloro- 
glucinol with the addition of sulphuric or hydrochloric acid. In all cases resinous 
products separated which were either difficultly soluble or insoluble in all common 

W. Tncinski, Ber, 1884, 17. 4W ; note al.so Ber., 1883, 16, 2835. 

i< A. Baeyer, Ber,, 1872 , 5. 1094. 

w E. ter Meer, Ber., 1874, 7, 1200. 

W. Kleeberg, Ann., 1891, 263, 283. 
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solvents. Hosaeus himself treated /9-naphthol with formaldehyde solution in the 
presence of acetic acid and obtained a crystalline product. Abel“ investigated 
the reaction between formaldehyde and the naphthols and in general obtained 
crystalline substances. Menthol also yielded a crystalline body. Guaiacol when 
treated with formaldehyde and excess of guaiacol eliminated yielded a brittle 
yellowish mass soluble in alkalies. 

Litterscheid and Thimme” treated phenol and resorcinol with monochlorodi- 
methyl ether, CH«—0—CHaCl, and obtained insoluble bodies which they de¬ 
scribed as having the appearance of porcelain and which they compared with 
the products obtained by Baeyeri* from phenol, a formaldehyde derivative and 
hydrochloric acid. 

Breslauer and Pictet*® condensed phenol and aqueous formaldehyde in the 
presence of concentrated sulphuric acid, subsequently neutralizing, distilling and 
extracting the product with ether. The purified material (b.p. 197-200°C.) was 
thought by them to be methylene glycol methyl phenyl ether since the same com¬ 
pound was obtained by condensing potassium phenate and monochloro-dimethyl 
ether. 

Acids of Guaiac Resin. An interesting research was carried out by Doeb- 
ner** on the synthesis of the acids of guaiac resin (guaiacum). The three acids 

CHa 

found in this resin contain the radical CH 3 CH=C— present in tiglic alde¬ 


hyde and also the guaiacol radical 


-CeHa 




OCH3 


The three acids of the 


OH 

natural resin appeared to differ essentially with respect to the number of hydroxyl 
groups present. 

Doebner mixed 5 parts of tiglic aldehyde with 9 parts each of guaiacol and 
cresol diluted with 20 parts of glacial acetic acid, added 2 parts of concentrated 
hydrochloric acid and heated the mixture for 20 minutes on a water bath. The 
mixture was poured into about 250 parts of strong hydrochloric acid and heated for 
15 minutes longer, then poured into cold water. A brown resin separated which 
was purified by distillation with steam. This removed the excess of guaiacol and 
cresol. The resin was further purified by dissolving it in dilute caustic soda and 
precipitating with dilute acid. It was found to be soluble in alcohol. The purified 
resin was of a yellowish-brown color apparently an isomer of guaiac resin. Its 
constitution is represented by the following formula: 


I OH, 
IICC^nCHa 
CH^)— 

Ah 


By condensing tiglic aldehyde with guaiacol and pyrogallol dimethyl ether, a 
somewhat similar resin was obtained. Tiglic aldehyde and dimethylpyrogallol 
yield a resin of the composition represented by the formula CaiHaoOe. Doebner 

J. Abel, Ber., 18W. 25, 3477. 
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therefore drew the conclusion that the natural guaiac resin is a condensation prod¬ 
uct of phenols with aldehydes. 

Phenol Alcohol or Saligenin. (Ortho-Hydroxybenzyl alcohol.) As the 
phenol alcohol, saligenin, plays an important role in the formation of the resinous 
condensation products of phenol and formaldehyde a discussion of the chemistry 
of this compound finds appropriate place here. Saligenin represents the simplest 
condensation product of phenol and formaldehyde.^ Being a crystalline substance 
It has been prepared in a pure state. Its melting point is 82®C. Manasse in making 
it used as condensing agents various inorganic basic substances, namely caustic 
soda and caustic potash, potassium and sodium carbonate, quicklime, zinc and lead 
oxides, also zinc dust, sodium acetate and* potassihm cyanide. Lederer^ used 
milk of lime or baryta water. 

The phenol alcohol is conveniently made by dissolving phenol in somewhat 
more than an equivalent amount of dilute caustic soda solution. An equivalent 
amount of formaldehyde (40 per cent aqueous solution) is added and the mixture 
is allowed to stand until the odor of formaldehyde has disappeared. Then the 
solution is neutralized with acetic acid and extracted with ether to remove the 
phenol alcohols and the uncombined phenol. The latter may be removed by dis¬ 
tillation with steam. Both the o- and p-hydroxybenzyl alcohols form. Manasse” 
suggested that these alcohols may be formed in one of two ways: the formaldehyde 
m alkaline solution may act as methylene glycol, CHa(OH)8, according to the fol¬ 
lowing reaction: 



sahgemn or o-hydroxybenzyl alcohol 

or, a simple aldol transformation may take place through formation of the alcohol 
group by the transfer of one hydrogen atotn of the phenol. 

The separation of the two hydroxybenzyl alcohols was carried out by Manasse 
as follows: the ether extract of the crude product is dried by sodium carbonate 
and the solution evaporated to dryness. A yellowish oil is obtained which crystal¬ 
lizes after standing for a few days. The crystalline mass is treated with benzene 
at 50°C., which extracts o-hydroxybenzyl alcohol. From this solution the alcohol 
can be readily crystallized. Auwers and Daecke” observed that p-hydroxybenzyl 
alcohol which has not been well purified may become resinous on standing. 

Similar hydjoxy alcohols are formed from certain other phenols: thymol, for 
example, giving a crystalline product which on being warmed in the presence 
of mineral acids resinifies. By treating the alcohol with concentrated sulphuric acid 
and diluting with water a resin is precipitated. 

Saliretin. Piria prepared this resin by the action of dilute acids on saligenin.” 
Saliretin may be prepared by warming 1 part of the glucoside, salicin CeHuO^ — O— 
CeH*—CHaOH, with 10 parts of hydrochloric acid (sp.gr. 1.25) to 80°C., pre¬ 
cipitating with water, dissolving the precipitate in moderately dilute alcohol and 

Lede»r, /. prakt. Chem., 1894, 50. 224. O. Manasse, Ber., 1804, 27, 2408; U. S. P. 526.786, 

Oct. 2, 1804; Oerman P. 85,588, 1894, to F. Buyer d Co.; Chem. Zentr., 1896, 1, IIJW. 

M L. Lederer, U. S. P. 563,975, July 14, 1896. See 1895, 14. 297. 

»0. Manasse, Ber. 1894 , 27, 2406; U. 8. P. 526,786, Oct. 2, 1804. 

w Auwers and S. Daecke, Ber., 1900, 33, 3378. 

33 R. Piria, Ann., 1845, 56. 87. ^ also ibtd., 1843, 48. 75; 1852. 81. 245: 1855. 96. 357. 
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precipitating the solute with brine.** Saliretin is a yellowish powder soluble in 
alcohol and alkalies. Moitessier^’ pointed out that saligenin on losing 1 molecule 
of water by dehydration passes over into a saliretin resin. The saliretin obtained 
from saligenin by Gerhardwith sulphuric acid corresponds to the formula, 
CJHwO#; that is, it may be looked upon as derived from 4 molecules of saligenin 
by the loss of 3 molecules of water. By heating saligenin with acetic anhydride 
or with ethyl iodide Beilstem and Seelheim” obtained a saliretin of the composition, 
CmHsoOo, the result of withdrawal of 7 molecules of water fropi 8 molecules of 
saligenin. 

Baekeland" noted that saligenin or hydroxybenzyl alcohol is very easily de¬ 
hydrated and that the removal of water brings about the formation of a resinous 
substance. The dehydration can occur by the mere application of heat and is 
much hastened by strong acids and certain other chemical agents. Hence to pre¬ 
pare hydroxybenzyl alcohol successfully low temperatures and general careful 
treatment are essential. The hydroxybenzyl alcohol produced in alkaline solution 
by the method of Manasse is best isolated by exact neutralization with weak acids 
and extraction with solvents which separate it from uncombined phenol. Unless 
such precautions are observed the reaction may get beyond control and resinous 
bodies may be produced in large proportion. This is especially true when strong 
acids are used as condensing agents but even , under such conditions Baekeland®^ 
was able to establish the presence of noticeable quantities of hydroxybenzyl alcohol. 

The direct homologue of saliretin, which is methyl saliretin or homosaliretin, 
has properties similar to saliretin, melts at 200-205°C. and is less soluble." 

Auwers and Daecke" prepared an acetyl compound of dibromo-p-hydroxy- 
benzyl alcohol (m.p,, 112-113°C.). When this product was treated with a 
small amount of caustic alkali and the solution acidified a reddish-brown amorphous 
substance, melting at 240-250°C. with decomposition, was obtained. This sub¬ 
stance was found to be insoluble in all common organic solvents. It formed 
more readily the more concentrated the solution and the longer the period of action 
of the alkali. A concentrated alkaline solution of the acetate in the course of a 
few minutes changed into a violet jelly which consisted entirely of the substance 
of high melting point. 

The substance saliretone C,JI,ij 03 is obtained by heating equal parts by weight 
of saligenin and glycerol for 8 hours in a sealed tube on a water bath. The con¬ 
tents of the tube are diluted with water and the precipitated resin is boiled with 
water. Evidently the reaction progresses largely to a resinous body because the 
yield of saliretone is given as 2^/2 per cent on the basis of the saligenin used.®* Its 
melting point is 121.5°C. When saliretone is heated above 140°C., or even boiled 
with water for a long time, a resin is formed which has the empirical formula 
CiHflO (saliretin?), and is soluble in ether and alkalies. 

Saliretazine. In 1804 Paal and Senninger" carried out some observations on 
the action of ammonia on saligenin (o-hydroxybenzyl alcohol) which are of espe¬ 
cial interest in view of the subsequent development of commercial synthetic resins 
froni phenol and formaldehyde. When saligenin is heated to 180-200°C. with am¬ 
monia, a basic condensation product is obtained in the form of a yellow amorphous 
body which is notably insoluble in acids, alkalies and various organic solvents. An 


»K. Kraut, Amu, 1870, 156, 124 
^ MoiteaBier, Jahresber., 1866, 677 
®*C. F. Gerhardfr, Ann. chim. phj/n., 1844, (3) 7, 215. 

»F. Beilstem and F. Seelheim, Ann, 1801, 117, 84 
•®L. H. Baekeland, Ind. Eng. Chem., 1913, 5, 506. 

L. H. Baekeland, Ind. Eng. Chem., 1912, 4, 737. ^ 

»*C. Schotten, Ber. 1878, 11, 784. 

•*K. Auweri and S. Daecke, Ber., 1900, 33, 3379. 

«P. Qis<»8a, J. prakt. Chem., 1880, (2 ) 21, 221; Beilstein, 3rd Ed., 
**C. Paal and H. Seuninger, Ber., 1894, 27, 1799. 
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analysis indicated the formula CaaHaaORN. The formation of this substance from 
sahgenin and ammonia may be represented by the following equation: 

SCvHsOo + NHa —>- C 3 .H 38 O 5 N + 5H,0 

Paal and Senninger tried many solvents on this resin, including ether, alcohols, 
chloroform, acetone, glacial acetic acid, benzene, phenol and aniline, without finding 
any indication of its solubility. The substance was infusible and decomposed on 
heating above 300°C. This insoluble and infusible amorphous body is of interest 
in view of Its bearing on Bakelite and similar infusible resinoid substances. 

Acetaldehyde and Phenol. In the course of some experiments on the pro¬ 
duction of acetals Claus and Trainer" observed the action of acetaldehyde on 
l)henol in the presence of hydrochloric acid gas. Because of the violence of the 
reaction, the following procedure was adopted: 

One equivalent of acetaldehyde and 2 equivalents of phenol were dissolved in ether 
and cooled while hydrochloric acid gas was passed through the solution. Under these 
circuins^ances the reaction progressed quietly and after evaporating the ether and 
water produced by the reaction a reddish, soft, resinous mass remained. Removal 
of the uncombined phenol by treatment with steam yielded a hard, brittle resin. This 
product was insoluble in water, benzene and petroleum ether but dissolved easily 
in alcohol, ether, chloroform, acetone and glacial acetic acid. It was also soluble 
in a mixture of equal parts of benzene and ether. Efforts were made by Claus and 
Trainer to crystallize the resin from some of these solvents but no crystalline bodv 
could be obtained The resin di&solved easily in aqueous caustic alkali solutions 
and on acidification this solution yielded a white or rose-colored precipitate which re- 
lained inorganic salts very tenaciously. The precipitated resin could not be obtained 
flee from ash without tedious extraction with hot water or solution in ether. This 
resinous material began to soften at about 100 ®C. and at 125® was viscous. Even at 
higher temperatures it did not become freely fluid. 

An analysis indicated that 1 molecule of the aldehyde had united with 2 
molecules of phenol with the elimination of 1 molecule of water. However, in¬ 
stead of forming an acetal, the aldehyde had evidently joined the benzene nucleus 
through two hydrogen atoms to yield a compound which Claus and Trainer named 
ethylidcnediphenoP' having the formula: 


C.H40H 

CHaCH^ 

\ 

C.H 4 OH 

Claus and Trainer also determined the action of acetaldehyde and hydro¬ 
chloric acid on the naphthols. a-Naphthol behaved like phenol in forming ethvl- 
idenedi-a-naphthol but /9-naphthol apparently formed an acetal. This difference 
in behavior recalls the work of Beckmann and Dehn on furfural resins (see Chaj)- 
ter 24), where a very great difference was noted in the character of the reaction 
between furfural and a- or i9-naphthol. 

Molded Insulation by Smith’s Process. It is of interest to note that as 
early as 1900 phenol-aldehyde resins were proposed for making electrical insula¬ 
tion. Smith" made an ebonite substitute as follows: 

Two volumes of paraldehyde were diluted with 1 volume of methylated spirit, 
3 volumes of carbolic aciH (liquefied by 5 per cent of water) added and then gradu¬ 
ally into this mixture in a closed container 3-6 volumes of fusel oil or methylated 
spirit saturated with hydrochloric acid were introduced. The mixture was cooled 

•• A. Claus and E. Trainer, Ber., 1886, 19, 3004. 

«7See also R. Fabinyi, Ber., 1878, 11, 283. 

WA. Smith. U. S. P. 643,012, Feb. 6, 1900; Britiih P. 18,247, 1809; German P. 112,685, 1890; 

1899, 18, 1029. 
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to prevent the temperature rising above 80°F. (26.7°C.). The product was poured 
into greased molds and allowed to set. The shaped articles were removed from 
the molds and dried or baked at 212°F. (100°C.). When fusel oil was employed as 
the vehicle for adding hydrochloric acid the product was black. It was found to be 
resistant to most chemical reagents. Molded articles also were treated, either before or 
after drying, by gradually heating in molten paraffin wax or ozokerite to 100°C. The 
temperature of baking reached a maximum during a period of 12-30 hours according to 
the thickness of the article, and was then slowly reduced. This procedure is somewhat 
similar to certain methods subsequently employed in cold molding. Twice the quantify 
of pure acetaldehyde could be used to replace paraldehyde; that is 4 volumes of acetalde¬ 
hyde to 3 volumes of liquified phenol. 

Pol3mierized formaldehyde dissolved in fusel oil which had been previously 
saturated with hydrochloric acid or sulphur dioxide was also recommended by 
Smith. The polymerized formaldehyde, 1 part, was mixed with about 5 parts of 
acidified fusel oil. Phenol crystals were introduced in an amount sufficient to add 
50 per cent to the volume of the mixture. The composition set rapidly and could 
be shaped or fashioned in a manner similar to that employed with the paraldehyde 
composition. To any of these compositions 5-10 per cent of natural resins could 
be added by dissolving them in the gas-saturated fusel oil or methylated spirit 
before mixing. By slightly reducing the proportion of the gas-saturated alcohol 
the composition was obtained in a plastic condition capable of being pressed into 
various forms. Asbestos was used as a filler. 

Shellac Substitutes. By 1900 a number of investigators were studying the 
products obtained from the reaction of phenol and formaldehyde. These previously 
despised resinous products were now examined with a view to seeing what could 
he done with them. Formerly, when it was established that reaction products 
could not be cry.stallized and possessed no definite melting point, they were dis¬ 
carded. Now they were studied to see what new properties they might possess. 
From a commercial standpoint, a shellac substitute was very attractive at this 
time and Blumer,®* seeking such a resin, considered an hydroxy acid to be effi¬ 
cient as a condensing agent. He employed tartaric acid. 

The following procedure was recommended: 135 parts by weight of tartaric acid are 
mixed with 150 parts of a 40 per cent solution of formaldehyde in a spacious jacketed 
vessel lined with lead. The acid is completely dissolved by heating gently and then 
195 parts of commercially pure carbolic acid are introduced. Gentle heat is applied 
until reaction begins and from then on the heat of the reaction serves to keep the 
contents of the vessel in ebullition for a period of about 10 minutes The crude resin 
is found floating on the surface as an oily material. This is placed in hot water and 
boiled after adding some ammonia. The treatment serves to eliminate the small 
quantity of phenol and formaldehyde present. When poured into cold water the 
resin at once solidifies to a white ma.ss. Two different samples of this phenol resin 
gave closely agreeing results when subjected to elementary analysis, which agreed with 
the empirical formula, C 2 iH 2 o 04 . 

Blumer carried out the condensation of a-naphthol by mixing 155 parts by 
weight of tartaric acid with 150 parts of aqueous formaldehyde, adding 290 
parts of a-naphthol and permitting combination to take place. The reaction 
progresses violently and the product is a red resin which sets very quickly to a 
hard mass. As the resin does not melt in hot water it cannot be purified as 
phenol resin can, hence Blumer recommended that the resin be pulverized for puri¬ 
fication purposes. The resins obtained by Blumer are stated to be suitable for the 
manufacture of varnishe.s or poli.shes because they are readily soluble in various 
solvents such as alcohol, ether and oil of turpentine. Coatings obtained with 
these solutions are highly resistant and possess a good luster. 

hrxUsh P. 12,880, 1902; British P. 6,823, 1903; J.S.C.J, 

1903, 22, 705; 1904 , 23, 448. 
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Luft’s Process. Another worker in this field in the early part of 1900 was 
Luft.^“ He also used an acid catalyst or condensing agent, recommending sul¬ 
phuric, hydrochloric or oxalic acids. 

For example, he suggested mixing equal parts of phenol and a 40 per cent formalde¬ 
hyde solution with 0.4-0.8 part of sulphuric acid of 16-17®Be. The mixture is heated 
in a vessel equipped with a reflux condenser. Violent reaction takes place yielding a 
white viscous mass which settles. This is collected, washed and dried. In the fresh 
condition the resin is plastic but when dried it ultimately becomes brittle. The resin 
is non-inflammable and is attacked by neither hot concentrated mineral acids nor 
alkalies. This property, Luft noted, would make it suitable for preparing containers 
for acids, alkalies and other chemicals were it not for its brittleness. Luft sug¬ 
gested the addition of other substances, such as camphor, rubber, glycerol or even 
alcohol, all of which, he stated, prevent hardening of the mass. He also remarked 
that mechanical operations are not without influence on the properties of the resin. 
A harder and very elastic ma.ss is obtained if the resinous material is pre.sbcd in 
slightly warmed molds. 

To render the resin transparent, Luft boiled it (after previous washing with 
water) while in a viscous condition with a neutralizing agent such as alkaline car¬ 
bonate. The resin is then washed and dissolved in a mixture of formaldehyde and 
glycerol. The solution is thickened by boiling, poured into molds and dried at a 
temperature of about 50°C. Acetone or alcohol may also be used as a solvent. 
Such solutions, with the addition of coloring agents if desired, give waterproof 
coatings on fabrics or leather. Luft suggested drawing out the material into threads 
and carbonizing them for incandescent-lamp filaments. 

As the resin is a non-conductor of electricity, Luft proposed its use for in¬ 
sulating purposes. It may also be used, he stated, as a substitute for celluloid and 
in the manufacture of molded articles, such as billiard balls, buttons and handles, 
and as an imitation amber, tortoise shell, meerschaum, vulcanite or coral and in 
making a kind of linoleum. 

Baekelanti^' prejiared Luft’s product and found it relatively brittle and very 
much less tough and flexible than celluloid. It does not melt if heated, although 
it softens considerably. Acetone swells it and appropriate solvents extract free 
camphor and glycerol if these are present. In a controversy with Baekeland, Red¬ 
man^* discussed the Luft process, stating that the two steps which resulted in the 
production of Bakelite consisted in adding the basic condensing agent in certain 
proportions at the beginning of the reaction instead of after the reaction had pro¬ 
ceeded for a short time in an acid solution in accordance with the Luft process, 
and in the use of increased heat and counter-pressure where necessary to prevent 
the escape of ga.ses. Luft, according to Redman, used an acid condensing agent 
at the beginning of the reaction, then washed out the acid completely and added 
a basic condensing agent. Redman stated that Baekeland deviated from Luft’s 
process in one step only, namely, that Baekeland added the basic condensing 
agent at the beginning of the reaction. Replying to this, Baekeland stated*® that 
the Luft process involving condensation with strong acids gives products of the 
permanently fusible or Novolak type; or, by increasing considerably the amount 
of formaldehyde, produces infusible resins contaminated with products of the 
Novolak type unsuited for technical purposes. He said that if Luft recommended 
an alkali or alkali carbonate after the condensation with strong acids had taken 
place, this was done simply to neutralize any remaining acid difficult to wash out 
of the material. 

^A. Luft, U. S. P. 735,278, Aug. 4, 1903; 1903, 22, 1012. Goiman P. 140.552, 1902; British 

P. 10,218, 1902; J.8.C.L, 1902, 21, 1085. 

« L. H. Baekeland, Ind. Eng. Chem., 1909, 1, 151. 

L. V. Redman, A. J. Weith and F. P. Brock, Ind. Eng. Chem., 1916, 8, 473. 

^ L. H. Baekeland, Ind. Eng. Chem., 1916, 8, 56S. 
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Fayolle** employed sulphuric acid as a condensing agent and added large quanti¬ 
ties of glycerol, pitch and oils to serve as organic extending agents. 

A method of preserving wood developed by Bevier*^ consisted in impregnating 
it at 150-300°F. (66-149°C.) at 100-400 lbs. pressure with a mixture of creosote, 
formaldehyde and resin. This treatment is followed by a hardening process which 
may consist in forcing milk of lime or resinate of lime into the wood. 

Cast Resins. The next worker m this field was Story.*’* The process which 
he employed consisted in submitting phenol to the action of aqueous formaldehyde 
at a high temperature for a number of hours until a viscous product was ob¬ 
tained. This could be cast in molds and finally hardened by heating at a tem- 



Courtet^y BakelUe Corporatuin 

Fig. 57. —Bakelizer. This apparatus is simply a container in which phenol-formal¬ 
dehyde resins can be heated under pressure. Carbon dioxide or other gas is supplied to 
the bakelizer to create a pressure of several atmospheres on the resin which is under¬ 
going hardening. Sufficient pressure is applied to counteract the tendency of the resin 
to become spongy due to the escape of g»s when heat is applied. The apparatus has 
been used experimentally’ but finds very few commercial applications. 

perature below 100°C. A mixture of 150 parts of commercial carbolic acid (95 
per cent) and 30 parts of 40 per cent formaldehyde solution was recommended by 
Story. The reaction vessel was provided with a reflux condenser. At the end of 
about 4% hours at lOO^C. with continual rapid agitation the solution becomes 
cloudy. The heating is continued usually for a period of about 8 hours giving a 
product of somewhat creamy appearance. This is transferred to an open vessel and 
concentrated rapidly, the temperature being raised above 100°C. to drive off as much 
water as possible. The product should now become clear especially if the prelimi¬ 
nary boiling has not been continued for too long a period. The viscosity of the 
product gradually increases and the temperature should be lowered below 100®C. 
after a time. Eventually a solid substance is obtained. This is hard, tough^and 
transparent and is a good electrical insulator. Opaque products result when the 
preliminary boiling is continued for a longer time, or when the concentration is 
conducted at a temperature below 100®C. 

When shaped articles are desired the product in liquid form is poured into heated 

♦*E. H. FayoUe, French P. 335,584, 1903; JSC.l., 1904 , 23, 195; French P. 341,013, 1904; J.SC.I , 
1904 23 878. 

"A*Bevier, U. S. P 681,032, Aug. 20, 1901; British'P. 10,297, 1900; J.8CL, 1900, 19. 827. 

*«W. H. Story, British P. 8,875, 1905; / S.C./., 1906, 25, 195 Belgian P. 210,965, 1908. Austrian 
P. 30,844, 1905. German P. 173,990, 1905. French P. 353,995, 1905; 1905, 24, 1081. Sih* also 

French addn. 9.861, 1908; J.S.CJ., 1909, 28, 381. 
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molds and these are placed in a drying oven at about S0°C. until solidification oc¬ 
curs. The mass shrinks sufficiently m drying to allow the article to be withdrawn 
from the mold. When a very light-colored jiroduct is desired it is best, according 
to Story, to exclude air and light. The addition of small quantities of fatty oils, 
such as castor, almond, olive or rape oils, is conducive to opacity. When air is 
excluded during the boiling operation and fatty oil is added, the product is a white 
substance, which. Story stated, has the appearance of ivory or bone. The plastic 
material may be colored with pigments or dyes, and a black product resembling 
ebonite is made by the addition of pitch, lampblack, asiihaltum or aniline black. 

While the resin is still in a viscous state it may be dissolved in alcohol, acetone 
or benzene to yield a solution adapted for use as a varnish. If the solution is not 
too concentrated the coating will dry to a hard surface by mere exposure to the 
air, or may be heated to harden the resin and remove all trace of solvent. Such 
a varnish, according to Story, may be used for waterproofing paper and fabrics 
or may be employed as a vehicle in the preparation of paints. Once the resin 
has become hard and dry it is quite insoluble in all solvents and unattacked by 
acids or alkalies in the cold. Fuming nitric acid, however, disintegrates it. 

The procedure of manufacture may be modified by adding the carbolic acid 
in small quantities from time to time to an excess of hot formaldehyde solution, 
or the formaldehyde solution may be added in small quantities to hot carbolic 
acid. A third modification consists in passing formaldehyde vapor through hot 
carbolic acid. 

Resins from Phenol Alcohols. From the phenol alcohols, hard translucent 
resins usable as substitutes for copal, amber and shellac were produced through a 
])rocess involving heating under diminished pressure.^’ The phenol alcohol pre¬ 
pared by condensing formaldehyde with phenol, cresol or menthol, is placed in 
a capacious receiver, melted under vacuum and heating continued at a tempera¬ 
ture near the boiling ])omt of the phenol alcohol so long as any water is given 
off. With the alcohol from cresol, the heating is continued until the mass solidifies. 
Solidification does not occur m the case of the o- or p-phenol alcohol, HO—CelT— 
OHaOH, but the end of the reaction is indicated by the appearance of copious 
white fumes and on cooling a hard transparent resinous mass is obtained. Sahgenin 
yields a homogeneous, pale yellow resin resembling gum-lac, insoluble in alcohol, 
melting at a temperature somewhat above 110°C., and scratched by the finger 
nail with difficulty. The resin from p-hydroxybenzyl alcohol is somewhat similar 
in properties. It melts above 115°C. and has a specific gravity of 1.06. These 
products are soluble m hot caustic soda and are precipitated from solution by 
acids. Oil of camphor and terpineol are solvents. The alcohol derived from 
p-cresol when heated in this manner forms a transparent resin which is quite hard 
and heavier than water. When heated above 200®C. it softens but does not 
melt, and at about 300°C., begins to carbonize. The resins obtained from the 
cresyl alcohols are comparable in some respects with the copals. 

Phenol alcohols can be condensed with certain other organic bodies to give 
resins of value in the plastic field. The condensation of phenol alcohols with 
aniline, nitrocresol, phthalic anhydride and dihydroxydiphenylmethane yields resin¬ 
ous masses of utility.*® Condensation can be accomplished by the action of alkaline 
agents or by organic or mineral acids, or under the influence of heat alone, in vacuo 
or under pressure, exposed to the air or in a current of an inert gas. When con¬ 
densation is carried out under pressure by heat alone, the phenol alcohol is mixed 

Britiah P. 15,517, 1905, to Fabrique de produita de chimie organique de Laire; /.SC.I,, 1905, 25, 
857. German P. 189.282, 1905; French P. 850,180, I9CM; 1905, 24, 1244. 

Belgian P. 192,590, 1906, to Fabrique de produits de chimie organique de Laire. See alao French 
P. 361,539, 1905; J.SC.I., 1906, 25, 939. 
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with the other reactant and heated in an oil bath until water vapor is evolved. 
The source of external heat is then removed as the temperature of the mixture 
rises on account of the heat of the reaction. Two successive condensations have 
been observed, (1) a condensation taking place while raising the temperature to 
about 100®C. yielding resins which are soluble in alcohol and the other usual 
organic solvents; and (2) a condensation taking place at a temperature above 
100°C., the exact point varying with the reactants. A further evolution of 
water vapor occurs and a hard transparent mass more or less colored is ob¬ 
tained. Polymerization occurs and the solubility is dependent upon the degree 
of this change, the product becoming less soluble in alcohol as polymerization ad¬ 
vances. The end product of all these condensation reactions is insoluble in 
alcohol. 

A mixture consisting/of 10 parts of phenol alcohol, 1 part of dihydroxydiphenyl- 
methane, 15 parts of water and 3 parts of hydrochloric acid is agitated for 
several hours. The reaction mass is washed with water until neutral, unreacted 
raw materials are removed by distillation with steam, and the product is heated 
m vacuo or in the open air until the evolution of steam ceases. The product on 
cooling forms a transparent mass soluble in alcohol and fusing at about 100°C. 
Approximately the same result is obtained by dissolving 10 parts of phenol alcohol 
and 1 part of dihydroxydiphenylmethane in alcohol, heating in vacuo at a tempera¬ 
ture of about 100°C. until the evolution of vapor ceases. 

Starting with formaldehyde one procedure is as follows: 10 parts of phenol, 
5-10 parts of aqueous formaldehyde (40 per cent), and 10 parts of hydro¬ 
chloric acid (15 per cent) are stirred for some time and the excess of hydrochloric 
acid and phenol removed by washing. A plastic mass remains which is heated 
in the open air or under the pressure of an inert gas until, on cooling, solidifica¬ 
tion takes place rapidly. In general this requires heating for one-half hour at 
about 140°C. The resulting hard resin resembles amber, has a color varying from 
yellow to brilliant brown, and has nearly the transparency of glass. The resin 
IS soluble in methyl and ethyl alcohols and also in caustic alkali. 

A resin having approximately the same physical properties is made by carrying 
out the condensation in the foregoing manner, with the exception that an alkaline 
catalyst is used in place of hydrochloric acid. Phenol may be replaced by a 
homologue. For example, cresol may be condensed with formaldehyde in the 
presence of caustic potash. 

On heating to 100°C. 2 parts of nitrocresol and 10 parts of phenol alcohol dis¬ 
solved in alcohol, maintaining the temperature at this point until vapor is no longer 
expelled and then removing the excess phenol alcohol by distillation, a resin is 
obtained which fuses lielow 100°C. and exhibits good resistance to shock. Hydro¬ 
chloric acid may be added as a catalyst. 

A procedure for condensing phenol alcohol with aniline consists in heating a 
mixture of 50 parts of phenol alcohol and 10 parts of aniline in an oil bath at 
about 100 C. until the evolution of water vapor ceases and test samples upon 
cooling show the resin to have acquired the desired consistency. The resin, which 
can be molded, is transparent, is scratched with difficulty by the finger nail and 
possesses a sUght solubility in alcohol and alkalies. A more soluble resin is made 
by using a salt of aniline, for example the salicylate. This is condensed with the 
phenol alcohol by heating. 

Four parts of phenol alcohol and 1 part of phthalic anhydride are dissolved in 
alcohol, which is removed by distillation, and the residue is heated in an oil bath 
at 100 C. until the evolution of water appears to cease and a test sample solidifies 
to a transparent resin soluble in alcohol. By prolonging the heating the product 
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becomes insoluble in alcohol. The following classes of substances are listed as 
having the power of modifying the properties of phenol alcohols in some cases 
presumably as a result of condensation: aldehydes, ketones, polybasic acids and 
anhydrides, phenols, amines and hydrocarbons. 

A thorough study of the synthesis of phenol alcohols was made by Auwers** 
in 1907. He confirmed the results reported by previous workers that only ortho 
and para derivatives are obtained by the condensation of phenols and formalde¬ 
hyde. His observations showed that, especially with the homologues of phenol, 
the para compound could be formed selectively by using the strongest alkalies such 
as caustic soda. Thus from p-xylenol, caustic soda and formaldehyde at room 
temperature, the para compound was obtained in practically quantitative yield. 
m-Xylenol, formaldehyde and slaked lime heated carefully to 50°C. gave a fairly 
good yield of o-hydroxymesityl alcohol. Frequently, however, oily and resinous 
bodies were formed which appear to be derivatives of dihydroxydiphenylmethane, 
particularly with some phenols. 

Various Condensing Agents. A “formic-aldehyde compound’^ was de¬ 
scribed by Stephan” in 1904 which was made in a way that may be regarded as a 
precursor of present methods of making phenol-formaldehyde resins. Stephan 
used an alkaline condensing agent (caustic potash) and formaldehyde in excess 
of equimolecular proportions. By heating 2 parts by weight of phenol, 1 part of 
caustic potash solution (40°Be.) and 4 parts of aqueous formaldehyde to 100°C. 
in an autoclave, reaction occurred violently with a rise of pressure of 0.5 atmos¬ 
phere. When this reaction subsided the composition was heated on a steam bath 
until a voluminous white powder separated on the addition of acid. The product, 
insoluble in water but soluble in alkali, was said to be of value as a disinfectant. 

Helm“ condensed aldehydes and phenols by means of amines or ammonium 
salts to make resinous bodies. He used 290 parts of naphthol dissolved in 160 
parts of a 40 per cent solution of formaldehyde, and added 95 parts of aniline. 
After the reaction is over the resinous product is washed and may be used, he 
stated, as a substitute for gum-lac. Instead of 290 parts of naphthol, 190 parts 
of phenol may be used, heating to effect condensation if desired, with the forma¬ 
tion of similar substitutes for resms or gums. 

In 1903 Henschke” found that an alkaline solution of phenol, heated with 
formaldehyde at 100°C. in an autoclave, lost its phenolic odor. Acids precipitated 
from the reaction mixture a bulky, pale yellow powder, insoluble in water or chloro¬ 
form, but soluble in alcohol, acetone, dilute sodium hydroxide and ammonia. It de¬ 
composed on heating or on boiling its alkaline solution. A powder intended for 
medicinal use was made by Sternberg” by treating wood tar with formaldehyde and 
hydrochloric acid. A condensation product of phenol or thymol with formaldehyde 
was prepared by Hildebrandt,” using hydrochloric acid as a condensing agent. 
Diirkopf,” Merck” and Hock®^ obtained condensation products of tannin and formal¬ 
dehyde or hexamethylenetetramine, 

Lebach” produced rapid-hardening phenol-formaldehyde resinous compositions 
by using inorganic or organic acid chlorides, sulphuric acid esters, aluminum 

K. Auwers, Ber., 1907 , 40, 2524. 

WA. Stephan, U. S. P. 812,608, Feb. 13, 1906; /.S.C./., 1906, 25, 232. French P. 345,398, 1904; 

1904, 23, 1233. 

®iL. Helm, British P. 25,216, 1907; /.S.C./., 1908, 27, 412. 

MF. Henschke, German P. 167,553 and 157,654, 1903; 1905, 88 (1), 429. 

«W. Sternberg, U. 8. P. 761,260, May 81, 1904; French P. 329,971, 1903; 1904, 23, 680. 

MH. Hildebrandt, U. S. P. 876,311, Jan. 7, 1908; German P. 188,318, 1905; Chem. 1908, 2, 1500 

“E. H. DUrkopf, U. 8. P. 598,914, Feb. 15, 1898. 

ME. Merck, German P. 88.082 and 88,841, 1895; Chem. ZerUr., 1896, 2, 1016; 1, 271. 

^K. Hock, U. 8. P. 607,172, July 12, 1898. German P. 95,18^ 1896; Chem. Zentr., 1898, 1, 541. 

MH. Lebach, U. S. P. 965,823, July 26, 1910, to Knoll ^ Co.; French 7. 397,051, 1908; J.S.C.i. 
1909, 28, 803. 
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chloride and various wsalts as condensing agents. One procedure involves the 
heating‘of 1000 parts each of phenol and aqueous 40 per cent formaldehyde with 
100 parts of crystallized sodium sulphite. A hght-yellow, viscous liquid is formed 
which is cooled and treated with 600 parts of wheat starch and 200 parts of 20 
per cent sulphuric acid. The mass is heated in a mold at 85°C. for 1-2 hours. 
The product is a hard lustrous insoluble article. 

In another case Lebach heated phenol, formaldehyde and sodium sulphite in pro¬ 
portions as given above for a short time, then distilled off 500-600 parts and mixed 
the residual liquid with 600 parts of wheat starch. To this were added in the cold 150 
parts of a mixture of 1 part sulphuric acid to 9 parts of glycerol and the product was 
heated in molds to 60°C. for half an hour. This gave a solid article of brilLant sur¬ 
face, free from pores, which could be washed with soda solution or exposed to ammonia 
-fumes to neutralize the acid. Subsequent heating to about 100°C. improved the 
hardness and strength of the product. Instead of the mixture of sulphuric acid and 
glycerol, 10 parts of a 25 per cent aqueous solution of sodium bisulphite or 5 parts 
of benzoyl chloride could be used. 

To avoid the problem of removal of traces of acid from the resin, Lebach 
proposed the use of acid salts. Small quantities of ferric chloride produce a 
soluble resin. Large quantities tend to promote a violent reaction and yield an in¬ 
soluble resin. Ammonium chloride, sulphate and mtrate, potassium carbonate and 
bisulphate, and sodium sulphite were also recommended. In an example of their 
use, 500 parts of commercial cresol from which o-cresol has been removed, 370 
parts formaldehyde and 10 parts of ammonium chloride are heated to boiling 
until a colorless oil separates. When separation ceases a vigorous current of steam 
is blown though the mass to remove excess cresol and any uncombined aldehyde. 
Aft^r heating for about an hour a further addition of 10 parts of ammonium 
chloride is made and the heating continued until a white, brittle, resinous mass is 
obtained on cooling a sample. The product is washed thoroughly with hot water. 

In another case 500 parts of cresol, 400 parts of formaldehyde and 20 parts of sal 
ammoniac are heated at water-bath temperature until separation of an oil is complete, 
then toluene vapor is blown through the batch. In this way formaldehyde and cresol 
are removed. When the mass becomes cloudy the introduction of toluene vapor is 
stopped. On removal of traces of toluene, in vacuo for example, a clear transparent 
resin soluble in alcohol results. Various fillers may be added to the resinous composi¬ 
tion and the aqueous formaldehyde may be replaced by hexamethylenetetramine.®® 

Grognot®® attempted to minimize the violence of the reaction between phenol 
and formaldehyde in the presence of hydrochloric acid by adding glycerol* He 
first treated glycerol with formaldehyde in the presence of hydrochloric acid, and 
subsequently condensed the reaction product with phenol. A recommended pro¬ 
cedure is the following: 2 parts by weight each of glycerol and formaldehyde are 
mixed and 0.3-0.4 part of hydrochloric acid (21-22°Be.) are added. The mixture 
is heated until a slight ebullition occurs and reaction progresses spontaneously 
thereafter without external heating. When the reaction has subsided, heat may 
be applied for 1 or 2 hours, avoiding vigorous boiling. The mixture is cooled to 
80°C. and 2 parts by weight of phenol crystals are added. Reaction takes place 
without further heating and is accompanied by a slight ebullition. The resin, which 
separates as a viscous oily layer, is washed and dried, then heated to about 150°C. 
until a test sample shows a hard, brilliant bead. Volatile liquids" can be added to 
moderate the reaction. 


27, 908. French P. 395,657, 1908; J.S.C.I., 
1909, 28, 483. Belipan P. 204,811, 1907; German P. 219,209, 1907. British P. 27.096, 1908; JSC I 1909 
28, 848. Bntish P. 6430, 1911; J.S.C.L, 1912, 31, 399. ’ ’ ' -/.a.i../., 

Orot^t, U. S. P. Deo. 8, 1808; French P. 390,718, 1907; J.S.C.L, 1908, 27, 1122. 

^.P.*?**",!.** Chun, do Croieey, Ltd.; J.S.C.L, 1909, 28, 99; French P 
892,978, 1907; Chem. Abt., 1910, 4, 2745; German P. 210,012, 1907. 



Chapter 14 

Phenol-Aldehyde Resins 
II. Theoretical. Constitution. 


Many large industries have resulted from the observation that phenol-formal¬ 
dehyde products can undergo chemical transformation under the stress of tem¬ 
perature and pressure to form insoluble and infusible materials. Moreover, the 
nature of the chemical reactions involved has been the subject of considerable 
study, and, accordingly, the literature abounds in speculations and controversie.s 
concerning the structures of the substances involved, and the mechanism of the 
changes taking place. A number of noteworthy experimental investigations have 
been carried out, but the data which have been obtained serve largely to demon¬ 
strate the complexity of the problem rather than to provide its solution. A large 
number of compounds have been isolated from the condensation product. These 
are generally assumed to be intermediates in the resin formation, and theories 
concerning the structures of the resinoids^ are arrived at through a consideration 
of the possible fates of these intermediates. Often the speculative structures are 
at variance with analytical data, chemical properties or physico-chemical evidence. 

It has become well established that a change of catalyst may produce varia¬ 
tion in the ease with which individual intermediates can be isolated. Therefore it 
appears that the course of the resin-forming reaction is determined at least in 
part by the nature of the catalyst. At any rate, a different set of isolable inter¬ 
mediates is obtained through the use of acidic condensing agents from the com¬ 
pounds produced in the presence of alkali. Likewise the properties of the less 
highly conden.sed resins depend upon the catalyst emjiloyed, and it is reasonable 
to suppose that such divergences have their source in structural differences. 

Since there is no universally accepted scheme of descriptive names for the 
phenol-formaldehyde condensation products, their subdivision into (1) soluble- 
fusible resins and (2) insoluble-infusible resins is regarded as sufficiently com¬ 
prehensive for the purposes of this chapter. The products of the initial stages of 
phenol-formaldehyde resin formation fall into the former class, and* the final stage 
into the latter. This scheme is not intended to ignore the possible existence of 
a soluble infusible resin, or an insoluble fusible resin, but these are types which are 
seldom encountered. The term saliretin is generally accepted for those substances 
obtained by the action of heat on individual phenol alcohols. A typical phenol 
alcohol is o-hydroxybenzyl alcohol (saligenin), 



CeH^ 

CH 2 OH. 

'The term “resinoid” here used in the senaie of a synthetic resinoiia substance in the stafre of 
hifchest stability and infusibility. This is the meaning of the designation m many of Baekeland’s 
publications. See M. Koebner, '’Brit. Plastics Year Book,'* 1934, 67, for general discussion of related 
topics. 
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The saiiretins are the result of intermolecular condensation with elimination of the 
elements of water, and belong to the soluble fusible class (the Nbvolaks of Baeke- 
land). 

The main line of approach to the many problems associated with resin forma¬ 
tion is an attempt to carry out a particular condensation under as mild con¬ 
ditions as possible, to eliminate the unchanged reactants, to isolate chemical com¬ 
pounds from the condensed residue, and if possible to identify them. Mention 
should be made of the two chief methods which have been employed for the isola¬ 
tion of these compounds, viz., solvent extraction and distillation. To a limited 
extent degradation products of the final resins have been obtained and examined. 
It is relatively simple to study substances produced by condensing formaldehyde 
with a phenol which gives a minimum number of initial products. To elaborate 
this scheme: phenol, m-cresol and sym-m-x>denol are the three phenols most 
prone to resin formation. They are alike in the respect that each has three 
positions available for attack in the first stage of resin formation (two positions 
ortho and one position para to the hydroxyl group, the meta position being un¬ 
reactive). In short each can give rise to different condensations depending upon 
the point of attack. On the other hand, o- and p-cresol have only two positions 
in their molecule free for attack. Likewise, 2,3-, 2,5- and 3,4-xylenols have two 
vulnerable positions. Phenols which have only a single reactive hydrogen in the 
benzene ring (2,4- and 2,6-xylenols) would be expected to do one of two things: 
either to combine with formaldehyde in equimolecular proportions or else to con¬ 
dense in the ratio of two molecules of phenol for each molecule of formaldehyde, 
to give a diphenylolmethane of the type HOCeH*—CH*—CoH»OH. Further con¬ 
densation involving aromatic hydrogens would not be expected if the positions 
ortho .and para to the hydroxyl are blocked by alkyl groups. However, when 
phenol homologues having more than one reactive position are condensed with 
formaldehyde, not only are isomeric compounds obtained in the initial step, but 
alternative modes of subsequeni condensation and polymerization are possible. 


Phenol Alcohols 


Reference has been made to two of the types of derivatives from phenol- 
formaldehyde condensation, viz., phenol alcohols and diphenylolmethanes. The 
former class is obtained when condensation occurs in alkaline solution, while the 
latter are usually isolated from an acid medium. The phenol alcohols are unstable 
to heat, which converts them into soluble resms.* Acetic anhydride removes the 
elements of water from saligenin* forming products representing various stages of 
dehydration. In this way a resin analyzing for carbon, 77.7, and for hydrogen, 
5.8 per cent was obtained. This corresponds to the loss of 7 water molecules from 
8 molecules of saligenin. The isolation of phenol alcohols from the condensation 
of phenol and formaldehyde was accomplished by Manasse* and Lederer.® Auwers 
and co-workers® found that concentrated alkali favored the formation of p-hydroxy- 
benzyl alcohols, and that milder alkalies such as lime produced a certain amount 
of diphenylolmethane derivatives. The possibility of the formation of di-alcohols 
was also considered. Thus, Ullnrann and BrittneP prepared 2,6-dimethylol-p-cresol 


* R. Pina, Ann., 1843, 48, 37. See Chapter 13 
»F. Beilstcin and F. Seelheim, Ann., 1881, 117, 84. 

*0. Manassc, Ber., ISM, 27, 2489. U. S. P. 526,788. i8M. 

m. a. v. a. p. m.m, July u. 

....‘Si*??'*? '*? Ann,, 1898, 302, 99. K. Auwers and H. Ercklenti, Am.. 1898, 

302, lOr. K. Auwers and O. Anselnuno, Ber., 1902, 35, 137. K. Auwers, Bsr., 1907, 40, 3534. 

^F. UUmann and K. Brittner, Ber., 1009, 42, 2539. 
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by reacting 108 g. p-cresol dissolved in 200 cc. water containing 50 g. sodium 
hydroxide with 215 g. of a 35 per cent formaldehyde solution. After 4 days, the 
mass had become crystalline. Upon acidific^ation of a solution of this sodium 2,6- 
dimethylol-p-cresylate with dilute acetic acid, a 91 per cent yield of 2,6-dimethylol- 
p-cresol was obtained. The recrystallized product melted at 135°C. Similar com¬ 
pounds from o-cresol received mention by Granger* who was able to prepare 
a definite di-alcohol of o-cresol and who also postulated the existence of di- and 
tri-alcohols of phenol and m-crescl in the syrupy products obtained from them. 
The xylenols form mono-alcohols with considerable ease,* but they evidently are 
reluctant to take up their full quota of formaldehyde molecules to form poly¬ 
alcohols. Steric hindrance may be the cause of the unreactivity which appears 
when the first —CH 2 OH group has been introduced into a xj lenol. Amann and 
Fonrobert recommend the isolation of definite phenol alcohols prior to conversion 
into synthetic resins.^* Megson“ represents the formation of branched-cham resin 
compounds from poly-alcohols by the following scheme. 
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3C«H.OH 
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HO—CH.>--<; ^--OH * 



It is of interest to note that hydroxybenzyl alcohols, and resins derived from 
them, are formed in reactions other than phenol-formaldehyde condensations. 
GselP* undertook to condense phenol and chloroform in alkaline solution in order 
to prepare hydroxybenzaldehydes. He found that the latter were unstable under 
the experimental conditions, and underwent the Cannizzaro reaction (2RCHO 
RCOOH -f RCH*OH). The hydroxybenzyl alcohols which were formed were con¬ 
verted into plastic masses by the alkali. A similar experience was recorded by 

*F. S. Granger, Ind. Eng, Chem., 11132, 24, 442. See aleo German P. 474,561, 1925, to Chem. Fabr. K. 
Albert G. m. b. H.; Chem. Abe., 1929. 23. 3114. 

* E. Bamberger, Ber., 1908, 36, 2036. N J. Memn and A. A. Drummond, J.S.C.L, 1930, 49, 251. 
A. Amann and £. Fonrobert, U. S. P. 1,614,in, 1927, to Chem. Fabr. K. Albert G. m. b. Ii>; 
Brit. Chem. Abe. B, 1927. 148. British P. 261,472, 1925; Bnt. Chem. Abn. B. 1927, 119. 

» N. J. L. Megson, 1933, 52, 421T. 

uj. Gsell, Chem.-Ztg., 1914, 38, 641; J.&.C.I., 1914, 33, 875. 
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ShoesmithHe attempted to isolate the hydrolysis products of w-chlorotolyl car¬ 
bonate CO(OC«H 4 CHaCl), in acid solution. Instead of hydroxybenzyl alcohol, he 
obtained a resin. Pauly and Schanz,“ investigating reactions which would produce 
substituted hydroxybenzyl alcohols, avoided resinification by using (as the con¬ 
densing agent) a quantity of potassium carbonate just sufficient to produce bluing 
of litmus. In the case of chloral and phenol, a 60-70 per cent yield of p-hydroxy- 
phenyltrichloromethylcarbinol, HOC«H 4 CH(OH)CCl 8 , was secured. The time re¬ 
quired was 6 weeks. 


DlARYLMr/FHANES 


Preparation of compounds of the type HOCeHiCHRCeH^OH by condensing alde¬ 
hydes with phenols in the presence of acids is sometimes referred to as the Baeyer 
reaction.^® As an example of this reaction, 100 g. of acetaldehyde are mixed with 
856 g. of phenol and a few drops of concentrated hydrochloric acid are added. 
Crystallization of the reaction product from phenol gives a substance said to be 
p-diphenylolethane plus a molecule of phenol of crystallization. When this 
molecule of phenol is removed by distillation, crystalline diphenylolethane is ob¬ 
tained (m.p. 122.9°C.). A large number of homologues of diphenylolethane have 
been made'® in this manner. 

Traubenburg” called attention to the fact that not only 4,4'-diphenylolmethane 
(m.p. 158°C.) and the 2,4' isomer (m.p. 115°) were isolable from the condensa¬ 
tion of phenol and formaldehyde, but that there was also formed a certain amount 
of a triphenylolmethane (aurin). It has been noted'* that a yellow-gray resin 
precipitated when equal quantities of phenol and 35 per cent formaldehyde solu¬ 
tion were heated in a quartz flask for 50-60 hours on a water bath under reflux. 
The mixture was filtered. From the resin were isolated crystals of 4,4'-dihydroxy- 
diphenylmethane, and from the filtrate, 2,4'-dihydroxydiphenylmethane. A small 
quantity of saligenin was also obtained from the resin.'* 

Substituted phenols have been observed to react with formaldehyde in acid solu¬ 
tion to yield diphenylolmethane derivatives Thus, p-nitrophenol yielded a mixture 
of ( 5 , 2 -OaN(HO)C«H 8 ) 2 CHa and 6-nitrobenzo-l,3-dioxin.*° 

Although an acid medium is usually desirable for the preparation of diphenylol¬ 
methane and its homologues, certain phenolic compounds form diarylmethanes both 
by acid and by alkaline condensation. This is true of the naphthols.*' Polyvalent 
phenols give not only diarylmethanes but also triarylmethanes without the use of 
acid catalysts. 

A number of observations have been made which throw light upon the chemistry 

i*J. B. Shoeemith, J.C S., 1923, 123 , 2699. 

Pauly and H. Schanz, Der., 1923 , 56, 979; Chem. Abs., 1923, 17, 3171. 

«A. Baeyer, Ber., 1872, 5, 25, 280, 1096. R. Fabinyi, Ber, 1878, 11, 283. W. StSdel, Ann., 1878, 

194, 329. T. Zincke, Ann., 1898, 302, 237. A. Claus and E. Trainer, Ber., 1886, 19, 3004. K. Auwers and 
Rietze, Ann., 1907, 356, 153. A. Lunjak, /, Rttaa. Phys.-Chem. Soa, 1904 , 36, 301: 1908, 40, 466; 
CAem. Zentr., 1904, 1, 1650; 1908, 2, 589. 

w W. C. Harden and E. E. Reid, J A C.S , 1932, 54, 4325. 

” I. K Traubenburg, Z. angew. Chem., 1923, 36, 515. 

“ T. Shono, K. Kizawa and T. Doha, /. Soc. Chem. Ind. Japan, 1931, 34, (Suppl. binding), 262; 
Chem. Abe., 1932, 26, 261. 

“See also N. N. Vorozhtsov and E. N. Yumigina, Zhar. Obechei. Khim., Khtm. 8er., 1931, 1, 49; 
Chem. Aba., 1931, 25, 4521. 

»F. D. Chattaway and R. M. Goepp, J.C.S., 1933, 699. F. Calvet and E. Seijo, Anaiea soc. 
eapan. fis. quim., 1933, 31, 889 F. D. Chattaway and A. A. Morns, J.C.S., 1927, 2018. F. Calvet 
and M. Camero, Analee soc. espan. fis. qium., 1932 , 30, 445; Chem. Abs., 1932, 2*6, 4605. F. Calvet and 

M. N. Mejuto, Anales soc. espan. fis. qwm., 1932, 30, 767; Chem. Abs., 1933, 27, 298. F. D. Qiatta- 

wav, J.C.S., 1926, 2720. F. D. Chattaway and F. Calvet, J.C S., 1928, 1088. F. D. Chattaway and 
F Calvet, Anales soc. espan. fis. quim., 1928 , 26, 417; Chem. Abs., 1929, 23, 2182. F. D. Chattaway 
and F. Calvet, Anales soc. espan. fis. quim., 1928, 26, 75; Chem. Abs., 1928, 22, 1965. F. D. C^atta- 
way and A. A Moms, J.C.S., 1928, 3241. 

»E. Scheel, Rev. gen. mat. color., 1929, 33, 270; Chem. Abs., 1929, 23, 5320. K. Brass and P. 
Sommer, Bex., 1928, 61, 993. 
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of the diphenylolmethanes. Gomberg” made monohydroxydiphenylmethanes by 
the action of benzyl chloride on phenol in the presence of zinc dust, copper-bronze or 
aluminum chloride. In alkaline media, phenylbenzyl ether was produced. Huston® 
obtained similar results by heating a solution of benzyl alcohol and phenol in light 
petroleum, using aluminum chloride as a catalyst. An interesting tendency to¬ 
wards the formation of condensed rings is indicated by the reaction between 
phenol and benzaldehyde in acid media:® 

2C6H5OH-f 2C«H5CH0 — 



Condensation of p-nitrobenzaldehyde with 2 molecules of /3-naphthol gave ms- 
[4-nitrophenyl]-dinaphthopyran.® Formaldehyde combined with 2 molecules of 
/3-naphthol in the presence of a trace of hydrochloric acid, yielding dmaphthopyran.® 
The initial product from furfural and phenol in acid solution is C4H80CH(0H) 
C«H 40 H.® Robinson and Walker" obtained benzopyrylium salts by condensing a 
reactive phenol with an unsaturated aldehyde or ketone in acid solution and in 
the presence of an oxidizing agent. Good yields of 7-hydroxy-2,4-diphenylben- 
zopyrylium chloride were obtained from resorcinol and benzylideneacetophenone 
with chloranil: 
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Theories of Constitution op Phenol-Formaldehyde Products 


Baekeland" viewed the phenol-formaldehyde reaction as a condensation and 
polymerization which took place in three stages, the resinous materials formed 
being termed respectively initial condensation product A, intermediate condensation 
product B and final condensation product C. These designations have now come 
into universal use. Under ordinary conditions, A may be liquid, pasty or solid. 
B is an insoluble solid which swells upon addition of acetone, phenol or terpineol. 
B can be melted ^or, rather, softened by heat) a limited number of times before 

sa M. Gomberg, J.A C S , 1«20. 42. 2039. 
a* R. C Huston, J ACS , 1924 , 46, 2775 

a* O. Hinsberg, Ber^, 1929, 62, 418. Se© also I. Tanaaescu and T. Simonescu, J. prnkt. Chem., 1934, 
141, 311-326. 

•a^O. Dischendorfer and E. Neaitka, MonatHh., 1928, 50, 16; Chem. Abs., 1928, 22, 3656. O Discheu- 
dorfer, Monatah., 1928, 49, 133. 

MW. Kuater and E. Schoder, Z. physiol. Chem., 1927, 170, 44: Bnt. Chem. Abs., A, 1928, 48. 

” A. E. Porai-Koahits, N. Kudryavtzev and B. Mashkileisou, Kimststoffe, 1933, 23, 97; Chem. 
Abs., 1933 , 27, 3709. 

MR. Robinson and J. Walker, J.C.S., 1934, 1435. 

ML. H. Baekeland, Ind. Eng. Chem., 1909, 1, 149. 
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it is converted into C, which is infusible and indifferent to all solvents. The nature 
of these materials renders it excessively difficult to obtain experimental evidence 
concerning their structures. The problem of purification increases with the com¬ 
plexity of the substances* until, in the case of Bakelite C, we have material 
which can neither be dissolved, distilled nor melted. The determination of 
molecular weight, for instance, is not a simple matter. 

In the study reported in 1909, Baekeland* compared the products of three dif¬ 
ferent reactions: (1) saligenin plus phenol (2) phenol plus formaldehyde with an 
alkaline catalyst and (3) phenol plus formaldehyde with an acid catalyst. Saligcmn 
reacted with phenol to give a soluble fusible resin identical with the material made 
by acid condensation. However, a reaction corresponding to an alkaline condensa¬ 
tion of phenol with formaldehyde gave a different product. Thus saligenin was 
heated with varying amounts of formaldehyde and it was found that at least one- 
sixth of a molecular proportion of the latter was necessary to produce stage C. 
With smaller amounts of formaldehyde the product was always one which was 
attacked by solvents. Using sealed tubes and a small amount of base as catalyst, 
elimination of a certain amount of water marked stage A. Elimination of more 
water resulted m stage B, but the transformation of the latter into stage C in¬ 
volved no further splitting of water and no change in volume, suggesting poly¬ 
merization as the probable explanation of the change from B to C. 

Baekeland made certain tentative explanations of these phenomena. Assum¬ 
ing that saligenin condensed with itself through the intermolecular reaction of 
phenolic and aliphatic hydroxyl groups, and in view of the fact that one-sixth of 
a molecular proportion of formaldehyde must be added to convert saligenin into the 
final resin, stage C was considered to be made up of units such as the following: 
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-O 
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I 

-C~() 
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II 

ll 


An advantage possessed by this tyiie of structure is that it leaves open the pos¬ 
sibility of varying the number of saligenin units to be condensed with a single 
molecule of formaldehyde. Thus, Lebach'*" obtained a substance formulated as 


HO—CH..--OH i 
OH :H 0 ! 

0.h,-chj-o-c,H4-([:hj 

The intermediate products which Baekeland prepared by acid condensation were 
more amenable to inspection than those obtained through the use of alkali. It 
was noted that when 15 mols of phenol were heated with 14 mols of formaldehyde 
in the presence of a small amount of hydrochloric acid a soluble fusible variety 
of resinous mass (Novolak) was obtained. In acid solutions, an excess of phenol 
over that indicated in the proportions above quoted was beneficial to the forma¬ 
tion of Novolaks. On the other hand, even when an excess of phenol was em¬ 
ployed, alkaline condensations did not produce the Novolak variety of resin, but 
infusible insoluble products. Whenever' an excess of phenol was used, either in 

L. H. Baekeland, Ind. Eng, Chem , IS09, 1, 158. 

** H. Lebach, Z. angew. Chem., 1909, 22, 1699, 
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acid or alkaline solution, free phenol was present in the final product. Analysis 
of the resin from acid condensation verified its identity with that obtained by heat¬ 
ing saligenin with phenol. Each of the resins had the constitution CaoHasO^. 

In contradistinction to Baekeland’s ^^ether-linkage formation” hypothesis, 
Raschig** suggested that the phenol alcohols which are formed initially may react 
in two ways:— 

(1) with more phenol to give diphenylolmethanes 

H0 -C«H4~CH2—OH-f CeHtOH HO--C.H4CH2—C 6 H 4 OH 

(2) with themselves to form alcohols of diphenylolmethanes 


OH 


OH 


/ 

HO- CeH4—CH,OH + C;H4 

^CHaOH 


/ 

— HO— C 6 H 4 —CH 2 — Cells 

^CHoOH. 


When the reactants in equation (1) are phenol or 0 - or p-hydroxybenzyl alcohol, 
three isomeric dihydroxydiphenylmethanes should be produced. As noted earlier 
m this chapter, two of these isomers, 2,4'- and 4,4'-dihydroxydiphenylmethane, have 
been isolated by various workers from actual resin preparations. The 2,2'- de¬ 
rivative has been crystallized only in the form of an ether or ester. Raschig stated 
that soluble fusible resins arise when less than one molecular proportion of formal¬ 
dehyde per molecule of phenol is used, while the insoluble products are formed when 
the formaldehyde is in excess of this amount usually to the extent of about 10-20 
per cent. In the former case the relative molecular proportions would favor the 
production of diphenylolmethanes. If saligenins were formed these would condense 
with the excess of phenol to give the diarylmethane. Baekeland has shown” that 
diphenylolmethanes are converted into insoluble infusible resins by heating with 
jiaraformaldehyde. In the latter case, i.e., when formaldehyde exceeds one molecular 
equivalent, Raschig postulated that the resins are mixtures of great complexity, 
the products of the earlier stages of their formation being diarylmethanes and 
phenol alcohols. These two classes of compounds can condense with one another as 
well as with more phenol. The ultimate material would consist not only of mole¬ 
cules of great size, but of molecules of various sizes, eg., 

A. Two molecules of the mono-alcohols of diphenylolmethane combine with 
loss of two molecular proportions of water. 



B. With double the proportion of formaldehyde and assuming that a di-alcohol 
of phenylolmethane is present as one stage in the’ reaction, the product becomes 
(HI). 

»»F. Raschig, Z. angeu>. Chem., 1912, 25, 1945; Chem. Abi,, 1913, 7, 887. 

H. Baekeland, Ind. Eng. Chem., 1918 . 5. 507. 
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C. This may condense further with the elimination of water to give Raschig’s 
representation of Bakelite (IV). 

Formulas II, III and IV are obviously only some of the many that can be 
conceived possible by similar reactions. After the publication of Raschig’s work 
and views, Baekeland suggested the possibility that the resins may be composed 
of material which is still more complex than the compounds described by Raschig, 
and that, if the latter bodies were present, ^^together with an endless variety of 
other chemical individuals,^’ their relative importance was not understood. Red¬ 
man, Weith and Brock** state that Raschig’s formulations are not in agreement with 
actual analyses. 

Raschig also demonstrated that the action of heat alone on either o- or p-saligenin 
could produce saliretins but with a mixture of the two, and a basic catalyst, an 
insoluble infusible material was formed. He concluded from this evidence that 
both saligenins were necessary to produce Bakelite types of resin. Baekeland** 
investigated this point still further as it was contrary to the views he had 
expressed in his first paper. He found that if maintained at 160°C. for about 
6 hours, o- and p-saligemns alone or m admixture with either ammonia or 
caustic soda as catalyst did not produce insoluble and infusible resins but only 
brittle infusible bodies which were immediately soluble m caustic soda. However, 
with an added amount of paraform (as little as 5 per cent) the product was of 
great hardness and was unattacked by caustic soda. 

Neither Raschig nor Baekeland at that time undertook to assign any definite 
reason for the polymerization to a hard insoluble body. It is inconceivable that 
the resin would become insoluble simply on account of the complexity of its com¬ 
ponent molecules. Moreover molecular size alone is no criterion of insolubility 
(c/. starch and protein). 

Wohl and Mylo*“ reasoned that p-saligenin by changing to its tautomeric form 
would lose water and thus furnish a quinoid compound which will then polymerize 
under the experimental conditions employed. 

H _ 

HOCH2 —OH —^=0 —^ ch 2 =<(^^^ ^=0 

HOCH2 

a* L. V. Redman, A .T. .Weith and F. P. Brock, lr\d. Eng. Chem,, 1914, 6, 3. 

L. H. Baekeland, loc. cit. 

•• A. Wohl and B. Mylo, Ber., 1912, 45, 2046 
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A similar reasoning would apply to o-saligenm. Only a small amount of evidence 
or support for these views has since been put forward. Sugimoto*^ states that 
Bakelite has an empirical formula CTHeO agreeing with that of the quinoid com¬ 
pound mentioned above. A similar view was supported by Connerade,” who con¬ 
densed benzyl chloride with trioxymethylene in acetic acid at 50°C. using sulphuric 
acid as the catalyst. He obtained the 2,4'- and 2,2'-dichloromethyl-diphenyl- 
methanes which were converted into the corresponding iodo compounds. Treat¬ 
ment of the latter with silver nitrate to replace the iodine by a nitrate group 
was accompanied by polymerization. Hence subsequent, hydrolysis gave rise to a 
polymer of the di-alcohol of diphenylmethane. Connerade’s ^rmulation of the 
reaction requires the presence of quinoid forms: 

H0CH,C,H.CH,C,H.CH20H —>- CHs=<^^=CHC,H.CH.On 


2 CH.<^^^^CH2C«H4CH,0H 


Driver*® states that the resin formed during the preparation of hydroxy-benzal- 
dehydes by the Reimer-Tiemann synthesis,*® is not due to condensation of the 
aldehydes with phenols in alkaline media. In acid media, however, they do 
combine with phenol in eqiiimolecular proportions to give complex alkali-soluble 
red resins of empirical formula CigHtoOa. The resins are assumed to be polymers of 
the quinoid anhydride of 2,4'-dihydroxybenzhydrol. 

In order to determine the kinetics of the reaction, Jablonower*' studied the 
increase in density when phenol and formaldehyde reacted in the presence of 
ammonia. His resulls supported Baekeland m that the initial stage was shown to 
be one of condensation, followed by polymerization. 

Van Voorhout** investigated the effects of varying the catalyst. He identified 
0- and p-saligemn as intermediate products under alkaline conditions. In acid 
media 4,4'-diphenylolmethane was formed. His results indicated-that the stronger 
the base the stronger its condensing power. Bakelite was postulated as mainly 
polymerized diphenylolmethane associated with traces of unchanged material in 
solid solution. 

Beatty*® condensed diphenylolpropane with aqueous formaldehyde under alkaline 
conditions and suggested that the reaction proceeded as follows:—the first stage 
as in equation (1) to form an alcohol while further condensation occurs as in equa¬ 
tion (2) with the elimination of water. 

S SuRimoto, Reports Of aka Jvd Research Inst. Japan, 1929, 10, 10; 1927, 8, 7; 1928, 9, 2; 
Chem. Abs , 1930 , 24 . 837; 1928, 22. 142; 1929, 23. 2962. 

*® E. Conneriide, Bull. «oc chim. Belg , 1932 , 41, 337, BrR Chem Abs. A, 1932, 1122. 

»»J. E. Driver, J S.C I , 1927. 46. I97T. 

The production if hvdroxvflldohycle** bv the notion of chloroform on nlkaline phenols (K. 
Reimer, Ber , 1876 9. 423; J.C.S., 1876, 30 (2), 82. K Reimer and F. T^emnnn, Ber., 1876, 9, 824; 
J CS.. 1876. 30 (2), 632), 

Jablonower. J.A.C S , 1913, 35, 811. 

MA. W. C van Voorhout. Chem. Weekblad. 1920. 17, 2; Kmststoffe, 1021, 11. 59. 

*3W. A. Beatty. U. S, P. 1,225,748, May 15. 1917; Chem. Abs., 1917, 11. 2142 See Chapter 18. 
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(CH,),C 
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C,H,OH 


OH 
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C,H, 

,/ \ 

/ CH,OH 

+ 2CH,0 —(CH,)5C (1) 


C,H<OH 
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OH 


CHjOH 


OH 


' \ 


2 (CH,),C 


s / 

C.H, 

\, 


OH 

CH,OH 

OH 


CHjOH 


C.H, 

^CH^ 

(CH,),C I 

\ > 

C,H3 

SHjO + CH, 

A 

/ 

CeHs 

/ \ 

/ CH, 

(CH3)2C ^ 

\ / 

CeH^ 


( 2 ) 


Herzog and Kreidl/* emphasizing the fact that unsatiiration was a marked fea¬ 
ture of compounds which are known to polymerize, suggested the presence of the 
grouping —CO—CH=CH— in Bakehte A and B to account for their properties. 
A quinonoid rearrangement of Raschig’s formulas was written so as to include this 
grouping. 

In 1925 Baekeland and Bender" reviewed previous work and recorded some 
experimental data in support of a new hypothesis in which the role of ethers was 
still an important one. When hydrochloric acid was employed as the catalyst they 
distinguished three chemical steps in the condensation of formaldehyde and phenol. 
(1) Two molecular proportions of phenol combine with one of formaldehyde to 
give an unsymmetrical ether, p-hydroxyphenylphenoxymethane, which they regard 
as being the chief constituent of the fusible soluble resin. The steps in the forma¬ 
tion of this ether may be represented by: 


H 


\ 

/ 


0=0 + CeHftOH 


H 


H OH 

\ / 

C - 

H^ ^OC.H, 


H OH . 

H 

0C«H6 

\ / CJI»OH 

c —>- 

V 

/ \ 

/ \ 

H C.H,OH 

H 

CsH 40 H 


Further rearrangement of the ether yields dihydroxydiphenylmethane (diphenylol- 

^W. Bwtog and J. Kreidl, Z. angew. Chem., 192^, 35. 641; Chem. Ahs., 1923, 17, 1722, 

«L. H. Badteland and H. L. Bender, Ind. Eng, Chem., 1926, 17, 226. A survey of views on the 
oonstitution of phenol resins is given by H. Tatu, Rev. gen. mat. plast., 1934, 10, 449; Brit. Chem 
Abe. B, 1986, 319; Chem. Abe., 1936, 29. 3068. 
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methane)^. (2) Condensation of the ether with another molecule of formalde¬ 
hyde, union occurring at the methylene group. This gives rise to Stage B. 


H 

OUH, 

H 

H OC6H5 

\ / 

\ 

\ 

c 

+ C=-0 

—C=€ 

/ \ 

/ 

/ \ 

H 

CeH^OH 

H 

H C6H4OH 




H 


\ / 

C=C 

/ \ 


H 


CcH^OH 

C«H 40 H 


(3) Polymerization of the unsaturated compounds obtained in the second step 
is believed to mark a gradual passage to Stage C. 

When acetaldehyde or acetone replaces formaldehyde, the CHs grouping of 
the product obtained in the first step then becomes CH*CH or (CHslaC, respec¬ 
tively. Such fusible soluble resins can combine further*® with formaldehyde to 
reach Stage C. The possible reaction for the derivative from acetone, for ex¬ 
ample, is: 


CH, CeH^OH 

\ 

C -H H2C'.0 

/ \ 

CH, 0(\H5 


rH>C-=CH 


CH, 


CeH^OH 




Alkaline condensation of fonnaldehyde with phenol is postulated as taking 
place through an intermediary ether which subsequently rearranges to p-saligenin. 


H 

__ \ _ _ 

OH + ^0=0 —^-OCHiOH —y HO—CH,OH 

/ 

H 


Baekeland and Bender treated phenol with n-butyraldehyde (in the presence 
of dry hydrogen chloride) with the expectation that the speed of reaction would 
be sufficiently slow to enable them to isolate large yields of the intermediaries, 
thereby obtaining convincing evidence that ether formation was involved in the 
])reparation of phenolic resins. After seven days the mass had become a jelly 
with much crystalline material in suspension. On separation the latter was proved 
to be a,a-p,p'-dihydroxydiphenylbutane (m.p. 136°C.) (yield 38 per cent). The 
resinous residue was found to have the same empirical formula, and similar molec¬ 
ular weight, but only one free hydroxyl group could be detected by titration. 
When the resin was heated at 260-310°C. under reduced pressure (22 mm.) 79 per 
cent distilled over. This distillate solidified and proved to be identical with the 
crystalline material melting at 136°G. It was considered that the resin was phenoxy- 
p-hydroxyphenylbutane and that heating rearranged it to the diaryl butane.*’ 

Baekeland and Bender’s views are such as to suggest that any phenol will 
condense with formaldehyde to a resin so long as it can yield first a diphenylol- 
methane. The highly polymerizable substance is formed by combination of formal¬ 
dehyde with the methylene grouping joining the two nuclei. It has been shown** 
that 2,6-dimethylphenol (a “single-position” phenol) will yield a Novolak resin, 
though a considerable amount of hydrochloric acid as catalyst is necessary. The 
dixylenolmethane formed must have the structure, 

^ C/. J. Scheiber and K. Sandig, ''Artificial Resins," English Translation by E. Fyleman, Isaac 
Pitman A Sons, Ltd.; London, 1931, 97. 

Similar rearrangements, have often been observed. See M. Qomberg and R. L. Jickiing, J.A.C.S., 
1916, 37, 2676. J. B. Niederl and £. A. Storch, /.A.C.S., 1938, S3, 234. R. A. Smith, y.A.C.S.. 1934, 
56, 717 

<*F. S. Granger, /nd. Eng. Chem.f 1933, 24, 443. 
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No further reaction with formaldehyde occurs, the reason assigned being that no 
active position remains open to substitution/® Mesitol“ (2,4,6-trimethylphenol) 
reacts with formaldehyde to give a crystalhne substance (m.p. 186-187°C.) formu¬ 
lated as: 


HO 




CH3 H3C 
CH,- 
CH 3 H 3 C 


OH 


H3C 


CH 3 


—^ />—CHj or CHj—CH2-CH.,-<^J^0H 

jC H,C \h, 


According to Megson, the dixylenolmethanes are converted gradually into resins, 
and he therefore believes dihydroxyarylmethanes to be true resin intermediates. 
Megson objected to Baekeland and Bender’s idea that resinoid C is a polymer of 
the ether type 



on the grounds that rate of resinification (conversion to resinoid C) is so largely 
governed by the nature and positions of the substituents in the phenyl groups. 
He therefore subscribed to the theory that polyalcohols and branched-chain struc¬ 
tures were involved. 

The idea that di- and tri-alcohols may be formed was stressed by Amann and 
Fonrobert®^ who suggested the following scheme: 


C^H.OH -f X CH2O 


xi 1 

HOC 6 H 4 CH 2 OH 

i 

H0C«H4CH2CeH40H 


X 2 X f 3 

HOCoHaCCHaOH), HOCaHaCCHaOH), 

H0C4H4[CH2CeHa(0H)lnCH,C«H40H 


Thus, the resin was thought to consist of a long chain of hydroxybenzyl groups. 

Blumfeldt" proposed that an ^^idealized” formula for Bakelite C be given by 
the structure (b) shown on next page. Such a representation could result from 
the condensation of two long molecules of the type (a). (For a further discussion 
of this work in relation to the structure of resins in general, see Chapter 4.) 
This would indicate a hydrocarbon of very compact structure and low hydrogen 
content, somewhat similar to what has been postulated for graphite,” but while 
the latter is of course insoluble it has marked crystalline features with a cleavage 
plane, a factor influencing its use as a lubricant. No such property has been dis¬ 
covered in Bakelite C. Analytical results do not agree with such a small oxygen 
content. 


Carbon atoms winch are ortho or para to the phenolic gtoup and to which no substituting 
groups are attached aie designated active fxisitioiis * 

®"N. J. L. Megson, J.S.C.l, 1933 , 52, 421T. 

Bnt^ J'®'*®- K. Albert G. m. b. H.; 

2« 609' 1929, S3, 493;■ 1931, 55, 651; Chem. Abi, 1929, 23, 6179; 1932, 

“L. Wallerstein (U. S. P. 1,442,372, Jan. 16, 1923; Chem. Ab»., 1923, 17, 1115) has found that the 
car^n dmved from charred phenol-formaldehyde resin is highly absorptive, and is comparable with 
coals produced by the carbonisation of aiiiiriul oi vegetable matter. 
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sufScient number of hydroxyl groups in the material to accord with the formation 
of sodium salts soluble in alcoholic soda, which are however insoluble in water. 
Its formation also necessitates the elimination of more water than actually occurs 
during the reaction. He regards the combination of phenol with formaldehyde 
as being more complex than that of the cresols and places the latter in the order 
of complexity of their condensations as m- <o- <p-. This is rather unexpected, 
as m-cresol Xiongs to the three-position phenols and in p-cresol the two substitut¬ 
ing free positions are symmetrically placed. One would therefore expect the order 
to be:-—condensation of m- much more complex than that of o- which is more than 
that of p-cresol. Koebner“ recognized the importance of the formation of homo- 
logues and isomers of the resin intermediates. He demonstrated that 2 ruols of 
p-cresol united with 1 mol of formaldehyde at 150°C. without a catalyst to form 
a Novolak, and that the yield of isolable dicresylmethane derivative was fairly good. 
However, in an experiment in which formaldehyde was condensed with phenol 
instead of p-cresol, the presence of isomers was bothersome and the yield of the di- 
phenylmethane was small. Koebner favored the view that Novolaks are long chain 
molecules of the type R(CH*R)„CH 2 R. The true Novolak would be a mixture of 
compounds with different values of n. 

Koebner also showed that, accompanying the formation of a dicresylmethane 
from p-cresol and formaldehyde, there was produced a smaller amount of a crystal 
line substance (m.p. 215°C.) for which the analysis indicated the structure: 



This three-nng compound was also made by condensing p-cresol-dialcohol (2,6- 
dimethylol-4-methylphenol) with p-cresol in acid solution. Hence its structure was 
ascertained. Koebner also prepared and isolated the compounds containing 4, 5, 
6 and 7 substituted benzyl groups in a chain.” An independent isolation of the 
three-ring compound (m.p. 214°C.) was described by Morgan, Megson and Drum¬ 
mond.'” Megson” reported that along with the two-ring and three-ring compounds 
a series of amorphous substances can be made from p-cresol and formaldehyde. For 
these he suggested the representation. 



«M. Koebner, Z. angew. Chem,, 1933 , 46, 251; Chem. Abs., 1933 , 27, 3783. 

w For a discussion of the polymers formed by the action of aluminum chloride on benzyl chloride 
see Chapter 56. 

G. T. Morgan, N. J. L. Megson and A. A. Drummond, J.S.C.I., 1930, 49. 245T, 250T. See also 
A. Vansheidt, A. Itenberg, P. Erluikova and G Simonov, PUuttchetkie Maasui, 1934 , 3, 17, Chem. 
Aba., 1934, 28, 6578. A. Vansheidt, Plasticheakie Maami, 1934, 2. 1; Chem. Aba., 1934, 28, 6326. 

M N. J. L. Megson, J.8.C.I., 1980, 49, 249T. 
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An acid of the formula 



has been prepared" by condensing p-cresoldialcohol with 2 mols of p-cresolcar- 
boxylic acid in the presence of concentrated hydrochloric acid. 

Poliak and Riesenfeld" subscribed to the theory that Novolaks consist of a 
chain of seven phenol molecules condensed by six formaldehyde molecules when six 
molecules of water are eliminated. Two phenol molecules are removed when the 
product is treated with water or caustic soda, consequently they rejected any ring 
formulations for a Novolak, and suggested®* 



The exact configuration was not determined, and the resinous character was 
attributed to the presence of isomeric compounds. It was assumed that the 
resin was made up entirely of substances of the same molecular weight. The 
molecular weight determinations indicated a value of about 623 for the Novolaks, 
whereas a value of 730 is demanded by the theory of seven molecules of phenol 
combining with six of formaldehyde. The use of the Grignard reagent in pyridine 
solution (Zerewitinoff Method) gave evidence of the presence of 13 hydroxyl 
groupings per molecule as measured by the volume of methane evolved. 

Hugel and Vincent®* made a series of phenol-formaldehyde condensations in 
which they varied the concentration of both formaldehyde and catalyst. From 
these experiments they could detect no essential difference between acid and alka¬ 
line catalyzed products but concluded that hardening was due to the addition of 
an excess of formaldehyde above that required for the fusible resins. Koebner** 
also determined the molecular weights** of a series of Novolaks formed by acidic 
condensations in which the proportions of formaldehyde varied from 1 to 7 mols 
per 10 mols of p-cresol and found that the values so obtained increased progressively 
with the amount of formaldehyde used. 

^British P. 374,735, 1931, to I. G. Farbenind. A.-Q.; Bnt. Chem. Abt. B, 1932, 1056. 

^ F. Poliak and F. RievSenfeld, Z. angew. Chem., 19^, 43, 1129; Brxt. Piasttct, 1931, 3, 225; Chem. 
Abe., 1931, 25. 1398 

Cf. A. Amann and E. Fonrobert’s formula, already discussed 

^ G. Hugel and M. Vincent, Chimte et mduetrie, 1929, (Feb. Special No.), 540; Chem. Abs., 1929, 
23, 4088. 

«M. Koebner, Z. angew. Chem., 1933, 46, 251; Chem. Abe., 1983, 27. 8788. 

^ For a discussion of the molecular weights of the resins see Q. Dring, J.8.C.I., 1934, S3, 422T. 
See also Chapter 4. 
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Table 26. —Condensations of Formaldehyde with 10 Mols. p-’Cresol. 


Gram-mol. 

Yield of Resin 

Mol. Wt. 

CHaO 

Found g. 

Calcd. g. 

Found 

1 

180 

250 

229 

2. 

335 

306 

256 

3 

470 

412 

291 

4 . 

690 

518 

334 

5 . 

710 

624 

. 371 

6 

810 

730 

437 

7. 

870 

836 

638 


This is fairly conclusive evidence that, using p-cresol, Novolaks consist of chains 
of varying lengths, and of alternate cresol and methylene linkages. 

If the Novolaks do consist of chains of substituted benzyl groups, the question 
arises as to which isomers are most likely to be involved. Megson and Drummond***' 
quote evidence that 2,4'-dihydroxydiphenylmethane is the resm-forming inter¬ 
mediate. When phenol and formaldehyde condense in the presence of hydro¬ 
chloric acid, both 2,4'- and 4,4'-dihydroxydiphenylmethane are obtained. Heating 
the mixture causes formation of resin and decrease in the quantity of 2,4'-isomer. 
This view is in agreement with the observation of Driver (already mentioned) 
that 2,4'-dihydroxybenzhydrol readily yields a resin."* 

Morgan and Megson®^ propound further that any polynuclear compound from 
phenol and formaldehyde possesses free positions in internal rings at which con¬ 
densation to form macromolecular structures is possible. 



OH OH OH OH 



From this point of view, Novolaks may be regarded as substances of the general 
formula HOR"(CHaR'"OH)*CH8R"OH. Xhe resols, or initial products of alkaline 

«N. J. L. Megson and A. A. Drummond, J.S.C.L. 1930, 49, 251T. 

••J. E. Driver, J.S.CJ.. 1927, 46, 197T. 

^ 0. T. Morgan and N. J. h. Megson, /.8 C.I., 1933, 52, 420T. 
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condensation are mono- or poly-alcohols. Resitols (B stage resins) are macro¬ 
molecules which are only partly united by methylene groups. Resites (C stage) are 
branched-cham macromoleculcs. 

This theory is, of course, very much at variance with the view expressed by 
Baekeland and Bender (vide supra). A more recent version"^ of Baekeland’s idea 
indicates the manner by which final polymerization might take place. 


R R' 

\ / 
C=CII, 


IV R R' R R' R R' 

V / H \ / H \ / H \ / H 

-C-C-C-C-C-C-C- C- 

B H H H 


The same investigators heated phenol-formaldehyde resin in an autoclave with 10 
or 15 per cent sodium hydroxide solution at 300°C. for several hours. Such hydroly¬ 
ses gave higher phenols than those which were used as starting materials. It was 
found also that a considerable amount of hydrogen was evolved. The net result 
could be indicated m the following manner: 


( 1 ) 


OH OH 



OH 

2 ( ! + CO, + H., 

\/ 



Degradation experiments evidently give interesting results, but have not yet 
solved the problem of resin constitution. Moehrle*^” found that the hydrogenation 
of phenol-aldehyde resins at 440°C and 125 atmosiiheres yielded phenols and light 
oils. 


Phenol-HexAMETHYLE iN etetramine Con densations 

The replacement of formaldehyde by other aldehydes (or even by ketones) in 
the preparation of resins has no very drastic effect upon the nature of the inter¬ 
mediates or of the resin. The differences which do manifest themselves are such 
as can be easily explained, or possibly anticipated, from considerations of the 
properties of the particular aldehydic reactant used. When hexamethylenetetra¬ 
mine (hexamine) however is employed the difference is more marked. 

Various workers^® noted the formation of hexamethylenetetramine from ammonia 
and formaldehyde. Losekann^ has suggested NCCHa—N=CH 2)8 as its constitution. 
Duden and ScharfT* expressed the view that ammonia and formaldehyde (or its 
polymer), interacting with liberation of heat, yield as the first stage a product 
formulated as (I) the complete reaction resulting in he.xamine (III) possibly 
through the intermediate stage (II), viz:— 


I. Alien, V. E. Moharjs and J H. Schmidt, Ind. Evg. Chem , 1934, 26, 634 

E. Moehile, German P. 570,270, 1931, to A.-G. fiir SteinkohleverflUssigung und Steinkohleveredelung; 
Chem. Abs., 1933 , 27 . 2592. 

T«A Butlerov, Ann., 1860, 115, 322. A. Wohl, Ber , 1886. 19, 1842. B Tollens, Ber., 1884, 17, 653. 
R. Cumbier and A. Borchet Compt. rend., 1895, 120, 557; J C S., 1895, 68, 262. 

71 G. Uisekann, Chem.-^Ztg., 1890. 14, 1409; 1892. 62, 423. 

73 P. Duden and M. Scharff. Ann., 1895, 288, 218. 938. 
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This representation of hexamethylenetetramine is commonly but not universally 
accepted. X-Ray considerations tend, however, to support this acceptance 

When ammonia is used as the catalyst it! phenolic condensations it is assumed 
that hexamine is first formed. In such cases, the ammonia can be recovered 
almost quantitatively during dehydration of the resin product. The efficacy of 
hexamine in speeding up the initial condensation was found by Holmes and Meg- 
son’* to be practically equal to that of ammonia in m-cresol-formaldehyde reac¬ 
tions. The possibility of employing hexamine m the production of phenolic resins 
early attracted attention’® (see also Chapters 13, 15 and 16). The value of intro¬ 
ducing dry hexamethylenetetramine as a hardening agent (rather than mixtures 
which would form the substance) was recognized by Aylsworth.’® 

Under mild conditions three molecular proportions of phenol combine with 
one of hexamine to form a definite compound.” A crystalline substance of com¬ 
position C«Hi 2 N 4 *C 6 HaO (m.p. 176°C.) has also been isolated.’® Harvey and 
Baekeland used various homologues of phenol and found that less than three 
molecules would combine with one of hexamine giving compounds with ill-defined 
melting points and strong resin-forming tendencies. /3-Naphthol, heated with 
hexamethylenetetramine in acetic acid, yielded 2,2'-dihydroxy-l-naphthylidene-r- 
naphthylmethylamine, 

HOC,oHeCH=N—CH 2 C 10 HCOH 


a-Naphthol, under similar conditions gave sym-di-a-naphthoxy-dimethylarnine. 
With p-nitrophenol, hexamethylenetetramine formed an addition compound, 

C«H,2N4 • 2CeH4(N02)0H.7* 

WR. G Dickinson and A. L Raymond, J.A,C.S., 1923, 45, 22. H Mark, Ber, 1924, 57, 1820; 
Chem. Abs., 1925, 19, 754. 

'»* E L. Holmes and N. J. L. Megson, J.8.CJ., 1933, 52, 415. 
w British P. 28,009, 1907, to Knoll & Co. ; J.S.C.L, 1908, 27, 908. 

^«J. W. Aylsworth, U. 8 P. 1,102,594, Mar. 19, 1912; Chem. Abs , 1912, 6, 1377 British P. 3496 
and 3497, 1911; J.S.C.L, 1912, 31, 347. French P. 429,292, 1911; J.S.C.L, 1911, 30, 1267. See also B. 
Bv Goldsmith, British P. 6396, 1912; J.S.C.L, 1913, 32. 456. 

"H. Moschatos and B. Tollens,-Ann., 1893, 272, 280; Ber, 1891, 24, 695; 18 4, 27, 238 H. 
Lebach, Z. angew. Chem., 1909, 22, 1600; J.S.C.L, 1913 , 32, 559. M T. Harvev and ^L. H Baekeland, 
Ind. Eng. Chem., 1921, 13, 135. J. E. Laborde, Chtmie et industne, 1929, Feb. Special No, 504; Chem 
Abe., 1929, 23, 4188. 

«L. H. Smith and K. N. Welch, 7 C.S.. 1934, 729. 
wj. C. Duff and E. J. Bills, J C.S., 1934, 1305. 
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The stability of the phenol-hexamine bodies has been studied by Pummerer and 
Hofmann.®® In water or benzene the compounds reverted to their components. 
Union of phenol and hexamine is effected by mixing them in the presence of a little 
alcohol. Lebach®^ and also Sugimoto®® noted that hexamine triphenol evolved am- 
monia when heated to yield an insoluble infusible mass similar to Bakehte C. 

Redman, Weith and Brock®® found that hexamethylenetetramine was decom¬ 
posed completely by boiling in dilute aqueous hydrochloric acid, though alkalies 
had no effect. When the compound of hexamine and phenol was heated, methyl- 
amine as well as ammonia was given off. Dry heating at 175°C. for 1 hour re¬ 
sulted in a resin attacked both by solvents and dilute acid. By adding phenol so 
that the molecular proportion of formaldehyde to phenol was 7 to 6, no longer 
were methylamines evolved, but only ammonia. This indicated a complete com¬ 
bination of the formaldehyde with the phenol. When phenol was added beyond 
the 7:6 ratio, the excess could always be separated on completion of the reaction 
and the resm was believed to be identical with that resulting from the 7:6 ratio. 
Amino-saligino-saligenin, H 0 CflH 40 CH*CeH 4 CH 8 Nn 2 , was isolated as an intermedi¬ 
ate, but at the end of the reaction no such substances could have been present, 
as all of the nitrogen was accounted for m ammonia evolved. It was suggested 
that a long sahgino-saligenin chain constituted the initial soluble resin (Novolak). 
Analysis agreed with the formulation of C«H 50 CH 2 (CeH* 0 CH 2 )nC«H 40 H. Trans¬ 
formation into an infusible insoluble resin required condensation with additional 
active methylenes. Another conclusion which was reached from a study of the 
hexamine resins was that their superior light-fastness indicated a possible freedom 
from hydroxyl groups, a conclusion supported by the fact that very prolonged 
treatment with caustic soda was necessary before signs of attack could be 
observed. 

Sato and Sekine®‘ found that phenol-formaldehyde condensations catalyzed by 
ammonia could be fractionated into three components by virtue of their different 
solubilities, Megson and Drummond*® observed this same property in m-cresol con¬ 
densations catalyzed by caustic soda and these fractions also had different heat 
hardening rates. Duff and Bills*® reported that when hexamine and salicylic acid 
were heated in aqueous solution, 3- and 5-aldehydosalicylic acids were obtained 
(and separated by their differing solubilities in benzene) instead of the expected 
methylolsalicylic acids, m- and p-Hydroxybenzoic acids gave only amorphous 
products. Shono®^ isolated a light yellow amorphous powder, whose analysis in¬ 
dicated Ci 4 Hi 50 aN, from a phenol-formaldehyde condensation catalyzed by a large 
amount of ammonia. Other compounds*® isolated were 2,2'- and 4,4'-dihydroxy- 
dibenzylamines melting at 168®C. and 137-138®C., respectively. At higher condensa¬ 
tion temperatures (140°C.) a compound, Ci 4 H, 80 *N, stated to be «-amino-o-tolyl-o- 
hydroxybenzyl ether was formed. 

Marotta and Alessandrini* also studied the reaction between phenols and 
hexamine in acetic acid solution and they suggested that hexamine is first oxi¬ 
dized to trihydroxytrimethylamine, which m turn condenses with the piienol. 

^ R Pummerer and J. Hofmann, Ber, 1923, 56, 1257. 

H. Lebach, Z. angew. Chem , 1909, 22, 1600; Chem Abn., 1910, 4, 391. 

SuKimoto, Rep. Omka Imp. Inst. Ind. Res., 1927, 8, (17); 1931, 11, (21); Chem Abs , 1928, 
22, 142; 1931, 25, 3778. Japanese P. 83,652; Chem. Abs., 1031, 25. 3778. 

L V Redman, A V Weith and F. P. Brock, Ind. Eng. Chem , 1914, 6, 3. 

S. Sato and Y. Sekine, J. Chem. Ind. (Japan), 1921, 24, 382; Chem. Abs., 1922, 16, 1133. 

N. J L. Megson and A. A. Drummond, J S.C.I., 1981, 50, 251T. 

“J. C. Duff and E. J Bills, J C.S.. 1932, 1987. 

87 T. Shono, J. Chem. Ind. (Japan), 1928, 29. 53, 438; 1927, 30, 138; Chem Abs., 1928, 20, 2419; 
1927 21 628 1335 

. »T.' Shono, / Chem. Ind. (Japan), 1929, 32, 212; Proc. World Eng. Congr., 1929, 31, 533; Chem 
Abs., 1930 . 24, 1940 

88 D. Marotta and M. E. Alessandrmi, Gats, chim. ital., 1931, 61. 977; Chem. Abs., 1932, 26, 2983. 
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Phenol, resorcinol, phloroglucinol and naphthols all gave products which were 
difficult to purify and which became plastic masses when warmed or exposed to air, 
Naphthols gave bases, by reactions formulated as: 

N(CH20H)3 4- 3 C 10 H 7 OH N(CH2C,oH60H)8 + 3 H 2 O. 

Resins made from phenol and hexamethylenetetramine" were found to be in¬ 
fusible whenever the methylene to phenol ratio in the resin was greater than 
0.5 to 1. Therefore the only fusible intermediates are dinuclear. A different result 
was obtained by starting with saligemn, in which case polynuclear fusible resins 
were obtained, along with infusible resins which contained at least 11 molecules. 
It was suggested that the resins consist of mixtures of open chain as well as ring 
systems. 

The effects of amines other than hexamethylenetetramine in causing reaction 
of phenols with formaldehyde are discussed in Chapter 16. The mechanism of 
these catalyses presumably varies from case to case and it is difficult to make any 
generalizations. The statement can .be made, however, that crystalline products 
which may be intermediates have often been encountered. Thus, from mono¬ 
phenols and formaldehyde in the presence of dimethylamme, compounds of the 
type o-HOCeH 4 CHsN(CH ,)2 were obtained." Phloroglucinol condensed with formal¬ 
dehyde and dimethylamme hydrochloride to yield (HO)sCflH 2 N(CH,) 8 *HCl and 
(HO) 3 CflHfCH 3 N(CH 3 ) 2 -HCll 2 . These hydrochlorides gave resins when treated with 
alkali. Aminophenols and aldehydes gave substituted methyleneaminophenols." 

Physico-Chemical Studies of Phenol-Formaldehyde Resins 

Sato and Sekine" have called attention to the amphoteric nature of phenol- 
formaldehyde resins. When the alkaline condensation products of phenol and 
formaldehyde are washed till neutral to litmus, and then dissolved in acetone, the 
addition of a comparatively large amount of alkali is necessary to render the solu¬ 
tion alkaline to phenolphthalein, yet more than an equivalent of acid is neces¬ 
sary to turn the same solution acid to congo red. A characteristic dark yellow 
substance is formed when copper sulphate is introduced into the condensation 
product, but there is no blue coloration when ammonia is added. The yellow 
color was discharged by lactic acid. Copper carbonate, however, gave a brown 
product unaffected by lactic acid. The amphoteric nature of these resins is con¬ 
sidered to be due to the presence of both aromatic and aliphatic hydroxyl groups. 
The investigators deduce that the resin molecules should combine with com¬ 
pounds containing an aliphatic hydroxyl group. Sato" confirmed this by prepar¬ 
ing insoluble resinous material from the condensation of the oily reaction product 
of equimolecular parts of phenol and formaldehyde, with malic, lactic or glycollic 
acid, butyl alcohol, glycerol, cholesterol and hexoses. 

Shono" recorded 40 metallic salts which would react with phenol resins in 
alcohol solution. The chlorides of cobalt, iron, vanadium, selenium, titanium, ruthe¬ 
nium and tungsten, uranium nitrate, various chioroaurates and chloroplatinates 
gave characteristic colors. These color reactions served as a means of differentiat¬ 
ing this type of synthetic resin and natural resins. The action of condensation 
products derived from polyhydric phenols and formaldehyde on aqueous solu- 

**G. Walter and O. Ri^imeL Kallcid-Beiheftep 1934, 40, 1, 29, 45; Brit. Chem. Aba. B, 1934, 1021. 

^J. Decombe, Compt. rend., 1933, 197, 258; Chem. Abs., 1933, 27, 5065. Compi. rend., 1983, 196, 
544; Bnt. Chem. Abs., A, 1929, 1440. 

“T. p, Levi, Gazz. chim ital., 1929, 59, 544; Brit. Chem. Abs. A, 1929, 1440. 

*8. 6ato and Y. Sekine, /. Chem. Ind. {Japan), 1921, 24, 494; Chem. Abs., 1922, 16, 1133. 

»*8. Sato, Japanese P. 37,857 and 39,321, 1921; Chem. Abs., 1922, 16. 1301, 2760. British P. 182,886, 
1921; J.3.C.I., 1922, 41. 676A. 

•®T. Shono, /. Chem. Ind. tJapan), 1926, 29, 53; Chem. Abs., 1926, 20, 2419. 
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tions of metallic salts was studied by Adams and Holmes” The resins exhibited 
pronounced and selective adsorptive properties for a large number of cations (e.g., 
Al'^, Ca+^, As^, Pb++, and V^). As a result of their experiments the in¬ 
vestigators recommended the use of .^uch resins as pyrocatechol-formaldehyde, 
resorcinol-formaldehyde, pyrogallol-formaldehyde and quebracho tannin-formalde- 
h^^de for the purification of water. 

The behavior of alcoholic suspensions of resins under the influence of an electric 
field was investigated by Bartheleiny Alkahne-calalyzed resins were found to 
migrate to the cathode, and acid-catalyzed ones to the anode. He regarded them 
therefore as ionic micelles having the constitution: 

H[—Celb—O—CHo—IxOK and HI—C6H4—O—CH^-lxCP* 

The growth of colloidal aggregates presumably occurs through the ionic nature of 
these particles. Ripper,'"* comparing Bartheleiny’s formulation with the structures 
mentioned by Raschig'®® and Herzog,'®^ suggests that in the final resin the value 


OH 

A. 


OH 


HOH,r~|/ ~C:H,--/ r CH.OH 


X. 


o 


L '1 


C\u 


o 

ii 

!l 


\ 


HOH,C- 


.b-C’n.- 


y- 


0 (’ll, 

"\ 

i| 


I \ 

('H, O 

/ 


I (di2-^ ;-cH 


O 


)H OH 

Possible structures existing within ionic micelles 


O 


of n is greater than 4, since structures as shown above probably would not dis¬ 
play colloidal properties. Nagel and Baumann**^ find that the^ reaction mechanism 
for the hardening of phenol-formaldehyde resins involves the formation of large 
molecular aggregates without the elimination of any wxater (with shellac a little 
IS formed). These investigators were unable to find evidence for any chemical 
reaction taking place during hardening. The sizes of colloidal resin particles^” 
range from the smallest which can be detected by means of the ultramicroscope 
to the largest which are present in partial suspensions. 

It is known that resin-forming reactions are facilitated by stirring.'®* Freund- 
lich and Kroch'®® have shown that stirring coagulates copper oxide sols, indicating 
that orientation and aggregation can be accomplished by this means. According 


w B. A. Adams and E. L Holmes. /.SC/, 1935. 54. IT 

Barth^lemy, Ch\m et wd,, 1926, 16, 367; Rev. prod chim , 1925, 28, 261; Kuwdatoffe, 1925, 
15, 150; Chem. Abx , 1925, 19. 2552 

Barthelemy represent<‘d these a.s* 

[2:r(C6H40CH2)H]0K and (syfCeH^OCHdHICl 
K. Ripper, Kontakt-Rommler Nach., 1929, 1, 4 
"»P. Raschig, Z. angew. Chem., 1912, 25, 1946; Chem Aba, 1913, 7. 887 
101 W. Heizog! and J. Kioidl, Z. angew. Chem, 1922, 35. 643; Chem. Aba, 1923, 17. 1722 
10* W. Nagel and E. Baumann, Veroffentlich. Siemens-Konzem, 1932, 11, 99; Chern. Aba., 

1933 , 27 , 856. See also J. Scheiber, Farbe u. Lack, 1927, 67, 1929, 86, 102; Cfxem. Abs , 1927 , 21, 1555; 
1929, 23, 2583, 5599. 

103 H. L. Bender, “Colloid Chemistry,” J. Alexander, The Chemical Catalog Company, New York, 
1932, IV, 332. R. Dubnsay, Chimte et Industrie, 1928, (April Special No.-) 666; Chem, Aba.^ 1928, 22, 
4842; Rev. gen. mat. pfa.st., 1927, 3, 285; Chem. Aba, 1927, 21, 2991. See also Chapter 4 

104 A. W. C. van Voorhout, U. S. P 1,271,392 and 1,271,393, July 2, 1918 ; Chew. Abs., 1918, 12. 
1916. British P. 110,041, 1916; Chem. Abs., 1918, 12. 410. French P. 423,417, 1917; Chem. Abs., 
1918, 12, 083. 

lor. H. Freundlich and H. Kroch, Naturwissenschaften, 1926, 14, 1206; Chem. Abs., 1927, 21, 1394. 
Z. phys. Chem., 1926, 124, 154; Chem. Abs., 1926, 20, 845. 
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to Ostwalcl^*" the effect is due to potential differences set up between the stirrer and 
the colloid system. Exposure of Bakelite to a concentrated electric field was re¬ 
ported to have catalyzed hardening of the resin. The effect was assumed to be 
due to changes in the energy content of the particles.^*" Jablonower'®® found that 
the density of a phenol-formaldehyde condensation catalyzed by ammonia, in¬ 
creased steadily with the time of heating and the proportion of catalyst used. 

While the advanced stages of the phenol-formaldehyde reaction involve the ag¬ 
gregation of colloids, the initial syrups are merely mixtures of crystalline substances 
which necessarily lower each other’s melting points, and which are supercooled 
liquids. This was demonstrated by Drummond^** through the use of viscosity 
measurements. Initial syrups obtained by alkaline condensation of phenol with 
formaldehyde obeyed Slotte’s law for the variation of viscosity with temperature: 
rj=:K/C, where t is in degrees Fahrenheit. The law does not hold for colloids.’^ 
This observation of Drummond that the logarithm of the viscosity of the initial 
resin varied linearly with temperature has been confirmed Warren, Newbound 
and BelP*^ suggested that automatic control of condensations might well be based 
on viscosity measurements. 

Novak and Cech^^'* decided that since intermediate‘stages in the formation of 
resins from the reaction of phenol with formaldehyde were difficult to isolate, it 
might be possible to study them by determining the refractive index, the viscosity 
in alcohol and the bromine value (by Koppeschaar’s Method) of the filtrate which 
remained after precipitating an acetic acid solution of the resin with water. They 
studied various types of condensation, including (1) uncatalyzed, (2) catalyzed 
by ammonia, (3) catalyzed by caustic soda. Condensation phenomena were mani¬ 
fested by decrease in the bromine value and in the refractive index of the acpieous 
layer, while polymerization was indicated by increase in refractive index of the 
resin layer and partly by increased viscosity 

Schmid and de Senarclens“* followed the change in refractive index (using 
yellow helium light of 5876A) during the conversion of resin A to resin C in 
the presence of varying amounts of caustic soda ranging from 1.07 to 2 66 ])er 
cent at 100-140°C. The values they obtained for any one set of conditions in¬ 
creased rapidly at first and then more slowly until the maximum was reached 
Increases in the concentration of caustic soda lowered the maximum value of 
the refractive index. The data indicated that polymerization proceeded at the 
same time as did condensation and that polymerization was not affected by the 
alkali. 

Sugimoto and Kasai*“ investigated the absorption spectra of phenol-formalde¬ 
hyde products prepared without catalysts, and a band was found only in the 
ultraviolet. Using ammonia as catalyst there appeared bands which were traced to 
the presence of a decomposition product of hexamiiietriphenol. The red color 
formed in Bakelite in the course of time was shown to be dlie to a trijihein l- 
rnethane dye (aurin). 

1<»W. Ostwald, Kolloid-Z., 1927, 41, 71; Chem. Ab»., 1927, 21, 3516 

lOT British P. 417,501, 1934, to Ternion A.-G., Cheni. Abs , 1935, 29, 1178. See Chapter 9 

J^B. Jablonower, J.A.C.S., 1913, 35. 811. 

A. Drummond, J.8.C.I , 1922, 41. 522T; 1924, 43, 323T; 1923 42 , 770T. 

iwC. E. Davis and E. T. Oakes. J A.C.S., 1922, 44, 477. 

D. Sokolov, 8. R. Pliaid and N. V. Gregor’eva, Plasttcheskie Masaui, 1934 , 3, 32; Chem. Aba., 
1034, 28, 6579. P. A. Kremlevskii, Zovodakaya Lab., 1933, 5. 16; Chem. Aba., 1933, 27. 5993. B A 
Lomakin and N. I. Kutoyova, Plaattcheakie Maaaui, 1934, 3, 25; Chem. Aba., 1934, 28, 6579. See also 
Chapter 3. 

w* H. W. H. Warren, R Newbound and L. M. T, Bell, British P. 253,614, 1925, to Bntish Thomson- 
Houston Co., Ltd.; Brit. Chem. Aba. B, 1926, 681. 

iwj. Novak and V. Cech, Ind. Eng. Chem., 1928, 20, 796; 1932, 24, 1275. 

^ A. Schmid and G. de Senarclens, HeLv. Chxm. Acta, 1933, 16, 10; Brit. Plaattca, 1933 , 5, 134; 
Chem. Aba., 1933, 27, 2049. 

U»S. Sugimoto and E. Kaeai, Repta. Imp. Ind. Rea. Inat. Oaaka, Japan, 1927, 7, (14); Chem. Aba., 
1927, 21, 2172. 



14 . PHENOL-ALDEHYDE RESINS 


313 


Boer, Houwink and Custers^* studied the absorption curve of a phenol-fonnal- 
dehyde resin and found that it was similar to that of phenol but approximated 
that of cresol in that it was displaced towards the red. This was considered 
to be a striking confirmation that the structure is (CHaCoHsOHj*. Molecular 
refraction measurements had increased values as condensation between phenol 
and formaldehyde proceeded, an increase related quantitatively to the absorption 
displacement towards the red. 

Stager^’ prepared resins by reacting formaldehyde in the presence of ammonia 
with three different sources of phenols, viz., pure phenol, cresol and mixtures of 
phenol with cresol. Eleven specimens of resin in all were examined. Their specific 
gravity at 20°C. ranged from 1.18 to 1.24. The resins had melting points of about 
59-67°C. and bromine absorption of 0.32-0.53 g. per g. of resin. Cementing values 
towards steel were obtained with reference to the time of hardening and many 
electrical tests were carried out, the investigator concluding that products derived 
from formaldehyde and pure phenol have definite polar characteristics. The 
cresol derivatives have comparatively high molecular weight and are non-polar. 
Stager noted also''* that when the resins were heated at 100°C. for considerable 
periods of time, thus forming stage C, the volatile material obtained consisted 
chiefly of water and phenols. 


Summary 

In the preceding pages the reactions of formaldehyde and phenols have been 
discussed and mention has been made of aldehydes other than the simple formal¬ 
dehyde. Various views as to the mechanism of these condensations have been 
examined and a certain amount of general agreement has been found among them. 
Yet the significance of the fact that phenol-formaldehyde condensation products 
polymerize under definite conditions of time, temperature and pressure has not 
been fully elucidated. The main facts established are these:— 

1. The initial reaction of phenols and formaldehyde results in the formation of 
compounds of the alcohol tyjie or of the diarylmethane type or a combination of 
both. 

2. These compounds react further to form extended molecules which may be 
regarded as joined substituted benzyl groups possessing oxygen or carbon linkages. 

3. The chains or branchiae particularly in the presence of some slight excess 
of formaldehyde and a basic catalyst can be transformed irreversibly into in¬ 
soluble, infusible material, most probably by polymeric change. 

J. H de Bo 0 r, R. Houwink and J. F. H. Custers, Rec trav. chim,, 1933, 52, 709, Chem Abs., 
1933, 27, 5004. 

H. Stager, Helv Chtm Atta. 1931, 14, 285, Chcin. Abs., 1931, 25, 3183 

H Stager, 1st Coiumuiucation New Inter Assoc. Testing Mateiials Zuiieh, 1930C, 19; Chem. 
Abs., 1931, 25, 3411. 



Chapter 15 

Phenol-Aldehyde Resins 
III. Commercial Processes 


During the first decade of the present century activity greatly increased in 
the study of phenol-aldehyde re^sins and their applications as substitutes for shellac 
and other resins in both varnishes and plastic compositions. In the latter part 
of that decade, Baekeland began an investigation which brought forth a modi¬ 
fication of these resits by improving the methods of hardening under heat and 
pressure so that rigid molded articles could be very readily obtained. From his 
investigations came the commercial development of the molding composition and 
product known in its various forms as Bakelite. A great varietv of applications 
have been made of these phenol-formaldehyde resins or resinoids ranging from 
bottle closures to telephone hand-sets; from table tops to artificial amber. The 
range of uses also embraces such articles as molded cases and parts for cameras, 
clocks and precision instruments, armatures and commutators for dynamos and 
motors, automobile parts, electrical equipment, grinding wheels, toilet seats, serving 
trays, soda-fountain counters, scale pans, golf clubs and containers of many kinds. 
The commercial success of this material has been a powerful stimulant to the 
development of the industry of synthetic plastics. 

To a notable extent the applications of phenol-formaldehyde resins in the 
plastics field have been spectacular and during the period of commercial develop¬ 
ment and expansion they have therefore been particularly before the public eye. 
Such varied applications as radio apparatus, pencil barrels, ash trays and other 
articles constantly in evidence give some indication as to the importance of these 
resins for which accurate consumption data are not available.' 

In the United States, the production of molding compositions was practically 
restricted to one corporation, the rights of manufacture having been closelv re¬ 
tained by the owners of the principal patents."' Since the expiration of some of the 
original patents (1926), a number of other manufacturers have become firmly es¬ 
tablished in the United States. 

In the past, the molder requiring such compositions purchased his raw mate¬ 
rial at a price roughly representing one-half the cost of the molded article, that 
is, the costs of the composition and of labor were about equal. With increasing 
competition the prices of molding compositions gradually decreased. Simultaneously 

1 Accurate production figures for phenol-formaldehyde resins have been largely withheld Howp\er, 
it ha« been estimated that in the United States in 1921 the production was between 2000 and 3000 tons; 
in 1928, It was about 10,000 tons [A. Marcus, Chem. Age {London), 1929, 20, 538]. According to L. 
V. Redman {Chem. Markets, 1029, 24, 481), in the decade 1919-1929 there was a tenfold volume inciease 

* During the early stages of L. H. Baekeland's commercial development, J. W. Aylsworth and L 
V. Redman independently began the manufactuie of the related products, Condensite and Redmanol 
^e8^ectl^ely, aira in 1916 a controversy took place between Baekeland, Redman (and his associates, A. 
J. Weith and F. P. Brock) and K. Brown (as Aylsworth's successor), partly over the bearing of Red¬ 
man’s proce.«i8 on Baekeland’s ln^entlons, (See Jnd. Eng. Chem 1911, 3, 439, 518; 1914, 6, 3, 167, 5563; 
1916, 8, 177, 473, 568, 1077, 1171; 1917, 9, 207 ) After much litigation a consolidation of these competitive 
interests was effected (see Chem. Met. Eng. 1922, 25, 279; 1923, 26, 996, 1184) and the products 
Bakelite, Ondensite and Redmanol, were placed under the control of the Bakelite Ckirporation. 
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with the expiration of the origiiiiil patents, a number of molders started and liave 
continued manufacturing their own materials. This private manufacture* has 
been based largely on the need for smaller quantities of resins which are better 
suited for particular purposes. 

In view of the publicity given phenol-formaldehyde resins and their uses in a 
number of striking ways, there has been a possibly unwarranted amount of activ¬ 
ity among research workers in adding to, modifying, and transforming them. It 
has even been thought advisable by Stone^ to familiarize chemistry students with 
this field by including an experiment on the preparation of a resin from phenol 
and paraformaldehyde in their training. The result of this extensive interest has 
been a large amount of published work whose study presents no small task to one 
desirous of becoming familiar with the field. An attempt is made here to review 
all of the available iniblished material, and it is believed that in the following 
pages a very complete survey will be found. However, space limitations prevent 
extended review of all references and the present objective has been rather to in¬ 
dicate the keynote of any particular investigation and to give those washing to 
pursue the subject further guidance to the original literature. 

If more of the zeal which has been put into the study of modifying phenol- 
formaldehyde resins or of making additions to them for the purpose of accomplish¬ 
ing only a minor change m physical charactenstics had been applied to such prob¬ 
lems as control in manufacture, acceleration of the molding operation, production 
of a pure vhite molding composition, imjirovement in the strength and appear¬ 
ance of cold-molded products without greatly adding to their cost, elimination 
of odor and of the disadvantage of darkening under light, production of more 
flexible moldings, reduction of trouble and time required for casting, formation 
of castings which will not shrink on cooling, or other problems mentioned by 
Spencer and Murray,® it is safe to say that a greater measure of progress would 
have been made in the field of re.'^inous plastics 

The condensation products of phenols and aldehydes include a wide range of 
substances but comiiaratively few of these are resinous. Of these, a still smaller 
numlx^r are worth considering as practical substitutes for natural resins or for 
use in molding com]iositions. Phenol itself and m- and p-cresol yield useful 
resins with formaldehyde but the corresponding compound of o-cresol is prac¬ 
tically useless in thermosetting molding compo.sitions and it must be sejiarated 
with great care from crude cresol. Higher hoiiiologues of phenol produce in¬ 
creasing proportions of inert, non-resin-forming or crystalline bodies as the molec¬ 
ular weight increases. 

Many terms have been used to describe the resinous condensation products 
of phenols and formaldehyde® so that much confusion exists. In the present 
discussion the various names urged by different investigators have been largely 
omitted from the text; the longer terms, soluble fusible resin and insoluble in¬ 
fusible resin, have been preferred for the sake of clarity. 

* For a discussion of the plant, labor and materials required m the manufacture of phenol-formalde¬ 
hyde resins, see W. McHutchison, Indvftnal Chemist, 1934, 10, 383. 

* C. H. Stone, /. Chem, Ed., 1930 , 7, 1663. 

»D. A. Spencer and H. D. Muriay, J.S C.I., 1927, 46. 637 

•The term.s “resol,'* “resitol,” “resite” and “novolak” ore often used A resol is a resin of the 
type hardenable by heat to a final infusible and insoluble condition but reacted only to the stage 
where it still melts when heated and is soluble m acetone; this is also known as the A or “treacle” 
stage. A resitol is a resin of the same tvpe as a resol but further reacted to a B stage where it has 
become infusible, i.e., it does not melt though it softens decidedly on heating, and it is insoluble but 
swells in acetone. A resite is the same heat-hardenable ream but reacted to the* final or C stage, 
characterized by complete insolubility in acetone and infusibility without any material softening upon 
heating. A novolak is a distinctly different type of resinous reaction product in that practically 
speaking it does not harden upon heating to an insoluble infusible condition but remains soluble and 
fusible. A general term for phenol condensation products is “phenoplast.” 
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Manufacturing Processes 

In the manufacture of phenol-formaldehyde resins or resinoids (see Chapters 
1 and 14) either wet or dry processes (so-called) may be used. The former are 
based on the use of aqueous formaldehyde, and the latter substitute solid alde¬ 
hydes (paraformaldehyde, hexamethylenetetramine or similar aldehyde-yielding 
reagents) for the solution. On account of the expense of anhydrous aldehyde, 
dry processes are generally used only for the preparation of transparent, trans¬ 
lucent or opalescent, light-colored cast or Jtumed’ articles such as cigar and ciga¬ 
rette holders, umbrella handles, dentures, amber substitutes, beads and similar 
ornamental objects where the cost of raw materials is less vital than with cheaper 
molding compositions. 

In the wet process, the formaldehyde may be introduced all at once, or it may 
be added in two stages. For convenience, the two-stage processes will be discussed 
separately from the one-stage processes, although there is no very definite distinc¬ 
tion between them.** In both cases, the resm is subjected to heat and pressure in 
the mold in order to convert it into an infusible insoluble product. 

Two-Stage Wet Processes. The.se processes, giving reasonably uniform 
results, have found favor from a manufacturing standpoint and will therefore 
lie discussed fii-st. Resins made by the one-stage wet process can be expected 
to be slightly cheaper than those made by a two-stage process, especially when 
the latter requires the use of anhydrous aldehyde 

In the operation of the two-stage wet processes, a fusible, solulile resin is 
first formed and then dehydrated in the same reaction kettle. These resins are 
usually brittle and can be ground for mixing with the anhydrous aldehyde harden¬ 
ing agent. Fillers, coloring materials and other ingredients (if desired) are added 
at this point. It is possible to determine the optimum time* at which to stop stage 
one by the use of physical tests (hardness and fluidity). Methods for carrying 
out these tests are described in Chapter 69. The product may then be worked 
up into a form for molding under heat and pressure 

Baekeland” obtained products in this way which when molded were similar 
to hard rubber or ivory, insoluble in alcohol and acetone, and resistant to heat, 
moisture and most chemical reagents. Phenol or cresol is treated with about an 
equal volume of commercial formaldehyde solution (this being approximately 
equivalent to the phenol molecularly) or a slight excess of the formaldehyde may be 
used. On heating, with or without catalytic bodies, reaction takes place and a 
heavy oily viscous layer separates from the aqueous solution. The aqueous layer 
is rejected and the syrupy liquid, which is soluble in alcohol and acetone, may 
be heated on a steam bath to thicken it slightly and to drive off any remaining 
water. If the reaction is permitted to proceed further the product may become 
gelatinous. At this stage the resin is incompletely soluble in alcohol but'more 
readily soluble in acetone. Heating converts it into a heat-resistant body. Various 

’The term, “turnery” resins; has been used to designate those which are capable of being worked 
on lathes and similar devices. 

• It IS evident that almost limitless variations from true one-stage to true two-stage processes are 
possible, depending upon the quantity of aldehyde required for hardening, and that the differentiation 
between the two types is not a sharp one. 

® M. Koebner, U. S. P. 1,981,514, Nov. 20, 1934, to F. Raschig, G.m b.H.; CTtm. Aba., 1985, 29, 
526. British P. 416,847, 1933, to F. Raschig, G m.b H ; Bnt Chem. Aba. B, 1934, 1022. 

w Chem. Age (London), 1926, 14, 72 , 345. 

L. H. Baekeland, U. S. P. 942,699, Dec. 7, 1909; Chen. Ab.a., 1910, 4, 680. Thi.s patent, commonly 
called the “heat and pressure patent,” has be«;n involved in litigation; U. S. Dist. C\)urt, Ea.stem Dist. 
of New York, General Bakelite Co. vs General Insulate Co. The patent was held valid. Another 
case involving its validity was won by the General Bakelite Co. against the Brunswick-Balke-Collender 
Co. Since the expiration of this basic patent a gieat deal of competition has opened up in the 
industry. 
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fillers (asbestos, wood fiber, rubber, zinc oxide, barium sulphate, calcium sul¬ 
phate, graphite, horn, bone, starch, pumice and many others have been used) 
and modifying agents, including resins, nitrocellulose and casein, may be added. 



Couruay Bakehte Corp. 

Fig. 68.—Laminated Phenol Plastic Tubing Used for High Voltage Detectors 

on Power Lines. 

On heating under pressure at 110-140®C., a hard compact molded article is ob¬ 
tained in 1-2 hours.*" Baekeland observed that various catalysts, such as acids*® 
or salts, including zinc chloride and calcium chloride, could be used advantageously. 

Baekeland** prepared a solid partial reaction product of jihenol and formal¬ 
dehyde to which could be added a filler (e.g., wood flour), ground it, molded it 

Present practice reduces the molding time considcrohly, 

” And condensing agents are not looked upon with favor by commercial molders because of 
possible corrosion of the molds 

WL. H. Baekeland. U. S. P. 939,966. Nov. 16, 1909; Chem. Abs., 1910, 4, 680. 
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under pressure, and by heating at 100-200°C., transformed the resin into an in¬ 
soluble and infusible condensation product. He suggested a great variety of 
fillers, including asbestos fiber, other fibrous or cellular materials, rubber, casein, 
lampblack, mica, mineral powder such as zinc oxide or barium sulphate, pigments, 
dyes, nitrocellulose, abrasive materials, lime, calcium sulphate, graphite, cement, 
powdered horn, bone, pumice stone, talc, starch and resins. Wood flour, how¬ 
ever, is especially useful to retard shrinkage and minimize brittleness. 

To produce* shaped or molded articles without keeping the material in molds 
during the entire hardening operation, Baekeland'® made an initial condensation 
product from approximately equal volumes of ordinary commercial formalin and 
phenol or cresol, separated the water and ^subjected the oily or viscous material 
to gentle heating to transform it into an intermediate product which was solid 
at all temperatures. This product is more or less hard when cold but becomes 
elastic and capable of yielding to pressure when slightly heated, resuming its 
original shape if the pressure be discontinued. In this form the material is in¬ 
soluble in alcohol and glycerol but swells in phenol or acetone. These properties 
are utilized by heating the initial product in molds until the intermediate product 
is formed, removing the shaped masses from the mold and subjecting them to 
further heat treatment to bring about hardening, as heat may be applied under 
these conditions without danger of 'deformation. By this procedure the molds 
are quickly available for further work The molded articles m the intermediate 
stage of conversion may be hardened by baking at low temperatures in an inert 
gas at atmospheric or higher pressures. The process enables the formation of 
large Wocks free from gas bubbles or T>ores. 

The discovery of the value of hexamethyleneietramine in the preparation of 
phenol-formaldehyde products (see Chapter 14) contributed largely to the ex¬ 
tensive utilization of phenolic resins. No adequate substitute has yet been found 
for this almost ideal hardening agent. It acts as a flux, thereby assisting in the 
formation of shaped articles. Furthermore, it breaks down giving ammonia,* which 
acts as a catalyst, and methylene groups, which are required for the final harden¬ 
ing. A small percentage of hexamethylenetetramine is sufficient to act as a ‘Trigger” 
in causing additional formaldehyde to react with the soluble resin. Rapid cures are 
obtained in this manner (see Chapter 26). In Aylsworth’s process a phenol 
resin is first made in which the proportion of formaldehyde is such that the resin 
is permanently fusible. This may be Jieated to 215°C. or higher (a temperature of 
200®C. is necessary to remove all free and combined water) and consequently it 
can be completely dehydrated. Dehydration of partial condensation products which 
become infusible on further heating could not, of course, be carried out in this 
manner. To form the final infusible product the dehydrated resin is combined with 
hexamethylenetetramine or paraformaldehyde. One advantage of using hexa¬ 
methylenetetramine is that the reaction is more nearly anhydrous, ammonia 
being evolved but no water or formaldehyde as with paraformaldehyde. No 
counteracting pressure is needed and the ammonia given off may be rendered 
harmless by an added substance such as an organic acid anhydride. An entirely 
anhydrous commercial product of this character would be of special value, ac¬ 
cording to Brown,” where products of high dielectric strength are desired. 

Another proposal by Aylsworth'^ particularly emphasized forming fusible phenol- 
formaldehyde resins with the careful exclusion of catalysts: The ingredients (for 

“L. H. Bfcekeland, U. S. P. 942,700, Dec. 7, 1909; German P. 237,790, 1908; Chem. Abs., 1910 4 , 

680 . 

^J. W. Aybworth, U. S. P 1,020,593, March 19, 1912; 1912, 31, 399. 

^’^K. Brown, Ind. End. Chem., 1916, 8, 1172. 

^•J. W. Aylaworth, U. S. P. 1,102,830, July 7, 1914; 1914, 33, 931. 
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example, 1000 parts by weight of phenol and 750 parts of a 35 per cent formal¬ 
dehyde solution) are heated m a closed vessel at 1^-160®C. without a condensing 
agent. In fact, Aylsworth stated that any impurity which will act as an accelerator 
or catalytic agent should be eliminated. For this reason iron and lead vessels are 
not suitable, but well-enameled or tinned iron and tinned copper or nickel have 
no objectionable action. The phenol or cresol should be carefully refined to 
eliminate basic metallic impunties as well as mineral acids. Aylsworth'® also 
produced a hard infusible material from a resinous fusible condensation product 
of phenol and formaldehyde (dehydrated and freed from uncombined formal¬ 
dehyde) and hexamethylenetetramine, the mixture being heated sufficiently at about 
95-115''C. to cause reaction. The hexanaethylenetetramine is used in a quantity at 
least sufficient to combine with all the fusible condensation product and free 
phenol contained in it. The fusible resin may contain 3 mols of phenol to 2 mols 
of formaldehyde or equivalent, and to it 7.6 to 12 per cent of hexamethylenetetra¬ 
mine is added. 

A somewhat more complicated method of preparing molding compositions was 
also proposed by Aylsworth*^ A fusible phenol-formaldehyde resin is dissolved 
m an alkaline solution. The alkali may be the hydroxide of sodium, potassium, 
barium or calcium. Fibrous fillers are then added. The alkali subsequently is 
neutralized by addition of an acid. When the alkali is sodium or potassium 
hydroxide the neutralizing agent may be stearic acid or rosin. If the basic reagent 
is calcium or barium hydroxide, an acid (sulphuric, oxalic or carbonic) which 
forms an insoluble compound may be used. The neutralization of the alkali 
precipitates the resin together with any insoluble salts which may be formed 
and the composite mass is dried and used for molding purposes. Hexamethyl¬ 
enetetramine may be added to bnng about reaction in the mold. Aylsworth 
miixed 100 parts of resin with milk of lime formed by the hydration of 24 to 28 
parts of calcium oxide with 300 to 600 parts of water. The mixing step is con¬ 
tinued until the phenolic resin has completely entered into solution, which takes 
12-36 hours. The liquid is then thoroughly incorporated with 70 to 300 parts filling 
matenal (wood flour, asbestos fiber, cotton flock or powdered mineral material). 
The mass is exposed to the action of carbon dioxide until the calcium hydroxide 
has been carbonated. This composition may be dried and molded, or 5 to 16 parts 
of hexamethylenetetramine may be added prior to molding. 

Kendall®' prepared a liquid mixture of phenol, formaldehyde and water con¬ 
taining dissolved hexamethylenetetramine, in which the formaldehyde is present 
in sufficient quantity to react with the phenol to form a fusible resin, and the 
hexamethylenetetramine sufficient to react with the resin to form an infusible 
product. The mixture is heated to cause reaction and is converted to a fusible 
resin containing dissolved hexamethylenetetramine but practically no uncombined 
formaldehyde. 

The production of amber-like substances, according to Redman, Weith and 
Brock,®® is carried out by first forming an initial product from phenol and formal¬ 
dehyde without the addition of any condensing agent. Thus, 3 parts of a 40 
per cent solution of formaldehyde and 5 parts of phenol are boiled at atmospheric 
pressure for a period of 60 to 120 hours. A viscous creamy lower layer and a 
supernatant layer of water practically free from formaldehyde form. Cresol does 
not require boiling for so long a period, ordinary commercial cresol reacting to 

»J. W. Avlsworth, U. S. P. 1,020,593, March 19, 1912; Chem, Abg., 1912, 6, 1377. British P. 
3,496, 1911; /.S.C./., 1912, 31, 347. French P. 436,192, 1911; German P 307.892, 1911. 

»J. W. Aylsworth, U. S. P. 1,146,299, July 13, 1915; Chem. Abn , 1915, 9, 2432. 

«D, S. Kendall, U. S. P. 1,418,718, Jan. 6, 1922; Chem. Abn., 1922. 16, 2761. 

ML. V. Redman. A. J, Weith and F. P. Brock, U. S. P. 1,310,087 and 1,310,088, July 15, 1919: 
Chem. Abs., 1919, 13, 2429. U. S. P. 1,374,526, April 12, 1921; J.SC.J.. 1919. 38. 647A. 
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the desired extent in 4 to 12 hours and crude cresol in about 2 hours. With pure 
phenol the reaction may be accelerated by heating under pressure to 126®C, for 
12 to 18 hours. After a viscous resinous mass is made in this manner, 2 additional 
parts of formaldehyde (that is, 2/3 of the original amount of formaldehyde) are 
stirred into the first reaction product after removing the water layer which 
separates in the first stage. This addition is made at a temperature of about 
100°C. and the mixture is allowed to cool to 60-70°C. Heat is then applied and 
water is evaporated rapidly, the temperature rising to about 115°C. Some formal¬ 
dehyde escapes during this operation. Ordinarily the concentration is carried to 
a point which renders the mix quite viscous but still permits pouring. Boiling 
should be stopped before the material reaches a gelatinous state. After tiiis con¬ 
centration operation 3 to 5 per cent of formaldehyde is added to replace loss and 
the material is ixiured into molds, where it is allowed to set at a temperature of 
50-100®C. When sufficiently firm it is removed from the molds and kept at the 
same temperature for a period of several weeks or months, depending on the 
thickness of the molded masses. By mild heating for a protracted period as 
described, an amber-like product is obtained which is used to make pipestems, cigar 
holders and similar articles. A finer color and a harder material which may be 
machined, sandpaipered and buffed to better advantage is obtained by exposure 
to a finishing heat of 125^0. or higher for several days. The color may be 
varied by introducing dyes, such as auramin for deep amber or methyl violet for 
amethyst. Oils or waxes in small quantity yield opaque materials and ground 
mica or fish-scales produce a shimmering effect when included in the resin. 

Glaser^ utilized the waste liquors or distillates from phenol-formaldehyde manu¬ 
facture for preparing resins suitable for lacquers by treating them with acids 
or acid salts below 60®C. After some days the resins precipitate. 

Filhol** heated phenol and fonnaJdehyde in an alkaline medium (sodium car¬ 
bonate) at 75-80®C. until the viscosity approached that of the upper limit of poly¬ 
merization and separated the major portion of the aqueous liquid present. The 
product was then dehydrated and treated with a catalyst (ethylsulphuric acid or 
other acid ester) and alcohol, and the polymerisation continued at a temperature 
of 70°C. or lower until the desired stage was reached. Such jiroducts may be 
employed as varnishes. Instead of soluble fusible phenol-formaldehyde resins, 
acetylated derivatives of these resins, prepared by reaction of acetic anhydride 
on the resin, may be used. The subsequent action of ethylsulphuric acid produces 
varnishes and plastic materials having practical advantages because of their 
transparency, ])lasticity, luster, and facility of working. The acetylated resins 
also have the property of plasticizing cellulose acetate, being completely miscible 
with it in acetone solution. Co.st is a drawback to their production. 

Walker* allowed the condensation of more than 1 mol of formaldehyde with 
1 mol of phenol to ])roceed in the presence of alkaline condensing agents, such 
as alkali sulphate or caustic alkali, to a stage short of precipitation of the resin, 
viscosity determinations of the reaction mixture being used for control. The resin 
is precipitated by the addition of .sufficient acid to bring the mother liquor to a pn 
between 3.2 and 7, the actual acidity and viscosities desired being determined for 
each specific reaction mixture. Such resins are stated to be particularly light 
colored, permanent to light and air and, when hardened, of high mechanical 
strength. 

A similar process is described by Schmidt* who made a preliminary phenol- 

a®B. Glaser, Austrian P. 106,018, 1921; Bnt Chetfi. Ab», B, 1928, 681. 

wj. Filhol. U. 8. P. 1,605.382. Aug. 19, 1924; Chem. Aba., 1924, 18, 3282. 

»E. E. Waljc^r, British P. 259,046, 1925; Chem. Aba., 1927, 21, 3276. 

«P. Schmidt, U. S P. 1.978.821, 0<t. 30, 1934; Chem. Aba, 1935, 29, 252. German P. 608,469, 
1985: Chem. Aba., 1985, 29, 2627. 
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aldehyde condensation m an alkaline medium and then added enough acid (e.g., 
succinic) to maintain a pn of 2.5-5.5. The • entire mass was simultaneously 
kneaded and hardened by heat until a non-sticky plastic mass resulted. 

Weith*' prepared a soluble fusible resin from phenol and formaldehyde by using 
the approximate ratio of 7.5 phenol groups to 6 methylene groups, particularly 
with an acid catalyst. This resin is washed with water until the catalyst is re¬ 
moved and is then dehydrated. After determining the precise phenol:methylene 
ratio, enough phenol is incorporated with the resin to brinj; this proportion to 
between 9 and 12 phenols to 6 methylenes. Formaldehyde is then added, to es¬ 
tablish a phenol:methylene ratio of 1:1, and also a basic catalyst, e.g., ammonia. 
The latter may be employed in the form of hexamethylenetetramine or hexa- 
methylenetetraminetriphenol equivalent to about 0.1 per cent by weight of the 
dry resin. Such a mixture may be hardened by allowing it to stand at 40°C. in a 
mold until it becomes a firm jelly, removing it frbm the mold and completing the 
hardening in heated kilns. This material may be sawed, cut, ground or worked 
into a variety of forms. 

Water-soluble, non-sticking resins were obtained by Hole* by boiling 100 parts 
phenol and 100 parts 40 per cent forma. le in the presence of 2 5 parts potas- 


Fio. 59. 

Molded Phenolic Tubing 
and a Five-Cavity ^'Over¬ 
flow” Mold. 


Courtet^y tiakelite Corporation 



Slum hydroxide by weight until the desired viscosity is obtained, 30-40 minutes 
being sufficient to produce a material suitable for most jiurposes. Cold water is 
then added (about 72 parts), the product cooled and 2-3 parts of ammonium 
dichromate and 36 parts of water with sufficient ammonium hydroxide to prevent 
precipitation are added. Alcohol can be used to decrease the viscosity of the mix¬ 
ture. Other metallic chromates (dissolved, if necessary, in chromic acid) may 
replace the ammonium salt. Such products may’ be used m impregnating various 
materials, for instance, paper pulp to form printing surfaces and matrices,” in 
varnishes and protective coatings and in water-soluble paints which become in¬ 
soluble on application. 

A condensation product which may be shaped in heated molds is made by 
Menz” by boiling phenol and formaldehyde in the presence of both sodium car¬ 
bonate and sodium bicarbonate and adding acetic acid after boiling to retard the 
setting. The composition may be colored by dissolving the initial condensed prod- 

” A. J. Weith, U. S.' P. 1,«99,727, Jan-. 22, 1929, to Bakelite Corp.; Chem. Aba., 1929, 23, 1294. 
British P. 323,275, 1928; Chem. Aba., 1930, 24, 3122. French P. 562,495, 1928; Chem. Aba, 1930, 24, 
516. German P. 534,808, 1928: Chem. Aba., 1932, 2^ 1461. 

»E. S. Hole, U. S. P. 1,726,151. Aug. 27, 1929; Chem. Aba., 1929, 23, 5019 and U. S. P. 1.799,816, 
April 7, 1931; Chem. Aba., 1981, 25, 8136. British P. 802,098, 1927; Chem. Aba., 1929, 23, 4357. French 
P. 668J40, 1929; Chem. Aba., 1930 . 24. 698. 

»E. S. Hole, British P. 278,460, 1926; Chem. Aba., 1928, 22, 2645. See Chapter 22. 

^ H. Mens, British P. 335,194, 1929, to Chemte A Technik J.M.S. Ges.; Chem. Aba., 1931, 25, 1401. 
See also W. Steffen, French P. 678,250, 1929; Chem. Aba., 1930. 24, 3668. 
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uct in bone oil or glycerol, adding the coloring matter, and then mixing with an¬ 
other portion of the material to which acetic acid has been added. 

Melamid,®' to form fusible soluble bodies, diluted formaldehyde (60 g. of 30 
per cent solution) with an excess of an electrolyte (300-400 g. of 10 jier cent 
sulphuric acid) and added this to phenol (100 g.) at about 40®C. Reaction is 
complete in 2 hours, after which the excess phenol and water are driven off. The 
resin melts at about 90°C., is not changed upon being remelted and does not 
become insoluble. 

The solubility, in sodium hydroxide, of the initial condensates of phenol and 
formaldehyde prepared with alkaline catalysts was utilized by Hiraoka*" in making 
a resin for molding. Finely divided resins, softening at 80-90°C., were obtained 
by adding an excess of water to the sodium hydroxide solutions of the initial con¬ 
densation products or by neutj’alizing such solutions with acids. These precipi¬ 
tated resins were converted directly into molding compositions by mixing with 
wood flour on hot rolls. 

Andron" made solid resins, partially or entirely convertible to the B state, by 
dissolving products in the A state in alcoholic alkali, adding benzene, gasoline or 
other low-boiling solvents and distilling until water and hydrocarbons were removed. 
In order to produce an odorless phenol-formaldehyde compound, Edwards heats 
a mixture of 100 gal. cresol, 1(X) gal. 40 per cent formaldehyde, and 30(X) g. caustic 
soda. Vapors are di'^charged by an exhaust fan. After a short time a color change 
occurs, and at this point alcohol is added to arrest the reaction.®* 

One-Stage Wet Processes. Processes which are used for making two-stage 
resins, will, with some slight changes, yield resins of the one-stage type. The prin¬ 
cipal objection to one-stage operations is the difficulty of securing a uniform prod¬ 
uct and the minute control which must be exercised. Control of the reaction becomes 
more and more difficult as water is removed, even though this takes place at low 
temperature in vactio, and at the end of the dehydration the reaction usually 
must be promptly checked. In short, the conditions of manufacture must be de¬ 
termined for each specific reaction. The duration of heating is an important factor. 
Should a batch of one-stage resin show a formaldehyde deficiency, it must be 
blended with a batch containing an excess, or a calculated amount of additional 
anhydrous aldehyde has to be added. One-stage resins generally deteriorate in 
.''torage more rapidly than the corresyKinding two-stage resms. Despite these de¬ 
ficiencies, the lower costs of materials will probably make for one-stage resins 
a more prominent place in the industry 

The essential factor in the preparation of one-stage resins according to Mc- 
Hutchison,®® is to obtain a compound wdiich contains the requisite amount of 
formaldehyde for final hardening.* This amount is higher in acid than in alkaline 
condensations. More careful control must be exercised in the manufacture of one- 
stage resins, because reaction may easily proceed too far and allow the entire 
charge, which hardens very rapidly once setting has begun, to set in the digestor 
and become too hard to flow" out of the bottom outlet, even though pressure is 
applied. 

, Six mols of phenol and 7 mols of formaldehyde in condensing with the 
elimination of 6 mols of water (these being the projiortion given by Baekeland*^ for 
a resin of the saliretin type) would give a yield of resin corresponding to 118 

WM. Melamid, U. S. P. 1.727.076, Sept. 3, 1929; Chem Abs , 1929, 23, 5283 ' 

•*T. Hiraoka, Proc. World Eng. Congr , 1929, 31, 481; Chem. Abu.. 1931, 25, 5306. 

** 8. A. Andron, Ruseian P. 23,616. 1931; Chem Aba, 1932. 26, 2609 

E. 8. Edwards, U. S. P. 1,970,649, Aug 21, 1934, to Panelyte Corp.; Chem. Aba., 1934 , 28, 6329. 

w W. McHutohison, British Plastics, 1930, 2, 173. 

» Cf. O. Hugel and M. Vincent, Chtmte et Industrie, 1929, (Feb. Spec. No.), 540. See Chapter 14. 
L. H. Bse^iand, Ind. Eng. Chem., 1909, 1, 159. 
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per cent of the weight of phenol, as has been shown by Ballandras.** Commercial 
resins show yields as high as 140 per cent of the phenol w’hich may result from 
incomplete dehydration or from the presence of large quantities of formaldehyde 
in excess of the specified proportions. If the product is that suggested by Baeke¬ 
land and Bender*" as the principal constituent of phenol resmoids of the A stage, 

CeH 40 H 

HjC=C^ 

^OCeHs 

(formed by the condensation of 2 mols of phenol and 2 mols of formaldehyde 
with the elimination of 2 mols of water) the resin yield would be 113 per cent 
of the phenol. These quantities of phenol and formaldehyde, according to Baeke¬ 
land and Bender, are theoretically necessary to produce a resin of the A stage 
which, by polymerization, will go over to the infusible insoluble resinoid of the 
C stage. In practice, however, larger quantities of formaldehyde than this are 
generally used in the manufacture of one-stage resins. 

Further addition of formaldehyde to phenol-formaldehyde products reduces 
their dark color." For examjile, 110 parts of phenol, 100 parts of 40 per cent 
formaldehyde solution and 5 parts of sodium carl:)onate are heated until all the 
carbon dioxide is given off. From this product 50 to 60 parts of water are 
distilled in vacuo and the dehydrated resin is mixed with 75 parts of potato 
starch. One hundred parts of the cooled mixture are then heated with 1 part 
of concentrated hydrochloric acid and 4 additional parts of formaldehyde solution, 
after which the mass is placed in molds and heated for about 15 minutes at 60°C. 
The product is washed with dilute sodium carbonate solution. 

Poliak and Mohring^^ made infusible, clear, transparent resins by using more 
than one mol of formaldehyde with one mol of phenol in the presence of a w’eak 
organic *acid and added, after separating the resin, enough volatile base to pass 
slightly beyond the point of neutralization. For example, they boiled 100 g. 
of phenol, 100 g. of formaldehyde (40 per cent commercial) solution, and 1.9 g. of 
salicylic acid under a reflux until the mixture became creamy, a period of from 
10 to 12 hours. They then added 6.5 cc. of dimethylamme solution (153 g. per 
liter), continued the boiling for another 3 to 5 minutes and washed the resin sev¬ 
eral times with distilled water. To each 100 grams of resin dehydrated in vacuo 
at 75°C. are added up to 7 cc. of 1 per cent ammonia solution. The product 
after further dehydration in vacuo is hardened at 75-110°C. with or without pres¬ 
sure, and has a specific gravity of about 1.274-1.287. 

To make a permanently fusible phenol-formaldehyde resin it has been pro- 
po-^ed to heat 7 mols of formaldehyde and 13 mols of phenol in the presence of 
5 mols of ammonia (25 per cent solution) and to distil off the ammonia and 
water.*'* Another method is to form a condensation product with an excess of 
fornaaldehyde in a strongly alkaline solution and near the end of the reaction 
to add enough phenol to bring the total amount to 2 to 5 times the molecular 
proportion of formaldehyde." If condensation is carried out under reduced pres- 

“ A. Ballandras, Rev. gen. moA. plastiques, 1926, 2, 226. 

«0L. H Baekeland and H. L. Bender, Ind. Eng. Chem , 1925, 17, 225. 

British P. 6,480, 1911, to Knoll A Co.; J.S.C.I., 1912, 31, 399. French P. 897,657. (first addn. to), 
1911; J.S.C.1, 1911, 30, 1125. 

«I. Poliak and E. Mohnng, U. S. P. 1,475,446. Nov. 27. 1923; J.SCI., 1924, 43, 63B. 

M. Floren*, U. S. P. 1,982,651, Dee 4, 1934, to Bakelite G.m.b.H.; Chnn. Abs., 1935, 29, 523. 
British P. 389,099, 1931; Bnt. Chem. Abn. B, 1933, 399. 

** A. Ostersetser und F. Riesenfeld, U. S. P. 1,892,848, Jan. 3, 1938, to Pollopas, Ltd.; Chem. Abe., 
1933, 27, 2259. 



324 


THE CHEMISTRY OF SYNTHETIC RESINS 


sure, the concentration of sodium hydroxide catalyst is increased during the process, 
because of the evaporation of water/’ 

Bia and de Bielize^ condensed phenols with a large excess of formaldehyde in the 
presence of such catalysts as magnesium oxide, sodium carbonate, or a mixture 
of sodium carbonate and sodium metaborate. The reactants are heated for not 
more than an hour at the boiling point, cooled to about 50°C., the catalyst neu¬ 
tralized, and the mixture allowed to stand. The liquid resinous product is sepa¬ 
rated, heated to above 1(X)°C. to dehydrate it and finally molded at 90-112°C. A 
little paraffin may be added to render the substance more elastic. Either trans¬ 
lucent or opaque bodies can lie obtained by varying the details of the process. 

The reaction between phenol homologues (e.g., cresol) and an excess of 
formaldehyde (40 per cent solution) was found by Cherry*® to be catalyzed by 
slaked lime and aniline (1*5) m an amount equivalent to 6 per cent of the total 
ingredients. It is stated that this combination of catalysts is especially suited to 
use with the higher phenolic bodies from the standpoint of rapid hardening, me¬ 
chanical strength and ease of molding. All the formaldehyde is combined (1.1 
mols per mol of phenol) but the product previous to hot-naolding is fusible and 
capable of being worked on mixing rolls. 

An opaque resin containing water in colloidal dispersion is obtained' by heating 
phenol (1 mol) with an excess of formaldehyde (2.5 mols) and enough alkali to 
keep the condensation product in solution. The alkali is neutralized with an acid 
such as chloroacetic, the salt of which liberates acid during the subsequent heating 
and the solution is concentrated until it gelatinizes. The gel is hardened by heat¬ 
ing at about 80°C.*® 

Hessen*^ refluxed equimoleoular quantities of phenol or cresol and formaldehyde 
in the presence of a basic catalyst until separation into layers occurred. After 
cooling, the resinous layer is separated from the aqueous layer and one-fifth to 
one-fourth of the quantity of formaldehyde originally used is added. The resin 
usually dissolves in this quantity of formaldehyde to a clear liquid. This solution 
is again heated to separation and the preceding process is repeated 2 to 4 times 
until the final resin is free from phenol. The proportion of catalyst present m the 
resin, which decreases with each separation of the aqueous layer, can be main¬ 
tained by adding fractional parts of the original quantity of the same or other 
catalyst. The basic substance remaining in the final resin is neutralized, salts 
formed are removed by extraction with water, and the relatively thin liquid 
resins obtained are dehydrated. The solid clear final resins are soluble in alcohol, 
acetone, and sodium hydroxide and may be hardened by heating at temperatures 
above 60°C. The products, because of their freedom from unreacted phenol, are 
stated to be stable to light. The quantities used may be as follows: 

One hundred parts of phenol, 8 parts of 40 per cent formaldehyde solution, and 1 
part of anhydrous sodium carbonate by weight. After removing the aqueous layer, 
15 parts by weight of formaldehyde solution are added to the resin and the process 
is continued as described. The excess base in the compound is neutralized with a 5 
per cent tartaric acid solution, the resulting salt is washed out with distilled water, and 
the resinous solution is evaporated until the desired degree of hardness is reached. 

«R. Hessen, French P. 763,580, 1934, Chem. Abn , 1934, 28, 5693. 

**G. Bia and J de Biehze, French P. 638,887, 1926; Chem Ahs., 1929, 23, 489. Britush P. 292,629, 
1927; Chem. Ahs, 1929, 23, 1518 Also M. van Roggen and J. de Biehze, French P. 646,9i8, 1928; 
Chem. Abs., 1929, 23. 2257 

**0. A. CheiTy, U. S. P. 1,994,753, Mar. 19, 1935, to Economy Fuse & Mfg. Co.; Chem. Abe., 1935, 
29, 3073. 

F. Poliak and A. Osteraetzer. German P 569,486, 1927, to Rheinisch-Westfahsche, Sprengstoff 
A.-G.; Chem. Abs , 1933, 27, 2259 A Ostersetzei and F. Riesenfcld, IJ. S. P. 1,868,168, May 10, 
19^, to Pollopas, Ltd.; Chem. Abs, 1932, 26, 3945 A Osteisetzer and F Riesenfeld, German P. 
699,990, 1934, to Dynamit-A -G vorm A. Nobel & Co ; Chem. Abs., 1934, 28, 7443. 

*TR. Hessen, U. S. P. 1,816.256, July 28, 1931; Chem. Abs. 1931, 25, 5526. British P. 324,913, 1928; 
Chem. Abs., 1930, 24, 3914. See also R. Hessen, German P. 601,540, 1934, to Aug. Nowack A.-G.; 
Chem. Abs., 1034 , 28, 7564. British P. 414,435, mz, fint. Chem. Abs. B, 1934, 896. 
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Ostersetzer and Riesenfeld*® prepared resins free from uncombined phenol and 
formaldehyde by using j)rotective colloids to keep the resin dispersed throughout 



Courtesy Koven Bros. 

Fig. 60. —Jacketed Steel Mixer with Tubular Condenser. 


the liquid in very fine globules. The initial product of the condensation of 
phenols with aldehydes is a hydrophobe or water-repielling resin and at the 
moment of its formation it is colloidally distributed throughout the liquid as an 

"A. Ostersetzer and F. Rjesenfeld, U. S. P. 1.807,545, May 26. 1931; Chem. Ahs., 1931. 25, 4096. 
German P. 516,677, 1928; Chem. Abk, 1931, 25, 3185. Austrian P. 114,871, 1929; Chem. Abs., )930, 
24, 1189. French P. 651,723, 1928; Chem. Abs., 1929, 23, 3589. British P. 288,228, 1927; Chem. Abs., 
1929, 23, 678. 
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emulsion. This emulsion has very little stability and the particles of resin coalesce 
very quickly to form a coherent resinous substratum with the adsorption of 
the substances contained in the solution and the occlusion of some of the mother 
liquor. Purification of this resin by washing is extremely ditficult. By keeping 
it subdivided aoid dispersed by the action of protective colloids (gum arable, 
saponin, tragacanth, aextnn, gelatin, or others) the resin can be hardened by 
further heating and precipitated as a fine powder. The separate resin particles 
lose their power of adsorbing substances contained in the solution during the 
hardening. The following procedure was suggested: 

One hundred g. of phenol are boiled under reflux with 110 grams of formaldehyde 
solution (30 per cent by weight), 150 cc ot 25 per cent sodium chloride solution m 
which 2^ g. of gum arabic are dissolved, 50 cc. of 2N sodium hydroxide solution 
and 25 cc. of 2N ammonia solution Reaction proceeds with the formation of a milky 
condensation product and heating is continued until a sand-like precipitation takes 
place in the hot liquid itsell or on the addition of water or acid to a test sample. 
The powder is separated by filtering after diluting the mixture with water or acid. 
The resin obtained is of a slightly yellow color, is practically free from all impurities, 
and can be kept for an indefinite period without changing. Some ol the powders are 
completely soluble in alcohol and alkali Spilzer" proposed to precipitate plastic 
masses from colloidal solutions ol phenol-aldehydes by the addition ol u colloid such 
as urea-formaldehyde hydrosol ' 

The reaction products of phenol or urea and formaldehyde can be fractionated 
to obtain resins of varying properties by treating the hot resin with the mmimiiih 
quantity of water necessary tor separation into 2 layers when cooled to 15°C. 
Ihe aqueous layer can be further separated by reiieating the proceiiure.“ 

Dent“ used crude phenols in making resins for hot molding. He states that 
previous attempts with such raw materials failed because of difficulties arising 
on attempted dehydration. This he avoided by neutralizing the basic catalyst 
with an acid that leaves an insoluble residue in the mass. After this he added 
formaldehyde and ammonia to form hexamethylenetetramine to act as the catalyst 
for the final setting. He further stated that as this catalyst has little or no action 
below 100°C., the resin so made can be dried by heat and vacuum without risk 
of setting. 

Dry Processes. One-stage and two-stage dry processes can be differentiated 
in the same way as the wet processes. Their use is practically limited, as men¬ 
tioned before, to the production of material to be machine-turned or cast. The 
products are light-colored, and transparent, translucent or opalescent for such 
uses as substitutes for amber or tortoise shell. Dry operations are not usually 
applied at present to the preparation of fusible soluble resins. If a dry process 
is used it is generally carried out in one stage, directly to infusible insoluble resin- 
oids, although it can be taken only to the stage of soluble fusible resins. If 
fusible soluble resins prepared by a wet process are hardened by addition of 
anhydrous aldehyde, although this second stage is really a dry operation, the 
entire method is considered a two-stage wet process. 

The aldehyde commercially useful in dry processes is limited practically to 
paraformaldehyde as such or as hexamethylenetetramine.'^ Other anhydrous 
aldehydes, such as gaseous formaldehyde, various formaldehyde polymers, (trioxy- 

*®See al8o A. Rresser, Brittnh Plahttcs, 1932 , 4, 105, 112; BrU Chem. Aba B, 1932, 947. 

69 A. Spitzer, Swihs P. 153,843, 1931; Chem. Aba., 1933, 27. 1113. 

“1Bee also A. A. Poulverel, French P. 662,227, 1928, Chtm Aba, 1930, 24, 476. 

I. Feiniaann, Bntjsh P, 397,909, 1933; Bnt. Chem. Aba B, 1933, 929 French P. 752,431, 1933; 
Chem. Aba., 1934 , 28, 1208. 

MH. M. Dent, U. S. P. 1,894,088, Jan. 10, 1933, to General Plastics, Inc.; Chem. Aba, 1933, 27, 

2259. 

6* Strictly speaking the reaction between phenol and paraformaldehyde is not a dry process since 
it liberates water, but this classification mto wet and diy grew out of contioversies and has been 
continued m the industry. 
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methylene or metaformaldehyde, for instance) and acetaldehyde polymers (par¬ 
aldehyde and metaldehyde) have found no extensive application. 

Processes Using Hexamethylenetetiamine. In the dry state, hexamethylene¬ 
tetramine" represents a rather costly material ior the preparation ot initial or 
fusible resins. More frequently, as may be exjiected, it is employed m small 
proportion as a finishing or hardening agent. As Baekeland indicated,'*** a fusible 
resin transformable by heat to an infusible body requires an added proportion 
of formaldehyde in its making, apjiroximately 7 mols of formaldehyde to mols 
of phenol being necessary. This amount of course may be supplied all at once 
or in two or more stages. Making fusible resins vith the aid of one catalyst and 
transforming to an infusible resin in the presence of another catalyst constitutes 
the basis of scores of jirocesSes dillenng but slightly m details. That hexa- 
methylenetetraimne should be repeatedly advocated in such diqilex processes 
IS not surjirising in view of its well known iiropertics.’’* 

Redman, Weith and Brock'*^ considered the reaction l>etwcen hexamethylene¬ 
tetramine and iihenol in aqueous solution to be suPstantiahy different from that 
progressing w’heii the reagents arc heated m a dry state. Tlyc- simjilest product 
which forms when phenol reacts with hexamcth>lenetetramine is the crystalline 
compound, hexaniethylenctetraniinetriphenol.'“ Howe\er, when 1 mol of hexa- 
meth>lenetetramine and (i mols of phenol are Ijoiled in acpieous solution, a light 
yellow transparent viscous liquid separates which on continued heating increases 
in vihco^ity. At room temperature it liecomes a brittle aiiioer-hke soad. 

Lebach"* stated that hexamethylenetetraminetriphenol, w'hen heated in the dry 
state, evolves ammonia and yields an insoluble and intusible siil)stan(‘e Lebach 
considered this product to Ix' Bakehte but this was chailengial by Redman, who 
looked upon Bakehte as a material in which 6 phenols are united with 7 methylene 
groups. As hexamethylenetetraminetriphenol lias a composition of 6 phenols for 
every 12 methvlene groups, over 40 tier cent more methyiene is jiresent than is re- 
(piired, according to Redman, to jiroduce Bakeiite When hexaineth} ienetetramine- 
tiiphenol IS heated, besides aimnoma there is evolved a substance having an odor 
soiiK'what resembling methylamine. The latter by-product is not present when 
the phenol is increased'to 6 mols of phenol for 7 methylene^ If, however, dry 
hexamethylenetetramine and anhydrous phenol are mixecl and the mixture heated 
to 60°C or higher, a reaction Ixgins with the evolution of ammonia which, ac¬ 
cording to Redman’s investigation, is the only bv-j)roduct. With phenol in excess 
and if the mixtuie is heated to the boiling point, the reaction proceeds with great 
rajiidity. Nearly all the ammonia is evolved in the hrst 10 minutes of boiling. 
Representing the formula of hexamethylenetetramine"^ as —N^CHa), 

this reaction may take place 

2 C 6 H 5 OII 4- -N—CH2)3 — 

HO—C6H4-<)CPI.>~-(:6H4--CH2i\H2 + HN=(CH2—N-=CHa)2 

and a second reaction may occur: 

2 C 6 H 5 OH 4- HN=(CH2—N=CH2)2 —>- 

NH 2 ~C 6 H 4 — 0 CH 2 ~C 6 H 40 H 4 - H 2 N—(CH 2 —N=CH 2 ) 

This substance, also called formm, but more commonl> b\ the abbieviatuni "heia," always fonns 
when ammonia aild foimaldehyde are mixed. Therefore, when nimnonia is added for catalytic purposes 
to a mixtuie of phenol and tormaldeh>de, hexamethyleneteti amine is pioduced. See Chapter 16. 

L H Baekeland, Ind. Eng Chem , 1909, 1, 135 

A discussion of the effect of pH on the dissociation of hexamethylenetetramine and hexainethylene- 
tetramine-ethanol hydnodide is given by G Toussaint, J. Detiie and M V^eiain, Compt. rend. #oc. 
h»o/, 1934, 117, 191; C/tem Abtt., 1935, 29, 727. 

“ L. V. Redman, A J. Weith and F. B. Brock, Ind Eng. Chem., 1914, 6, 3 
«»H. Moschatos and B Tollens, Ann., 1893, 272, 280 

H. Lebach, Z. angew. Chem., 1909, 22, 1600. 

L. V. Redman, A. J. Weith and F. P. Brock, Ind. Eng. Chem., 1914, 6, 3. 
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This continues until all the CHa groups have combined with the phenol and am¬ 
monia remains as the by-product. The intermediate product aminosaligeno-sali- 
genin has been isolated. ^ 

Heating a mixture of hexamethylenetetramine and an excess of phenol produces 
soluble and fusible resins (Novolak).®" These are soluble in alcohol, acetone, and 
aqueous caustic alkali. The resin remains a liquid at temperatures up to 180°C. 
and even after being subjected to this temperature for many hours. When cold 
It hardens to a glassy material which is more brittle than common rosin.- If the 
phenol is decreased below the ratio of 12 moL^: to 1 mol of hexamethylenetetramine, 
the liquid thickens and the resin changes to an infusible and insoluble transparent 
substance of yellow or red color. Nine mols of phenol to 1 mol of hexamethylene¬ 
tetramine yield a complex which is quite brittle in the cold but rubber^' when 
heated to 170°C. Eight mols of phenol to 1 of hexamethylenetetramine is brittle 
in the cold and when hot resembles gelatinized tung oil. As the phenol is reduced 
the reaction product becomes less elastic when hot and in the ratio of about 5 mols 
of phenol to 1 of hexamethylenetetramine is quite hard at all temperatures. At 
room temperature this is a dense tough product, the tensile strength of which 
ranges from 4000 to 5200 pounds per square inch. Decreasing the phenol below 
5 or 5.5 mols to 1 of hexamethylenetetramine makes the resin brittle on account 
of the presence of an excess of crystalline hexamethylenetetraminetriphenol. 

A mixture of phenol (6 mols) and hexamethylenetetramine (1 mol) on heating 
strongly, for example at 180°C., evolves ammonia rapidly and produces a spongy 
material. This may be ground readily and when pressed in hot molds at 4 to 6 
tons per square inch yields a homogeneous transparent solid article, of good 
mechanical strength and high dielectnc properties, which is quite inert to reagents. 
If the same composition is heated on a water bath for 25 hours, less than half 
of the total ammonia is evolved and the mass is viscous when hot and brittle 
when cold. Redman succeeded in casting in open molds mixtures made in these 
proportions, allowing hardening to take place by heating without application of 
external pressure. Transjiarent rods 2 feet long and inches in diameter free 
from fractures and gas bubbles were obtained.. 

Aylsworth®® utilized organic acid anhydrides, such as benzoic or phthalic 
anhydride, to absorb or fix the ammonia liberated dhring the final reaction when 
hexamethylenetetramine is used In addition to absorbing ammonia by forming 
amides, these anhydrides were stated to be valuable m toughening the resin. 
Anhydrides of some acids also combine with water and thus remove any water 
liberated during the reaction. Higher members of the acetic acid series, for ex¬ 
ample, stearic anhydride, have also been used by Aylsworth. 

Baekeland®* prepared amber-1 ike products by heating phenol and hexamethylene¬ 
tetramine, with or without water, to form hard, infusible resins containing free 
ammonia. 

The reaction between phenol and hexamethylenetetramine was carried out 
under anhydrous conditions by Goldsmith®® The proportions of the ingredients 
are such that one phenolic group is introduced to each methylene group. The 
mixture is heated, with the evolution of ammonia, until a sample solidifies on 
cooling. The product is soluble in ordinary solvents but can be hardened and 
made infusible and insoluble by further heating under pressure. The employ¬ 
ment of a solvent facilitates control of the reaction and produces a more homo- 

•* L. V. Hedman, A. .1. W’eith and F P Broc-lc, loc. cit. 

«»J. W. Aylsworth, U S. P. 1,020,594, Mar. 19, 1912, J S.C 1 , 1912, 31, 339A. U S. P. 1,046,420, 
Dec. 3, 1912; 1913, 32, 35. U. S. P. 1,102,634, July 7, 1914; J.S.CJ., 1914 , 33, 931. 

«<L. H. Baekeland, U. S P. 1,187,230, June 13, 1916; Chem. Abs., 1916, 10, 2031. 

«B. B. Goldsmith, U. S. P. 1,230,829, June 19, 1917; Chem Abn , 1917, 11, 2283. 
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geneous resin. Goldsmith"” used xylene as a solvent to moderate the reaction. 
If the amount of xylene is large, the resin separates during the latter part of the 
process either as a solid mass or as a pulverulent precipitate. For example, 40 g. 
of phenol, 10 g. of hexamethylenetetramine and 50 g. of xylene are heated together 
under a reflux condenser, the temperature being slowly raised to about 165°C. 
when the product precipitates as a resinous mass and the xylene can be poured 
off and used again. Redman®^ heated 1 mol of hexamethylenetetramine with more 
than 5 mols of phenol in the presence of a solvent such as alcohol or acetone, which 
acts as a controlling agent and retards the reaction. After about 5 hours at 80° an 
initial condensation product can be used as a coating or binder, glue or adhesive. 
By subjecting it to further heat and pressure the material is transformed into a 
hard, infusible, insoluble resin. Glycerol can be added to the raw materials to 
make the final product more pliable and to produce .a ruby-red color. 

The substitution of hexamethylenetetramine, according to Redman, Weith and 
Brock,®® overcomes a number of the difficulties which arise when aqueous formal¬ 
dehyde IS used. A molding composition may be prepared from 75 parts of hexa¬ 
methylenetetramine dissolved in 300 parts of cresol and mixed with 600 parts of 
asbestos pulp and 150 parts of asbestos fiber. Pitch, asphalt or varnish resins 
may be added. The composition is molded by hot pressing to yield infusible 
articles. Ilydrobenzanrude or benzaldehydeamine may also be used with phenol, 
cresol or xylenols. 

From phenol or cresol and hexamethylenetetramine Redman®® made soluble 
fusible resins which could be treated with formaldehyde or more hexamethylene¬ 
tetramine to form hard, infusible, insoluble bodies. The mixture is m the proportion 
of 11 mols of phenol or 10 mols of cresol to 1 mol of hexamethylenetetramine. 
Thus, 103 pounds of phenol and 14 pounds of hexamethylenetetramine are heated 
to a temjierature of 130°C., at which point reaction takes place with the evolu¬ 
tion of heat. The temperature rises to 180°C. and ammonia is evolved. When 
ammonia ceases to come off heat is applied and the reaction product is boiled at a 
temperature of approximately 183°C. for a period long enough to eliminate most 
of the nitiogen (usually 5 hours). According to Redman, the resinous material 
consists of about 38 per cent of phenol and 62 per cent of phenyl-endekasaligeno- 
saligenin, CoHr.(OCH 2 CflH 4 )nOCHaCoH 40 H. To prepare an infusible resin the batch 
is allowed to cool to about 105°C. and 15 pounds of actual formaldehyde (in the 
form of 40 per cent solution) and about one-half pound of hexamethylenetetramine 
are added. The mass is further cooled to a temperature of 65-75°C. and is held 
at this temperature until hardening takes place. When cresol is used, 1080 pounds 
of it and 140 pounds of hexamethylenetetramine are heated to 140°C. and the tem¬ 
perature IS allowed to rise spontaneously while ammonia is being evolved. When 
the evolution of ammonia ceases, heat is applied and the batch is maintained at a 
temperature of 165°C. for 48 hours. A portion of the free cresol (as much as 10 to 
30 per cent of that originally used) is eliminated by blowing hot air through the 
fused mass. Then 78 pounds of creosote oil are added at a temperature between 
85° and 125°C., and 120 pounds of hexamethylenetetramine are introduced, together 
with small amounts of dyes, pigments, fats or waxes. This material is mixed with 
fillers by treating on milling rolls to form a sheeted product which is ground to a 
powder for molding. 

«»B. B. Goldsmith, U. S. P. 1,375,959, Apr. 26, 1921; Chem. Aba, 1921, IS, 2733. 

«7L. V. Redman, U. S. P, 1,107,703, Aug. 18, 1914; Chem. Abs., 1914, 8, 3377. 

«L. V. Redman, A. J. Weith and F. P. Brock, U. S. P. 1,368,753, Feb. 15. 1921; Chem. Aba., 
1921, 15, 1196. 

«L. V. Redman, U. S. P. 1,188,014, June 20, 1916; Chem. Aba, 1916, 10, 2131. U. S. P. 1,242,592, 
Oct. 9, 1917; Chem. Aba., 1918, 12. 209. 
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Use of Polymers of Formaldehyde. Aylsvvorth'^® heated a formaldehyde 
compound (having the formula [dLOlii, m which n is less than 4) at a temperature 
not exceeding 180°C. with an anhydrous fusible phenol resin for a length of time 
sufficient to cause complete hardening. The proportions of the two reacting bodies 
are determined by ascertaining the amount of free phenol in the phenol resin and 
calculating the amount of formaldehyde compound necessary for complete com¬ 
bination to form a hard infusible resin. 



CowU9if BakeliU Corp. 


Fig. 61. —Micarta Serving Tray with Inlaid Metal Design. 


The production of light-colored phenol-formaldehyde resins depends, accord¬ 
ing to Poliak, on the use of a minimum amount of condensing agent and the re¬ 
moval of excess phenol by washing with warm water. The use of a sensitive form 
of trioxymethylene (^- and 7-polyoxymethylene) makes the addition of a special 
catalyst unnecessary. A method employed by Poliak"' consists m adding anhydrous 
trioxymethylene (20 parts) to phenol (370 parts) and metacresol (6 part^) heated 
on a water bath. Reaction begins at with the evolution of heat and the tem¬ 
perature rises to above 100°C. After the temperature has fallen below 100° addi¬ 
tional trioxymethylene is added and the heating and cooling allowed to take place 
after each addition until 80 parts of the methylene comixiund have been introduced. 
The mass Ls repeatedly washed with large quantities of water at a temperature be¬ 
low 40°C. and is then heated to about 1,30°C. The resin is used as a substitute 

wj. W. Aylsworth, U. S. P. 1,102,630, July 7, 1914; J.S.C.L, 1914, 33. 931. 
np. PoUalt, U. S. P. 1,210,982, Jan. 2, 1917; Chem. Abs., 1917, 11, 710. 
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for shellac. Discoloration of the resin on exposure to light and air is considered by 
Poliak^* to be caused by the presence of small amounts of leuco bases.which gradu¬ 
ally oxidize to colored substances. These may be washed out of the resin along 
with free phenol. A soft resin, therefore, is prepared and very thoroughly washed 
first with water and then with water containing methyl alcohol or acetone. 

In one instance, Poliak heated 100 parts by weight of crystallized phenol with SO 
parts of 40 per cent aqueous formaldehyde in the presence of 0 2 part of .sodium phenol- 
ate. The heating is carried out under reflux until the condensation product precipi¬ 
tates. The heavier resinous layer is separated from the supernatant aqueous solution 
and is washed repeatedly with water, followed by water containing 10 per cent of 
methyl alcohol and finally by cold water. The residue is freed from the last traces 
of phenol by distillation in vacuo. When heated in molds at 95-120°C., the infusible 
and insoluble product is transparent, of a light yellow color and is stated to be air- 
and light-proof. In another case Poliak treated 94 parts of crystallized phenol with 
15 parts of finely powdered a-polyoxymethylene and added enough 1/5 A sulphuric 
acid to start an exothermic reaction and to dissolve the polyoxymethylene The 

mixture is heated to about 85°C., 5 additional ])arts of polyoxymethylene and a 

further quantity of the sulphuric acid solution being added after the reaction has 
started. The soft resinous mass is washed repeatedly with water and treated with 
a 0.3 peV cent solution of hydrogen peroxide. After standing for some hours the 

resin is further washed with water. This material is an intermediate which when 

mixed with fresh formaldehyde or polyoxymethylene can be converted into a light- 
and air-proof insoluble product.’* 

If phenol or cresol is heated with an excess of paraformaldehyde in the ab¬ 
sence of a catalyst (1 mol of phenol to mols of paraform) an oily liquid is 
formed, which becomes solid at a high temperature/* When this liquid condensa¬ 
tion product is mixed with a soluble fusible phenol-formaldehyde resin in the pres¬ 
ence of acid or alkaline catalysts and heated, the final products are insoluble and 
infusible, although soluble intermediates may be obtained.’*^ Snellmg,’* in a some¬ 
what similar manner, prepared one intermediate substance from a phenol and 
hexamethylenetetramine and a second from a phenol and an anhydrous polymerized 
aldehyde. These two products were then mixed in such proportions that the ex¬ 
cess of ammonia in the first compensated for the deficiency in the second 

A process proposed by Morgan and Drummond” consists of heating a mixture 
of a phenol, a solid polymer of formaldehyde, a catalyst such as lime or hydro¬ 
chloric acid, and an inert organic solvent. The resin solution produced is neu¬ 
tralized and washed, preferably with saturated sodium thiosulphate solution, and 
dried. 

Another form of anhydrous aldehyde, namely, gaseous formaldehyde, was used 
by Aylsworth.” Formaldehyde gas is introduced with agitation into an autoclave 
containing phenol or cresol held at a temperature of 125-170°C. Pressure is main¬ 
tained slightly in excess of the vapor tension of the mixture by feeding the com¬ 
pressed gas into the autoclave as rapidly as it combines with the phenol. At 
50-100 pounds per square inch very good results are obtained. The operation 
is continued until a sample shows 12 per cent or less of free phenol. The resulting 
resinous product is dehydrated at 205®C. and is cast into slalis for subsequent use. 
Aylsworth^® produced molded articles by placing phenol in a heated mold and resini- 
fying it by introducing gaseous formaldehyde under pressure. 

73 F. Poliak, U. S. P. 1,211,227, Jan. 2, 1917; Chem. Ahs., 1917, 11, 693. U. S. P. 1,369,352, Feb 22, 
1921; Chem, Ab»., 1921, 15, 1381. 

WF. Poliak, British P. 18.281, 1912; Chem. Ah%., 1914 , 8, 434. British P 20,977, 1914; J.SCL, 
1915, 34. 1154. British P. 14,490, 1915; J.S.C.I., 1916, 35, 1226 ‘Swiss P. 73.579, 1916; Chem. Abs., 
1917, 11, 877. Swedish P. 41,636, 1916; Chem. Ab»„ 1017, 11, 2050. 

T4 German P. 475.865, 1918, to Chem. Fabr. K. Albert G.m.b H.; Chem Ahs., 1929, 23. 3782. 

w German P. 484,046, 1920, to Chem. Fabr. K. Albert G.m.b.H.; Chem. Abn , 1930, 24. 1236. 

WW. O. Snelling, U. S. P. 1.462,771, July 24, 1923; Chem. Abs., 1923, 17 , 3076. 

w G. T. Morgan and A. A. Drummond, British P. 315,442, 1928; Brit. Chem. Abs. B, 1928, 863. 

wj. W. Aylsworth, U. S. P. 1,029,737, June 18, 1912; Chem. Abs., 1912, 6. 2547. 

™ J. W. Aylsworth, U, S. P. 1,083,044, July 16, 1912; Chem. Abs., 1912, 6, 2696. 
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PhenoltAlcohol Resins 

The phenol alcohols (see Chapter 14), such as saligenin or hydroxybenzyl alco¬ 
hol, as well as dihydroxydiphenylmethanes, have been shown to serve as inter¬ 
mediates in the formation of phenol-formaldehyde condensation products. These 
materials, being crystalline, offer themselves readily to purification. Other crystal¬ 
line intermediates, such as those obtained from condensation of acetone and phenol, 
which can also be used for the preparation of resins, are described in Chapter 18. 

Methods of forming phenol alcohols from phenol and formaldehyde have been 
described by Manasse,” Lederer,“ and Granger,*® as already mentioned.” 

Infusible molded articles were made by lakeland** from hydroxybenzyl alcohol 
or other phenol alcohols. In one case phenol alcohols or their anhydrides (saliretins) 
and formaldehyde, with oi without a condensing agent, are heated to give hard 
thermo-rigid resins. In place of formaldehyde, its polymers may be used. When 
ammonia is employed as a condensing agent hexamethylenetetramine is produced 
which of course serves as a hardening agent. In the infusible state the resin may 
be incorporated with a variety of filling materials (asbestos, wood fiber,'mineral 
powders and pigments) in the same manner as is employed in making rubber 
compositions. Organic substances such as naphthalene, anthracene, aniline, phenols, 
pitch, asphaltum, cumarone resins and other resinous bodies and paraffin may be 
added. Another procedure is that of treating phenol alcohols or their anhydrides 
with basic catalysts to yield resinous substances which are less hard and less re¬ 
sistant to heat and to solvents than the products obtained above with the aid of 
additional formaldehyde. Appropriate catalysts are ammonia or its carbonate, 
caustic alkalies or their carbonates, aniline, pyridine, barium or calcium hydroxides, 
aikali sulphides, acetates and cyanides, Ixirax, soaps and tnsodium phosphate. 
Fillers may be incorporated with the resinous material thus obtained and the com¬ 
position molded under heat and pressure. 

Aylsworth® prepared phenol alcohols by reacting phenol and formaldehyde 
in the presence of an alkaline solution such as milk of lime. The product is mixed 
with fillers, with or without the addition of hexamethylenetetramine, and is treated 
with an acid to neutralize the alkali. The resultant composition is dried and is 
then available for molding. The process also is adapted for preparing varnishes and 
lacquers. 

Amann and Fonrobert"^ prepared definite phenol alcohols, free from resinous 
and other by-products, by slowly adding a mono- or dicyclic phenol (phenol, cresol, 
naphthol or dihydroxydiphenylpropane), particularly in alkaline solution, to a 
quantity of aldehyde at least equal to the theoretical amount that can combine 
with the phenol. The oily product can be converted into infusible bodies under 
heat and pressure by treating them with further quantities of formaldehyde.*' 
Baekeland” obtained a soluble composition (which could be rendered insoluble 

•OQ. Manaiwe, Ber., 1894, 27, 2409; U. S. P 526,786, Oct. 2, 1894. See also German P. 85,588, 
1894, to F. Bayer 4 Co.; Chem. Zentr., 1896, 1, 1120. 

«L. Lederer, J. prakt. Chem., 1894 , 50, (2), 224. 

MF. S. Granger, Ind. Eng. Chem., 1932 , 24, 442. 

^ See Chapter 13. 

«*L. H. Baekeland, U. S. P 1,038,475, Sept. 10, 1912, Chem Abs., 1912, 8, 3534. U. S P. 
1,146,045, July 13, 1918; Chem. Abtt., 1915, 9, 2432. U. S. P. 1,187,232, June 13, 1916; Chem. Abs. 1916, 
10, 3031. 

«J. W. Aylsworth, U. S P. 1,111,288, Sept. 22, 1914; Chem. Abs, 1914, 8, 3634. 

“A. Amann and E. Fonrobert, U. 8. P. 1,614,171, Jan. 11, 1927, to Chem. Fabr. K. Albert 
G.m.b.H. British P. 261,472, 1925; Brit. Chem. Abs. .B, 1927, 119. German P. 536,171, 1923; Chem. 
Abs , 1932, 26, 1077. 

VA. Amann and E. Fonrobert, U. S. P. 1,614,172, Jan. 11, 1927, to Chem. Fabr. K. Albert 
G.m.b.H.; Chem. Abs., 1927, 21, 805. 

ML. H. Baekeland, U. S. P. 1,442,420, Jan. 16, 1923; Chem. Abs., 1923, 17, 1031. 
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by further heating) from hexamethylenetetraminetrij)henoi and a phenol alcohol, 
for instance, hydroxybenzyl alcohol. 

Sutherland"** heated hydroxybenzyl alcohols, hydroxy ^-naphthol alcohols or 
tnhydroxybenzyl alcohols, at about 100°C. with the cyclic ether of a jxilyhydric 
alcohol in the presence of an acid or alkaline condensing agent to produce infusible 
products. Cyclic ethers of polyhydnc alcohols proposed are formalglycerol, formal- 
glycol, acetalglycerol and benzalglycol. Catalysts suggested include formic, hydro¬ 
chloric and phosphoric acids and sodium hydroxide, calcium hydroxide and sodium 
carbonate. Thus, 50 parts of o-hydroxybenzyl alcohol, 50 parts of formalglycerol, 

CH 2 OH 

(*^H—O 

^CH.2 

/ 

/ 

CH2O 

and 3.5 parts of 30 per cent ammonium hydroxide are heated at 70°C. for 2 to 3 
hours and then poured into an open vessel, the tem]ierature being gradually raised 
to 100°C. When the product lx?comes solid, the temperature is increased rapidly 
to about 125°C. and maintained until the mass is fully cured. The product is a 
light yellow transparent, semi-rigid, amber-Iike solid, very flexible when heated, 
infusible, insoluble in all ordinary solvents, highly resistant to acids and many alka¬ 
lies, and possesses high dielectric properties. 

Kulas and Pauhng®° prepared phenol-aldehyde resinous condensation products 
by condensing methylenephenols and phenol alcohols A methylene-diphenol mix¬ 
ture IS prepared by the action of an acid such as hydrochloric acid on a phenol and 
formaldehyde; phenol alcohols are formed by the action of a basic condensing agent 
upon an additional mixture of phenol and formaldehyde. As an instance, 50 parts 
of cresol are heated with 25 parts of 40 per cent formaldehyde and 1 to 1.5 parts 
of moderately concentrated hydrochloric acid to the ])oint where sejiaratkm be¬ 
gins, then 100 parts of cresol, 75 parts of 40 per cent formaldehyde and 20 to 25 
parts of aqueous ammonia (25 per cent) are added. The mixture is boiled for a 
considerable time and then dehydrated to obtain a soluble transparent resin. By 
gradually heating the soluble body thus prepared it can be transformed into an 
insoluble form. 

If the reaction between formaldehyde and an alkali phenolate is carried out at 
low temperatures, the amount of formaldehyde undergoing the Cannizzaro reaction 
(see Chapter 14), as compared with the amount entering into the condensation, is 
substantially lessened. Accordingly, it is desirable to keep the reaction mixture 
cold until all of the formaldehyde becomes bound. 

Polyalcohols of phenols, formed by using an increased proportion of formalde¬ 
hyde in alkaline condehsation with phenols, are converted into pale acetone-soluble 
resins by the addition of strong acids. These resins are said to have superior 
curing properties and to withstand the effects of light both before and after the 
cure.®® 

«®L. T. Sutherland, U. S. P. 1,523,459, Jan. 20, 1925, to Carboloid Products Corp.; Chem. Abs., 
1925, 19, 1760 

•OC. Kulas and C. Pauling, U. S P. 1,609,367, Dec. 7, 1926; Chem. Abs., 1927, 21, 333. German P. 
431,619, 1922; Canadian P. 240,145, 1923. Swiss P 106,557, 1923; Bnt Chem. Abs, B, 1926, 890. 

“F. S. Granger, U. S. P. 1,946,459, Feb. 6, 1934, to Combustion Utilities Corp. ; Chem. Abs., 1934, 
28, 2556. 

«F. S. Granger, U. S. P. 1,956,530, Apr. 24, 1934; Chem. Abs., 1934 , 28. 4256. 
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Continuous Processes 

The advantages of continuous processes are at once apparent. In large diges¬ 
ters very careful control of the reaction is necessary, and an accident to the 
water-cooling system, for instance, might mean the loss of the entire large batch 
due to the uncontrolled heat of combination converting the mass to the infusible 
state. In a continuous system where reaction is confined to small quantities of 
material such loss would be relatively small. The more careful control of a 
continuous operation and its higher production rate are special advantages. The 
exothermic reaction of condensation can also be made to preheat the fresh reaction 
mixture. 

Turkington®* proposed to mix the phenol, formaldehyde solution and catalyst 
and to pump the mixture continuously through heated reaction coils. A steam 
piston pump capable of producing a pressure of a few hundred pounds per square 
inch IS used and the pressure is maintained by an adjustable pressure regulator. 



Fig. 62 .—Continuous Process for the Production of Phenol-Formaldehyde Resins. 

(V. Turkington.) 

From the pump the mixture passes through a reaction coil, formed of extra 
heavy iron or copper tubing immersed in an oil bath. The bath is heated by a 
closed steam coil supplied with steam at about 125 pounds pressure to initiate 
the reaction. The coil may also be supplied with water connections for cooling, 
should this be required. The reaction is exothermic and the heat of reaction ordi¬ 
narily suffices to maintain the proper temperature of the oil bath. 

The reaction mixture is forced slowly through the heating coil, where the flow 
and bath temperature are regulated to complete the reaction to the desired point 
l>efore the mixture passes the discharge end of the coil. The rate of flow will de¬ 
pend largely on the length of this coil. On passing from the coil the reaction 
mixture is a fluid material containing a large proportion of water. This mixture 
is dehydrated by spraying into a chamlier in which a relatively high vacuum is 
maintained. The resin is then cooled to 50°C. or lower which prevents further 
reaction. See Figure 62. ‘ 

Another continuous process consists in introducing the reactants into a preheater 
(a heated copper coil) and atomizing the mixture or distributing the reaction prod¬ 
uct upon rollers or endless belts during the heating with or without a previous 
passage through a water separator. The finished resin may be used as it leaves 
the concentration . plant, for example by passing it directly to a paper-sizing 
machine.** 


WV. H. Turkington U S P. 1,660,403. Feb. 28. 1028, to Bakelite Corp.; Chem. Ah»., 1928, 22. I486. 
C. Kuluy and . 1 . Scheiber, British P. 230,861, 1925; J.S.C.L, 1925, 44, 890B. German P. 436,779, 1924. 
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Hoskins** suggested a process utilizing a silent electrical discharge in which 
phenol and formaldehyde are vaporized in two separate stills and passed into a 
tubular treating conduit surrounded by a hot-water jacket. The conduit itself is 
one electrode and surrounds the other of a high-voltage electric circuit. In this 
way the mixed reagents in the vapor state are subjected to a silent electric dis¬ 
charge. The vapors are condensed on emerging from the conduit, and the con¬ 
densate is heated to evaporate phenol and formaldeh 3 'de. About 40 per cent of 
the original material remains as a clear, brown, brittle resin, soluble in alcohol 
and ether mixtures but only slightly soluble in alcohol alone. The process is 
best carried out at reduced pressure. The resin on heating at 280°C. or above 
for any appreciable length of time becomes insoluble. 

Purification of Resins 

The questions of the action of light and air on phenol-formaldehyde resms and 
resinoids and of purification processes to minimize this have received much con¬ 
sideration. It IS well known that exposure to light often has a darkening effec*t 
whether these resins are in the form of coatings, moldings or fabricated resinoids. 

One explanation for the darkening is that it is caused by free phenol. Poliak'* 
on the other hand laid it to the presence of small amounts of leiico bases which 
gradually oxidize to colored substancesPoliak'* used acid catalysts and found 
the amount of acid to be the controlling factor of color in the finished resin. When 
the quantity of acid used is less than 1-2 per cent of the end product perfectly 
white or slightly brownish or yellowish products result. However, in considering 
the causes of the dark color assumed by novolaks, Mashkilleison and Zimmerman** 
concluded that neither the presence of free phenol (up to 4 per cent) in the 
finished product, nor the purity of the phenol, nor the amount of catalyst is of 
importance. In all cases studied by them there was a considerable change in the 
original color after 30 days’ exposure to light. The nature of the catalyst to a 
large extent influences both the original color and its stability. From the stand¬ 
point of color permanence, best results are obtained with weak mineral acids. 
Strong mineral acids and organic acids give poorer results and the least satisfactory 
are the metallic salts of mineral acids. 

Redman, Weith and Brock^** found that even the brightest light does not affect 
a phenol resinoid that is kept out of contact with oxygen. They observed that 
non-oxidizing gases (carbon dioxide, methane and ordinary illuminating gas) or the 
absence of air (vacuum) tend to prevent darkening even if the sample is placed 
in direct sunlight. Such methods for preventing darkening are far from prac¬ 
tical, and vanous others have been proposed, as previously mentioned, for re¬ 
moval of the substances which cause darkening. Pollak^®^ suggested washing the 
resin with warm water; Hessen'®** treated the liquid resin with additional formalde- 

W. Hoskins, U. S. P. 1,473,347, Nov. 0, 1923; Chem. Abs , 1924, 18, 477. For preparation of 
resins by electrolysis see British P. 130,008, 1919, to Resan Kunstharz-Erzeug-Ges ; J.S.C.I., 1921, 40, 000 
A. French P. 518,000, 1919. For voUolization of oils, see Cliapter 01. 

WF. Poliak, U. S P. 1,211,227, Jan 2, 1917; Chem. Abs , 1917, 11, 093. U. S P. 1,309,352, Feb. 
22, 1921, to Chemical Foundation, Inc.; Chem Abs., 1921, 15, 1381. 

»7See also C W. Rivise, Plastics, 1929 , 5, 211, 254 , 200 . 317. 

“F. Poliak, U. S. P. 1,210,728, Feb, 20, 1917: Chem , 1917. 11, 1734 

B. B. Mashkilleison and S. S Zimmerman, Plant. Mmsui, 1932, (1), 32; Ch\mw et tnduntne, 1932, 
29, 1418; Chem. Abs., 1933, 27. 4428. 

100 L. V. Redman. A. J. Weith and F P. Brock, U. S P 1,345,895, July 0, 1920; Chem Abs, 
1920, 14, 2687. See also I. M. Eznelev and D. B. Khodakova, Plant Masnm, 1934, 3, 53; Chem. Abs, 
1934 28 0579. 

iotp. Poliak, IT. S. P. 1,210,982, Jan. 2, 1917; Chem. Abs, 1917, 11, 710. German P. 394,253, 
1919. Dutch P. 1,859, 1917. 

lonR. Hessen, U S. P. 1,816,255, July 28, 1931; Chem. Abs., 1931, 25, 5525. Biitish P. 324,913, 
1928; Chem. Abs., 1930, 24, 3914. 



336 THE CHEMISTRY OF SYNTHETIC RESINS 

hyde to combine completely all the phenol; Ostersetzer and Riesenfekr® made 
powdered hardened resins in emulsified dispersions and thus reduced impurities 
by decreasing their adsorption of substances from the mother liquor; Moss*®* used 
sodium phosphate (NasHPO*) as a condensing agent; Mtelamid*®® estenfied the 
resins with p-toluenesulphonyl chloride; and Pfautsch*®* treated the phenol itself with 
sodium bisulphate and thiosulphate and distilled it before use to make light-stable 
resins. Blumer*®^ stabilized the color by oxidizing the resin with persulphates or 
perborates. Manganese dioxide, lead oxide, lead chromate, sodium chromate, am¬ 
monium dichromate and potassium permanganate are said to be useful in main¬ 
taining the brilliancy of phenol-formaldehyde resins.*”* 

Ehrlich*®* treated the intermediate substances obtained from phenols and for¬ 
maldehyde with acids (lactic, acetic, tartaric, or boric) to obtain pale-colored resins 
stable to light and air. The resinous condensation product obtained by heating 
phenol with 40 per cent formaldehyde solution in the presence of sodium car¬ 
bonate is washed with hot water until it becomes thick and viscous and then with 
4 per cent acetic acid. The resulting thin resm is washed again with water and, 
after the addition of a small quantity of ammonia, is dehydrated in vacuo and 
hardened in the usual way. The resulting transparent, colorless or faintly yellow 
material is insoluble in acids and alkalies, and, because of the absence of excess 
phenol, is stable to light and air 

Distillation of the uncombined phenol from a resin, even under reduced pressure, 
is ineffective since the last traces are extremely difficult to remove and even small 
traces are enough to have considerable effect. However, the color-forming con¬ 
stituents are removable from the readily condensable intermediate products before 
the hardening by extraction with such solvents as ether’*® 

Drummond*" treated resins made from phenol and formaldehyde with the vapor 
of an organic solvent (ethyl alcohol), of lower boiling point than water and pref¬ 
erably miscible with the resin, until no further free phenol is removed. The puri¬ 
fied substance may be used directly in solution or it may be freed from solvent by 
heating in vacuo. 

Purified resins are also obtained by washing successively with hot water, dilute 
mineral acid, and cold water. The products may be made insoluble by heating 
to 1(X)°C. or they may be dissolved in appropriate solvents (alcohol, acetone, 
or amyl acetate) to form varnishes or lacquers The purified products combine 
with bases such as lime or ferric oxide, and with glycerol."** Bucherer"® heated 
phenol-aldehyde resins with a dilute alkaline solution to effect purification. 

Various washing procedures were used by Seebach to remove free phenol in 
purifying resins. Crude fusible phenol-aldehyde compositions may be treated with 

^ A. Ostersetzer and F. Riesenfeld, U, S. P 1,807,545, May 26, 1931, Chem. Abs , 1931, 25, 4096. 
German P. 516,677, 1928; Chem. Abn , 1931, 25, 3185 Austuau P 114,871, 1929; Chem Abu., 1930, 24, 
1189. French P. 651,723, 1928; Chem Abs., 1929, 23, 3589 Bntish P. 288,228, 1928, Chem Ab», 
1929 2 3 678 

1®* W. H. Moss, U. S.'P. 1,743,680, .Jan 14, 1930, to Olanese Coip. of Amer.; Chem. Abs., 1930, 
24, 1529. British P. 296,674, 1927, to British Celaiiese, Ltd.; Chem. Abs., 1930, 24, 1529. See Cliapter 
16. 

i®5M. Melamid, British P. 137,291, 137,292 and 137,293, 1919; Chem. Abe., 1920, 14, 1450, 1451. See 
also .Tacobsohn, Kumtstoffe, 1921, 11, 105, discussed in Chapter 20. 

»<»M. Pfautsch, German P. 341,231, 1919; J.S.C.l, 1922, 41, 93A. 

i<"L. Blumer, Gorman P. 217,560, 1908, Chem, Abs., 1910, 4, 1690 

i®*E. E. Novotny, U. S. P. 1,984,423, Dec. 18, 1934, to J. S. Stokes; Chem. Abs., 1935, 29, 855. 

«>»0. Ehrlich, German P. 423,032, 1922; Bnt. Chem. Abs B, 1926, 760 

noQ, S. Petrov (Russian P. 31,612 and 31,614, 1933; Chem. Abs., 1934, 28, 3254 , 8196. German P. 
233,395, 1910, to Bakelite G m.b H.; Chem. Abs., 1911, 5, 2745) extracted resins of the fusible type with 
ethers, benzene, toluene, gasoline or chlorinated hydrockrbons. The resins are then mixed with fillers 
and pressed. 

A. A. Drummond, British P. 274,881. 1926; Bnt. Chem. Abs. B, 1927 , 756. 

113 British P. 148,264, 1919, to Soc.’Coralex; Chem. Abs, 1921, 15, 319. 

113 H. T. Bucheier, Fiench P. 758,689, 1934; Chem. Abs., 1934, 28, 3256. 
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alkali”* or alkaline-earth”“ hydroxides to combine with free phenols and the re¬ 
action by-products to form water-soluble salts but no excess is allowed to remain 
to combine with the resin. Suggested oxides and hydroxides are those of calcium, 
barium, strontium, magnesium, aluminum, copper, zinc, nickel, or such combina¬ 
tions with alkalies as sodium aluminate, potassium zincate, or sodium zincate. 
Organic solvents”" for the resin can be used during or after the action of the 
metallic oxides, the solvents being completely or incompletely miscible with water 
as desired. The resins are precipitated by the addition of water, acid or such salts 
as sodium chloride, magnesium sulphate, alum; or the process may be modified 
by the addition of salts, such as sodium salicylate or alkali metal soaps which 
have the property (hydrotropism) of rendering soluble, substances which are insolu¬ 
ble in pure water. The metallic oxides which have not combined with the phenols, 
Seebach stated, may be allowed to remain m the subsequently precipitated resin¬ 
ous condensation products as filling materials. The process is described approxi¬ 
mately as follows: 

One hundred kg. of coarsely ground resinous phenol-aldehyde condensation product 
are mixed for 2 to 3 hours in a ball null with 200 1. of lime water (containing 6 kg. of 
quicklime) to form a colloidal solution. The precipitated material is a fine powder 
which IS separated by filtration, centrifuging, or decantation from the liquid and 
washed with water. The resin may be dried at 30-40°C This process usually raises 
the melting point of the resin. 

Another proposal by Seebach”’ is the use of fluxing agents in the distillation of 
j)ermanently fusible resins to free them of uncombined phenols. For this purpose 
he recommended high-boiling organic substances such as glycerol, ethylene glycol, 
phthalic, or lactic esters, a- or i^i-chloronaphthalene, dichloronaphthalene, tetrahydro- 
naphthalene, decahydronaphthalene, or cyclohexanol and its esters. Fluxes may 
also include urea or thiourea. For example, 2120 parts of fusible phenol-formal¬ 
dehyde resin (novolak) and 280 parts of glycerol are distilled in vacuo. The dis¬ 
tillate amounts to alxnit 306 jiarts and the residue when cold is almost colorless 
and free from phenol. 

The observation was made by Baekeland”* that the initial resinous condensa¬ 
tion product of phenol when undiluted may be hardened to the infusible condi¬ 
tion at temperatures as low as 70°C. When, however, alcohol is added the 
resulting solution may be boiled under a reflux condenser for a long time without 
noticeable hardening. Baekeland found that water does not retard the reaction. 
On heating a solution of phenol-formaldehyde resin in aqueous sodium hydroxide to 
80°C. the solution gelatinizes and on further heating hardens rapidly, yielding 
a transparent infusible product. The solution may be used as a heat-hardening 
varnish, or may be mixed with appropriate fillers for molding. Seebach”® observed 
that a solution of phenol-formaldehyde resin in aniline hydrochloride could be 
heated for long periods without polymerizing and proposed the following distilla¬ 
tion procedure for removing free phenol: 500 kg. of fusible phenol-aldehyde resin 
are dissolv|;d in a well-stirred solution of 250 kg. of aniline hydrochloride (or salts 

i«F. Seebach, U. S. P. 1,«81,368 and 1,681,369. Aug. 21, 1928, to Bakelite G ni.b.H.; Chem. Aba., 
1928, 22, 3792. British P. 246,833 and 246,834, 1925; Bnt Chem. Abs. B, 1927 , 684 , 924. German P. 
474,729, 1925; Chem. Aba, 1929, 23. 3114. 

i«F. Seebach, U. S. P. 1,697,885, Jan. 8, 1929, to Bakelite Gmb.H.; Chem. Aba., 1929, 23, 1294. 
British P. 248,726, 1926; Chem. Aba.. 1927 , 21, 828. German P. 432,727, 1925; Brit. Chem. Aba. B, 
1927, 259. Swiss P. 126,203, 1926. 

“OF. Seebach, U. S. P. 1,683,702, Sept. 11. 1928, to Bakelite GmbH.; Chem. Aba., 1928, 22, 4262. 
British P. 247,956 and 247,957, 1925; Chem. Aba, 1927, 21, 660. Geiman P. 431,514, 1925; Bnt. Chem. 
Aba. B, 1926, 889. 

“7F. Seebach, U. S. P. 1,89^455, Dec. 20, 1932, to Bakelite G.m.b.H.; Chem. Aba., 1933, 27, 2001. 
German P. 545,756, 1928; Chem. Aba.. 1932, 26, 3687. 

H. Baekeland, U. S. P 1,085,100. Jan 27, 1914, Chem. Aba., 1914, 8, 1215. 

Seebach, U. S. P. 1,868,079, July 19, 1932, to Bakelite Gm.b.H.; Chem. Abs., 1932, 26, 5221. 
German P 516,766.1928; Chem. Aba., 1931, 25, 3185. 
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of other aromatic or aliphatic amines) in 250 kg. of water at 50-60®C. Distilla¬ 
tion is then carried out at atmospheric or reduced pressure until 1000-2000 kg. 
of water have been distilled off, this water being replaced from time to time by 
additions of hot water to keep the volume unchanged. On adding water to the 
residue after the phenol has been removed by this distillation, the purified resin 
is precipitated and the aniline hydrochloride or other salt remains in solution. 
Organic solvents may be used instead of water and the resins may be washed with 
hydrotropic salts, if preferred. 



Pic. 63. 

Counter Top and Deal Plate of Formica. 


Courtesy Formica Insulation Co 


For purifying soluble fusible phenol-aldehyde resins, Strafford and Walker^** 
incorporated them with an inert filler such as wood flour, cotton waste, asbestos, or 
china clay and extracted this mixture with water or an organic non-solvent such 
as benzene. When water is used as the solvent they adjusted it to a pe of 6 
before extraction. After filtering, the extracted material thus treated may be used 
as a molding powder or the resin may be dissolved out with acetone or alcohol 
and used in varnishes. The process is also applicable to the purification of sheets 
impregnated with resin used in making laminated board. 

Waterman and Veldman'” modified this procedure by using a suspension of 
sawdust in water, into which the liquid condensate was stirred. After agitating 

N. Strafford and E. E. Walker, U. S. P. 1,778,202 and 1,776,203, Sept. 16, 1980, to British Dye¬ 
stuffs Corp., Ltd.; Chem. Ahs , 1930, 24, 5518 British P. 296,514, 1927; Chem. Abi., 1929, 23, 2540. 
German P. 543,430, 1928; Che7n. Ahs., 1932, 26, 2561. French P. 656,647, 1928; Chem. Abs., 1929 , 23. 
4357. 

^H. I. Waterman and A. R. Veldman, Chem. Weekblad, 1934, 31, 492; Chem. Abe., 1935, 29, 519. 
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for several hours, the resin-sawdust composition was separated by centrifuging, 
washed and dried. Only a faint odor of phenol or cresol could be detected. Cresol 
was also satisfactorily removed by employment of a suspension of kieselguhr or 
fuller’s earth in benzene.^® 

The molding powder thus secured is reported to be completely freed of phenolic 
bodies by treatment with an acid diazomum solution.'^ Two g. of aniline (as hydro¬ 
chloride) was diazotized with sodium nitrite solution and diluted to 2 liters. This 
was stirred while cold with 100 g. of the powder, followed by filtration and wash¬ 
ing. The odorless product dried to a light brown color. 

A bleaching process proposed by Stuhlmann'^ consists in subjecting the resins 
in cold alkaline solution with continuous stirring to the simultaneous action of 
formaldehyde and a bleaching agent such as hydrogen peroxide or sodium per¬ 
borate. 

To avoid discoloration of resins in course of manufacture, Kline’*'' used acid- 
resistant materials (glass, porcelain, enamel or chromium) at all points of contact 
in the reaction apparatus. 


Dehydration 


When a wet process is employed, the final dehydration is usually carried out 
in the same digestor in which the resin is prejiared, with or without the help of 
a vacuum. After the water has been removed, the^ resin is allowed to flow 
through a bottom discharge into pans for coohng.’“ If the resin is to be used 
for varnishes, the dehydrated resin may be left in the digestor, solvents added, 
heat applied, if necessary, and the entire manufacture of the varnish completed 
in the same kettle. These methods work well with soluble fusible resins of the two- 
stage type. 

The dehydration of the one-stage resin is somewhat more difficult by this 
procedure, since there is danger of gelatinizing the resin. Various methods have 
been proposed to overcome this. One consists in agitating the material (contain¬ 
ing, eg, 7 per cent of water) with an amount of propyl alcohol equal to its 
water content and pouring off the liquid which settles out from the mixture. 
The water, water-soluble materials, and colored impurities that may be present are 
removed simultaneously.’^ Another method was proposed by Kulas’“ in which 
the resin, cooled after separation from the reaction mixture, is centrifuged. 

Hessen’’^ heated the solid soluble fusible products in thin layers at 1(X)-2(X)°C. 
for one or more periods of 15-30 seconds with rapid cooling after each heat treat¬ 
ment, In this manner most of the volatile constituents are removed and the 
jesins are partly converted to the insoluble infusible state. This semi-hardened 
product is subsequently worked up with further hardening agent. Clear trans¬ 
parent moldings are obtained by hot-pressing Volatile substances can also be 

^ H. I. Waterman, W Coltof and A R. Veldman, Ingenieur, 1934 , 49, MK15; Chem Abs , 1935, 
29, 1532. 

I. ^Vatemian, W. J. C. de Kok and A. R Veldman, Chem. Weekblad, 1934, 31, 608; Chem. 
Abs., 1935 , 29. 1901. 

P. Stuhlmann, U. S. P. 1,809,738, June 9, 1931; Chem. Abs., 1931, 25, 4423. See also German P. 
432,252, 1924, to Siemens & Halske. 

Khne, British P 353,430, 1929, to Bakelite Corp.; Chem. Abs., 1932, 26. 5440. 

»»» Chem. Age (London), 1926, 14, 72, 345. 

German P. 859,061, IWO, to Wenjacit G.m.b.H.; J.S.C.I., 1923, 42. 279A. 

i»C. Kulaa, U 8. P. 1,669,831, May 15, 1928; Chem. Aba., 19M, 22, 2475. 

“»R. Hessen, U. S. P. 1,917,718, July 11, 1938, to A. Nowack A.-G.; Chem. Abs, 1933, 27, 4640. 
German P 580.560, 1933; Chem. Abs., 1934. 28, 1154. French P. 693.004. 1930; Chem. Abs., 1931, 25, 
1645. British P. 350,427, 1930; Chem. Aba., 1982, 26, 5440. See also R. Hessen. British P. 375,396, 1988; 
Bnt. Chem. Abs. B, 1932, 808. French P. 713,876, 1932; Chem. Abs., 1932, 26, 1811. 

i«0R. Hessen, British P. 888,085. 1982, to A. Nowack A.-G.; Bnt. Chem. Abs. B. 1938, 79. French 
P. 728,068, 1931; Chem. Abs., 1982, 26, 5778. 
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removed by powdering the resin and heating it under vacuum at a temperature 
below its fusing point/®^ 

Spray-drying is said to be advantageous in dehydrating heat-sensitive resins. 
The aqueous mixture can be sprayed into a stream of air or other gas at 250-300°C. 
and the dried particles are then rapidly cooled by directing them into a low-tem¬ 
perature zone or upon a cold metal surface.^®* 

Novotny'” also proposed an atomizing or spray-drying process. The material 
is atomized and quickly wetted by directing the spray into water. The sudden 
chilling prevents fusion and the water removes impurities. As the solid resin ab¬ 
sorbs no moisture the particles are readily separated from the wash water. The 
surface moisture on the resinous particles is quickly removed and the product 
easily dried. For drying a relatively wet, sliidge-like synthetic-resm mass contain¬ 
ing occluded water or mother liquor, Novotny cooled it, by mechanical refrigera¬ 
tion preferably, to a temperature at which it becomes solid and can be mechanically 
ground, but below that at which the ground particles agglomerate. The finely 
ground particles are then dehydrated by air currents. This type of drying is said 
to be particularly useful for resins made by the one-stage wet process. Petrov'®^ 
suggested dehydrating by heating resins to 100-180°C. in a medium of drying 
or semi-drying oils under ordinary or reduced pressure. 

Soluble Resins from Insoluble 

A method for converting an infusible product into a fusible one after the re¬ 
verse change has once occurred was developed by Aylsworth."^® An infusible porous 
mass, made by heating phenol, formaldehyde (40 per cent aqueous solution) and 
a small amount of either an acid or a basic catalyst, is ground and baked at 175°C. 
to remove entrapped water and acid vapors. This product is heated for several 
hours at 230-290°C. in a closed vessel with approximately one-half its weight of 
phenol or cresol. By this treatment the resin is dissolved and converted into a fusi¬ 
ble form. A mixture of phenol and naphthalene may be substituted for phenol or 
cresol as the solvent. If naphthalene is used, it is later removed by distillafion. 
This method can be used advantageously to reclaim discarded or imperfect articles 
or scrap containing an infusible resin binder.'” 

Kulas and Pauling'®' accomplished a similar conversion by heating finely pow¬ 
dered infusible resins, free from lumps, with phenols at atmospheric pressure until 
they are either dissolved or converted into a uniform swollen paste and resinifying 
the free phenol by the addition of formaldehyde and an acid or basic catalyst. 
Heating a phenol-formaldehyde resin with dihydroxybiphenyl in the presence of 
manganese dioxide, yields a composition which is characterized by its solubility in 
fatty oils.'” 

Becherer'” proposed heating an insoluble phenol-urea-formaldehyde compound 
with a phenol until dissolved (and partially reacted). Sulphonation of the re¬ 
sultant liquid yielded material applicable as a mordant or tanning agent. 

A procedure which is applicable to masses containing cellulose filler is to 
heat them in an autoclave with a phenol and a substance which hydrolyzes the 

Koebner, U. 8. P. 1,981,614, Nov. 20, 1934, to F. Raschig O.m.b.H.; Chem Aba, 1936, 
29, 526. Bntish P. 416,847, 1934; Chem. Abs., 1935, 29, 1176. French P. 751,161, 1933; Chem. Abu, 
1934, 28. 1208. 

1*8 British P 408,689, 1932, to Bakehte Corp.; Bnt. Chem. Aba. B, 1934, 546. 

i»E. E. Novotny, U. S. P. 1,771,139 and 1,771,140, July 22, 1930; Chem. Aba, 1980, 24, 4648. 

13* G. 8. Petrov, Russian P. 4328, 1928; Chem. Aba., 1928, 22, 4740; 1982, 26, 2661. 

133 J. W. Avlsworth, U. 8. P. 1,027,7W, May 28, 1912; Chem. Aha., 1912, 6, 20i0. German P. 
258,250, 1911; Chem. Aba., 1912, 6, 2010. 

13® See also C. W. Rivise, Plaatica, 1928, 4, 309. ' 

1*7 C. Kulas and C. Pauling, German P. 412,170, 1923; HS.C.I., 1925, 44, 729B. 

i«F. Seebach, U. 8. P. 1,971,507, Aug. 28, 1934, to Bakehte Gm.b.H.; Chem. Aba., 1934, 28, 6680. 

M*F. Becherer, U. 8 P. 1,982,619, Dec. 4, 1934, to J R. Geigy, 8 A. ; Chem Aba., 1936, 29, 525. 
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cellulose (10 per cent hydrochloric acid). The product is rinsed with water and 
can be converted into a moldable resin by addition of hexamethylenetetramine.^^'* 
Infusible resins are also completely converted into fusible resins by heating 
them with aqueous alkalies to a temperature above the boiling point of the 
solution.^" For example, 100 kg. of coarsely powdered infusible resin may be heated 
with 1000 1. of 5 per cent sodium hydroxide solution at 200°C. for 1 hour to ac¬ 
complish this conversion 

Sections of infusible and substantially insoluble condensation products may 
be united by moistening the faces to be joined with a liquid such as acetone or 
alcohol, coating the surfaces with fusible phenol-formaldehyde resin and heating the 
faces pressed together until the intervening film becomes infusible.’" 

British P 397,690, 1932, to Philips’ Gloeilampenfabr.; Brit Cheni Ab» B, 1933, 929 Fronch 
P 743,859, 1933, Chem Abs , 1933, 27. 4110 German P. 605,124. 1934, Chem Abs . 1935, 29, 1176. 

German P. 523,191, 1928, to F Raschig GmbH : Chem Abs, 1931, 25. 3448 

Insoluble resins can also be made soluble bv fluxing them with rosin See Qiapter 19 

V. Redman, A. J. Weith and F. P. Brock, U. S P 1,424,738, Aug. 1, 1922; Chem. Abs, 1922, 

16, 3370 



Chapter i6 

Phenol-Aldehyde Resins 
IV. Catalysts 

The production of resins from phenol and formaldehyde is customarily ac¬ 
complished with the aid of catalytic bodies. One of the important factors in 
determining the course of the condensation reaction is the nature of the catalyst 
employed. It has been noted by Baekeland* (see also Chapter 14) that acid catalysts 

favor the following series of reactions: phenol-f formaldehyde- ^ hydroxy- 

phenylphenoxymethane (rearranges to dihydroxydiphenylmethane)- 

soluble, fusible product (Novolak) Resinoid AResmoid B 

—Resinoid C (infusible, insoluble). In the presence of alkali, the con¬ 
densation tends to take place in the following stages: phenol -f formaldehyde 

-^ hydroxybenzyl alcohol —Resinoid A (can be melted a limited 

number of times) —Resinoid B (becomes jelly-like with solvents) 
—Resinoid C. 

It is immediately apparent that certain steps in the condensation process are 
more or less selectively favored by particular types of catalysts. While no com¬ 
plete theory correlating all the facts of acid and basic catalysis in the field of the 
phenolic resins has yet been advanced, nevertheless there exists a considerable 
amount of scattered information on the subject. The catalytic effects of acid 
and basic molecules* come into play in a very large number of chemical reactions. 
It IS believed by Bronsted that these catalytic effects, often ascribed to hydrpgen 
ions, are in reality caused by -onium ions of the OHs"*" type. (See also Chapter 4.) 

Hydrochloric acid reacts with formaldehyde (in the absence of phenol) in 
such a manner as to leave the methylene group intact. The compounds which 
have been isolated from this reaction are dichlorodimethyl ether® and an ether 
of the structure CICH 2 OCH 2 OCH 2 OCH 2 CI Blanc* assumes that the initial product 
is chloromethyl alcohol, which is too easily hydrolyzed to accumulate in water 
solution. The mechanism® would then be: 

(1) CH20-hHCl —CICH 2 OH 

(2) 2 CICH 2 OH —CICH 2 OCH 2 CI 4- II 2 O 

The formation of these compounds is quoted at this point in order to illustrate the 
fact that formaldehyde has been found to have a different type of reactivity in 
acids than it has in alkaline solution. It is not to be implied that chloromethyl 
alcohols or ethers are intermediates in the phenol-aldehyde condensation. In dilute 

1 L. H. Ba«»keland, Jnd. Eng. Chem , 1909, 1, 1545. 

».f. N. Bronsted, Svenuk Kern. Txd , 1928. 40, 230, Bnt. Chem. Abs. A, 1928, 1195 J. N. 
Brbnsted and E. A. Guggenheim. J.A CS , 1927 , 49. 2554 

• F. M. Litterschied and K. Thimme, Ann., 1904 , 334, 49 ; Chem. Zevtr , 1904, 2, 949 

*Q Blanc, Bull. koc. chim., 1923, 33, 313; Chem. Ab»., 1923, 17, 2103. American Ferfumer, 1923, 
17, 541; Perfumerv Esstenti/il Oil Record, 1923, 14, 40; Chem. Abs., 1923, 17, 1630. 

»W. Tiahtchenko, /. Phys.-Chem 8oc.. 1887, 19, 470; J.C.8., 1888, 54, 804. A. Moreschi, 

AtU accad, Lincei, 1919, 28 (1), 277; J.C.8.. 1919,' 116 (1), 385. 
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alkaline solution, as is well known, formaldehyde undergoes polymerization which 
involves the reallocation of methylene hydrogens upon carbonyl oxygens.* Thus, 
formaldehyde exhibits two contrasting modes of reaction, depending on whether 
it IS in acid or basic solution. This observation is in harmony with the fact that 
the course of the phenol-formaldehyde reaction depends in part upon the acidity 
or alkalinity of the catalyst. 

Ordinarily, the choice of catalyst is governed by more pragmatic considerations 
than would be indicated in a study of the reaction mechanism. The early con¬ 
troversies and patent litigations probably drew attention to a wider variety of 
catalysts than might otherwise have been investigated. Furthermore, important 
properties of the resins could be varied by varying the nature or quantity of the 
catalyst. Both strongly acid and strongly basic condensing agents when used 
in large proportions affect metals, cause deterioration of fillers and attract moisture. 
Their presence is particularly objectionable in resins which are to be used as 
dielectrics. In the pages to follow mention will be made of many of the mineral 
acids, organic acids, acid and basic salts which have been recommended. Also, 
various alkaline materials, ammonia and ammonium compounds, ammonium de¬ 
rivatives, various amines, particularly methylamines, aniline and benzylamine, have 
been employed, and their applications as catalysts will be described in this chajiter. 


Early Work on Catalysts for the Phenol-Formaldehyde Reaction 


The early investigators, who studied the phenol-aldehyde condensation as a 
possible (but often disappointing) means of synthesizing crystalline compounds, 
used acid catalysts.*^ Baeyer* called attention to the resin which was formed when 
phenol reacted with formaldehyde in the presence of hydrochloric acid. He 
further observed that resorcinol and formaldehyde, in the presence of hydrochloric 
acid, gave an insoluble body which burned without melting. In these experiments, 
the formaldehyde was used in the form of the monoacetate of dihydroxymethane. 
Ter Meer* found that, through the use of a mixture of glacial acetic and sulphuric 
acids, methylal could be condensed with anisol, and di-(methoxyphenyl)-methane 
could be isolated. Kleeberg^* reported that alkali-insoluble resins were obtained by 
reacting formaldehyde with phenol, resorcinol or catechol in the presence of hydro¬ 
chloric or sulphuric acids. Hosaeus,“ working with the reaction between /3-naphthol 
and formaldehyde, to form methylenedi-/3-naphthol, found that strong acids were 
not necessary as catalysts, and that glacial acetic acid served the purpose. a-Naph- 
thol condensed with formaldehyde in the presence of acetic acid to form a yellow 
alkali-soluble resin.’* 

Lederer'* proposed the use of alkaline catalysts in the phenol-formaldehyde 
condensation, and by employing milk of lime or baryta water he was able to 
prepare crystalline hydroxybenzyl alcohols. Manasse prepared a series of phenol 
alcohols by condensing homologues of phenol with formaldehyde in the presence of 
caustic soda, caustic potash, potassium or sodium carbonates, quicklime, zinc 
and lead oxides, zinc dust, sodium acetate or potassium cyanide.'* The phenol 
alcohols were converted into resins by the action of heat. 


«0. Loew. Ber, 1886, 20, 141. 

See Chapter 13. 

•A. Boeyer, Ber., 1872, 5, 1095. 

»E. ter Meer, Ber., 1874, 7, 1200. 

WW. Kleeberg, Ann., 1891, 263, 283 ; 264, 351. 

H. Hosaeus. Ber , 1892, 25, 3212. 

W.I. Abel, Ber., 1892, 25, 3477. 

w L. Lederer, /. prakt. Chem., 1894. (2) 50, 224. U. S. P. 563,975. July U, 1896^ 
1*0. Manasse, Ber., 1894, 27 , 2409. 13. 

Farbenfabnken vorm. F. Bayer St Co. 


S. P. 526.786, Oct. 2, 1894. German P. 85.588, 1894, to 
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Basic Catalysts 

After phenol-formaldehyde products began to be commercialized, it was pointed 
out'® that the addition of an organic or inorganic base in proper proportion to a 
mixture of phenol and formaldehyde yields products which have technical advan¬ 
tages over those obtained by simple heating or by the use of acids or salts as 
condensing agents. A wide variety of alkaline materials (e.g, ammonia, caustic 
alkali, alkali sulphites) was used, the quantities recommended by Baekeland being 
0.5-10 per cent, and in no case above 20 per cent of the total reaction mixture. 
The products were usually semi-solid and could be converted into insoluble, in¬ 
fusible resins bv heating at 120-200^^0, under pressure. The undesirable proper¬ 
ties of phenol-formaldehyde resins made through the use of strong caustic as a 
catalyst can be avoided in various ways. For instance, it is possible'® to use pro¬ 
portions of alkali exceeding 20 per cent of the total weight of the reaction mixture, 
provided the excess alkali is neutralized with acid after the resin has formed 
When such large amounts of alkali are used, subsequent neutralization can be 
effected not only by strong acid but by the addition of salts of aluminum, zinc, 
copper, iron, lead, nickel or cobalt, since these metals yield insoluble hydroxides.'* 
Similarly, Stockhausen and Griihl used ferric and aluminum chlorides to control 
the degree of plasticity of phenol-formaldehyde resins made m the presence of 
caustic soda.'® Alternatively,'® excess alkali can be neutralized with stearic acid, 
a practice which, according to Aylsworth, results in resins of good insulating prop¬ 
erties. Van Voorhout condensed jihenol and formaldehyde with 0.5 per cent 
caustic soda, and avoided excess brittleness by adding glycerol and turpentine,'"’ 
or by cooling the products before the condensation had progressed too far. This 
cooling was conveniently accomplished by adding alcohol, and then distilling it 
off in a current of air. 

It should be noted that when the products of alkaline condensation of phenol 
and formaldehyde are treated with acids, certain difficulties in operating condi¬ 
tions must be taken into account."' As the liquid reaction mixture begins to 
thicken, stirring becomes extremely difficult or impossible. Consequently harden¬ 
ing tends to occur unequally throughout the mass. If very small quantities of 
acid are used, the difficulty is not so great, but the hardening requires a long time. 
Large quantities of acid not only cause non-uniform products, but also blistering 
and sticking in the mold. Because of these considerations, the acidification was 
carried out by Schmidt in the following manner. After the initial resin had been 
formed in the presence of 2 per cent caustic soda, the reaction mixture was neu¬ 
tralized by adding hydrochloric acid. Water was removed by vacuum distillation, 
and the liquid resin was drawn off and poured into a kneading machine. A small 
excess of acid (2 per cent of phosphonc or oxalic acids) was introduced. After the 
kneading operation, the mass was hardened in a rod jiress (see Chapter 67) or 
cooled and ground to form a molding powder. 

WL. H. Baekeland, U. S. P 942,809, Dec. 7, 1909, Chern. Abs , 1910, 4, 680 Geinian P. 281,454, 
1908; J.SC.I, 1909, 28, 374. Bntish P. 21,566, 1908; JSC I., 1909 , 28, 374 H Lehach, British P 
28,009, 1907, to Knoll 4 Co.; J.8.CJ., 1908, 27, 908. French P. 395,657, 1908, to Knoll & Co.; J,S C.I., 
1909 2 8 483. 

w French P. 361,639, 1905, to Fabr. de produits de chim. org de Laire; Chenu Aha, 1907, 1, 1181. 

I'^L. H. Baekeland, U. S. P. 1,187,229, June 13, 1916; Chem. Aba., 1916, 10, 2000. 

Stockhausen and R. GrUhl, U. S. P. 1,150,642, Aug. 17, 1915; Cheyn. Abs., 1915, 9, 2699. 
British P. 14,481, 1913; Chem. Abs., 1915, 9, 164. 

»J. W. Aylsworth, U. S. P. 1,146,300, July 13, 1915; Chem. Abs., 1915, 9, 2432. C:^iuduui P. 160,736 
to 160,740, 1915; Chem. Abs., 1915, 9, 2132 

aoA. W. C van Voorhout, U. S. P. 1,271,392 and 1.271,393. July 2. 1918; Chem. Abs., 1918, 12, 1916. 

«F. Schmidt, U. S. P. 1,927,375, Sept. 19, 1932; Chem. Abs., 1933 , 27 , 5907 F Schmidt, U. S. P. 
1,978,821, Oct. 30. 1934. E. S. Hole. British P. 278,460, July 16, 1926 French P. 678.250, to Chemie 4 
Technik JMS G. m. b. H. Waldemar Steffen. Chem Aba, 1930, 24, 3663. 
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Kulas and Pauling” prepared fusible soluble resins as initial condensation prod¬ 
ucts of phenol and formaldehyde in alkaline solution. These resins were heated 
in molds at 80-100°C. under pressure, and became hard, but were still fusible 
and soluble. Conversion to infusible insoluble products was accomplished by heat¬ 
ing at 120-140°C. at ordinary pressure. 

In strongly alkaline condensations, the formaldehyde may react to form phenol 
alcohols or it may undergo a Cannizzaro reaction, forming methyl alcohol and 
alkali formate. The extent to which "the latter type of reaction takes place is 
reduced by operating at low temperatures.” 

Ammonia and its derivatives are the catalysts” perhaps most commonly used 
in commercial production of phenol-aldehyde resins, for these agents cause no 
undesirable degree of acidity or alkalinity. As noted in Chapter 13, the use of 
ammonia in similar condensation reactions had its beginnings prior to 1900. The 
present discussion will be limited to those investigations which seem to be best 
dealt with under the heading of catalysts. A considerable percentage of the total 
number of patents in the field of the phenol-formaldehyde resins make some men¬ 
tion of the possible use of ammonia or hexamethylenetetramine in conjunction with 
the particular process described. These processes are discussed in their appro¬ 
priate chapters. As a permanent constituent of phenolic resins, ammonia is less 
objectionable than fixed alkalies. This fact is particularly true if the resins are 
to be used for their electrical properties.” Aylsworth” proposed the addition of 
phthalic anhydride as a means of neutralizing free ammonia. Paquie” noted a 
particular advantage in using ammonia as the catalyst, for the resins he obtained 
were permanently clear. These products were prepared by subjecting the inter¬ 
mediate resin to a pressure of 100 atmospheres at 130°C. It has been recom¬ 
mended” that the quantity of ammonia employed in condensing phenol and for¬ 
maldehyde be from 1-10 per cent of the weight of the total reaction mixture. If 
aniline is used in place of ammonia, the quantity required is from 1-5 per cent. 
Wiechmann” obtained a condensation product which was viscous and syrupy at 
ordinary temperatures, anhydrous, non-hygroscopic and insoluble in water, when 
100 parts of crystallized carbolic acid were heated with 10-35 parts of paraform 
in the presence of dry ammonia. Filhol*® produced infusible condensation products 
from phenols and formaldehyde by using ammonia or ammonium carbonate as a 
catalyst at 75-80°C. When the viscosity of the mixture had increased consider¬ 
ably, an acid catalyst, particularly ethyl sulphuric acid, was added. The final 
product was obtained by heating at a slightly raised temperature. The ethyl sul¬ 
phuric acid may be added in alcohol solution, and the product used as a varnish. 
Also, a number of basic compounds, both organic and inorganic, were proposed, 
namely, strontium, cupric and aluminum hydroxides,- pyridine, various cyanides, 
urea, guanidine carbonate and piperidine dithiocarbamate. 

A light-colored resin was made by Kunisch” by condensing phenol and for¬ 
maldehyde in the presence of ammonia and hydrogen sulphide, with the addition 
of carbon disulphide. 


»C. Kulas and C. Pauling. British P. 203.733. Apr. 12. 1922; J.SCL, 1923, 42, 1081A. 

2®F. S. Granger, U. S. P. 1,946,459, Feb. 6, 1934, to Combustion Utilities Corp.; Bnt. Chem. Aba. 
B, 1934, 1022. 

«*L. H Baekeland, U. S P. 942.809, Dec. 7, 1909; Chem. Aba, 1910, 4, 680 
T. Hanyu, Reeearchea Electrotech. Lab. {Tokyo), 1929, 262, 24; Chem. Aba., 1930, 24, 2621. 

»*J. W. Avlsworth, U. S. P. 1,020,594, Mar. 19, 1912 and 1,102,634, July 7, 1914; Chem. Aba., 1912, 
6, 1377; 1914, 8, 3127. 

*7F. Psqui6, Australian P. 8096 to 8099, 1909; Chem. Aba., 1912, 6, 2010. S. Sugimoto, Repta. Imp. 
Ind. Reaearch Inat. Osaka {Japan). 1926, 7 (1), 1; Chem. Aba., 1926 , 20, 3541. 

** German P. 281,454, Jan. 8, 1915, to Bakclite G. m. b. H.; Chem. Aba., 1915, 9, 2133. 

»F. C. Wiechmann, U. S. P. 1,080,188, Dec, 2, 1913; Chem. Aba., 1914, 8, 433. 

»J. Filhol, British P. 147,173, 1920; Chem. Aba., 1920, 14, 3769. 
ttH. Kunisch, French P. 246,568, 1911; J.S.C.I., 1911, 30, 946. 
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Fifteen to 45 cc. of carbon disulphide were added to 0 5 kg. of melted crystallized 
phenol, Vi-% 1. of water saturated with hydrogen sulphide was introduced, then 0.5 kg. 
of 40 per cent formaldehyde, and finally Vs kg. of pure 24 per cent ammonia solution. 
The mixture was heated for 1-2 hours at 140°C., allowed to cool, and the upper 
aqueous layer separated. The lower layer was heated for 12 hours at 100 - 110 °C., 
and when cool was broken up, heated in molds to a temperature of 150-200°C., and 
submitted to a pressuie of 150-300 atmospheres. The hydrogen sulphide may be 
replaced by thiophenol or other substances which evolve hydrogen sulphide under 
the conditions of the reaction. It is said to be advantageous to add to the mixture a 
metallic oxide or sulphide, preferably zinc oxide, in the proportion of 5-20 g. per kg. 
of phenol, omitting ammonia and hydrogen sulphide. 

Ammonia may be used in conjunction with caustic alkali. When a mixture of 
ammonia and potassium hydroxide is the condensing agent,®* there is obtained a 
resin whose surface color changes gradually upon exposure to an oxidizing atmos¬ 
phere. 

Cherry” stated that by using a mixture of a fixed base, such as caustic soda 
and slaked lime, and aniline potentially reactive resins are obtained which when 
molded under heat and pressure yield products hardening rapidly at lower tem¬ 
peratures and possessing greater strength than when ammonia is used alone. 

Hexamethylenetetramine is stated to be essentially equivalent to a mixture of 
ammonia and formaldehyde in the phenol-formaldehyde reaction.” Salts of this 
amine (hydrochloride, sulphate, tartrate, oxalate) have been recommended. It was 
suggested” that these salts be used in quantity not exceeding 2 per cent of the 
weight of the resin ingredients. Hexamethylenetetramine is often used as a harden¬ 
ing agent for resins which may have been produced through the use of other 
catalysts. Thus, soluble fusible resins are combined with not more than 5 per 
cent hexamethylenetetramine in order to harden them.” i 

In the preparation of colorless resins, hydrazine may be used in place of am¬ 
monia.” Alternatively, hydroxylamine may be employed.” Rossiter and Davis** 
condensed phenols, in the presence of 1-10 per cent of their weight of dicyano- 
diamide, with aldehydes. In one example they heated 40 parts of phenol and 2 
parts of dicyanodiamide dissolved in 27 parts 40 per cent formaldehyde at 70- 
80®C. with agitation for 4-5 hours. The mixture was evaporated, or the aqueous 
layer was separated and the resin dried. A transparent product was obtained 
which was soluble in alcohol and could be converted into a hard transparent in¬ 
soluble resin by heating at 100-120°C. 

Aminophenols were used by Baekeland for the purpose of assisting the con¬ 
densation of phenols with formaldehyde.*® Thus, hexamethylenetetraminetriphenol 
not only acts as a catalyst but provides a portion of the reactants also. Phenol 
derivatives containing basic groups in addition to hydroxyl groups (amino- 

•* H. V. Potter, British P 131,112, 1918, to DamArd Lnrqiier Co.; Chem. Abi<, 1920, 14, 104. 
T. Shono, J.8 C.I. (Japan), 1926, 29. 121; Chem. Abe., 1926, 20, 2419. 

»0. A. Cherry, U. 8. P. 1,994,763, Mar. 19, 1935, to Economy Fuse & Mfg. Co.; C/iem. Ab»., 
1935, 29, 3073. 

»*L. H. Baekeland and N. Thurlow,.U. 8. P. 1,187,231, June 13. 1916, to General Bokehte Co.; 
Chem. Abs,, 1916, 10, 2031. Hexamethylenetetramine, 1 mol, ethvl alcohol, 12 mols, and hydrochloric 
acid, 4 mols, yield ethylal. When ethyl alcohol is replaced by phenol, an acetal of the formula 
CHtffOCeHs)! and resinous condensation products are formed. See also Chapter 17. E. Defrance, 
/. Pharm, Bdg., 1921, 3, 605; Chem. Abs., 1921, IS, 3891. 

** W. H. Nuttall, British P. 160,258, 1919, to Vickers, Ltd., and to loco Rubber & Proofing Co., Ltd.; 
J.S.C.J., 1921, 40, 358A. 

»A. A. Samuel, French P. 700,789, 1929; Chem. Abs., 1931, 25, 3856. 

W. H. Nuttall, loc. ext. 

» H. Lebach, J.S.C.J., 1913, 32, 560. 

•®E. C. Roasiter and C. Davis, S. P. 1,857,478, May 10, 1932, to British Cyanides, Ltd ; Chem. 
Abs., 1932, 20, 3945. British P. 327,154, 1928; Chem. Abs., 1930, 24, 5173. French P. 686,261; Chem. 
Abs., 1932, 26, 611. 

«»L. H. Baekeland, U. S. P. 1,354,154, Sept. 28, 1920; Chem. Abs., 1921, 15, 153. 
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phenols, methylaminophenols, hydroxyqinnoline, hydroxydiphenylamine) have been 
l)roposed as catalysts/' 

The alkyl and aryl amines have been investigated to a considerable extent. The 
condensation of naphthol with formaldehyde was carried out by Helm*** with amines 
or ammonium salts, the proportions being as follows. Two hundred and ninety 
parts of naphthol were dissolved in 150 parts of a 40 jier cent solution of formal¬ 
dehyde and 95 parts of aniline were added. The resinous product was proposed 
for use as a shellac substitute. Xyhdines, toluidmes, benzidine and diphenylamine 
are said to retard the hardening of resinous mixtures made from phenol and hexa¬ 
methylenetetramine/'* These aromatic amines are added at an intermediate stage 
m the condensation. Bender'* reacted phenol with anhydroformaldehyde-ani- 
line, (C«HbNCH 2 ) 3 , the weight of the latter being twice the weight of phenol 
used, and a fusible potentially-reactive resinous product was formed. The 
aniline was removefl at 210°(\ without causing the resin to become infusible. 
Holmes and Megson*'' studied the comparative rates of condensation of various 
jihenols in the presence of catalysts. With trimethvlamme, the following in¬ 
creasing order of reactivity was established: p-cresol, jihenol, o-cresol, m-cresol, 
symmetrical xylenol (cf. Chajiter 17). Contrary to expectation, o-cresol did not 
show esiiecial sluggishness, although it vielded less highly condensed products. A 
similar ordination was obtained when tnethylamine was used as the condensing 
agent. With pyridine as a catalyst, the relative reactivity of o-cresol was differ¬ 
ent from that noted in the above series, for it condensed less rapidly than phenol 
and at a rate essentially the same as p-cre.sol. In one series of exiieriments the 
various catalysts used were (in the order of their increasing effectiveness) pyridine, 
ammonia, triethanolamine, isoiiropvlamine, triproi)ylamine, n-propylamine, methyl- 
amine, ethylaniine, dipropylamine, piperidine, diethylamine, tnethylamine, tn- 
methylamine, methylamine, sodium hydroxide and sodium carbonate. 

Regal*** condensed jihenol and formaldehyde in the presence of compounds 
formed by the action of formaldehvde on tertiary aromatic amines. Dimethyl- 
aniline, 2 parts, for example, was boiled with 400 parts by weight of 40 per cent 
formaldehyde solution. One hundred to 150 parts of hexamethylenetetramine and 
about the same quantitv of paraformaldehyde were then added and boiling con¬ 
tinued. The formaldehyde stock was caused to react with 1000 parts of jihenol. 
Edison*^ hardened jihenolic resins by adding p-phenylenediamine in the propor¬ 
tion of 0.5-1 per cent of the total resin ingredients. Pyridine was used as a 
catalyst by Morgan and Megson*® in condensing fractions of low-temperature tar 
with formaldehyde. Products which are rendered infusible and insoluble by heat 
and pressure were obtained when phenols were condensed with aldehydes in the 
presence of butylamine, monoethanolamine, diethanolamine, cyclohexylamine, di- 
cyclohexylamine, cyclohexylethanolamine or dicyclohexylethanolamine." 

The use of an indophenol or indamine was proposed by Regal." The catalyst 
was formed in situ by the reaction between p-aminodimethylaniline and phenol, 
followed by treatment with an oxidizing agent. One part of p-aminodimethylaniline 

German P. 358,195, 1919, to Felten & Guilleeume Carlswerke A.-G.; J.S C1, 1922 , 41, 948A. Chem 
Met. Eng., 1922, 29, 33. 

«L. Helm, French P. 392,395, 1907; J S.C.L, 1908, 27, 1912. British P. 25,216, 1907; 1908, 

27, 412 

British P 363,694, 1930, to Bakelite Corp ; Brit. Chem Abs. B, 1932 , 272. 

L. Bender, U. S. P. 1,955,731. April 24, 1934, to Bakelite Corp.; Chem. Ab» , 1934 , 28, 4256. 

E. L. Holmes and N. J. L. Megaon, J.S C.I., 1933, 52, 415T. 

«A. Regal, U. S. P 1,584,473, May 11, 1926; Chem. dbs., 1926, 20, 2082. Bntish P. 256,394, 1925; 
Chem. Abi., 1927, 21. 2993. 

a, Edison TJ S. P. 1,283,706, Nov. 5, 1918; Chem. Abs., 1919, 13. 169. 

«G. T Morgan and N J. L. Megson, J.SC.I., 1931, 50, 191T. See Chapter 17. 

British P. 302,609, 1927, to I. G. Farbenmd. A.-G ; Chem. Abs., 1929, 23, 4308. K. Seydel, 
German P. 537,452, 1927, to I. G. Farbenind. A.-G.; Chem. A6s., 1932, 26, 1077. 

»A. Regal, U, S. P. 1,584,472, Mav 11, 1926; Chem. Abe., 1926, 20, 2082. British P. 254,888, 1925; 
Chem. Abs., 1927, 21, 2809. Canadian P. 262,930, 1926; Chem. Abe., 1926, 20, 3581. 
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was heated for 1 hour on the steam bath with 1000 parts by weight of phenol. 
A small amount (0.05 part) of potassium permanganate was then added, fol¬ 
lowed by 800 parts of 40 per cent formaldehyde solution. The mixture was heated 
further until resinification had taken place. The resin obtained was of a bluish 
or green color, which coloration could be destroyed by the addition of dilute 
mineral acids. Acetanilide was used as catalyst by Hechtman.®^ Furfuramide“ 
and hydrobenzamide have also received attention. Greenwald®® made use of tri¬ 
ethanolamine by mixing 100 parts cresol, 100 parts formaldehyde and 7.5 parts 
triethanolamine, and carrying out the reaction at approximately 100°C. After 
60 minutes the supernatant aqueous solution was withdrawn, and the viscous 
resin was dried in vacuo. Fillers were added, and the mixture was hardened in 
molds at 100-140®C. It has been recommended®* that 4 per cent .urea, and a 
salt (e.g., KBr) be added to resins made by condensing cresols with formaldehyde 
in the presence of triethanolamine (see Chapter 17). Comparative experiments 
are said® to indicate that resins made from low temperature tars using triethanol¬ 
amine as a condensing agent have lower break-down voltages than the corre¬ 
sponding- resins made with trimethylamine or methylamine. 

Singer” catalyzed phenol-formaldehyde condensations by means of chloro- 
aminoaldehydes. Colorless resins were obtained by Jager'” by the use of ammonia 
as the principal condensing agent with the subsequent addition of dithiocarbamates 
of strong bases such as piperidine pentamethylenedithiocarbamate, dimethylammedi- 
methyldithiocarbamate or diethylaminedirnethyldithiocarbamate. 


Acid Catalysts 


When condensation of phenol and formaldehyde is carried out with a strongly 
alkaline catalyst, acid may be added at an intermediate stage in order to neutral¬ 
ize the excess alkali (vide supra). When this is done, the rate of reaction is 
diminished, but if additional quantities of acid are introduced, acid catalysis be¬ 
gins to be effective, and an increase in rate ensues. Near the neutral point, the 
course of the reaction is such as to yield products which are converted into in¬ 
fusible masses by heat. Increasing the amount of acid results in formation of 
saliretins (Novolaks). Still further increasing the proportion of acid directs the 
course of the reaction to the formation of infusible resins."* 

Lebach” found it advisable to prepare first a liquid condensation product 
of phenol and formaldehyde, this being accomplished ordinarily in the presence 
of alkali. Addition of hydrochloric acid caused solidification to take place. Blocks 
for newspaper printing were made in this manner. The liquid resin was found 
to penetrate the remote parts of the most delicate molds, so that very true rep¬ 
licas could be made. Eilersten” fused phenols with trioxyrnethylene, and treated 

E. Hechtman, Russian P. 23,617, 1931; Cbem Ah^., 1932, 26. 2073. 

52 0 Cheriv and F Kurath, U S P 1,737,916, Deo. 3, 1929, to Economy Fuse & Mfg Co ; 
Chem Ahn , 1930, 24. 929 U S, P. 1,710,722, Api 30. 1929, Chem Abs., 1929, 23, 3060 Canadian P 
280.359, 1928 and 280.543. 1928; Chem. Abn , 1928 . 22. 2819 F. Kurath, U S. P. 1,726,671, Sept 3, 1929. 
to En>nomy Fu.se & Mfg Co.; Chem Abs , 1929, 23, 5283. E E. Novotny and D S. Kendall, U S. 
P. 1,705,496, Mar 19. 1929, to J S. Stoke.s; Chem Abs, 1929, 23, 2309 See also Chapter 24. E C. 

Ros.sitei and C. Davis, U. S. P. 1.857,478, May 10. 1932, to British (^anides, Ltd.; Chem. Abs., 1932, 
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5»W. F. Greenwald, U S P 1,873,575, Aug 23, 1932; Chem Abs, 1932 , 26. 6166 See also French 
P. 707,433, 1930, to Compagnie francaise Thomson - Houston; Chem Abs, 1932, 26, 861. 

5* German P 595.571, 1934, to Allgemeine Elektrizitats-Ges ; Chem. Abs., 1934, 28, 5264. 

» Chem. Age (London), 1932 . 27 , 634. 

55 R. Singer, U. S. P, 1,590,961, June 29, 1926, to Kunstharzfabnk Regal &. Co ; Chem Abs, 1926, 
20, 3091. Canadian P. 262.194. 1926: Chem Abs, 1926 20. 3581 

57 A Jager, British P 341.083, 1929, to Herold A-G ; Bnt Chem Abs B, 1931, 405 

5»R. Hessen, British P 159,461, 1921, to Bnkelite'G m b.H.; JSCI . 1922. 41, 771A. 
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the product with sodium carbonate solution. Final condensation was carried out 
after the addition of phosphoric acid, and a white translucent resin was formed. 
Similarly, Karsten*^ heated fusible soluble resins at 225-260°C. with boric acid 
or boric oxide. Bruhat®"^ converted a liquid product prepared by the reaction of 
phenol, cresol or naphthols with anhydrous polymers of formaldehyde (paraformal¬ 
dehyde, trioxymethylene) m the presence of traces of alkaline catalysts, into an 
insoluble infusible product by the addition of organic acids (lactic, acetic, formic, 
oxalic, tartaric, citric, gallic, tannic). Small amounts of mineral acids, hydro¬ 
chloric, sulphuric, phosphoric and boric may also be present. The conversion 
takes place in the cold but more rapidly on heating. The initial liquid product 
with the acids added can be used as a varnish, or for gluing together laminae of 
wood, wood and fabric. Fillers, such as pumice, sand, glass, emery, asbestos, may 
be incorporated and the properties of the product may be varied by addition 
of gelatin, glue, naphthalene or rubber. Vessels resisting chemical reagents can 
be made from the final product. Thiele®® performed the condensation of phenol 
and paraformaldehyde in two steps, as follows. In the first step a large excess 
of phenol was used, and the reaction was carried out at 80°C. A clear product was 
formed. To this was added* more paraform, mixed with borax. The thick syrup 
which was obtained was converted into a solid resin by adding an excess of 
acid (hydrochloric, boric, tartaric, ammonium chloride), and heating at 100°C. 
for several hours. 

Kulas and Pauling®^ proposed a two-stage process for preparing phenol-formal¬ 
dehyde resin employing an acid catalyst (hydrochloric acid) in the first stage and 
an excess of base (caustic soda) in the second stage. 

The amount of base considerably exceeds 10 per cent (by weight) of the quantity of 
phenolic body, and js more than sufficient to neutralize all of the acid catalyst. As 
an example, 50 parts of phenols, 25 parts of 40 per cent formaldehyde solution and 
1 5 parts hydrochloric acid (sp gr 1 15) were boiled together for about 10-15 minutes. 
To the resulting masvS 120 parts phenol, 90 parts 40 per cent formaldehyde, 10 parts 
ammonia and 2.5 parts sodium hydroxide were added. The mixture was heated under 
reflux for about 30 minutes. After removal of water a resin which could be thermally 
hardened was formed. 

Instead of employing acid catalysts merely for polymerizing initial condensa¬ 
tion products made by the use of alkaline catalysts, many investigators have 
chosen to carry out the entire condensation with acid catalysts. In the preparation 
of Novolaks, it was found that maximum color stability was attained by the use 
of a small amount of phosphoric acid,®® although hydrochloric®® acid is the catalyst 
commonly used. Weak acids such as hydrogen sulphide, carbon dioxide or sulphur 
dioxide have been investigated as catalysts. An addition compound, H8S*2CH80, 
is capable of reacting with phenol"^ to give a resin. Heinemann, Harvey and 
Robinson®* heated phenols or cresols and formaldehyde or its polymers first with¬ 
out a condensing agent to yield liquid hydroxybenzyl alcohol, and this product 
was heated in an open vessel with sulphur dioxide solution. The product can be 
rendered insoluble by further heating or treatment with basic catalysts. Heine¬ 
mann®® obtained condensation products from phenols or cresols and formalde- 

«iE Karsten, German P. 537,367, 1928; Chem. Abs., 1932 , 26, 1144. 

«»J. Bruhat, British P. 129,993, 1919, Chem, Aba., 1919, 13, 2984. 

««M. Thiele, German P. 289,565, 1916; Chem. Aba., 1916, 10, 2626. 

«C. Kulas and C. Pauling, U. S. P. 1,414,139, Apr. 25, 1922; Chem. Aba, 1922, 16, 2234. See 
also Chapter 17. 

B. B. Mashkilleison and S. S. Zimmerman, Plaatiacheakie Maaaui, 1932, 1, 32; Chem. Aba., 1933, 

27, 4426. 

L. H Baekeland and H. L. Bender, Ind. Eng. Chem, 1925, 17, 225. 

Lichtenberger, French P. 764,824, 1934, to fitablissements Lambiotte Freres; Chem. A6«., 1934, 

28, 6004. 
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hyde by passing sulphur dioxide into the mixture of reactants, or the hydroxy- 
benzyl alcohol made from them, and allowing the reaction to proceed without the 
application of external heat. The process was carried out in the absence of a 
solvent. According to Sarason,’® condensation of phenols with formaldehyde pro¬ 
ceeds more smoothly with sulphur dioxide as a catalyst than when strong acids 
are used. The products are alkali-soluble. 

McCoy” effected the condensation in the presence of carbon dioxide. The reaction 
was interrupted when the product had become infusible and insoluble but was still 
capable of being softened by heat. After shaping, the material was further heated. 
Conducting the process in an atmosphere of carbon dioxide serv^ed to obviate the use 
of any other condensing agent. McCoy also proposed to obtain formaldehyde by the 
reduction of carbon dioxide with palladium hydride and permit the formaldehyde 
thus obtained to react in the presence of carbon dioxide as a condensing agent to 
produce resins. The palladium hydride could be regenerated by warming in a cur¬ 
rent of hydrogen gas. The {itocess was carried out by passing carbon dioxide into a 
vessel containing the hydride susjiended in water. Only a part of the carbon dioxide 
was reduced. The mixture of carbon dioxide and formaldehyde was jia.^^sed into a 
second vessel containing phenol or cresol It has also been proposed^® to condemse 
phenol and formaldehyde by adding formic acid to the mixture, and heating under 
reflux for 1-2 hours. The viscous product was poured into molds and hardened 
first at 7(>-90°C., then, finally at 100-130°C. 

Various strong acids besides hydrochloric have been found apiihcable in con¬ 
densing phenols wutli formaldehyde. Birkby” used dilute sulphuric acid in the 
proportions of 500 volumes of phenol or its homologucs, 450-550 volumes of 40 
per cent formaldehyde, and 2-6 per cent by volume (relative to the volume of 
phenol) of dilute sulphuric acid. The latter was prepared by mixing 20 volumes 
of acid of 1.84 specific gravity with 80 volumes of water. The resinification was 
effected at a temperature of 60-80®C. After reaction and removal of w^ateij, the 
mixture was neutralized by milk of lime and the remaining water removed by heat¬ 
ing in vacuo. The product could be finally hardened by heating under pressure. 
Melamid^® also recommended dilute sulphuric acid as a jihenol-aldehyde catalyst. 
Aylsworth'® resinified phenol with a forrnaldehvde solution or wuth ])araform, in pro¬ 
portions suitable to form an infusible jiroduct m the presence of sul}ihuric acid. 
When the reaction was partially comjilete a substance, such as barium carbonate, 
capable of forming an insoluble, electrically insulating salt with the mineral acid, 
was added, the quantity used being at least sufficient to combine with the whole 
of the acid present m the mass. Brunner ^ employed dry hydrogen chloride (see 
Chapter 17), and the resinous products were found to contain substituted chlorine. 

It is possible to carry out the initial phase of the condensation of phenol with 
aldehydes m the presence of two catalysts, a mineral acid and a fatty acid. The 
mineral acid can then be removed, and the remainder of the condensation is 
catalyzed by the fatty acid alone.*'* 

Alkyd resins''* (see Chapters 41-49) have been proposed as catalysts for phenol- 
formaldehyde resins. A hardenable resin is made by reacting 1 mol of phenol, 
more than 1 mol of formaldehyde and 0.01-0.15 mol of an alkyd resin having an 
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acid number of 140-210. The alkyd resin is preferably in the C stage and the 
resinifying reaction carried out at temperatures not above 130°C. 

SuLPHONATED COMPOUNDS 

Sulphonated phenol-formaldehyde resins are discussed in Chapter 20. The 
present section is concerned with the use of various sulphonated derivatives as 
catalysts. During the early years of the World War a group of resins termed 
“Carbolites” was developed in Russia. Essentially, many of these were phenol- 
formaldehyde resins piepared in the pre.sence of various quantities of sulphonated 
mineral oil. The amount of the latter in the final product was usually from 0-15 
per cent (based on the formula CaoHarSOall) of the total. A typical procedure®® 
was as follows: 

One hundred parts of phenol, 30 parts sulphonated naphtha and 38 parts of 34 
per cent formaldehyde solution were heated together, and the initial condensation 
product was separated from the water formed. Additional formaldehyde was then 
introduced in quantity sufficient to brin^? the total formaldehyde content (calculated as 
absolute CH..O) up to about 1/3 of the total phenol content The material was 
placed in molds and hardened at 95-100°C. The sulphonated naphtha used as 
catalyst was not a pure sulphonic acid, but contained, in some cases, only about 45 
per cent sulphonic acid based on the formula CjoH^SOjH. The Carbolites are infusible 
and insoluble, and, accordingly, are different from the “syntans” described in Chapter 20. 

The catalyst®' u.sed in the preparation of the Carbolites is prepared by treating 
dry petroleum distillate (d=0.883-0.898, A”, 5 = 1.49-1.50, Engler viscosity at 50°C., 
1.47-1.95) with 5 per cent oleum (27 per cent SO3), and pennitting the mixture to 
stand for a day. Then the acid layer is run off, and the remaining oil is aerated. 

Various modifying agents have been used in conjunction with the Carbolites. 
Thus, Petrov“ mixed phenol with glycerol prior to condensation with formaldehyde 
in the presence of sulphonated fatty acids or naphtha sulphonic acids. (See also 
Chapter 20.) The initial product was washed with water, neutralized with alkali 
and heated with additional formaldehyde. After cooling, the resin was mixed with 
hydrochloric acid and cast into molds to be thermally hardened. The molded 
articles were said to possess good dielectric properties. The mechanical and chemi¬ 
cal properties of the Carbolites seemed to be determined by the nature of the 
starting materials and the method of condensation. Acid condensing agents are 
reputed to yield resins of low resistance to chemical action.®* Aniline, benzene, 
carbon disulphide, benzine, turpentine and sunflower oil have no effect on the 
Carbolites. Acetone makes them disintegrate into small insoluble flakes. Carbo- 
lites containing fatty acids are more highly resistant to nitric acid than the un¬ 
modified resins. Dilute sodium hydroxide solution attacks the Carbolites, but dis¬ 
solves only a few per cent of the resin content.** 

Tarassov and Shestakov*" obtained infusible insoluble products by condensing 
phenols with formaldehyde in the presence of salts of sulphonic acids (naphtha 
sulphonic acids or the so-called sulpho-aromatic fatty acids which are fonned 
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by sulphonating mixtures of fatty oils or olein and unsaturated hydrocarbons). 
An acid which does not decompose such salts was also present. 

For example, 300 parts by weight of cresol were gradually mixed with 135 parts 
of a 40 per cent solution of sodium salts of “naphtha sulpho-acids,” 9 parts of hydro¬ 
chloric acid (sp.gr. 1.14), and 150 parts of 40 per cent aqueous formaldehyde, and 
heated to 65-70°C. A resinous liquid mass separated with a watery layer on top. 
The latter was removed and the resinous mass heated until there was a loss of 70-75 
parts by weight of the total reactants used. After cooling to 35-45°C., 120 parts by 
weight of aqueous 40 per cent formaldehyde were added and the whole mixed to a 
homogeneous mobile liquid, which was poured into molds, cooled, kept for 1 hour at 
45°C., and finally heated to 100°C. 

Other sulphonated compounds besides sulphonated petroleum have oeen in¬ 
vestigated as phenol-formaldehyde condensation catalysts. Long ago it was sTiown'^ 
that a mixture of sodium sulphite, formaldehyde and a-najilithol yielded a crystal¬ 
line hydroxynaphthylmethylsulphomc acid, but no mention was made of resinous 
by-products. Transparent infusible resins have been made**' by condensing phenol 
with formaldehyde in the presence of naphthalene-a-sulphonic acid. In this case, 
glycerol and fusel oil were also incorporated, and the jiroduct was dehydrated 
in vacuo, 

Poliak** used crystallized phenol, 18.8 parts, paraformaldehyde, 8.73 parts, and 
an aqueous solution of p-phenolsulphomc acid, 0.04 part. The mixture was warmed 
on a water bath and after completion of the reaction, the product was poured 
into molds in which, at about 100°C., it became hard and insoluble. If oxidation of 
the surface of the product was to be avoided, the process could be earned out 
in an inert gas, e.g., nitrogen, hydrogen or carbon dioxide. Before the reaction 
was completed and while the product was still in a soluble form, fillers or modi¬ 
fying agents could be added (asbestos, graphite, sand, powdered metals, tar, fesins, 
oils, colors, cellulose, acetyl cellulose). 

A self-hardening composition has been prepared by refluxing a commercial 
solution of formaldehyde (25-175 parts) with a phenol (210 parts). After cooling 
and removal of water, furfural (140 parts) was added along with 20-30 percent 
of asliestos filler and 1-30 per cent of a product obtained by mixing 70 parts of 
concentrated sulphuric acid with 30 parts of ethyl alcohol."^ 

Salts 

When salts are used as catalysts in phenol-formaldehyde condensations, their 
function is usually to control the course of the reaction by determining the hydro¬ 
gen ion concentration. Accordingly, a mixture of zinc chloride and hydrochloric 
acid catalyzes the formation of products which are similar to those obtained by 
the use of hydrochloric acid alone.®® In general, it appears that the nature of the 
resinous product is determined by the concentration of hydrogen ion,*^ and is 
largely independent of other ions which may be present during the reaction. It 
was early noted by Claypoole®''' that the resins formed from phenol and formal¬ 
dehyde in the presence of sodium carbonate or sodium cresylate resembled those 
obtained through the use of sodium hydroxide. Story” had recorded the fact 
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that resins made in the presence of salts differed from those made in the absence 
of added catalysts in that the latter were transparent. These facts indicate that 
the degree of acidity or alkalinity is more important than any specific catalytic 
properties attributable to the salt itself. Sugimoto’'* noted that each of the dif¬ 
ferent types of phenol-formaldehyde condensation products could be obtained 
through the use of hydrochloric acid as catalyst, provided conditions are care¬ 
fully controlled. Measurement of hydrogen ion concentration is a convenient means 
of ascertaining whether or not conditions are proper for the desired type of resin 
formation. Thus, Jackson and Cameron®^ found that the initial stage of the con¬ 
densation took place at a pti of 6.5-8.5. This pn was maintained by the use of 
(1) triethanolamine, (2) trisodium jihosphate, (3) a mixture of tnsodium phosphate 
and sodium hydroxide, (4) phthalic anhydride and sodium hydroxide, (5) sodium 
phthalate or (6) a mixture of borax and sodium hydroxide. Neutral inorganic 
salts are added to serve as anti-foaming agents. By buffering the reaction mixture 
in the manner indicated, a clear liquid resin was produced. It could be molded 
and cured at 85-125°C. Matsumoto®® noted that each stage in the condensation 
of phenol and formaldehyde was associated with a certain optimum degree of 
acidity or alkalinity. He regarded the resin-forming process as taking place 
m 3 stages, viz , the initial condensation, the concentration of the products and 
the final hardening The l)est results were obtained when sodium hydroxide and 
ammonia were used as condensing agent and hardening agent respectively. The 
condensation jiroceeded satisfactorily in the presence of sodium sulphite or sodium 
carbonate, but these salts were not suitable hardening agents. 

Dior®' chose as a catalyst the ammonium salt of a volatile acid, and carried out 
the condensation in the following manner. Formaldehyde (40 per cent), 3 gal., was 
added to commercial carbolic acid, 5.5 gal., and ammonium bicarbonate, 6 lbs., in a 
steam-jacketed digester provided with a reflux condenser. The reaction began 
in the cold and was completed by heating to 50-100*^0. for about %-l hour. The 
apparatus was then cooled by passing water through the jacket. The upper aqueous 
layer was decanted, and the condensation product left for 2-3 hours, after which 
time it was partially dehydrated. Finally, the resin was heated at 110-120°C. 
m vacuo or under normal pressure until all traces of water and catalyst were 
removed. Jaloustre, Kheifetz and Warchavsky“ produced an acid-resistant in¬ 
fusible resin by treating phenol with formaldehyde solution in the presence of 
sodium salicylate or ammonium thiocyanate, 5 per cent (of the weight of 
phenol) and sodium cyanide, 2 per cent. The liquid and soluble product was hard¬ 
ened by heating at 95-100°C. in an open vessel. Moss®® reacted approximately 
equal molecular proportions of phenol and formaldehyde in the presence of dihydro¬ 
gen phosphates. The reaction was initiated by the use of phosphoric acid, and 
then sufficient ammonium or sodium hydroxide was added to form the dihydro- 
gen phosphate. Pale fusible resins which were soluble in acetone were obtained. 

With respect to the use of sodium carbonate as a phenol-formaldehyde catalyst, 
certain points of interest may be mentioned. Lebach noted^®® that when this con¬ 
densing agent was employed, carbon dioxide was expelled violently and the caustic 
alkali set free was effective in carrying out the condensation. An intermediate 
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formaldehyde-carbonic salt was assumed. The cresols condense satisfactorily with 
sodium carbonate, sodium alcoholate or sodium formate.^®^ A mixture of sodium 
carbonate and water-glass was proposed by Regal He also recommended sodium 
aluminate, sodium zincate or aluminum acetate. Rolker used sodium carbonate 
enclosed in a small perforated aluminum container.^^® The container was suspended 
in the reaction mixture, and was withdrawn when a definite viscosity of the mixture 
was attained. In this way, the reaction could be arrested at any stage. Another 
suitable method of controlling the condensation when sodium carbonate was used 
as the catalyst was to add oxalic acid to the reaction mixture^^*^ before the gelation 
stage has been reached. 

A phenol-formaldehyde resinous product^^ of low viscosity and high sjlubility 
was obtained by Actmeyer using sodium tungstate or a mixture of sodium tungstate 
and trisodium phosphate as catalyst. White condensation products resulted when 
the catalyst was a mixture consisting of a borate (ammonium or an alkali metal 
borate) and a salt of tin, titanium, antimony, magnesium or zinc.^®* 

Condensation by the use of salts of aromatic hydroxy acids, such as hydroxy- 
benzoic or tannic, has been proposed by Wennagel.^^ For example,’"® 100 parts of 
phenol, 80 parts of formaldehyde and 5-10 parts of a 50 per cent solution of sodium 
salicylate were mixed and heated until an exothermic reaction started. Upon 
completion of the reaction, the water contained in the initial materials was ex¬ 
pelled by evaporation, and the mass heated m molds. The product at this stage 
was liquid, but when the molds had cooled to about 60-80*^0. they could be opened, 
the resin being then thoroughly solidified. A period of 12 hours was sufficient 
for this operation. Salts of aliphatic hydroxy acids have also been employed as 
catalysts. La Croux’"® treated a phenol-formaldehyde mixture with calcium car¬ 
bonate, and then neutralized the resulting product with lactic acid. Sodium 
thiosulphate was added to obtain white substances, highly resistant to afkalies. 
The addition of lithopone gave the resin an ivory, citric acid a mottled ivory 
and calcium chloride a mother-of-pearl appearance. Added lead salts rendered 
the resin impenetrable by X-rays. Titanium citrate, tartrate and lactate have,been 
used as catalysts for the formation of phenol-formaldehyde resins.”" Sato”’ pre¬ 
pared a liquid product from phenol and formaldehyde with sodium sulphide and 
5 per cent of an hydroxy fatty acid, e.g., glycollic, malic, lactic, tartaric or citric 
acid. 

Petrov'^* used salts of hydroxy acids in the following manner: The phenolic substance 
was heated under reduced pressure with only a portion of total quantity of formalde¬ 
hyde necessary for the reaction. This was done in the presence of coal-tar or mineral 
oils, suggested proportions being 100 parts of phenol, 15 parts of coal-tar oil, 70 
parts of 40 per cent aqueous formaldehyde, and 10 parts of barium phenolate in' 10 parts 
of water. A thick, transparent substance was formed. This was heated at atmospheric 
pressure until the volatile matter was removed. Thirty parts of 40 per cent formalde¬ 
hyde were mixed with 100 parts of the initial resin, the temperature being kept below 
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50°C At this point an emulsifvinpj agent consisting of the potassium salt of an hydroxy 
acid made by oxidizing a drying oil was added m quantity up to 10-15 per cent. 
As an alternative this sail could be replaced by sulphonated castor oil. Upon removal 
of water a resinous product said to have good dielectric properties was obtained. 

Considerable attention has been given to the use of alkali phenolates as catalysts 
for phenol-formaldehyde condensations. In a process^ described by Brown and 
Kendall, trioxymethylene was dissolved in anhydrous cresol, and a wire cage con¬ 
taining balls of calcium cresolate was suspended m the mixture. An exothennic 
reaction was initiated by the application of moderate heat. An intermediate prod¬ 
uct was first formed, and this was converted to a hard resin by heating at 82-99®C. 
for five to SIX hours. Mellanoff'^^ employed an alkaline solution of peat as a con¬ 
densing agent. Also, phenols have been condensed with formaldehyde in the 
presence of powdered lead or zinc.^^® Petrov prepared a condensation catalyst by 
concentrating phenolic solutions of alkaline earth metals m the presence of a small 
quantity of formaldehyde 

WennageP’^ used soaps, particularly the resinate, stearate, palmitate and oleate 
of potassium, sodium, aluminum or calcium in quantities greater than one-fifth 
of the weight of phenol. The resins, thus made are said to be more elastic than 
those made with more conventional catalysts. Sodium stearate and sodium 
sebacate were used by JiigeP** as catalysts in the preparation of resins resembling 
horn. 

Sodium sulphite was early investigated'*® as a catalyst in phenol-formaldehyde 
condensations. An addition compound of sulphite and formaldehyde was formed, 
and probably took part in the reaction mechanism. Robinson-Bindley, Weller and 
Dulcken*®® condensed formaldehyde, or substances yielding it, with o-, m- or 
p-cresol in the presence of sodium sulphite. The process was carried out by 
vaporizing the cresol with steam, and passing the vapors with formaldehyde into 
a reaction chamber containing sodium sulphite at a temperature of 60-90®C., 
or, alternatively, the cresol could be heated to 60°C. and formaldehyde gas blown 
through it in the presence of the catalyst. The product was further hardened 
by heating at 60-100°C. at atmospheric pressure or by heating it at higher tem¬ 
peratures under pressure. Scudder and Pettigrew'®' obtained a thin liquid phenolic 
condensation product, adapted for use in the preparation of impregnants, by allow¬ 
ing sodium sulphite, 40 per cent formaldehyde and carbolic acid, in about the 
proportions of 50, 100 and 1000 parts by weight respectively, to react together 
for 3 or 4 days with occasional stirring. The supernatant aqueous layer was 
removed, and the lower layer, containing 55-56 per cent of resin, could be used 
for impregnating porous articles, which were dried at 80-90°C. and heated under 
pressure for final hardening. Similarly, condensation products were prepared'*® by 
heating /3-naphthol with an aqueous solution of formaldehyde in the presence of 
sulphites and sodium* hydroxide. Byrom'* has investigated the use of sodium 
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thiosulphate in the manufacture of phenol-formaldehyde condensation products. 
A mixture of 112 lbs. of cresylic acid of 98 per cent purity and containing no 
sulphur compounds, 72 lbs. sodium thiosulphate and 16 lbs. of 40 per cent formal¬ 
dehyde was heated to about 115®C. for 2 hours. Further quantities of 16 lbs. 
of 40 per cent formaldehyde were introduced at half-hour intervals until 64 lbs. 
had been added. As the condensation proceeded the product changed from a 
clear liquid to a plastic solid which was hardened by heating at 140-200°C. 

Weindel^ employed sodium hydrosulphite to restrain resinifications catalyzed by 
hydrochloric acid. Thus, 1000 parts phenol, 1000 parts 40 per cent aqueous formalde¬ 
hyde and 10 parts hydrochloric acid of 24° Be were heated together until a separation 
of oil occurred. Then 10 parts of sodium hydrosulphite were added, and the con¬ 
densation was immediately arrested. The separated colorless oil thickened on cooling, 
forming a pasty plastic compound. To punfy, the oil was stirred with cold or warm 
water, or steam was conducted into the mass. The product was soluble in alcohol 
and acetone and was proposed for use as a shellac substitute. In another example, 
twice as much hydrochloric acid was used, and, when the separation of oil had oc¬ 
curred, 17 parte of formaldehydesodiumsulphoxylate were added to arrest the reac- 
t^iuu- On cooling, the condensation product was a white, opaque, plastic compound 
soluble in alcohol, acetone and ethyl acetate. When heated at 140°C. a resinous 
material was obtained. This was proposed for use as a shellac substitute Smaller pro¬ 
portions of sodium hydrosulphite or formaldehydesodiumsulphoxylate gave insoluble 
products. 


A large number of inorganic halides have been employed as phenol-formalde¬ 
hyde catalysts. Zinc or aluminum chloride'" gave a product which could be con¬ 
verted by means of acid into a resin said to be useful as a substitute for natural 
gums. Zirconium chloride also has been recommended.'" Stockhausen and 
Griihl^ kneaded a fluid phenolic condensation product at 30-50°C. with salts of 
trivalent metals (e.g., 50 per cent ferric chloride calculated on the pheiu^l) and 
with sulphur, rubber or filling materials. After separation of water, the mass 
was heated and an infusible insoluble product was obtained. In preparing an 
initial condensation product the reaction could be interrupted at the point of in¬ 
cipient turbidity by sudden cooling. Plastic masses which were kneadable m the 
cold were made by condensing phenol with formaldehyde in the presence of 
alkaline earth chlorides, notably calcium chloride.'" These plastics could be 
molded and thermally hardened. They were also adapted for incorporation in 
varnishes. When stannous chloride was used'" as a condensing agent, the reac¬ 
tion was so energetic that it was necessary to cool the mixture at the beginning. 
No such reaction was noted when stannic chloride was used. Sato and Sekme'" 
observed that copper carbonate, stannic chloride, ferric chloride and potassium 
ferrocyanide reacted with all types of phenol-formaldehyde resins. Color reactions 
were obtained with the insoluble infusible type. Schmidt”' hardened the condensa¬ 
tion products resulting from phenol-formaldehyde by treating with as small a 
quantity as possible of acid. Sufficient acid was provided by the hydrolysis’ of 
ethylenechlorohydrin or magnesium chloride. Plasticizers and clarifiers were also 
included in the final product, which was non-adhesive and suitable for cold-pressirg 
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followed by thermal hardening. Weindel“‘ similarly catalyzed phenol-formaldehyde 
condensations by means of chlorohydrins. Mannesmann^** proposed sodium bro¬ 
mide or potassium bromide as catalysts for the condensation of cresol with 
formaldehyde. Sato’®* used coiijier sulphate, nickel sulphate, zinc chloride and 
calcium chloride for the conversion of liquid condensation products into hardened 
resins. Sulphuryl chloride, sulphur chloride, phosphorus oxychloride, acetyl chlo¬ 
ride and benzyl chloride have been suggested as condensation catalysts by Mathe- 
son.^” Phosphorus pentachloride has also been recommended.^®® The products 
obtained by the action of sulphur chloride on fatty oils (factice) were used bv 
Buser.*®^ 

Various investigators have prepared resins from phenol and formaldehyde by 
the use of ammonium chloride as catalyst. For instance, in a jirocess described 
by 11 utin and Dauphin**® 1 part of formaldehyde was mixed with 1 part of jihenol 
(crude, synthetic). To this mixture was added one-quarter part of the residue 
obtained in the manufacture of synthetic phenol, 0.5-1 part water and 0.1 part of 
ammonium chloride. The reaction mixture was allowed to stand for several hours. 
Fillers were then added and the product molded m a heated press. 

A translucent resin said to be useful in the preparation of an odorless varnish 
was made by reacting phenol with formaldehyde m the presence of ammonia, 
sulphuric acid or triethanolamine and calcium bromide. The initial product was 
dissolved in alkali and then reprecipitated with acid. A resin which could be 
washed, dried and dissolved in varnish solvents was obtained.*®* 

A number of salts other than those mentioned above have been used as catalysts 
for the phenol-formaldehyde condensation. For instance, an insoluble infusible 
resin of dark garnet color was made by the use of sodium cyanide’** as condensing 
agent. Sodium cyanide forms an intermediate substance recalling the aldehyde- 
bisulphite compounds.’*’ In the presence of lead acetate, condensation of phenol 
with formaldehyde leads to formation of Novolaks, as might be expected because 
of the acidic nature of the reaction mixture.’** Metal carbides, silicides or phos- 
jihides have been used by Nuttall’*® to catalyze the final stages of the condensation. 
The initial stages were catalyzed by ammonium chloride, sodamide, metal alco- 
holates or the compounds of ammonia with zinc or calcium chloride. 

Halogens, Ozone and Similar Catalysts 

Chlorine has been used as a catalyst in phenol-formaldehyde condensations.”* 
In one instance phenol was heated first with a portion of the required amount of 
formaldehyde in the presence of chlorine and then with the remainder of the 
formaldehyde in the presence of sodium nitrate. After the reaction stopped, a 
further heating to a temperature above 120°C. “followed. For example, formalde¬ 
hyde (40 per cent solution), 34 parts, and crystallized phenol, 46 parts, were 

allowed to condense at 45-55°C. with 0.8 part of chlorine, and when the liquid be- 
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came somewhat gelatinous, 20 parts of formaldehyde solution and 0.5 part of sodium 
nitrate were added. After several hours the temperature was increased gradually 
to 70-80°C. until a viscous transparent strongly glutinous product was obtained. 
The completely dried pioduct was reddish brown. By heating to over 120°C. it 
became infusible. Petrov*" employed the sodium salt of toluenesulphonchloramide 
(Chloramine T) in catalyzing phenolic condensations. A mixture of 100 parts of 
phenol, 1(X) parts 40 per cent formalin and 2 parts toluenesulphonchloramide was 
heated until a viscous varnish-like mass separated. This material was soluble in 
varnish solvents and could be converted into an insoluble infusible resin by the 
application of heat. 

Ozone, sandarac ozonide and jiinene ozonide were found to catalyze the forma¬ 
tion of phenol-aldehyde condensation products.*" The decomposition products 
of ozonides also serve this purposeOzonized formaldehyde likewise may be 
used,*" the condensation being of the type taking place in the presence of acids 
Phenolic resins are polymerized by the action of long wave-length radiations 
obtained from mercury vapor lamps.*" 

Seebach*®° found that Novolaks could be hardened by treating them with 
chloranil, CaChOa, or with a quinone. For instance, he mixed 90 parts Novolak, 
10 parts quinone and 100 parts filler in a ball-mill. No volatile substances were 
formed, a circumstance which was quoted as an advantage possessed by this type 
of hardening agent. 

i«G. S. Petrov. U. S. P. 1,693,461, Nov. 27, 1928; Chem Abn , 1929, 23, 678 Bntish P 283,002. 
1927; Brtt Ch<>m. Aha. B. 1928, 164 

Kostal and J. Novak, British P. 227,468. 1924, to RckaI & Co ; Chem Aba, 1925, 19, 2752 
J. Novak and J. Kostal, Austrian P. 100,295, 1924 Czecho'slovakian P 15,438, 1924. 

Regal, Canadian P, 262,136, 1926; Chem Aba, 1926, 20, 3581. 

i«J. Novak and V. Cech, Ind Eng. Chem, 1928, 20, 798; 1932, 24, 1275 

Steinmann, French P 646,529, 1927; Chem. Aha, 1929, 23, 2309 ’ f 

^F. Reebach, U. S. P. 1,883,415, Oct. 18, 1932, to Bakelite GmbH , Chem Aba , 1933, 27. 1113 



Chapter 17 

Phenol-Aldehyde Resins 
V. Employment of Other Phenols 

During the early growth of the phenol-aldehyde resin industry from 1907 to 
1914, there was considerable restlessness, on the part of the limited number of 
manufacturers, with regard to jihenol as a raw material. Commercially this feeling 
was justified. The world production of phenol was not large. Germany and Eng¬ 
land were the principal producers, and the only ones sufficiently large to export 
any. In the United States, production was very small and limited to a sole pro¬ 
ducer, whose product was used almost entirely for medicinal purposes. A certain 
amount was annually imported to provide the supply required in excess of domestic 
jiroduction. It is true that the })otential production of this country was quite 
large, but it was scattered over a large area and the manufacturers were loath to 
compete with imported supplies. 

There was a greater domestic production of cresols, and, moreover, these could 
be produced more cheaply. Speaking m relative terms phenol sold for 8 cents 
a pound, now and then on war scares and plagues or pestilence rising to 10 or 
10% cents. Cresylic acid, which was on the market, consisted of a mixture of the 
three isomeric cresols, ortho, meta and para, with small amounts of xylenols. In 
price it ranged from 5%-814 cents per pound. The only difficulty was in the 
o-cresol content. That could be removed (at least, in part) by distillation^ and 
used for disinfectant purposes. There was no sizeable production of other phenolic 
bodies. However, a great deal of experimental data on possible substitutes for 
coal-tar phenol were available. 

The advent of the World War changed conditions materially. Imports of 
phenol were largely shut off and prices soared. The forehanded manufacturer, 
who had been able to lay in supplies, made large sums on the increase in value. 
Those with insufficient capital and poor sources of supply were very badly handi¬ 
capped indeed. The production of synthetic phenol was commenced in this 
country, and though its first use was entirely for munitions purposes, its later 
developments had an important bearing on the resin industry. The tremendous 
demand for toluene expanded all phases of tar products recovery and supplies 
increased. 

After the cessation of hostilities enormous supplies of unused phenol were on 
hand. Large plants for the production of synthetic phenol were idle and their 
owners had either to run them in competition with government-owned phenol, 
sold on a commission basis, or cease production. A few survived, and since that 
time there has always been an ample supply of relatively cheap phenol. Con¬ 
currently the expansion of the coal-tar industry has continued and the so-called 
natural phenols and cresols are in plentiful production. 

' F Ullmnnn, Kmyklnpddte dvr technischen Chemte, Urban u. Srhwarzenberg, Berlin, 1919, 7, 254. 
J Scheiber, Atiyew. Chcm., 1933. 46, 503; Chem, Abs., 1933, 27, 4975. H. Bruckner, Erdbl u. Teer, 
1928, 4, 580; Chem. Aba., 1929, 23. 1246. 
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Shortly after this the early patents on Bakelite resins began to expire and the 
second era of the industry may be said to have begun. In this latter period the 
search has not been so much for cheaper replacements as for materials that would 
give different properties to the resultant resins. 

Resins from Phenolic Tars 

Perhaps resins which occur during the coking of coal should be called natu¬ 
ral resins. They do not occur in nature, as do the fossil resins, but they arise 
on treating coal with heat for the purpose of making coke. Trade custom has 
given the name of natural phenol to phenol extracted from coal-tar, in contrast 
to phenol made by sulphonation of benzene and fusion with caustic alkali, or by 
the more modem chlorination process. By analogy, resinous products from coal- 
tar are sometimes considered as natural resins. 

In the past, when coking operations in this country were limited to city gas 
plants, coal-tar distillers concerned themselves largely in the production of creosote 
oils and pitch. Following the introduction of coke-ovens, an advance was made 
in that benzol began to be recovered. H. W. Jayne of Philadelphia, handicapped 
by unrestricted foreign competition, developed the production of benzene, toluene, 
xylene, naphthalene, phenol, cresol and other related chemicals. 

As soon as tar began to be split into more than two simple components it was 
noticed that reddish resinous compounds could be obtained near the end of the 
distillation. These were collected and some attempts were made to study them. 
No published data of these studies exist, unfortunately. As the coal-tar industry 
grew, hard pitch at times accumulated to such an extent that attempts were made 
to subject it to further distillation to form pitch coke, a material in demand for 
the production of electrodes on account of its very low ash content. This further 
coking operation yielded considerable quantities of resinous bodies and at infre¬ 
quent intervals they were studied in a desultory manner. Publication was again 
avoided and no results negative or otherwise are available. 

Weiss® obtained by the destructive distillation of coal tar or coal-tar pitch a 
semisolid or solid bitumen stated to be suitable for waterproofing, molding, luting 
or use as a shoe filler. He also suggests mixing the bitumen with fibrous materials 
or other fillers and pigments. This same resinous material may be® incorporated 
with rubber to form electrical insulators or waterproofing compositions. A material 
proposed for use in paints or on roads is formed* when 80 parts of coal-tar pitch, 
20 parts of petroleum naphtha and 1-3 parts of “tar acids” are mixed together. 
Resinous materials from coal tar according to Bailey and Boettner® may be em¬ 
ployed, after purification by washing with 12 per cent of toluene, for mixing with 
other resins such as cumarone, indene or halowax resins, or such substances as 
sulphur, rosin, montan wax or carnauba wax. They may be used in varnish, rub¬ 
ber mixtures or waterproofing materials. The same investigators® proposed a water¬ 
proof composition to be made from “pitch resin” in the following proportions: 
resin 2.5, paraffin or wax 0.07, coal-tar naphtha 7.5 and high boiling tar acids 
0.025 parts. They state that it is adapted to use on canvas or other fabrics. 

Tars, because of their abundance and cheapness, their broad distribution, 
numerous points of production and usual phenolic content have been studied to 
a considerable extent as possible raw materials for resins of the phenol-aldehyde 
class. For such a use it is desirable that the properties and, if possible, the com- 

SJ. M. Weiss, U. S. P. 1,334,001, Mar. 10, 1019; Chem. Abs., 1920, 14, 1434. 
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position of the phenolic mixture be known. A great deal of work has been done 
on the composition of coal-tars/ and many methods have been worked out for 
the isolation or preparation of phenolic bodies from them. For example, p-xylenol 
(2,4-dimethylphenol) can be obtained from the fraction boiling at 210-2i2°C. by 
treating the crude material with 0.2 part of sulphuric acid at 40®C. for 5 hours, 
and fractionally crystallizing the salt obtained by neutralization with ammonia. 
Hydrolysis of this salt gives p-xylenoL* Among the compounds which have been 
obtained from coal-tar are phenol, the 3 cresols, 5 of the 6 xylenojs, 3-methyl-5- 
ethylphenol and 2,3,6-trimethylphenol. 

Phenols of higher molecular weight than the xylenols constitute approximately 
66 per cent of the tar acids of lOw-temperature tar. The presence of aliphatic 
side-chains in these compounds is indicated by a decrease in specific gravity with 
increase in boiling point. As the boiling point rises further, this decrease in density 
gives way to a sharp increase, corresponding to the appearance of a- and 
i8-naphthols. Fractions of minimum density are collected at 234®C., and consist 
largely of 3-methyl-5-ethylphenol. Other simple alkylated phenols are collected 
up to 260®Ci® In these compounds alkyl groups are located usually in the meta 
position to the hydroxyl. The chemical identity of many of the constituents^ still 
remains in doubt. More subtle questions as to the nature of these materials are 
raised by the observation that intramolecular changes can occur between the 
hydrogen of a phenolic hydroxyl group, and various groups substituted in the 
ortho or para position.^ 

The use of tarry fractions for making phenol-formaldehyde resins usually in¬ 
volves some preliminary refining treatment. In the crude tars impurities are 
present which either catalytically affect the formation of resin, or give the product 
an objectionable texture. Ammonium salts and nitrogen bases are removed by 
washing the tar with water or dilute acid.” Sulphur compounds (mercaptans, 
thiophenols) and organic compounds of iron and aluminum are likewise objection¬ 
able, and are removable by fractional steam-distillation.” 

Morgan earned out the purification and decolor!zation of phenols or neutral 
tar oils by heating them at 1(X)®C. with 1 per cent formaldehyde in the presence 
of an acid or alkaline catalyst, and then distilling the product.” By treating 
acid tars at 80-160®C. under atmospheric or increased pressure” with aldehyde, 
and in the presence of phenols and condensing agents such as sulphuric or hydro¬ 
chloric acid, it is possible to extract constituents with organic solvents, which are 
suitable for use in the manufacture of lacquers or plastic compositions. Sawdust 
can be added to the acid tar before reaction or it can be impregnated with the 
extracts of the condensation product, and mixed subsequently with the insoluble 
extraction residue. Karpati” devised a process for working up tar oils by con¬ 
verting the phenolic constituents into non-volatile condensation products by treat- 

TQ. T. Morgan, Inst, Chem, Eng,, 1933, 11, 17. G. T. Morgan, /.S.C.7., 1932, 51, «7T. A.-Brittain, 
F. M. Rowe and F. 8. Sinnatt, Fuef, 1925, 4, 258, 299, 337; /.S.C.f., 1925, 44, 795B. K. Ehrmann, 
Brennstoff-Chem., 1929, 10, 405; Brit, Chem, Ahs, B, 1929, 1003. G. T. Morgan and D. D. Pratt, 
Britiah P. 318,110, 1928; Brit. Chem, Abs, B, 1929, 1006. Y. Postovskii and B. G. Pereta, /. Chem, 
Ind. {Moscow), 1928, 5, 625; Chem. Abs„ 1929, 23, 2026. E. B. Kester, Ind. Eng. Chem., 1932, 24, 770. 
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ment with concentrated sulphuric acid or with formaldehyde. Wlien concen¬ 
trated sulphuric acid is used, residues cajiable of being used as tanning agents 
are obtained. Treatment with formaldehyde gives resinous condensation products 
of the phenol-aldehyde type. The neutral oil is separated from these by distilla¬ 
tion in a current of superheated steam. 

Another method” of getting rid of the neutral constituents of the coal-tar 
(b. p. up to 3(X)®C.) before reaction with formaldehyde is to extract the tar with 
caustic alkali, and use the alkaline solution of phenolates for reaction with formalin 
or hexamethylenetetramine. The condensation is carried out at about 100®C. 
Excess alkali is neutralized with dilute sulphuric acid or by passing carbon dioxide 
(or flue gases) into the mixture. A granular resin is precipitated, and can be 
filtered, washed, dried, softened by heat, molded at high pressure and heat- 
hardened. 

When the impurities in crude tar oil do not affect the rate of reaction of resin 
formation, but confer detrimental properties on the product, it is possible to treat 
the resin for the removal of undesirable constituents. A phenol-aldehyde resin 
is prepared by heating a coal tar fraction (b. p. 170-230°C.) with paralde¬ 
hyde in the presence of pyridine, and extracting the product with warm benzene 
until the washings are colorless.” Final purification is accomplished by vacuum 
distillation with denatured alcohol. The paraldehyde may be replaced by formalin, 
pyridine by other bases and benzene by carbon tetrachloride or light oils.” The 
resins thus prepared were used in making single impregnated sheets and laminated 
boards, and the dielectric properties of the products were investigated. Resins 
from pure and crude phenol and two commercial resins were also tested for com¬ 
parison. The tests showed that the mixed phenols of low-temperature tar are 
utilizable in the preparation of resins of high dielectric strength. The jthenolic 
resins prepared as above have also been suggested for protecting wool against 
fungi*® and for varnishes. Varnishes prepared from these resins darken on ex¬ 
posure but when mixed with aluminum powders, little darkening takes place. 
The tar resins furnish wood stains of even tone without raising the grain of the 
wood. It is customary to carry out the condensation of formaldehyde with 
phenolic tars in the presence of hydrocarbon oils, which occur in the tar or may 
be added to it for the purpose of thinning those already present. After the resin 
has formed, the mixture separates into three distinct layers, the main constituents 
of the several phases being, respectively, resin, water and hydrocarbon. Caplan*^ 
recovered the resins remaining in the hydrocarbon oil layer by adding a solvent 
for the oil in which the resinous condensation product is substantially insoluble, 
such solvents being petroleum ether, carbon tetrachloride, or ether. Bhagwat** 
found that dilute mineral acid, such as hydrochloric or sulphuric acid, can be used 
to effect the separation. By shaking 1000 cc. of the hydrocarbon oil residue con¬ 
taining unrecovered resins with 150 cc. of 15 per cent hydrochloric acid, the resins 
separated as a deposit at the bottom, the purified oil collected in a layer at the 
top, while the acid solution remained in the middle layer. 

The condensation of formaldehyde with phenolic tars can be carried out in the 
presence of a wide variety of catalysts other than those already mentioned. Tars 
were made more adaptable for road construction and roofing, according to Broad- 
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head and Andrewsby heating in the presence of an aldehyde and a catalyst 
such as ammonia or ammonium sulphate to not over 100°C. in a closed vessel 
and then adding a catalyst such as ferrous sulphate and raising the temperature 
to 100-200®C. and passing air through the digested materials. Gluud and Breuer** 
have made a study of the reaction between formaldehyde and various phenolic 
tars derived by low^-temperature carbonization. Soluble, fusible resins were obtained 
from these phenols by treatment with formaldehyde using ammonium chloride as a 
catalyst. Crude tar oils containing phenols were condensed by heating with formal¬ 
dehyde in the presence of such catalysts as sodium hydroxide, sulphuric acid, am¬ 
monia, ammonium chloride or benzylamme."* The resinous condensation products 
were separated from the neutral oil residue by steam distillation under reduced 
pressure. Hydrocarbons did not interfere with the resinification. Crude tar frac¬ 
tions boiling between 150-250°C. and also between 250-300°C. including the hydro¬ 
carbons that distil at these temperatures were used. Beutner and Hessen" treat 
phenolic tar oils (b. p. below 205°C.) with formaldehyde in the presence of alkaline 
condensing agents. Hydrocarbons or chlorinated hydrocarbons which are miscible 
with the neutral constituents of the tar, but which are not resin solvents, are 
added to assist the separation of the resin. Beutner^ treated a- coal-tar oil >vith 
formaldehyde, aqueous sodium hydroxide solution, and kerosene to yield a product 
which separates into three layers. 

Thus, he heated 200 parts of 25 per cent tar acid oil, 40 parts of commercial kero¬ 
sene, 80 parts of 40 per cent formaldehyde solution and 25 parts of a normal sodium 
hydroxide solution for % hour under reflux. After separation, the top layer consists 
of 190 parts of hydrocarbons, 85 parts of an aqueous layer are in the center and 75 
parts of a resinous layer are at the bottom. The bottom layer can be heated to trans¬ 
form it into a soluble fusible resin or it can be heated beyond this to obtain an in¬ 
fusible insoluble resin. The condensation of a coal-tar oil distilling above 224®C. 
and preferably below 300°C. with aldehydes and ketones in the presence of alkaline 
catalysts has been investigated by Terwilliger.“ For example, 100 parts of coal-tar 
oil boiling between 224 and 300°C., 30 parts of acetone, ^ parts of paraformalde¬ 
hyde and 3 parts of sodium or potassium hydroxide are heated to effect condensation. 
The resin obtained may be used in a solvent as a baking varnish or it may be hardened 
by further heating to the infusible insoluble stage. Other ketones or other aldehydes I 
(eg., furfural) may be used. 

Burke” produces a moldable and heat-hardenable synthetic resin by reacting 
a mixture of primary tar acids and unsaturated hydroaromatic hydrocarbons, 
with formaldehyde, in the presence of an alkaline condensing agent stronger than 
ammonia. One volume of 40 per cent formaldehyde solution, 3 volumes of tar 
oil (distilling 200-300°C.) and 2-10 per cent by weight of sodium carbonate solu¬ 
tion are the proportions he suggests. The mixture, after heating and reacting 
until no tar acids remain in the oil, separates into layers, the fusible resin settling 
on the bottom. 
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The rate of reaction of crude tar with formaldehyde in the presence of alkali 
is sometimes difficult to control, and accordingly there is danger of premature 
setting in the reaction kettle. One way of averting this is to neutralize the alkali 
in the reaction mixture at an early stage in the resin-formmg reaction.*® If lime 
is used as the alkaline condensing agent, neutralization with sulphuric acid is 
effected as soon as one mol of formaldehyde has combined with one mol of phenol. 
The precipitated calcium sulphate acts as a filler. Since the original catalyst has 
been rendered useless by the neutralization, it is thereafter necessary to substitute 
another catalyst, ammonia, by means of which the rate of resin formation can be 
pontrolled. Another method of controlling the reaction is to check the polymeriza¬ 
tion by the addition of alcohol or a mixture of alcohol and benzene soon after the 
initial condensation has taken place." Caplan" employed the tar acid content of 
coal-tars for manufacture of a resin in the following manner. 

A tar distillate comprising the entire fraction up to 300°C. was mixed with formal¬ 
dehyde and a normal sodium hydroxide solution in the following proportions. 300 1. 
tar distillate (32 per cent tar acids by volume), 87.5 kg formalin and 20 1. sodium 
hydroxide. The mixture was heated in a kettle under a reflux condenser, agitated and 
maintained at a boil for 45 minutes. The heating was then discontinued and 600 1. 
of petroleum naphtha and 200 1. of water were added. The mixture was again agitated 
for a few minutes and then allowed to settle. Three sharply defined layers were 
formed. The bottom layer was withdrawn and heated rapidly under vacuum to a 
resinifying temperature, about 96°C. After occluded water and naphtha in the resin 
layer were distilled off, the temperature was allowed to rise to 105°C. and main¬ 
tained there until the resin had suitably thickened. The product was drawn off and 
allowed to cool and harden. It was a potentially-reactive resm, capable of hardening 
when heated to 180°C. The purpose of the petroleum naphtha was stated to be for 
the prevention of portions of the resin remaining in the tar oil, either dissolved or 
suspended, ^ 

Resins prepared from the phenolic fraction of Baltic shale oil are described by 
Brodskii.” The best results were secured by reacting the phenols (derived by 
extraction of this fraction with a 10 per cent solution of sodium hydroxide) with 
formaldehyde. The fraction boiling between 170-320®C. can also be used di¬ 
rectly but gives only a 25 per cent yield of resin. Artificial shellac or synthetic 
varnish resins are obtained by Harrison" by treating phenolic oils (obtained by 
destructive distillation of xanthorrhoea gum) with formaldehyde in the presence 
of an acid catalyst. 

Gluud and Breuer" investigated the formation of resins not only from crude 
tar (vide supra) but also from a number of the phenolic compounds which can be 
obtained from this tar. Thus, cresols were treated with benzaldehyde in the 
presence of a small amount of ammonium chloride, the temperature being about 
120*C., and the time of reaction 7 hours. The product was a thick viscous dark 
brown material which was soluble in alcohol and benzol. When heated at 170^^0. 
under a pressure of 10 atmospheres a transparent dark-red hard resin resulted 
which, however, was easily fusible and was soluble in alcohol or aqueous alkali. 
In another experiment, 50 g. cresols, 66 g. paraldehyde and 2 g. ammonium chloride 
were heated several hours. Only 17 g. of a dark semi-solid mass, soluble in alcohol 
or benzene, was obtained. Soluble products also resulted when the phenols of 
low-temperature tar were condensed with formaldehyde. An investigation of vari- 
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ous types of phenolic bodies by carrying out condensation with formaldehyde in 
the presence of benzylamine was also made by Gluud and Breuer. In this case the 
reaction was carried to the final stage by heating under pressure in a ‘"bakelizer” 
(see Fig. 57). In general the procedure employed was as follows. 

Proportions of phenol and formaldehyde (30 per cent strength) to correspond to 1 
mol each were mixed and heated to boiling under a reflux condenser. One-fifth of a mol 
of benzylamine was added and a violent reaction ensued. The heating was continued for 
0.6-1.5 hours, then the reaction mass was cooled with ice and the aqueous layer removed. 
Exposure to the heat of the water bath caused the opaque resinous material to become 
clear. The heat treatment in the bakelizer consisted in exposing in an atmosphere of car¬ 
bon dioxide at 100®C. under a pressure of 1.5 atmospheres. The carbon dioxide was al¬ 
lowed to flow through the bakelizer and the exit gases were noted to smell strongly 
of phenol. The temperature was gradually raised and at the end of one hour reached 
approximately 170°C. The carbon dioxide pressure was increased to 10 atmospheres, 
which pressure was maintained for 2 hours. Finally, the pressure was increased to 
about 15 atmospheres. When cold the products were very hard, clear, glass-like resins 
free from bubbles, infusible and insoluble in common solvents. They were found to 
be indifferent to alkalies and most acids. 

Potentially reactive condensation products were made by Romieux*® by reacting 
a mixture of phenols, boiling above 202®C., with formaldehyde in the presence of 
less than 0.1 per cent alkali based on the phenol present. One hundred parts of 
crude cresylic acid, boiling from 209-223°C., and 24.5 parts paraformaldehyde, 
or its equivalent of formaldehyde solution, are heated under reflux in the presence 
of 0.03 part of sodium hydroxide for 1.5 hours. The two layers are separated 
and the resinous portion is boiled to expel water and increase the viscosity. The 
resin can be hardened in a mold, or it may be mixed with fillers and molded. It 
is stated that molded objects made from this resin may be ejected from the press 
while still hot without danger of the surface blistering. Mursch*^ mixed dry fiber 
such as paper or rag material with cresylic acid, formaldehyde and caustic soda 
in the presence of water and boiled the mixture to form a doughlike plastic. 
Novak** prepared an impregnating compound by condensing cresylic acid with 
formaldehyde, in the presence of 1 mol of ammonia for every 4 mols of cresylic 
acid, mixing the condensation product with tung oil and heating the mixture until 
it was sufficiently clarified to remain limpid when cool. Any excess of the cresol 
is removed by adding hexamethylenetetramine or polymerized formaldehyde. 
Lignin cresol resins have been proposed for molding materials. Fischer, Horn 
and Kiister suggested** replacing the lignin by lignite or lignitic brown coal. 
Pulverized lignite, vacuum dried, is kneaded at 80°C. with 12 per cent cresol 
in a volatile solvent, which is removed by vacuum distillation. At the end of 
the reaction the material is subjected to a pressure of 300 kg. per sq. cm: at 
150°C. They state it is stable, odorless, nonmelting, and its raw materials cost 
1/10 of the cost of phenol-formaldehyde ingredients. Molding compositions can 
be made by impregnating fillers with the condensation product obtained by treat¬ 
ing an alkaline solution of peat with a mixture of formaldehyde and phenol.^® 

Coniferous wood tar, saponified with concentrated alkalies, separated from the 
unsaponifiable matter and warmed with formaldehyde yields a viscous product. 
This is separated from the aqueous portion, washed repeatedly with water and 
dried. A hard, transparent, brown resin is obtained which is soluble in naphtha, 

*®C. J. Romieux, U. S. P. 1,669,694, May 15, 1928, to American Cy&Q&niid Co.; Chem. Ab»., 1928, 
22. 2475. 

”J. Mursch, U. S. P. 1.869,490 and 1,869,491, Aug. 2. 1931, to Joseph Gatti; Chem, Ab$„ 1932. 
26, 5440. 

»I. J. Novak, British P. 334,232, 1929; Chem. Aba., 1931, 25, 1045. 

»»F. Fischer, O. Horn and H. Kiister, Brenn$toff-Chem., 1932, 13, 468; Chem. Ab»., 1933, 27, 2014. 

."I. 8. Mellanov. U. 8. P. 1,857,690, May 10, 1932, to Kemikal, Inc.; Brit. Chem. Aba. B, 1933, 317, 
I. S. Mellanov, U. 8. P. 1,681,155, Aug. 14, 1928; Brxt. Chem. Abe. B, 1928, 866. 
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and the solution is used, mixed with mineral colors, as a paint” Lingner^" con¬ 
densed ”vegetable tar’’ with 40 per cent formaldehyde solution by the aid of 
hydrochloric or sulphuric acid. The resulting solid mass was dissolved in alkali 
and reprecipitated by dilute acids several times, then washed, dried and powdered. 
The product is claimed to possess all the medicinal projicrties of the original tar, 
but has the advantage of being practically odorless. 

Cresols and Xylenols 

In addition to the cresylic acids of commerce, which are usually mixtures of 
the three isomers, ortho^ meta and para, there are fractions of tar acids containing 
substantial amounts of xylenols. These are known as high-boiling tar acids, or 
simply as H.B. Tar acid. Their mam use is for the preparation of high-phenol- 
coefficient disinfectants, but they have attracted some attention as a source of 
phenol replacements. The melting and boiling points” of the cresols and xylenols 
and a few other homologues are given m Table 27. 


Table 27 —Melting and Boiling Points of Various Phenols 


Type of Phenol 


Meltinf^ 

Point 

Boiling 

Point 

Phenol 


42.5°C. 

181 5"C. 

o-Cresol .... 

2-methylphenol 

30 

190.8 

m-Cresol. 

3-methylphenol. 

4 

202 S 

p-Cresol . 

2,3-Xylenol 

4-methylphenol 

. 36 

201.f 

2,3-d 1 methy Iphenol 

75 

218 

2,4-Xylenol 

2,4-dimethylphenol 

26 

211.5 

2,5-Xylenol 

2,5-dimethylphenol 

74.5 

211 5 

2,6-Xylenol 

2,6-dimethy Iphenol 

49 

♦ 212 

3,4-Xylenol 

3,4-d imethy Iphenol 

65 

225 

3,5-Xylenol (symmetrical) 

3,5-dimethy Iphenol 

63.2 

220.2 

o-Ethylphenol .. 

2-ethylphenol 

-18 

206 5-7 5 

m-Ethylphenol 

3-i^thylphenol 

- 4 

217 

p-Ethylphenol . 

4-ethylphenol . 

46 

218.5-9 

Symmetrical methylethylphoriol 

3-methyl-5-ethylphenol 

55 

232.5-4 5 

Isopseudocumenol 

2,3,5-tnmethylphenol 

95-6 

233 

Mesitol 

2,4,6-trimethylphenol. 

68-9 

219 5 

Pseudocumenol 

2,4,5-tnmethylphenol 

71-2 

234-5 


The reactive positions m these compounds are ortho and para to the hydroxyl 
groups (see Chajiter 14). Introduction of an alkyl group in the ortho position 
tends to reduce the reactivity of the para hydrogen, b,ut meta substituting alkyl 
groups enhance this reactivity. The relative rates of condensation of substituted 
phenols with formaldehyde apparently parallel the reactivity series obtained by 
Hodgson and Jenkinson, who compared the rates at which various substituted 
phenols reacted in the Reimer-Tiemann reaction.” Symmetrical xylenol (3,5- 
dimethylphenol), which has three reactive hydrogens (2 ortho and 1 para) reacts 
with formaldehyde faster than phenol or m-cresol. It is of interest to note that 
m-cresol polymerizes with formaldehyde to a greater extent than does phenol.'*" 

The rate of cure of resins made from cresols or xylenols is influenced by the 

German P. 338,584, 1919, to Chem Fabr. Florscheim H. Noerdlinger; J 1921, 40, 742A. 

See also P. Bardy, French P. 402,907, 1908, to Pages Camus et Cie; J.S.C I., 1909, 28, 1320. 

«K. A. Lingner, French P. 329,971, 1903, J S.C L, 1903, 22, 1014. 

** Beilstem, “Handbuch der Oiganische Cliemie," 4th Edition, VI. H Bruchner, Erdbl u Tver, 
1928, 4, 562, 580, 598; Chem. Abs., 1929, 23, 1246. O. Kruber and A. Schmitt, Ber , 1931, 64, 2270, 

Chem. Abs., 1932, 26, 113. F. Ragchig, British P. 18,334, 1899; J S.C L. 1900, 19, 37. British P 25.269, 

1899; J,S.C I,. 1900, 19, 1099. F. Raachig, Z angew^ Chem., 1900, 31, 759; J.S.C I , 1900, 19, 1099. E. B 
Kester, Ind. Eng. Chem , 1932, 24, 770. 

** H. H. Hodgson and T. A. Jenkinson, J.C.8., 1929, 409, 1641. 

*«H. Stager, Helv. Chtm. Acta, 1931, 14, 285; Chem. Abs., 1931, 25. 3183. N. J. L. Megsoii and 
A. A. Drummond, J.S.C.I., 1930, 49, 255. This subject is also considered in Chapter 16. 



17 . PHENOL-ALDEHYDE RESINS 


367 


])Ositions of the alkyl groups. Resins from o-cresol cure very slowly, and accord¬ 
ingly it is an undesirable constituent of resin-forming tars. o-Cresol may be 
detected by means of viscosity measurements." 

Though o-cresol has the disadvantage noted, uses for it in the preparation of 
resins have been proposed. To illustrate,o-cresol was heated for several hours 
at 100°C. with formaldehyde, or substances capable of producing it, in thp presence 
of acids, and the cooled mass was washed with water and purified by treatment 
with steam. The resultant product was a hard resin, varying in color from 
yellow to light brown, and melting at about nO-128°C. It was soluble in methyl 
and ethyl alcohols, dilute caustic alkali solutions, acetone, ether, carbon disulphide 
and chloroform; less soluble in benzol, chlorohydnn, carbon tetrachloride, turpen¬ 
tine oil and fatty oils. It served as a substitute for shellac and yielded varnishes 
which dry well on wood or metal. The hardness of the product depended upon 
the proportion of formaldehyde used. Ellis" described a composition containing 
an o-cresol-formaldehyde resin mixed with tung oil and asbestos. The particles 
of this mixture could be welded together by means of high pressure, without the 
application of heat. By condensing o-cresol (100 parts) and formaldehyde (70 
parts 40 per cent solution) with acids (5 parts concentrated hydrochloric acid 
and 60 parts water), Gentsch" obtained straw yellow to light brown resins melt¬ 
ing at 110-120°C. which were soluble in dilute alkalies, alcohol, acetone and chloro¬ 
form. They were sparingly soluble in benzene and carbon tetrachloride, but in¬ 
soluble in linseed oil and turpentine. Such resins, he states, furnish an odorless 
coating which dries well when used in varnishes or polishes. 

Both o- and p-cresol tend to form permanentlv fusible and soluble resins of 
the saliretin type.'^ o-Cresol is considered particularly undesirable in making resins 
for molding compositions which have to be hardened in the mold. Baekeland, 
however, sought to utilize this relative inactivity in the production of resins which 
could be used as plasticizing agents. While it is true that infusible products may 
be obtained from o- and p-cresol, their production involves a length of heating 
which would be out of the question in any commercial molding operation requir¬ 
ing hot pressing. An infusible product may be prepared according to Baekeland 
when p-cresol reacts upon formaldehyde present in sufficient proportions, pro¬ 
vided caustic soda is used as the condensing agent. If hydrocliloric acid is used 
the product is more or less fusible and brittle. Similar proportions of formalde¬ 
hyde reacting on phenol or m-cresol would result in infusible products. From 
o-cresol Baekeland has prepared a series of resins which are used to retard the 
time of final hardening in molding compositions made essentially from phenol or 
m-cresol and formaldehyde. He also described methods of making several varie¬ 
ties of infusible resin from o-cresol. A typical example is as follows: 

One hundred g. o-cresol, 64 g. formaldehyde solution (40 per cent) and 1.6 cc. 
of concentrated hydrochloric acid were boiled for about 2 hours, then evaporated and 
heated to 200°C. A fusible resin of the saliretin type resulted. This was mixed with 
about 7-15 per cent by weight of paraform, and heated for 24-48 hours in a mold at a 
pressure of 45-90 lbs. The product was hard and infusible. 

Aylsworth*^^ prepared an oil-soluble cresol resin by heating together o-cresol, 30 
parts, and a 40 per cent solution of formaldehyde, 14-16 parts, with a small 
amount of water. The water is not necessary but it decreases the violence of the 

J. Scheiber, Angew. Chem., 1933, 46, 503; Chem Ahs., 1933, 27, 4975. 

French P 384,425, 1905, to Farbenfabr. vorm F. Bayer & Co ; JJS C.I , 1908 . 27, 457. 

^Carleton Ellis, U. S. P 1 645,693, Oct. 18. 1927; Chem, Abs., 1928, 22, 174. 

C. Gentach, U. S. P. 924,449, June 8, 1909, to Farbenfabr. vorm. F. Bayer & Co.; Chem. Abs., 
1909, 3, 2242. 

“L. H. Baekeland, U. S. P. 1,401,053, Jan. 3, 1922; Chem. Abs., 1922, 16, 966. U. S. P. 1,306,681. 
June 17, 1919; Chem. Ahs, 1919. 13, 2264. 

W. Aylgworth, U S. P. 1,111,287, Sept. 22. 1914; Chem. Abs., 1914 , 8, 3634. 
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reaction. The amount added may be as much as 8 parts. Heating is done in an 
autoclave at 130°C. Excess of cresol and water are removed by vacuum distilla¬ 
tion. The resulting resin melts at 60-77°C., and contains under 4 per cent of 
cresol. The formaldehj^de is all combined and the resin is soluble in varnish 
oils and solvents. Berend®* produced soluble fusible resins insoluble in linseed 
oil by reacting crude cresol with sufficient formaldehyde to combine with the 
m-cresol. The uncombined cresols were recovered from the mixture by vacuum 
distillation. Robinson-Bindley, Weller and Dulcken“ prepared an oil-soluble 
product by condensing 50 parts of p-cresol with 70 parts of 40 per cent formalde¬ 
hyde solution. Five parts of hydrochloric acid of 30 per cent strength constituted 
the catalyst. Oil-soluble resinous condensation products also are obtained from 
phenolic lignite-tar oils or low-temperature coal-tar oils by condensation with not 
more than a molecular proportion of acetaldehyde or higher aldehydes. Mixtures 
of acetaldehyde and higher aldehydes likewise may be used.®* The addition of these 
oil-soluble resins to phenol-formaldehyde resins which are insoluble in oil is stated 
to confer solubility upon the phenol-formaldehyde resins. Subsequent treatment 
of the oil-soluble resins with formaldehyde converts them into products which 
are insoluble in oil.“ A comparison of the resin from pure m-cresol“ with products 
made from mixtures of cresol isomers indicates that the presence of o- and p-cresol 
has a softening effect. It has been reported that the best results are obtained 
when the m-cresol content is 60-70 per cent.®^ By boiling commercial cresylic 
acid of 97-99 per cent purity with such a proportion of 40 per cent formaldehyde 
solution that the mixture contains more than one molecule of formaldehyde for 
each molecule of cresylic acid and continuing the boiling until the solids determined 
at a temperature of 110°C. equal at least 40 per cent of the product, Handy'^" 
produced a resm which was infusible, hard, tough and insoluble in acetorfe. The 
final boiling, during which water and formaldehyde are distilled off, was conducted 
at a temperature of 110-120°C. The product obtained by this method was re¬ 
ported to be suitable for use as a binder in making brushes and for various other 
purposes. Compositions for use in brake-lmmgs may be made by reacting cresylic 
acid and not more than 58 per cent (based on cresylic acid) of a 40 per^ cent 
formaldehyde solution.” A paint or enamel is prepared by Ornstein” as follows: 

A solution of cresol 100, sodium hydroxide 6, water 94 and 40 per cent formaldehyde 
75, after standing 12 hours, is mixed with a 10 per cent hydrochloric acid solution 
100 parts, and the. product allowed to settle to obtain an oily layer. A second solution 
of cresol 100, sodium hydroxide 6, water 94 and 40 per cent formaldehyde 60 parts, is 
heated to boiling and 15 parts formaldehyde and a 10 per cent hydrochloric acid solu¬ 
tion are added, also producing an oily layer. The two oils are mixed, and solvents and 
pigments added to form paints. A small quantity of a chloride, nitrate or sulphate may 
be added to promote hardening. 

Transparent condensation products from a mixture of equimolecular quantities 
of purified cresol or phenol and 40 per cent aqueous formaldehyde with 0.5 per 
cent alkali hydroxide as catalyst are prepared by distilling off, under normal 
pressure, all the water used for solution and half the water formed in the con- 

*»L. Berend, U. S. P. 1,214,414. Jan. 30, 1917; Chem. Abs., 1917, 11, 1320 

»W. T. Robinson-Bindlcy, W. Weller and E Dulcken, British P. 134,563, 1918; J.SC.L, 1920, 39, 
35A. 

“British P. 156,740, 1921, to Chem. Fabr. Worms Akt.-Ges.; Chem. Abs., 1921, 15, 1821. 

“Concerning the effect of natural resins m conferring solubility in oil, sec Cliapter 19. 

“L. H. Baekeland, U. S. P. 1,088,677 and 1,088,678, March 3, 1914, to General Bakelite Co.; 
J.S.C.I.. 1914. 33, 430 

“T. Shono, J.8.C.I. (Japan), 1930, 33, 24B; Chem. Aba., 1930, 24, 1995. 

*■ J. O. Handy, U. S. P. 1,287,299, Dec,_10, 1918, to Pittsburgh Testing Laboratory; Chem. Abs, 
1919, 13, 369. For a discussion of cresylic acid resins, see; Wm. McHutchison, Ind. Chemist, 1934, 10, 
383. 

•Wm. Nanfeldt, U. S. P. 1,980,221, Nov. 13, 1934, to World Bestos Corp.; Chem. Abs., 1935, 29, 257. 

•L. S. Omstein, U. S. P. 1,222,980, Apr. 17, 1917; Chem. Abs., 1917, 11, 1912. 
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densation. The residue is mixed with 20 volumes (of the original volume) of 
methyl or ethyl alcohol, and then half the alcohol distilled off. Subsequently 
the residue is poured into molds and dried in a chamber through which a current 
of air is passed. The drying is begun at 60®C. and the temperature is gradually 
increased to 115-120°C. or higher. A hardened and nonfusible product is formed.*' 
One mol of cresol may be condensed with 2 mols of formaldehyde in the presence 
of triethanolamine, urea and guanidine carbonate. Potassium bromide is added as 
a dispersing agent. The product is thermally hardened.®* Cresols are condensed, 
according to Chestakoff,®* with formaldehyde in the presence of catalysts of low 
activity such as oxalic acid, succinic acid, zinc or lead acetate. Material thus ob¬ 
tained is suitable for casting in molds. For this purpose it is mixed with organic 
monosulphomc acids of high molecular weight readily soluble in the material and 
is heated for 5-10 hours at 110-130°C. Mathieu®* uses equal volumes of cresol 
and 40‘ per cent formaldehyde solution and condenses the mixture in the presence 
of acids such as hydrochloric, sulphuric or oxalic, at 65-72°C., until the product 
solidifies on cooling. The resin is suggested for molding or for mixing with rubber 
prior to vulcanizing. 

Mannesmann*® obtained a product resembling shellac by condensing cresol and 
formaldehyde in the presence of halogenated hydrocarbons. The preparation of a 
resin from hexamethylenetetramine and a rather large proportion of cresol is 
accomplished by heating a mixture of 1080 lbs. cresol and 140 lbs. hexamethyl¬ 
enetetramine to a temperature of 140°C. After the rapid evolution of ammonia 
ceases, heating is continued at a temperature of 165°C. for 48 hours, and hot air 
is blown through the mass to drive off the unreacted cresol. Seventy-eight lbs. 
of creosote oil (b. p. 220-270°C.) are then mixed into the product at a temperature 
of 85-125°. Following this, an additional 120 lbs. of hexamethylenetetramine are 
introduced. The product is a potentially reactive resin, which can be mixed with 
fillers, pulverized, molded and thermally hardened.®* From a fraction consisting 
of a mixture of cresols and xylenols, Mains®^ obtained condensation products with 
aldehydes, using alkaline catalysts (see also Chapter 24). One hundred and 
twenty-five parts, for example, of a coal-tar acid containing 75 per cent m- and 
p-cresols and about 25 per cent xylenols, 96 parts of furfural and 1 part of sodium 
carbonate are boiled under reflux for 3-4 hours with stirring. The excess water 
and furfural are distilled off and a dark reddish-brown resin, soluble in acetone, 
furfural, mixtures of benzene and alcohol and other organic solvents, is obtained. 
Formaldehyde solution may be used in place of the furfural and by adding small 
percentages, from 1-10 per cent, of paraform, furfuramide, or hexamethylenetetra¬ 
mine, the resin is converted into a potentially reactive product. Kulas and Paul¬ 
ing** heated xylenol with formaldehyde in the presence of an acid catalyst until 
resin formation had taken place. The hot resin was mixed with more xylenol and 
formaldehyde and a sufficient quantity of a basic catalyst to leave an excess of 
alkali in the product. Prolonged heating caused the final hardening of the resin. 

A xylenitic resin which has the property of softening but not flowing when 
placed upon a hot plate, and which sets when subjected to hot-pressing at a tem- 

Dutch P. 8,742, Sept. 16, 1919, to N. V. Utrechtsche Chemiache Industrie; Chem. Abs., 1922, 16, 

2971. 

H. J. Cameron and E. H. Jackson, British P. 364,064, 1930, to British Thomson-Houston Co , 
Ltd.; Bnt. Chem. Abe. B. 1932, 272. 

<»P. Chestakoff, French P. 669,695, 1927. British P. 303,022, 192S; Chem. Abe., 1929, 23, 6283. 

«*E. Mathieu, French P. 673,242, 1929; Chem. Abe., 1980, 24, 2568. 

«R. Mannesmann, Danish P. 24,697, 1919; Chem. Abe., 1920, 14, 1227. 

«L. V. Redman, A. J. Wcith and F. P. Brock, U. S. P. 1,242,692, Oct. 9, 1917, to Redmanol 
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« C. Kulas and C. Pauling, Swiss. P 100 402, 1922. 
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perature of 165®C., has been prepared by Ellis*® as follows: 30 parts by weight of 
magnesium oxide are ground with 150 parts of aqueous 40 per cent formaldehyde 
solution and the mixture is added to 122 parts of xylenols (b. p. 200-225°C.). 
The batch is agitated at 70°C. for about 25 minutes, at the end of which time 
the formaldehyde has been entirely consumed. After drying in vacuo at 72°C., 
the light yellow resin, which resembles suliihur in appearance, is mixed in a pebble 
mill with an equal weight of wood flour. One per cent aluminum palmitate may 
be added if the resin is to be molded. Drummond and Morgan^* condensed xylenols 
distilling between 215-224°C. with formaldehyde m the jjresence of an acid catalyst. 
The products are soluble in alcohols, ketones, hydrocarbons and fatty acid esters; 
they may be used for making air-drying varnishes by heating at 170°C. for 1-2 
hours with a drying oil. Synthetic resins are produced by Anderson and Mac- 
laurin*^^ through the condensation of formaldehyde with monohydnc phenolic 
substances, boiling between 230-320°C., present in tars obtained by the low tem- 
jierature distillation of coal. A process of condensing xylenols with formaldehyde 
to produce resins is given by Landt.'^*'' The proportions used are, 100 parts of the 
xylenol or mixture of xylenols, 60 jiarts of 40 per cent formaldehyde solution and 
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3 parts of ammonia. Reaction is earned on for 3 hours under reflux and the unre¬ 
acted materials and water are removed by vacuum distillation. This product is 
suggested for use in varnishes or laminated materials. It may be hardened with 
hexamethylenetetramine under heat and jiressure. 

Novotny"* carries out the condensation of xylenols and aldehydes in such a way 
that the water is removed substantially as fast as formed, preferably by distilla¬ 
tion under atmospheric pressure. This method may be applied to,the production 
of resins from xylenol and furfural without the use of a catalyst. For example, 
32 parts of commercial xylenol and 21.2 parts of 37-40 per cent formaldehyde 
solution are placed in a digestor equipped with a stirrer and a condenser for distilla¬ 
tion. During a period of about 2 hours, 15-18 parts of distillate are collected. The 
temperature gradually rises during the distillation from 100°C. to about 140®C. 
at which temperature the product is found to be a hard, grindable resin. By 
stopping the distillation at a lower temperature soft resins are obtained. The re¬ 
action can be performed at a higher temperature (100°C.) if the condenser is 
equipped with a separator and siphon for returning the xylenols to the reaction 
mixture and discharging the water.’* The apparatus in which this is done consists 
of a vessel in which the condensate separates into layers. The upper layer flows 
back into the reaction vessel, and the lower layer is drawn off. 

»Carleton Ellis, U. S P. 1,980,987, Nov. 20, 1934, to Ellis-Foster Co.; Chem. Aba., 1935, 29, 524. 

“^A. A. Drummond and H. H. Morgan, British P. 345,276, 1929, to Imperial Chem. Ind., Ltd.; 
Chem. Ab$., 1932, 26, 324. 

^D. G. Anderson and R. Maclauiin, British P 183,629, 1921; J.S.C.I., 1922, 41 , 772A. 

E. Landt, U. S. P. 1,679,312, July 31, 1928, to Diamond State Fibre Co.; Chem. Aba., 1928, 
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’ «E.*E. Novotny, U. S. P. 1,773,598. Aug 19, 1930, to J. S. Stokes; Brit. Chem Aba. B, 1931, 405 
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Electrolytic oxidation of symmetrical xylenol in acid solution, followed by re¬ 
duction with sulphur dioxide, yields m-xylohydroqumol and an insoluble resin.” 

Resinous products proposed for use in the manufacture of varnishes are pre¬ 
pared by treating phenol alkyl ethers, e.g., m-cresol methyl ether, resorcinol 
diethyl ether or ar-tetrahydronaphthol alkyl ethers, with formaldehyde in the 
presence of acids. ar-Tetrahydronaphthol alkyl ethers are prepared by sulphonat- 
ing tetrahydronaphthalene, fusing with alkali and treating the product with alkylat¬ 
ing agents.” The methyl or ethyl ethers of symmetrical xylenol condense with 
formaldehyde in the presence of hydrochloric acid to form resins which are soluble 
m varnish oils (see Chapter 19), and which are also compatible with nitrocellu¬ 
lose.’^ 


Resorcinol and Other Polyvalent Phenols 

Introducing additional hydroxyl groups in the phenol nucleus causes an increase 
in the rate of condensation with formaldehyde. The effect is even more marked 
than the reactivity-increase occasioned by the substitution of alkyl groups. Isola¬ 
tion of resorcinol alcohols as intermediate products in the condensation (see Chap¬ 
ter 14) is extremely difficult, since polymerization is so rapid.” At room tempera¬ 
ture, resorcinol condenses with formaldehyde sufficiently rapidly that catalysts need 
not be added. Accordingly, the electrical properties of resorcinol resins are supe¬ 
rior to those of resins which may contain traces of harmful constituents added 
as catalysts. Furthermore, resins from resorcinol or related compounds are char¬ 
acterized by higher tensile strength, less thermoplasticity and lower inflammability 
than the corresponding phenol-formaldehyde products. 

Many years ago Fittig and Remsen prepared a pyrocatechol-formaldehyde 
resin, but they did not recognize the composition of their material, and mistook 
it for pure carbon.” Labbe'^ has treated pyrocatechol, resorcinol, pyrogallol, 
quinol and the like with a cold 40 per cent solution of formaldehyde in the 
jiresence of an acid to form materials which soon become gelatinous and after 
some hours are converted into homogeneous, elastic substances. Hard products 
are obtained by diluting the formaldehyde solution with half its volume of water. 
These resins are insoluble in water or organic solvents, are unattacked by alkalies 
and acids and are non-inflammable. The addition of acetone or glycerol to the 
formaldehyde results in the production of transparent stock. The physical proper¬ 
ties of the products may be further modified by incorporating carbohydrates or 
cellulose. Amber-like substances such as are used in pipe stems have been pro¬ 
duced by Peter^ by heating 10 parts of resorcinol with from 7.5-10 parts of 40 
per cent formaldehyde solution. Resins from resorcinol and paraformaldehyde 
are suitable for uniting layers of fabric or paper. The resin can be formed in situ 
and hardened under heat and pressure.® Sound records, made from resorcinol-alde¬ 
hyde condensation product may be hardened by the use of ferric chloride.® 

In 1930, wide publicity was given to resinous coatings on paper, used in the 
manufacture of flexible phonograph records and talking-picture discs. These are 

«F. Fichter and M. Rinderspacher, Helv. Chim. Acta, 1927, 10, 102, Chem. Abs., 1927, 21, 1453. 

K. Marx, O Siebert and H. Wesche, German P. 358,399 and 358,400, 1920, to Akt -Ges. fUr Anilm- 
Fabr. ; 1922 , 41, 948A. 

R, /Hill, British P. 400,272, 1932, to Imperial Chcm. Ind. Ltd.; Bnt. Chem, Abs. B, 1934, 29. 
French P. 758,655, 1934, to Imperial Chem. Ind., Ltd,; Chem, Aba., 1934, 28, 3256. 

7«T. Boehm and H. Porlasca, Arch. Pharm., 1982, 270, 168; Chem. Abs., 193a, 26, 2723. 

’»R. Fittig and I. Remsen, Ann,, 1871, 159, 129; 1873, 168, 96. P. Pascal, Bull. »oc. chim., 1925, 
37, 1043; Chem. Abe., 1925, 19, 3484. 

“A. Labb6, French P 468,879, 1913; J.S.C.I., 1914, 33. 975. 

« A. H. Peter, U. S. P. 1,147,264, July 20, 1915; Chem. Abs., 1915, 9, 2433. 

“British P. 346,411, 1928, to International General Elec Co.; Chem. Abs. 1933, 27, 283. 

“S. Whyte, British P. 357,958, 1930, to Gramophone Co, Ltd.; Chem. Abs, 1932 , 26, 6166. 
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made*** by mixing 1000 cc. 40 per cent formaldehyde with 1000 g. resorcinol, 
and heating the solution slowly until the temperature rises to 70-75"C. The 
product is kept at this temperature, and stirred until the viscosity is suitable for 
coating paper. At this point it is rapidly cooled. Two hundred g. of rouge, 
ground with 600 g. of glycerol, is mixed with the resin, and the product is imme¬ 
diately applied to the paper.** Record impressions are embossed upon the coat^ 
ing by means of dies heated to 160"C., and no further hardening operation is re¬ 
quired. In making records of this type, Billings and Hurst*** employed an emul¬ 
sion of the resin instead of a solution. This is said to reduce the tendency of 
the sheets to curl, since the resin does not penetrate the fibers of the paper as 
much as when a solution is used. Beeswax and borax were employed as emulsify¬ 
ing agents in forming the colloidal dispersion of the resin. 

McCoy*® used pyrogallol and paraform in the presence of gum arabic to produce 
a red infusible resin. To harden fusible phenol-formaldehyde resins he*® mixed 
them with pyrocatechol, tannin and paraformaldehyde (see Chapter 20). Poly¬ 
valent phenols are condensed with 40 per cent formaldehyde and sodium, calcium 
or zinc salts of hydrochloric, salicylic or benzenesulphonic acids are added to pre¬ 
vent shrinkage or development of brittleness.®^ Burmeister®* prepared fairly rapid¬ 
curing compositions by condensing a solid formaldehyde derivative and resorcinol, 
with the addition of glycerol to control the speed of the condensation .*** For the 
preparation of lacquers which are to be baked after being applied, glycerol may 
be mixed with polyvalent phenol-formaldehyde resins, after the condensation has 
taken place.®* 

Resinous condensation products are obtained by Deutsche and Herrmann** 
by heating together polyvalent phenols and acetaldehyde, benzaldehyde or fur¬ 
fural, in the absence of catalysts. For use as a binder for fibrous materials 
Hawerlander*^ heats a mixture of 1 kg. of resorcinol with 1 1. of 40 per cent 
formaldehyde solution to 30"C. Three grams of sodium sulphite are then added 
and the mixture is heated to 75°C. and quickly cooled to 25°C. Sawdust, wood 
shavings, etc., after being moistened with a volatile liquid (gasoline) are treated 
with sufficient binding material to cover the surface of the fibrous particles and 
are then subjected to heat and pressure.** Grillet and Cottet** condense resorcinol 
with formaldehyde below 80"C., preferably in the absence of catalysts and in 
the presence of alcohol, glycerol or sugars. Water is eliminated from the products 
by distillation in vacuo below 50" C. Or the reaction mixture is poured into cold 
water or salt solution, while it is still viscous. The precipitate thus formed is 

H. T. Beans, U. S. P. 1,915,282, June' 27, 1933, to Durium Products Corp.; Chem, Abs., 1933, 
27, 4364. H. T. Beans, British P. 337,796, 1929, to Durium Products Corp., Chem. Abs., 1931, 25, 2255; 
Bnt. Chem. Ab$. B, 1931, 171. A. Hawerlandei, U. S. P. 1,842,168, Jan. 19, 1932, to Durium Products 
Corp. 

•*The glycerol is used to impart flexibility. Instead of glycerol, a mixture of a raw fatty oil, a 
blown drying oil and a fatty acid of an oil has been suggested. H. P. Billings and D A. Hurst, U. 
S. P. 1,999,717, Apr. 30, 1935, to Radio Corp. of America. 

H. P. Billings and D. A. Hurst, U. S. P. 1,999,715, Apr. 30, 1935, to Radio Corp. of America. 

»J. P. A. McCoy, U. S P 1,286,372, Dec. 3, 1918; Chem. Abs , 1919, 13. 368. 

“J. P. A. McCoy, U. 8. P. 1,269,627, June 18, 1918; Chem. Aba., 1918, 12^ 1916. 

«L. Helm, French P. 602,704, 1924; Brit. Chem. Aha. B. 1926, 889. 

»H. Burmeister, British P. 275,678, 1996; Brit. Chem. Aba. B, 1927, 823. 

It is said that good control of the speed of hardening is obtained by employing a resin from 
the condensation of resorcinol, cresbl and formaldehyde in the presence of nitroaniline. The ratio of 
resorcinol to cresol is betwem 4:1 and 4:6 by weight. H. P Billings and D. A. Hurst, XJ. 8. P. 
1,999,716, Apr. 30, 1935, to Radio Corp. of America. 

**British P. ^3,905, 1928, to International General Electric Co.; Chem. Aba., 1929, 23, 4583, 

•®H. Deutsche and W. O. Herrmann, German P. 523,695, 1928, to Consortium fiir Elektrochem. 
Ind. G.m.b.H.; Chem. Aba., 1931, 25. 3856. 

«A. Hawerlander, Bntish P. 342.278, 1929, to Halizite Corp.; Chem. Aba., 1931, 25, 4894. U. 8. 
P. 1,842,168, Jan. 19, 1932, to Durium Products Corp.'; Brit. Chem. Aba. B, 1932, 1042. 

^A. Hawerlander, British P. 336,754, 1929, to Halizite Corp.; Chem. Aba., 1931, 25, 1966. 

**N. B. Grillet and E. C. Cottet, British P. 321,697, 1928, to 8oc. des usines chim. Rhdne - Poulenc; 
Chem. Aba., 1930, 24. 2905. German P. 524,426, 1929; Chem. Aba., 1931, 25. 8856. French P. 671,702, 
1929; Chem. Aba., 1980. 24. 2317. 



17 . PHENOL-ALDEHYDE RESINS 


373 


washed and air-dried at a low temperature. Ward, Hereward and Ehrliardt®* 
modify the process by replacing the resorcinol by a mixture of monovalent and 
polyvalent phenols. Similarly, Sprenger* prepared resins by mixing the condensa¬ 
tion products of phenol and formaldehyde with those of resorcinol and formaldehyde, 
the proportion of resorcinol resin being, in some cases, about 70 per cent of the total. 
A filling or binding agent (sawdust) may be incorporated. Advantages to be gained 
by using mixtures of monovalent and pol 5 rvalent phenols are noteworthy. For 
instance, in dry reactions, resorcinol combines with formaldehyde so rapidly that 
some means must be applied for slowing up the rate. Resorcinol speeds up the 
phenol-formaldehyde reaction,*^ and reduces the danger of sticking or undercure 
Schuhmann and Hahn“ condense resorcinol with only part of the equivalent 

amount of an aldehyde and the intermediate product so obtained is converted to 
an infusible insoluble product by treatment in a separate operation with additional 
aldehyde. The product can be mixed with fillers, coloring matter and natural or 
other synthetic resins. 

Novotny®® condenses 1 mol of resorcinol with 0.5 mol or less of paraformalde¬ 
hyde in the absence of a catalyst at 100-150°C. and then cools the material 

below 100°C. before the reaction product becomes infusible. Additional para¬ 
formaldehyde may then be admixed as hardening agent. The resin may be used in 
varnishes and coating compositions or in other ways. If the resin is heated, hard 
but still-fusible resinous material results.^®® Since the condensation of a small 

amount of resorcinol seems to aid in accomplishing a rapid condensation of phenol 
with formaldehyde, Novotny^®^ makes use of resorcinol to assist the hardening 
of iihenol-formaldehyde resins. For example, to obtain a potentially-reactive 

soluble product of rapid reactivity 15 parts resorcinol, 45 parts phenol and 31 parts 
paraformaldehyde are employed. These are heated to 100°C. until the mixture 
is clear and the desired viscosity has been obtained. Alcohol may be added 
to stop the reaction, or if a solid dry resin is desired the material can be placed 
in pans and rapidly cooled. Moss^®* condenses resorcinol or its isomers with acetone 
(see also Chapter 25), m the presence, preferably, of concentrated hydrochloric, 
sulphuric or phosphoric acid. A yellow oil, which gradually is converted into a 
yellow-pink solid, is the product. The reaction requires 24 hours at room tem¬ 
perature or 1 hour at 60-70°C. The resin is said to be compatible with cellulose 
acetate, both in solution and in plastic compositions. 

Besides the polyvalent phenols which have been discussed above, many other 
phenolic bodies have been used in the preparation of resins. Some of these yield 
oil-soluble compositions, and will be described in Chapter 19. 

Adhesive compositions for reinforced glass may contain cellulose acetate and 
a resin (e.g., from hydroxybenzyl alcohol), modified by glycerol.^®* The dihydroxy- 
benzophenones condense with aldehydes in the presence of acid catalysts (includ¬ 
ing zinc and aluminum chlorides), and the resins thus obtained are suggested for 

W. W. Ward, P. O. Heroward and E. F. Ehrhardt, British P. 325,861, 1928, to Soc des usmes 
chim. Rhdne-Poulenc; Chem. Abs., 1930, 24, 4175. German P. 531,949, 1929; Chem. Aba., 1932 , 26, 611. 
French P. 679,537, 1929; Chem. Aba., 1930, 24, 3915. 

•®R. Sprenger, German P. 536,553, 1928, to Allgemeine Elektricitats-Ges.; Chem. Abs , 1932, 26, 1144. 
German P. 538,553, 1929; Chem. Aba., 1932, 26. 3126. French P. 667,207, 1929, Chem. Aba., 1930, 24, 
1236. British P. 350,934, 1930, to International General Electric Co ; Brit. Chem Aba. B, 1931, 853. 

British P. 221,475, 19M, to Riblu-Record Akt.-Ges. Polyvalent phenols also catalyze the urea- 
formald^yde reaction. See Qiapter 30. 

«J. J. Kessler, U. S. P. 1,889,751, Dec. 6, 1933, to Apple Electrical Mfg. C/o.; Chem. Aba, 1933, 27, 
1724. 

H. Schuhmann and E. Hahn, German P. 549,112, 1929, to Allgemeine Elektncitats-Ges.; Chem. 
Aba., 1932, 26, 3945. French P. 691,464, 1930; Chem. Aba., 1931, 25. 1400 

••E. E. Novotny, U. S. P. 1,767,696, June 24, 1930, to J. S. Stokes; Chem. Aba., 1930, 24. 4409. 

«»E. E. Novotny, U. S. P. 1,849,109, Mar. 15, 1932, to J. S. Stokes; Chem. Aba, 1932 , 26, 2879. 

^E. E. Novotny, U. S. P. 1,802,390, Apr. 28, 1931, to J. S. Stokes; Chem. Aba , 1932, 26. 437. 

iMW. H. Moss, Canadian P. 319,549, 1932, to C. Dreyfus; Chem. Aba., 1932 , 26. 2334. British P. 
368,8pl, 1930, to Brit. Celanese, Ltd.; Chem. Aba., 1933, 27, 2319. 

“•British P. 365,094, 1930, to British Celanese, Ltd.; Brit. Chem. Aba. B, 1932, 357. 
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use with cellulose esters'®* in the preparation of a transparent adhesive employed 
in the manufacture of laminated glass. A number of modifiers are included in the 
adhesive product, which may contain simultaneously the following: cellulose nitrate, 
camphor, dibutyl phthalate, synthetic resin, benzene, alcohol, butyl alcohol, butyl 
acetate and ethyl acetate. Dihydroxybenzophenone is prepared'" by condensing 
phenol with carbon dioxide at 70 atmospheres and 105-110®. Corresponding com¬ 
pounds are obtained from the cresols, but resorcinol and jS-naphthol are too reac¬ 
tive, and resinification occurs before the substituted benzophenone can be isolated. 
At higher pressures phenol reacts with carbon dioxide to yield salicylic acid. 

Salicylic Acid and Other Phenolic Substances 

By condensing aromatic hydroxy carboxylic acids with aldehydes a series of 
resins soluble in mild alkalies has been obtained'" (see also Chapter 20). Salicylic 
acid, for example, may be heated with 30 per cent aqueous formaldehyde for 20 
hours to give a white precipitate. This is separated, freed from excess water and 
further heated until a sample sets to a clear glass-like substance. The duration 
of treatment may be shortened by the addition of hydrochloric acid. The hard 
resin obtained is soluble in alcohol, acetone or weak alkalies. It is suggested for 
leather finishing and for treating felts in the manufacture of hats. Similar resins 
are obtained from hexamethylenetetramine and mixtures of o- and p-hydroxy- 
benzoic acids, from 1,3,4-hydroxytoluic acid and paraformaldehyde in the presence 
of ammonium acetate and from salicylic acid and benzaldehyde in the presence 
of ammonia. These products are yellow to yellowish red in color, and are soluble 
in weak alkalies. Two mols of salicylic acid may be condensed with 1 mol of 
formaldehyde to give a dihydroxydiphenylmethane dicarboxylic acid. The latter 
product is then caused to react with a monobasic acid such as rosin or tung oil 
acid and glycerol to yield a product to be incorporated in cellulose ester lacquers.'®' 

Conditions necessary for the preparation of. resins from various aromatic acids 
are as follows: m-hydroxytoluic acid with formaldehyde in alkaline solution at 
30°C.; o-methoxybenzoic acid, formaldehyde and concentrated sulphuric acid at 
100®C.; o-ethoxy ben zoic acid and formaldehyde at 140-150°C. under pressure; 
2-ethoxynaphthalene-3-carboxylic acid at 100°C. with paraformaldehyde in the 
presence of acetic and concentrated hydrochloric acids; a mixture of o-, m- and 
p-hydroxytoluic (cresotinic) acids with acetaldehyde at 130-140°C. under pressure 
in the presence of zinc chloride.'" Esters of these aromatic hydroxy carboxylic 
acids may be used'" to produce resins which are almost insoluble in alcohol, ben¬ 
zene or dilute alkali, but soluble in ether, amyl acetate or ethyl acetate. They 
can be used to prepare lacquers which are unaffected by light. Concentrated 
sulphuric acid, concentrated hydrochloric acid, zinc chloride or glacial acetic acid are 
used to catalyze the condensation of ethyl or phenyl salicylate with formaldehyde at 
100®C. The methyl ester of hydroxytoluic acid (cresotinic acid) reacts with para¬ 
formaldehyde at 100®C. in the presence of zinc chloride and glacial acetic acid, and 
the ethyl ester of p-hydroxybenzoic acid combines with methylal when these sub- 

i<»*W. H. Moss, U. S. P. 1,954,826, April 17, 1934, to Celanese Corp. of America; Chem. Aba., 1934, 
28, 3922. Canadian P 319,550, 1932, to C. Dieyfus; Chem. Abs., 1932, 26, 2324. W. H. Moss, 
Canadian P 325,615, 1932. to C. Dreyfus; Chem. Aba., 1932, 26, 5777, Bntish P. 417,519, 1934, to 
British Celanes<e, Ltd.; Bnt Chem. Aba. B, 1934, 1110; Chem Aba., 1935, 29, 1176. 

losQ. T. Morgan and D. D. Pratt, British P. 353,464, 1930; Chcin. Aba., 1932, 26, 5308. 

German P. 339,495, 1919, to Meister, Lucius & Brumng; J.SC.l., 1922, 41, 639A. 

O. A. Cherry, U. S. P. 1,082,788, Dec. 4, 1984^ to Economy Fuse & Manufacturing Co.; Chem. 
A6«.. 1035, 29. 523 

1®" German P. 357,757, 357,758, and 358,401, 1920, to Farbw. voim. Meister, Lucius & Biiining, 
J.S C.I. 1922 41 948A 

w* A. Voss, German. P. 364,044, 1920, to Farbw. vorm. Meister, Lucius & Briining; J.S.C.I., 1923, 
42; 614A. 
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stances are heated together under pressure at 120°C. Pink“‘’ i)repared a reaction 
product of salicylic acid with a molecular proportion of hexamethylenetetramine in 
alcoholic solution The solvent is removed and a viscous syrup is formed which 
gives a reddish precipitate with ferric jchloride. A resin intended for dental use is 
made by Andresen^^^ by condensing eugenol with formaldehyde. The reacting mate¬ 
rials may be mixed with burnt alum, and the pasty condensation product mi.xed with 
zinc oxide. 

The hydroxybenzoic acids have a tendency to form resins as a result of oxida¬ 
tion, reduction and dehydration reactions. Von den Velden^^ observed that the 
reduction of 2- and 4-hydroxy benzoic acids with sodium amalgam in acid solution 
yielded resinous matter, and Perkin,^® oxidizing 3-hydroxybenzoic acid with potas¬ 
sium persulphate in an aqueous sulphuric acid solution at 30°C. for 12 hours, 
obtained some colored resinous bodies. Salicylic acid upon dehydration gives 
complex anhydride substances that do not melt when heated though by treatment 
with alkali may be hydrolyzed back to the parent substance. Phosgene acting 
on a pyridine solution of salicylic acid gave disahcyhc acid anhydride and amor¬ 
phous dehydration products.^^* A complex mercury anhydride —(C7H,0,Hg)x— 
was obtained by heating at 100°C. an aqueous solution of salicylic acid with 
mercuric oxide.'^^ 

Aryloxyahphatic acids are heated with formaldehyde or a substance which 
yields formaldehyde to jiroduce hard resins which are almost colorless and trans¬ 
parent, easily soluble in alcohol, acetone and other organic solvents and in mild 
alkalies.^’® For example, phenoxyacetic acid when boiled under reflux with 40 
per cent fa^-maldehyde solution in the presence of hydrochloric acid yields a 
colorless oil hf^.iter than water. This oil, when washed several times with water, 
can then be heated in an open vessel at 120-130°C, until a test portion solidifies 
on cooling. Products of analogous properties can be obtained from cresoxyacetic 
acid, xylyloxyacetic acid, a- or ^-naphthoxyacetic acid, or from the corresponding 
propionic and butyric acids. Pyrocatecholmonoacetic acid also gives a similar 
product when treated with formaldehyde. The use of a quantity of aldehyde less 
than equivalent to the aryloxyahphatic acid renders the process more easily con¬ 
trollable. At increased pressures and temperatures the condensation proceeds 
much more rapidly and the use of catalysts may be omitted. Binding agents 
for anti-halation materials for use on photographic plates are alkali-soluble resins 
derived from salicylic acid and paraldehyde, from phenoxyacetic acid and formal¬ 
dehyde or from o-methoxybenzoic acid and formaldehyde.^'^ Aliphatic or aromatic 
aldehydo- or keto-carboxylic acids, which contain the carboxyl group either in 
the nucleus or in the side chain, can be condensed with phenols or naphthols by 
the use of catalysts, such as hydrogen chloride."® For exanijile, m-aldehydo- 
phenoxyacetic acid is melted with phenol and treated at 40-50'^'C. with concentrated 
hydrochloric acid to obtain a hard resin. By the action of chloroacetic acid on 
2-aldehydo-4-methyl-phenol the compound 2-aldehydo-4-methyl-phenoxyacetic acid 
is obtained, which, condensed with a-naphthol, also yields a resin. 

Benzophenone-2,4-dicarboxyhc acid can be condensed with m-cresol. The 

110 L. Pink, U. S. P. 1,825,636, Sept. 29, 1931; Chem, Aba., 1932, 26, 155. 

luV. V. J. Andresen, British P. 110,154, 1917; Chem Abs , 1918, 12, 410 

iia A. von den Velden, J.prakt. Chem., 1877, 15 (2), 164; J.C.S., 1877, 32, 337. 

ii« A G. Perkin, J.C.S., 1905, 87, 1425. 

11* A Einhorn and H. Pfeiffer, Ber., 1901, 34, 2951; J.C.S., 1901, 80 (1), 712. 

11*1 H. Jajoux and A. Grandval, Comp, rend., 1893, 117, 45; J.C.8., 1893, 64 (1). 842. O Dimroth. 
Ber., 1902 , 35, 2872; J.C.S., 1902, 82 (1), 656. G. Buroni, Oaez., 1902, 32 (2), 307; J C.S , 1903, 84 (1), 
392 

’10 German P. 364,040, 1919, 371,147, 1920 and 371,149, 1920, to Farbw. vorm, Meister, Lucius A 
Bruning; J.S.C.I., 1923, 42, 613A, 1140A. 

ii*Bnti.sh P. 399,713, to I. G. Farbenind. A.-G.; Brtt. Chem. Aba. B, 1933, 1085. 

no GeiTnan P. 362,382, 1920, to Farbw. vorm. Meiater, Lucius A Briining; J.S.C.I., 1923, 42, 613A. 
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resin from glyoxylic acid and phenol has an especially bright yellow color in 
caustic soda solution. 

o-Benzoylbenzoic acid condenses^"* with phenols (xylenols, cresols, naphthols) 
in the presence of concentrated sulphuric acid to form amber-like brittle resins. 
The temperature is kept lower than that at whicli esterification or anthraquinone 
formation takes place. Resms made in this way readily undergo further con¬ 
densation with formaldehyde, furfural or acetaldehyde, especially in the presence 
of ammonia, to yield fusible soluble products which, when mixed with cellulose 
esters, are capable of forming transparent films. Typical keto-aromatic acids 
which may replace o-benzoylbenzoic are a-hydroxy-o-naphthoylbenzoic or 2',5'- 
dichloro-2-benzoylbenzoic acids. Resinous products are obtained'" either by (1) 
treating mixtures of phenols and aromatic carboxylic acids with aldehydes, or 
substances capable of yielding aldehydes, preferably in the presence of alkalies, 
or by (2) reacting phenols and carboxylic acids separately with aldehydes, and 
subsequently causing the products to interact, or, by (3) treating mixtures of 
phenol-aldehyde condensation products and carboxylic acids, or of carboxylic 
acid-aldehyde condensation products and phenol with aldehydes. Whichever 
method is adopted, the products are separated from solution, and heated to tem¬ 
peratures above 100°C. to obtain resins soluble in dilute alkalies. 



Fig. 65. 

Digestion Tank of Haveg Reinforced 
with Steel Ribs. 


Courtesy Haveg Corp. 


Glycol-monoaryl ethers can be heated with formaldehyde in the presence of 
an acid to produce resin-like substancesThus, for example, ethyleneglycol- 
monophenyi ether, C.H-,—O—CHa—Cfl^OH, is heated with formaldehyde in the 
presence of 3.5 per cent hydrochloric acid, with the addition of phenols. The ethers 
of the jihenoLs ma\ be used in place of the phenols. From formaldehyde and 
glycol-monophenyl ether and the hydroxyethyl ethers of the cresols or the 
naphthols, viscous, almost colorless oils, insoluble in alkali, soluble in acetone, 
lienzene, amyl acetate and cyclohexanone are first obtained and are of use in 
the rubber industry. On long standing or on heating to above 80®C. they form 
extremely elastic, gummy substances, which can be kneaded. They do not melt, 
and are insoluble in all the usual solvents. They can be used to increase the 
elasticity of other synthetic resins by combining their preparation with that of 
the synthetic resin involved and giving the mixture a final heating to cause 
the intermediate glycol compound to assume the plastic form. Formaldehyde 
may be condensed in large excess with a phenol having a long saturated hydro¬ 
carbon side-chain such as thymol, p-ter-butylphenol, o- and p-cyclohexylphenol. 


H. A. Bru.son, U. S. P. 1,934,082, Nov. 7, 1933, to Resinous Products Chemical Co.; Chem. 
Abs., 1934, 28, 863. 

German P, 386,733, 1920, to Farbw. vorm. Meister, Lucius A Briining; J.8.C.L, 1924, 43, 604B. 
German P. 364,042, 1920, to Farbw. vorm Meister, Lucius A Briining; 1923^ 42, 564A. 
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o-phenylphenol and jS, /3'-bis(4~hydroxy-3-methylphenyl) propane. The condensa¬ 
tion takes place in contact with an energetic base.^ 

Harvey'"'® condenses cashew-shell oil (a phenolic material) with aldehydes, in 
the presence or absence of catalysts, to produce synthetic resins that may be 
subsequently hardened. For details, see Chapter 61. Aryl esters of aliphatic 
acids are condensed by Seebach with compounds containing active methylene 
groups, to obtain resinous products.'®* Thus, hexamethylenetetramine is con¬ 
densed with diphenylcarbonate, (C«H 5 )aC 03 , to give a solid product. The reac¬ 
tion can be performed by simply pressing the two powdered substances together, 
with the application of heat. The product is said to be fully hardened within a 
few minutes. In fact, careful control of the relative amounts of reactants is 
necessary, lest the reaction become too violent. 

A resinous composition for molding is prepared by Ellis'®® from cyclohexanol 
and formaldehyde. Ten parts of cyclohexanol, for example, are heated with 3 
parts of paraformaldehyde and 5 parts of 50 per cent aqueous potassium hydrox¬ 
ide solution for 3 hours. The resinous material is dissolved in benzene and, on 
evaporating, a dark-brown clear transparent fusible resin is obtained. To this can 
be added 5-10 per cent of hexamethylenetetramine, and fillers, and the product 
call be molded under heat and pressure or it can be molded cold and baked care¬ 
fully to bring about the hardening reaction. Moss'®® prepared resins coi»i)atible 
with cellulose acetate from a diphenylolnaphthene and formaldehyde. For ex¬ 
ample, 264 parts of diphenylol cyclohexane, resulting from the condensation of 
phenol with cyclohexanone,'®' 75 parts of 40 per cent formaldehyde solution and 
66 parts of phosphoric acid are heated under reflux until a resin is obtained which 
solidifies at about 50°C. It is purified by washing with water. Fusible resins 
can be treated for the removal of free phenol or formaldehyde by reaction with 
cyclohexanone.'®* Condensation products made by interaction of a phenol (jS-naph- 
thol, 4,4'-dihydroxy-i3,^'-diphenylpropane) with formaldehyde and an alkyl- or 
cycloalkyl-amine (piperidine, piperazine) have been proposed as anti-agers for 
rubber.'®* 

The condensation of diarylacetals with formaldehyde to yield resins has also 
been accomplished.'*® When 2 mols of acetal are condensed with 1 mol or less 
of formaldehyde, viscous oils or soft resins which liquefy without decomposition at 
high temperatures and are soluble in organic solvents are produced. Larger pro¬ 
portions of formaldehyde give viscous, insoluble, less fusible resins. 

Dreyfus and Schneider'*' have utilized the thiophenols (see Chapter 59) in 
place of phenols for preparing resins which can be incorporated in lacquers con¬ 
taining cellulose esters. Such compounds as the thiocresols,'*® thioxylenols, benzyl 
mercaptan or di-thiophenylol propane condense with formaldehyde or acetalde¬ 
hyde. Acid or alkaline catalysts may be used, but are not necessary. The resin 
and cellulose derivative are dissolved in a mutual solvent, and plasticizers 

H. Honel, J. Ehrenfeld and O. Reiclihold, British P. 417,122, Sept. 24, 1934, to Beck, Roller & 
Co.; Chem. Abs., 1935, 29, 1180. 

12* M. T. Harvey, British P. 283,803, 1920; Brit. Chem. Ahs. B, 1928, 237. 

12* F. Seebach, German P. 542,780, 1929, to Bakelite G m b.H.; Chem. Abs., 1932, 26, 3393. IJ. S 
P. 1,933,124, Oct. 31, 1933, to Bakehte G.m.b.H.; Chem. Abs., 1934, 28. 604. 

i»Carlcton Ellis, U. S. P. 1,557,521, Oct. 13, 1925; Chem. Abs., 1920, 20, 301. 

1*® W. H. Moss, U. S. P 1,873,849, Aug. 23, 1932, to Celanese Corp. of Amciica. Canadian P. 
319,730, 1932, to C. Dreyfus; Chem. Abs., 1932, 26, 6168. 

122 See Chapters 18 and 25. 

i»K. H Schuch, German P. 567,072, 1930, to Aug. Nowack A.-G.; Chem. Abs, 1933, 27, 1464. 

i2* H. M. Bunbury, J. S. H. Davis and W. J. S. Naunton, British P. 375,360, 1931, to Imperial 
Chem. Ind , Ltd.; Bnt Chem. Abs. B, 1932, 928. 

1** German P. 397,315, 1922, to Farbw. vorm. Meister, Lucius A Bruning; J.S.C.I., 1924 , 43. 879. 

1*1 C Drevfus and G. Schneider, U. S. P. 1,960,282, May 29, 1934, to Celanese Corp. of America; 
Chem Ab.^ , 1034 , 28, 4616. Canadian P. 325,064, 1932, to C. Dreyfua; Chem Abs, 1932, 26, 5440. 
British P 367.759, 1929, to British Celanese, Ltd.; Chem. Abs , 1933, 27, 2053. 

1*2 Aldehvdea condense more rapidly with thiocresols than with cresols. G. L. Stadnikov, N. M. 
Gavrilov and V. E. Rakovskii. /. Chem. Ind. (Moscow), 1925. 2. 315. 
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(triacetin, diethyl tartrate, dibutyl tartrate) are added. It is also possible to 
prepare a sulphur-containing resin of the phenol-aldehyde type by condensing thio- 
formaldehyde or thioacetaldehyde with phenol. Still another alternative is to con¬ 
dense phenol and formaldehyde in the presence of ammonium sulphide. The 
reaction requires 6 hours at 180®C. under increased pressure."** Other sulphur 
resins are discussed in Chapter 59. 


Chlorinated Phenols 


Resins made by condensing chlorinated phenol’^ with formaldehyde^ are 
characterized by being chemically inert and practically non-inflammable Ayls- 
worth (see also Chapter 20) prepared chlorinated phenol-aldehyde resins,^ and 
used them for incorporation with phenol-formaldehyde products. Steinmetz'*" 
specified the following procedure: about 136 parts of monochlorophenol are 
mixed with 75-100 parts of 40 per cent formaldehyde solution, and the mixture 
is heated under reflux with 5-10 per cent hexamethylenetetramine. A soluble 
fusible resin is formed, which can be hardened by the addition of sufficient quanti¬ 
ties of hexamethylenetetramine. 

BrunneP* treats an aqueous solution of formaldehyde and phenol at 40-45°C. 
with concentrated hydrochloric acid to obtain a viscous resin, or at 5-10°C. to 
obtain 6,8-bischloromethylbenz-l,3-dioxan, melting at 117°C. p-Cresol at 20°C. 
gives 3,5-bischloromethyl-p-cresol, melting at 86°C. while technical cresols at 
40°C. give a resin. Faster reactions at higher temperatures give resinous prod¬ 
ucts. The products can be further condensed with phenols, hydrogen chloride 
being eliminated. The crystalline compounds are intermediates for the prepara¬ 
tion of dyestuffs, synthetic resins and tanning materials. 

A mixture of benzoyl cyanide and resorcinol dissolved in dry ether containing 
a small quantity of zinc chloride, saturated m the cold with hydrogen chloride, 
quickly deposits a reddish-brown resin.'*® 

Datta and Prosad'“ dissolved the three isomeric hydroxybenzoic acids in aqueous 
ammonia and treated with iodine. The expected iodo-acid was crystallized from 
acetic acid but complex pink-colored material was also obtained insoluble in boiling 
solvents. p-Hydroxybenzoic acid gave a complex anhydride when heated with 
phosphorus oxychloride in ether solution."* This has been extended to cover mix¬ 
tures of hydroxybenzoic acids or their homologues by treatment with acetyl 
chloride or acetic anhydride, to form resins soluble in acetone, aromatic hydro¬ 
carbons and linseed oil. Such solutions applied to wood yield hard glossy films 

u*G. Brunn, Austrian P. 100,564, 1921; Brit. Chem. Ahs. B, 1926, 890. 

^ Chlorinate toluene reacts with phenol to produce resms. These are described in Chapter 56. 

large number of crystalline substances of the general formula HORiCHXRaOH, where Ri and 
Rtt are halogenated benzene residues, and X is hydrogen or an alkyl or aryl group, have been prepared 
by reacting halogenated phenols with formaldehyde. Such compounds are useful as moth-repeUants. 
M. Weiler, B. Wenk and H. Stdtter, U. S. P. 1,707,181, March 26, 1929; Chem. Ab$., 1929, 23, 2257. 
M. Weiler, B. Weok and H. Stotter, Canadian P, 284,773, 1928, to I. G. Farbenind. A.-G.; Chem. Ab«., 

1929, 23, 942. British P. 830,893 and 330,894, 1929, to I. G. Farbenind. A.-Q.; Brit. Chem. Aba. B, 

1930, 896. British P. 333,561, 1929; BrU. Chem. Aba. B, 1980, 1017. British P. 316,900, 1928; Bnt. 
Chem. Aba. B, 1929, 888. British P. 835,547, 1929; Brit. Chem. Aba. B, 1931, 18. French P. 651,646, 
1928, and addn. 39,585, 1930; Chem. Aba., 1929, 23, 3316; 1932, 26, 4827. British P. 383,493, 1932; Brit. 
Chem. Aba. B, 19M, 140. M. Weiler, K. Beires, B. Wenk and H. Stdtter, U. 8. P. 1,906,890, May 2, 
1933, to 1. O. Farbenind. A.-^G.; Chem. Aba., 1983, 27, 3624. 

J. W. AyUworth, U. S. P. 1,046,137, Dec. 8, 1912, Reissue 13,531, Feb. 11, 1913 ; Chem. Aba., 1915, 

9, 712. 

»»C. P. Steinmetf, U. 8. P. 1,215,072, Feb. 6, 1917; Chem. Aba., 1917, 11, 1048. Chlorophenol- 
formaldehyde resins hi 'e found use as coatings for fabrics. See Chapter 21. 

^A. Brunner, Qennan P. 550,826, 1929, to I. Q. Farbenind. A.-O.; Chem. Aba., 1032, 26, 4065. 
British P. 347,887, 1930; Brit. Chem. Aba. B. 1931, 711. A. Brunner, U. S. P. 1,807,729, June 2, 1931, 
to General Aniline Works; Chem. Aba., 1931, 25, 4288. 

'*W. Borsche and C. Walter, Ber., 1926, 59, 463. 

1*0 R. L. Datta and N. Prosad, J.A.C.S., 1917, 39, 447. 

Fischer and K. Freudenberg, Ann., 1910, 372, 45; Chem. Aba., 1910, 4, 2123. 
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reported to be resifc>tant to chemical reagents, oxidation, moisture and to light 
Silver salts of certain halogenated phenols have the property of splitting out silver 
halide to form amorphous compounds for which cryoscopic measurements indi¬ 
cated molecular weights from 2000-5000. Thus, the silver salt of symmetrical 
triiodophenol, in dry benzene with a trace of iodine, gave amorphous substances 
of the composition (CeHj20)„. Similar polymers can be made from the potassium 
or sodium salts of symmetrically trihalogenated phenols.'*® 

Gorman P. 344.034, 1920, to Farhw vom» Mei-^tor, Lncms & Btuning: J SC T , 1922 , 41, 301A 
W H IJuntor and G. H WooliKt, J ACS. 1921, 43. 135 



Chapter i8 

Phenol-Aldehyde Resins 
VI. Employment of Other Aldehydes 

In the manufacture of phenol-aldehyde resins other aldehydes may be used 
in place of formaldehyde and its polymers. For instance, acetaldehyde, butyral- 
dehyde, benzaldehyde, furfural,^ carbohydrates^ (such as sucrose), glycerol (which 
is readily dehydrated to acrolein), aldehyde derivatives (rnethylals) and some un¬ 
saturated hydrocarbons, e.g., acetylene (which in many of its reactions behaves 
as if it were the anhydride of acetaldehyde*) have been suggested. In addition, 
ketones, for examjile, acetone, may be condensed wij^h phenols to yield either resins 
or compounds which give resinous bodies on treatment with aldehydes. A dis¬ 
cussion of the latter types of substances is also included in this chapter. The em¬ 
ployment of all these materials in place of formaldehyde is of course contingent 
on some advantage to be gained thereby, such as a cheaper product, or one with 
more desirable characteristics. 


Acetaldehyde 

Phenol combines with acetaldehyde to form crystalline derivatives, though 
the reactions may be directed in such a manner that the major portion of the yield 
is resinous.* In general, synthesis of soluble fusible materials is effected and there 
is little danger an infusible product being formed. In order to obtain infusible 
masses, such as are desired in the manufacture of cast articles, moldings and var¬ 
nishes, more active methylene-containing agents are generally used, e.g., formal¬ 
dehyde, paraformaldehyde and hexamethylenetetramine. 

A water-soluble resin can be prepared by adding 44 parts of acetaldehyde to a 
cooled solution of 216 parts of crude cresol in 100 parts of sulphuric acid (sp.gr. 1.83) 
and 1000 parts of alcohol and heating under reflux.® Afterwards the alcohol is dis¬ 
tilled off with steam and the residue poured into cold water, from which crude di¬ 
hydroxy ditolylethane separates as a hard resin. This is broken up and added to 600 
parts of sodium sulphite dissolved in water and 200 parts of 30 per cent formaldehyde 
solution are added. The mixture is warmed^to dissolve the material and is then heated 
for 6-6 hours at 95-100®C. The solution is neutralized, filtered to free from precipitated 
impurities, and evaporated to dryness.® 

In another procedure phenol is condensed with acetaldehyde, paraldehyde, 
metaldehyde or tetraldehyde, in the presence of acids, bases, neutral, basic or acid 

^ See Chapter 24 for phenol-furfural resins. 

•See Chapter 30 for phenol-carbohydrate resins. 

•J. A. Nieuwland and S. A. Flood, J.A.C.S., 1928, 50, 2500. W. Heckel and P. Nashan (U. S. P. 
1,943,385, Jan. 10, 1934, to Gutehoffnungshiitte Oberhausen A.-G.; Chem. Abs., 1934, 28, 2018) have 
suggested a catalytic treatment of acetylene as a means of procuring acetaldehyde. 

* Mention has already been made (Chapters 13 and 10) of the observations of A. Baeyer, Ber., 
1872, 5, 1095; A. Claus and E. Tramer, Ber„ 1880, 19, 3004; J. Abel, Ber., 1892, 25, 8477 and A. Smith, 
U. 8. P. 043,012, Feb. 0, 1900 on the reaction of acetaldehyde with phenol. 

•Swiss P. 71,052, 1910, to Badische Anilm- A Soda Fabrik. 

•Sulphite waste-liquor has been suggested as a source of acetaldehyde. See O. W. Knight, U. S. 
P. 1,143,n4, June 22, 1915. See Chapter 30. 
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salts, to obtain a fusible resin. The latter is soluble in benzene and alcohol and 
can be further treated with formaldehyde to give an insoluble infusible resin.’ 
For instance, 100 g. of phenol or cresol* are used with 2 cc. of concentrated hydro¬ 
chloric acid and 46 g. of acetaldehyde. Kendall* obtained a fusible resin capable 
of being hardened with an active methylene-producing agent, by reacting 100 parts 
of phenol with 25 parts of acetaldehyde and approximately 2 parts of hydrochloric 
acid or a small proportion of sulphuric acid. 

Steindorff and Balle“ suggested that reaction between acetaldehyde and phenols 
(or cresols) be carried out in solvents such as carbon tetrachloride or trichloro¬ 
ethylene. Condensing agents, e.g., hydrochloric acid, sulphuric acid and thionyl 
chloride, were employed. The products were yellow resins soluble in the usual 
organic solvents, in linseed oil and in solutions of caustic alkali, and insoluble in 
aqueous alkali bicarbonate. As an example, technically distilled cresol is dissolved 
in an equal weight of carbon tetrachloride, concentrated hydrochlonc acid is added 
and the mixture stirred with paraldehyde at 25-30°C. for 16 hours. It is then 
neutralized and steam-distilled to recover the solvent and any unreacted cresol 
and the resin is thoroughly washed with warm water. 

A condensation product from acetaldehyde and phenol or cresol was em¬ 
ployed by Novotny^ for impregnating fibrous blanks which are to be used for 
making such articles as phonograph records, panels and gears. One hundred 
parts of phenol and 75 parts of acetaldehyde are brought into reaction by means 
of a catalyst (hydrochloric or sulphuric acid). The acid is removed by blowing with 
steam or by neutralizing with ammonia. The resin so prepared does not harden 
readily on heating but retains its thermoplastic properties for a long period. 
Protracted baking in an oven will, however, bring about hardening to an infusi¬ 
ble form. Hence it may be cold molded. The addition of 2 per cent of nigrosine 
black or zinc chloride as a final catalyst assists in the hardening. An intermediate 
product may be made from 100 parts of phenol and 35 parts of acetaldehyde in 
the presence of an acid and adding an acetaldehyde compound of sodium bisulphite 
as a hardening agent. Impregnation of paper, cardboard or other supports is 
effected by using a solution of the condensation product in a mixture of benzol and 
alcohol. A 5 per cent solution was recommended by Novotny. 


A resinous substance which remains soluble and fusible on heating was obtained 
by Potter and Fleet“ by condensing phenol or its homologues with acetaldehyde or its 
polymers. The proportions used were 100 parts by volume of phenol, 75 parts of paral¬ 
dehyde and 5 parts of concentrated sulphuric acid. Similarly 100 parts of phenol, 45 
parts of paraldehyde, 45 parts of 40 per cent formaldehyde and 5 parts of ammonium 
hydroxide (sp.gr. 0.88) may be used. More formaldehyde (or one of its polymers) 
can be added at some stage of the process to reduce the solubility and fusibility of the 
resulting material. 


A readily fusible resin was made from phenol and acetaldehyde by Ellis,’* em¬ 
ploying an excess of phenol, and an acid catalyst, e.g., sulphuric acid. The 
product, after hardening treatment with furfural (aided by a mild alkaline catalyst 
such as sodium carbonate), can be incorporated with hexamethylenetetramine’* 
and the resulting mixture used for molding. Clear, Readily soluble substances 


f Swiss P. 85,672, 1020, to BakeUte O.m.b.H. 

»Swiss P. 87,808, 1021, to Bakelite G.m.b.H. ^ ^ 

•D. 8. Kendall, British P. 150.154, 1022, to Condensxte Co.; 1022, 41, 558A. Canadian P. 

282,251, 1023; Chenu Abs., 1028, 17, 2041. _ ^ . 

^A. Steindorff and Q. Balle, Qennsn P. 855,286, 1020, to Farbw. vorm. Meister, Lucius A BrQning; 
J.8.CJ.. 1023, 42, 614A. 

^E. B. Novotny, U. 8. P. 1,370,565, Mar. 8, 1021; Chem. Ab«.. 1021, 15, 1075. See also British 
P. 175.828, 1020. 

»H. Potter and W. Fleet, British P. 150,847, 1021, to Damard Lacquer Co., Ltd.; J 8 C.L, 1021, 
40 780A 

* Ellia, U. S. P. 1,502.205, July 18. 1025; Chem, Ab»., 1025, 20, 3242 

s^Car eton EUia, U. S. P. 1,502,773, July 13, 1026; Chem. Abs., 1026, 20, 3242. 
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result from the action of gaseous aldehydes (diluted with inert gases, e.g., nitrogen 
or carlxin dioxide) upon phenols or solutions containing them.'® For example, a 
mixture of acetaldehyde vapor and carbon dioxide is passed at 50° C. for about 5 
hours through phenol containing a little dilute hydrochloric acid. 

Paraldehyde may be substituted for acetaldehyde. Thus, Ellis'® obtained a 
hard brittle resin by slowly adding 4 lb. of paraldehyde to 8 lb. of phenol, con¬ 
taining 1 fluid ounce of concentrated hydrochloric acid. The mixture became 
hot and was allowed to stand over night, after which it was heated to 150°C. 
under reflux for 1 hour. The resulting resin, with 10 per cent of hexamethyl¬ 
enetetramine, dissolved in an equal weight of denatured alcohol, was incorporated 
with the same weight of wood flour. The mix was dried in a vacuum oven. In 
the molding press, discs of the dried material cured readily in 2 minutes at 160°C. 
and 1000 lb. pressure. Aluminum palmitate or some other water-insoluble soap, 
blended with the resin in powder form, was effective in preventing sticking during 
molding. 

A soluble fusible condensation product was made by Baekeland and GotthelF 
by heating 1000 g. of phenol with 550 g. of paraldehyde and 50 cc of concen¬ 
trated hydrochloric acid. The water separated into a distinct layer and was re¬ 
moved. Addition of an agent with an active methylene group transformed the 
resin into a material capable of further hardening. Crystalline dihydroxydiphenyl- 
ethane, prepared from acetaldehyde and phenol, may be converted into a poten¬ 
tially reactive, brittle, transparent resin. Baekeland'* heated, for example, 100 
parts of dihydroxydiphenylethane with 10 parts of para form or 12 jiarts of hexa¬ 
methylenetetramine first at about 180°C. and later at 200°C. until a resin which 
solidified on cooling was obtained. 

Matheson'®" effected the reaction of phenol and acetaldehyde at 50-80°C. under 
pressure in the presence of less than 1 per cent of a condensing agent comprising a 
halogen derivative of a non-metal, as phosphorus oxychloride, acetyl chloride, benzyl 
chloride or the chlorides of sulphur. 

Butyraldehyde 

A resin was prepared by Ellis'® by heating phenol and butyraldehyde with con¬ 
centrated hydrochloric acid. A soft viscous brown substance was formed, which 
hardened considerably on heating. Furfural, with potassium carbonate as a 
catalyst, as well as hexamethylenetetramine, served to harden the product, which 
was adaptable for hot and cold molding or for varnishes, adhesives and impreg- 
nants. A related procedure is described by Schrimpe." 

Benzaldehyde 

Gluud and Breuer^ obtained fusible dark brown resins soluble in alcohol, ben¬ 
zene and aqueous solutions of alkali by condensing benzaldehyde with phenol 

“German P 426,866, 1923, to Progress A -G ; Brit Chem. Abs. B, 1926, 889 

“Carleton Ellis, U. S. P. 1,974,605, Sept. 25. 1934, to Ellis-Foster Co; Chcin. Abs, 1934, 28, 
7563. See also U. S. P. 1,500,303, July 8, 1924; Chem. Abs., 1924, 18, 2817. 

I'^L. H. Baekeland and A. H. Gotthelf, U. S. P. 1,598,546, Aug. 31, 1926, to Bakelite Corp ; Chem 
Abs., 1926 20, 3581, 

\«L. H. Baekeland, U. S. P. 1,637,512, Aug 2, 1927; Chem. Abs., 1927, 21, 3137 French P 634,925, 
1927; Chem. Abs., 1928, 22, 4844. British P. 295.442, 1927, to Bakelite Oorp.; Chem Abs., 1929, 23. 
2309. German P. 525,494, 1927; Chem. Abs, 1931, 25, 4139. See also Canadian P 228,557, 1922: 
Chem. Abs., 1923, 17. 1696. 

H. W. Matheson, U. S. P. 1,653,302, Dec. '20, 1927, to Canadian Electro Products Co.; Chem 
Abs., 1928, 22, 849. 

“Carleton Ellis, U. S. P. 1.4n.870, Dec. 18, 1923; Chem. Abs., 1924, 18, 760 

»C F. Schrimpe, V. S. P. 1,667.872, May 1, 1928, to Bakelite Corp.; Chem. Abs, 1928, 22. 2282 

* W. GlMud and P. K. Breuer, Ges. Abhandl. Kennt. Kohle, 1919, 4, 221; Chem. Abs., 1921, 15, 3550. 
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or cresols. Fifty parts of phenol, 53 parts of benzaldehyde and 2 parts of am¬ 
monium chloride were heated for 7 hours on an oil bath at r20°C. Coatings ob¬ 
tained from a spirit varnish made with this resin were somewhat soft. MichaeP 
also studied the formation of resinous bodies from benzaldehyde and phenols. 

In a process used by Novotny and Romieux^ the reaction of phenol with 
benzaldehyde is carried out in such a manner that the water liberated during 
condensation is removed almost immediately after it is formed. The product 
was hardened by heating with small quantities of inorganic acids, acid salts or 
methylene-engendering bodies. 

According to Driver,"^* o- and p-hydroxybenzaldehyde do not react with phenol 
in the presence of sodium or jiotassium hydroxide, but on refluxing with concen¬ 
trated hydrochloric acid, resins are secured in good yields. 

From a study of the derivatives of p-mtrobenzaldehyde, King and Lowy^' 
concluded that this substance may be condensed with two molecular equivalents of 
jihenol, resorcinol, thymol, o-nitrophenol or o-methylanisole to yield amorphous 
solids 

An essential oil having an aldehyde base, e.g., oil of cassia, oil of cinnamon or 
vanillin, was treated with a phenolic compound by McIntosh^ to give a fusible, 
soluble resin which by further heating could be transformed into a hard, infusible 
product One hundred grams of oil of cassia, for example, were digested under 
reflux for about 2 hours with 200 g of phenol and 2-5 g. of sulphuric or hydro¬ 
chloric acid. The material obtained was shiny, hard, black, and sweet-smelling 
and was reported to be suitable as a varnish or shellac substitute. 

A resin, stated to give water-resistant, elastic films, has been formed by the 
condensation of phenols with the oxidation products of certain hydrocarbons.’'* 
Saturated or unsaturated hydrocarbons with a chain of 2-6 carbon atoms (such 
as ethylene and other gaseous products from the cracking of oils) are oxidized 
by heating at AOO-IOO'^C. in the vapor phase (using acid jihosphates as catal\>ts) 
with 5-10 per cent of oxygen. The resulting yellow oil, containing various alde¬ 
hydes, principally formaldehyde, and some aliphatic acids, alcohols and esters, is 
reacted with a ])henol at 95-100*’’C. for 2-3 hours. After separating any water 
present, further heating under vacuum at the same temperature for 2 hours 
yields a resin which is fusil)le, but which can be hardened to an infusible bubble- 
free mass by an additional 12-hour heating. 

Acetylene 

Wenzke and Nieuwland’'^ studied the catalytic condensation of acetylene with 
phenol, the cresols, the naphthols, resorcinol and hydroquinone, pvrogailol and 
phloroglucinol, and various substituted phenols. Resorcinol and acetylene yielded 
ethylidene diresorcinol with linkage ortho and jiara, respectively, to the two 
hydroxyl groups. This compound then lost a molecule of water to form dihydroxy- 
methylxanthene. The catalysts used consisted of mercury salts in concentrated 
sulphuric acid. It was stated that phenol absorbed acetylene very readily, but 
the product formed did not have the properties of the ethylidene diphenol (di- 
hydroxy diphenylethane) prepared from acetaldehyde and phenol by the method 

**A. Michael, Am, Chem, J., 5, 338. See Chapter 13 

** E. E. Novotny and C. J. Romieux, U. S P. 1,738,310, Dec 3, 1929, to J. S. Stokes; Chem. Abs., 
1930, 24. 981. 

«J. E. Driver, J.8.C.J , 1927. 46. 197. 

C. G. Kin>r and A. Lowy, J.A.C.8., 1924. 46, 757. See also P Danckwortt. Ber., 1909. 42. 4163 

a®J. McIntosh, U. S. P. 1,679,322, July 31, 1928, to Diamond State Fibre Co. ; Chem. , 1928, 
22. 3792. 

« French P. 735,906, 1932, to I. Q. Farbenind. A.-G.; Chem. Ab$., 1933, 27. 1221. 

*• H. H. Wenzke and J. A. Nieuwland, J.A.C.8., 1924, 46, 177. 
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of Claus and Trainer.®’ This seemed especially striking since the same catalysts 
(mercury salts) can he employed to convert acetylene to acetaldehyde.*® In a 
later work, Nieuwland and Flood‘‘‘ reported that acetylene and acetaldehyde are 
probably alike in their reaction with phenols. The primary reaction product of 
the catalytic condensation of acetylene and resorcinol, as well as of acetaldehyde 
and resorcinol, was identified as vinyl resorcinol.**' 

Matheson and Nieuwland*® passed dry acetylene into phenol or cresol containing 
2.1-4.0 per cent of mercurous sulphate and 1-2 per cent of sulphuric acid at 90-115®C. 
until approximately 14 per cent of acetylene was absorbed. Glacial acetic acid served 
as a solvent and the temperature was raised to 120-150®C. at the end of the operation. 
The product may be combiiu'd with aldehydic hardening agents and rendered infusible 
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and insoluble by heating under pressure. The use of other hydrocarbons containing 
a triple bond was suggested. Matheson and Skirrow** described a process of treating 
a soluble fusible acetylene-phenol compound with aldehydes and other hardening 
agents to transform it to the infusible insoluble stage. Thus, an acetylene-phenol 
resin is treated with less than 35 per cent of acetaldehyde and then hexamethyl¬ 
enetetramine IS added. When over 35 per cent of acetaldehyde is employed, generally 
no additional agent is necessary. The product can be used jn molding materials or as a 
varnish.®* 

According to Melamid,*® if acetylene is admitted for a considerable period of 
time into a mixture of cresols (in the presence of sulphuric acid and a mercury 
salt as catalyst) and the latter then is submitted to a vacuum distillation, a high- 
boiling distillate is obtained, which is completely soluble in water when sul- 

® A. Claus and and E. Trainer, Ber , 1886, 19, 3009. See Chapter 13 

*>H. W. Matheson, British P. 132,557, 1918; Chem. Abe,, 1920, 14, 288. U. S. P. 1,384,842, July 19, 
1921; Chem. Ab» , 1922, 16, 2518. Reissue 15.434, Aug. 22, 1922; Chem. Abs., 1922, 16. 2518. Canadian 
P. 218,373, 1922; Chem. Abs , 1922, 16. 3665. R. R Vogt and J. A. Nieuwland, J A.C.S., 1921, 43, 2071 

«J. A. Nieuwland and S. A. Flood, V.A.C.S, 1928 , 50, 2566. 

** Acetylene also condenses with ben7.eue hvdtorarhons in the presence of mercury catalysts. See 
J. S. Reichert and J. A. Nieuwland, J.A.C.S., 1923, 45, 3090. J. A. Reillv and J. A. Nieuwland, 
J.A.C.8., 1928, 50, 2564. 

“H. W. Matheson and J. A. Nieuwland, U. S. P. 1,707,940,-41, April 2, 1929; Chem. Aba., 1929, 
23, 2585. British P. 227,210 and 232,277, 1923, to Canadian Electro, Pi-oducts Co, Ltd.; Chem. Aba., 
1925, 19, 2752, 3605. See also J. A. Nieuwland, British P. 183,830, 1922, to Shawinigan Laboratories, 
Ltd.; J.5.C./., 1924, 43, 265B. 

“H. W. Matheson and F. W. Skirrow, U. S P. 1,788,722, .Tan 13. 1931, to Canadian Electro 
Products Co., Ltd.; Chem. Aba., 1931, 25, 1109. See also H. W. Matheson and J. A. Nieuwland, 
Canadian P. 250,295, 1925. J. S! Reichert and J. A. Nieuwland, / A.C.S., 1923 , 45, 3090. 

»H. W. Matheson. U. S. P. 1,650,899, Nov. 29, 1927, to Canadian Electro Products Co., Ltd.; 
Chem. Aba., 1928, 22, 691. Canadian P. 262,391, 1926; Chem. Aba., 1926, 20, 3580. 

•M. Melamid, U. S. P. 1,710,266, April 23, 1929, to Canadian Electro Products Co., Ltd.; Chem. 
Abs., 1929, 23. 2842. BHtish P. 163,679, 1920; J.8.C.I., 1922, 41, 261A. 
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phonated. This exhibited the properties of a tanning agent. The distillation 
residue is a hard, transparent resin soluble in alcohol and benzene. 

Melamid gives the following procedure: Two hundred parts by weight of com¬ 
mercial cresol are added with cooling to about 40 parts of ^ per cent sulphuric acid, 
5 parts of mercuric sulphate and 1 part of ferric chloride. A slow current of acetylene 
is admitted with stirring for a period of about 12 hours at room temperature. The 
resulting viscous mass is dissolved in benzene, separated from the catalyst by filtra¬ 
tion and washing with water, dried and submitted to fractional distillation under a 
pressure of 8 mm. Up to 100®C. benzene and cresols pass over together, and be¬ 
tween 100-200® a liquid product is obtained, leaving behind the resin described above. 

In an analogous procedure®^ crude phenol or cresol is added to a solution of mercuric 
oxide in 30 per cent sulphuric acid and acetylene is passed into the vigorously stirred 
mixture. When the absorption is complete, the viscous reaction product is separated 
from the aqueous solution and washed. Excess phenol is driven off by steam and the 
mercury is eliminated by treatment with alcohol or benzene. A transparent residue, 
melting at about 100®C., was found to be soluble in sodium hydroxide but not in 
sodium carbonate. If phenolsulphonic acid is used instead of phenol, the condensation 
product is soluble in water and is said to be useful as a tanning material. 

A permanently fusible acetylene-phenol-aldehyde resin is described by Novotny 
and Kendall.*® This is made by heating a phenol-acetylene resin with 0.5 per 
cent of sulphuric acid in an autoclave to a temperature of about 125°C. and 
gradually adding up to about 8 per cent of paraldehyde with further increase 
of temperature and pressure. The acid is then neutralized and the resinous bodies 
removed. The material was stated to resemble shellac in its properties. A better 
grade of resin was secured by treatment with steam. Infusible products were ob¬ 
tained by heating the resin with hexamethylenetetramine at 90-200° C. 

Methods of preparing soluble fusible acetylene-phenol compounds have been dis¬ 
cussed by Schrimpe.*® He treated 2.2 kg. of phenol, 880 cc. of water, 220 g. of 
concentrated sulphuric acid, and 45 g. of mercuric sulphate with acetylene. Addi¬ 
tional mercuric sulphate tends to further activate the reaction. Schrimpe stated 
that the resin is of the type prepared by Baekeland and Gotthelf^* from phenol 
and acetaldehyde, and that the first reaction product is probably vinyl sulphuric 
acid, CHa=CHS 04 H, which reacts with phenol to form ethylidene diphenol (di- 
hydroxydiphenylethane). 

A modified catalyst consists of a porous* substance, e.g., kieselguhr or wood 
charcoal, impregnated with a solution of mercuric oxide in sulphuric acid. This 
mass is introduced into a solution of phenol in benzene and the mixture is treated 
with acetylene.*' 

The material obtained by condensing phenols with acetylene under pressure at 
100-300°C. in the presence of an organic base, instead of treatment with alde¬ 
hydes, may be sulphonated to yield tanning agents, esterified with polybasic or¬ 
ganic acids, or condensed with ethylene oxide to give water-soluble ethers." 

In place of mercury salts, the use of zinc or cadmium salts of acetic or other 
organic acids has been suggested." No sulphuric acid is needed with this type of 
catalyst, the acetylene being introduced into phenol, cresol, o-chlorophenol, resorcinol 
and similar substances at 100-300°C. Reaction is usually carried out at 5-10 at- 

German P. 422,904, 1914, to Chem. Fabr Gustrow, HillringhauH and Hejlmann; Brxt. Chem Aba. 
B, 1926, 596 

WE. E. Novotny and D. S. Kendall, U. S. P. 1,470,637. Oct. 16, 1924, to J. S. Stokes; Chem. Aba., 
1024, 18, 175. 

WC. F. Schrimpe, U. S. P. 1,742.519, Jan. 7, 1930, to Bakehte Coip ; Chem Aba., 1930 , 24, 1125. 

WL. H. Baekeland and A. H. Gotthelf, U. S. P. 1.598,546, Aug. 31, 1926; Chem. Aba, 1926, 20, 
3581. See nection on acetaldehyde-phenol reeins in this chaptei. 

German P. 523,998, 1924, to A.-G. fUr aieimewerte; Chem. Abs., 1931, 25, 3856. C Stein, 
French P. 678.283, 1929; Chem Aha., 1930, 24, 3662. 

British P. 413,640. 1933, to I G. Farbemnd. A.-G.; Bnt. Chem. Aba. B, 1934, 826 

“British P. 407,997, 1932, to I. G Farbenind. A.-G.; Bnt. Chem. Aba. B, 1934, 591. French P. 
758,042, 1934; Chem. Aba., 1934, 28. 3255. 
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mospheres pressure under nitrogen. With phenol a clear resin (m.p. 1(X)-130®C ) 
was obtained, which could be hardened by hexamethylenetetramine or estenfied 
with linoleic acid to form a soft, alkali-soluble resin. Darker resins resulted when 
resorcinol, diphenylolpropane and o-chlorophenol were used. 


Acetone and Other Ketones 


Condensation products of phenol and acetaldehyde, as previously mentioned, 
have a tendency to be crystalline. Compounds made by the interaction of acetone 
and phenol exhibit this tendency to a still greater degree. Usually 4,4'-dihydroxy- 
diphenyldimethylmethane is formed first, tins is separated and purified, and then 
reacted with additional acetone. Or a more reactive aldehyde (as formaldehyde) is 
used to give resinous products. 

Dianin*^ prepared 4,4'-dihydroxydiphenyldimethylmethane (p-diphenyloldi- 
methylmethane) by heating 220 g. of acetone with 1600 g. of phenol, 1800 cc. 
glacial acetic acid and 600 cc. hydrochloric acid (sp.gr. 1.19) at 40-50°C. for several 
days in a bomb. The compound 



crystallized as needles or prisms, having a melting point of 151-152° and could 
be recrystallized from water. Arvin ^ states that by using an acid-soluble boron 
compound such as boric acid in conjunction with an acid condensing agent such 
as hydrochloric, or sulphuric acid, the yields of p-phenyloldimethylmethane are in¬ 
creased and purer products result. 

Jordan^ condensed m- and p-cresol with acetone, using hydrochloric acid, 
phosphorus oxychloride or metallic halides at temperatures up to 100°C , and 
obtained dimer products, useful as disinfectants and deodorants. The material 
derived from m-cresol was considered to have the formula 


OH, 

A 

OH, 

/\ 

1 1 


'\/0» 

c 

/ \ 

/ \ 

CHa CHa 

and that from p-cresol was thought to be 

CH, CH, 



*^A. Dianin, J. Ru»». Phys.^Chem. Soc., 1891. 23, 499; Ber., 1892, 25, 334R. 

*• J A. Arvm, U. S. P. 1,986,423, ,’3an. 1, 1935, to E. I. du Pont de Nemours & Co ; Chem. Abs . 
1935, 29, 1103. 

H. Jordan, U S. P. 1,854,940, April 19, 1932, to Schering-Kahlbaum A.-G ; Chem, Aba,, 1932, 
26. 8385. British P. 273,684 and 308,741. 1927; Chem. Aba,, 1929, 23, 1911; 1930, 24, 382. German P 
486,768, 1926; Chem, Aba., 1930, 24, 2256. French P. 645,271, 1927; Bnt Chem, Aba B, 1929, 236. 
See also U. 8. P 1,696,769, Dec. 25, 1928. to Chem. Fabr. E. Schermg A.-G.; Chem. Aha., 1929, 23, 
852. British P. 279,856, 1927; Chem. Age {London), 1928, 17, 14. Swiss. P. 127,522, 1927; Chem. Aba.. 
1929, 23, 1139. Also British P. 293,863, 1928; Bnt. Chem. Aba. B. 1929, 636. AUo U. S. P. 1,961,397, 
June 5, 1934; Chem. Aba., 1984, 28, 4848. 
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When a mixture of m- and p-cresols was used, the products were separated by frac¬ 
tional crystallization from ether, the m-cresol derivative crystallizing while the p-cresol 
form remained in the mother liquor. The former melts at 73-75®C. and boils at 
187®C., the latter boils at 192® (03 mm. mercury). Condensations were made also 
with methyl ethyl ketone and cyclohexanone and resulted in compounds of related 
structure. The vacuum-distilled products solidified on cooling to clear or light- 
yellow amorphous masses. 

Niederl and Casty" conducted an extensive study of the structure of acetone- 
cresol compounds, and proposed a number of formulas. They stated that if a 
mixture of o-cresol and acetone or phorone is treated with cold concentrated sul¬ 
phuric acid there results a condensation product which may be termed di-o-tolylol- 
phorone (m.p. 245®C.). This gives sodium and potassium salts when treated with 
alcoholic alkali hydroxide solution. Similarly p-cresol and acetone furnishes di- 
p-tolylolphorone ether (m.p. 137°). The constitution of di-m-tolylolphorone ether 
follows from the production of thymol, menthol and trimethylcoumarone from it, 
by successive oxidation, elimination of carbon dioxide or water, and hydrogenation. 


CH, H, O H, CHa 



di-o-iolylolphorone 


CH, H, O H, CH, 



di-p-tolylolphorone ether 


Gsell" reported producing solid substances by boiling 60 cc. of acetone and 50 
g. of resorcinol with 3-5 cc. of strong hydrochloric acid. A colorless, finely crystal¬ 
line substance (m.p. 315®) was secured by Baker" by refluxing 2 mols of catechol 
with 3 mols of acetone for 48 hours in a mixture of acetic acid and concentrated 
hydrochloric acid. This was considered to be 5,6,5',6'-tetrahydroxy-3,3,3',3'- 
tetramethylbis-l,r-spirohydrindene and to have the following structural formula 


H,C CH, 



^CH, 

B. Niederl, J.A.C.S., 1928, 50, 2230. J. B. Niederl and R. Casty, M(mat9h., 1929, 51. 86; 
Bnt. Chem. Abs. A, 1929, 551. J. B. Niederl, Monatsh., 1982, 60, 150; Brit. Chem. Ab». A. 1932 , 842. 
See also British P. 273,6lM, 279,856 and 279,857, 1929, to Schering-Kahlbaum A.-Q.; Brtt. Chum. Abt. 
B, 1929, 237, 316. 

«J. Gsell, Chem.-Ztg., 1914, 38. 541; /.5.C./.. 1914, 33, 875. 

" W. Baker, 1934, 1678. 
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It is believed that the 3 mols of acetone first unite to form phorone, which in turn 
condenses with the catechol. This was borne out by the fact that substitution of 
phorone for acetone in the preparation resulted in a similar end-product. 

A procedure for the preparation of dihydroxydiphenyldimethylmethane (m.p. 150- 
154®C,) has been given by Beatty.®® A mixture of 840 parts by weight of phenol, 
175 parts of acetone and 74 parts of hydrochloric acid (sp.gr. 1.20) is allowed to stand 
at 30-40* until the entire mixture becomes solid. The crystals thus produced are 
washed with dilute acetic acid and, if necessary, recrystallized from water or dilute 
acetic acid and dried. To form a resin from this compound, 228 parts are then dis¬ 
solved in 60 parts of hot 40 per cent formaldehyde solution and 2.28 parts of sodium 
hydroxide' are added. The mixture is heated to 100*C. until the reaction proceeds to 
completion. A brittle resin is obtained, soluble in acetone, alcohol, an yl alcohol, 
amyl acetate, acetylene tetrachloride and strong alkali. Acidification of the alkaline 
solution gives a resin which is insoluble in alkali, linseed oil, turpentine and mineral 
oils. Longer heating produces a material insoluble in all solvents. 

The reactions, according to Beatty,*^ are as follows: 


OH 

/ 

CeH, 


H,C C,H40H 

\ / 

H.C / \ 

\ / CH 2 OH 

C + 2CHaO — 

c 

/ \ 

/ \ OH 

H,C C,H40H 

H,C \ / 


C,Ha 


\ 


CHaOH 


Two molecules of this product then condense (the hydrogen of the phenolic hydroxyl 
uniting with the hydroxyl of the carbinol group) with the splitting out of water. 
Acids, alkalies or acid or basic salts may be used as catalysts. The process is 
varied by using other ketones in place of acetone and cresols instead of phenol.®* 
Camphor, acetanilide, triphenylphosphate or alkyl derivatives of the benzenesul- 
phonamides may be incorporated as plasticizers.®* The products are intended for a 
variety of uses,®® e.g., in varnishes,®® in cellulose acetate compositions®® for arti¬ 
ficial silk filaments and fabrics made therefrom,*" in films,®* as a coating for films®® 
or for the manufacture of sound records.®® 

A phenol-ketone resin made by McIntosh®^ was suggested for use in electrical 
insulation. Phenol and acetone or methyl ethyl ketone may be boiled under re¬ 
flux with a catalyst (sulphuric acid, bromine, pyridine) until a gummy mass results. 
This is further heated at 120-130®C. to a shellac-like solid and then dissolved 
in a solvent (e,g., acetone or alcohol). Hexamethylenetetramine (5 per cent) is 
added and the solvent is removed by distillation. The resulting material is sub¬ 
jected to heat and pressure to convert it into an infusible form. Ketone-phenol 

6® W, A. Beatty, U. S, P. 1,225,748, May 15, 1917; Chem. Abt,, 1917, 11, 2142. 

«W. A. Beatty, U. S. P. 1,156,959, Oct. 19, 1915; Chem. Abs., 1915, 9, 8358. U. S. P. 1,225,748, 
1,225,749, 1,225,750, Oct. 19, 1915, to G. W. Beadle; Chem. Abs., 1917, 11, 2142, 2143, 2144. French P. 
447,647, 1912; J.S.CJ., 1918 , 32, 244. British P. 18,824, 1912; Chem. Aba., l9l4, 8, 585. 

“W. A. Beatty, U. S. P. 1,158,962, Nov. 2, 1915; Chem. Ab$., 1916, 8. 278. 

“W. A. Beatty, U. S. P. 1,188,856, June 20, 1916; Chem. Aba., 1916, 10, 2146. 

**C. W. Rivise (Plaattca, 1924, 4, 429; Chem. Aba., 1928, 24, 4209) has compiled the information 
from the W. A. Beatty patents in an article on dihydroxydiphenyldimethylmethane (diphenylolpropane). 
Its preparation and applications are discussed. 

«W. A. Beatty, U. 8. P. 1,113,926, Oct. 18, 1914; Chein. Aba., 1914, 8, 3866. 

MW. A. Beatty, U. 8. P. 1,158,960, Nov. 2, 1915; Chem. Aba., 1916, 10, 275. 

«W. A. Beatty, U. 8. P. 1,156,969, Oct. 19, 1915; Chem. Aba., 1915, 9, 3358. 

»W. A. Beatty, U. 8. P. 1,158,961, Nov. 2,4915; Chem. Aha., 1916, 10, 275. 

MW. A. Beatty, U, 8. P. 1,158,968, Nov. 2, 1915; Chem. Aha., 1916, 10, 158. 

MW. A. Beatty, U. 8. P. 1,158,964, Nov. 2, 1915; Chem. Aba., 1916, 10, 257. 

«J. Mdntorii, U. 8 . P. 1,448,556, Mar. 13. 1928, to Diamond State Fiber Co.; Chem. Aba., 1923, 
17. 1852. 
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resins are said to form hard, resistive, odorless, lightproof bodies when mixed with 
such filling materials as chalk, dolomite, magnesia, alumina, metal oxides, asbestos, 
cellulose, wood or wool.** 

Liquid resinous substances soluble in dilute alkalies were obtained by Amann 
and Fonrobert*® on treating a hydroxyarylmethane (derived from the condensation 
of a ketone and a phenol) with an aldehyde in alkaline medium at 60-80°C. 
The resin, precipitated by addition of acid, was transformed into an insoluble in¬ 
fusible form by heating. 

Terwilliger** recommended condensing a coal-tar fraction, boiling between 184- 
224°C., with an aldehyde, using an alkaline catalyst. Acetone, or light or heavy acetone 
oil, may be employed simultaneously. For example, a resin was prepared from 100 
parts of coal-tar oil (b.p. 184-224®C.), 30 parts of acetone, 50 parts of paraformaldehyde 
and 3 parts of sodium hydroxide. The degree of condensation is regulated by the 
temperature to which the mixture is heated or by the duration of heating. 

Walker® treated a phenol first with an aliphatic ketone and then with an 
aliphatic aldehyde, either or both reactions being carried out with alkaline catalysts. 
A white crystalline product was formed if, after the second step, acid was added 
to bring the pn value to about 6. The product from phenol, acetone and formal¬ 
dehyde had a melting point of 123-127°C. 

Moss® used equimolecular proportions of phenol and acetone with hydrochloric, 
boric, phosphoric or sulphuric acid as catalysts to yield a resinous substance 
soluble in benzene, acetone and alcohol. The reaction was described as taking 
place in two stages; first, the formation of diphenylolpropane, recalling the product 
obtained by Dianin®’ and second, combination with the remaining acetone to give 
the resin. Piphenylolpropane (dihydroxydiphenyldimethylmethane) may also be 
condensed with ketones other than acetone, e.g., methyl ethyl ketone, diethyl ketone 
or chloracetone or with aldehydes. A direct union of 1 mol of diphenylolpropane 
with less than 2 rnols of an aldehyde may also be made. For example when formal¬ 
dehyde is used and condensation carried out at 110-130°C., a resin is formed with 
a melting point of 140-150®, Moreover, it can be heated to this temperature for 
a considerable time without overcondensation, thus permitting the unreacted sub¬ 
stances to be driven off. The diphenylolpropane resins m general are said to be 
adaptable for use with cellulose esters and ethers in lacquers and adhesives, in¬ 
cluding cements for laminated glass. Diphenylolpropane® may be replaced by 
diphenylol-cyclohexane, this being accomplished by sul)stituting cyclohexanone for 
acetone in the initial reaction. 

The crude products obtained by the interaction of phenol with ketones were 
treated with a solution of an alkali or alkaline earth. The slightly soluble salt 

•a German P. 527,866, 1921, to Chem Fabrik. K. Albert G in b H.; Chem. Ab» , 1931, 25, 5259. See 
also German P. 494,778, 1921; C/iew. Abs., 1930, 24, 3615. 

•“A. Amann and E Fonrobeit, U. S. P. 1,614,172, Jan 11, 1927, to Chem. Fabr Dr. K. Albert 
GmbH.; Chem. Abs , 1927, 41, 805 British P. 261,522, 1925, Chem Aba, 1927, 21, 3474. German P 
494,778. 1921; Chem. Aba, 1930, 24, 3615. See also Gemian P 527,866, 1921; Chem. Aba., 1931, 25, 5259. 

®*C. O. Terwilliger, U. S, P. 1,624,638, April 12. 1927, Chem Aba., 1927, 21, 1890. British P. 
218,638, 1923; tbtd , 1925, 19, 581. Canadian P. 258,978, 1926, ibtd., 1926, 20, 2420. See also British P. 
218,277, 1923; Chem. Aba., 1925, 19, 581. 

»0E. E. Walkei, British P. 298,680, 1927, to Biiti.sh Dve-tiilTs C^rp., Ltd. ; Chem. Aba., 1929, 23, 3060. 

«»W. H. Moss, U S. P. (all to Celanese <>>ip. of Ainercia) 1,848,644, Mar. 8, 1932; 1.878,249, S€|)t. 
20, 1932, 1,920,100, July 25, 1933; 1,923.111, Aug. 22, 1933; 1,929,209, Oct. 3, 1933; 1,929,559, Oct. 10. 
1933; 1,958,488, May 15. 1934; Chem. Aba, 1932, 26. 3125; 1933, 27. 435, 4944, 5168, 5753; 1934, 28. 89, 
4616. British P. (to Brit. Olanese, Ltd.) 299,065 to 299,067, 1927; Chem. Aba., 1929, 23, 3115 ; 342,429, 
1929; Brit. Chem. Aba. B, 1931, 405 ; 342,674, 1929; Bnt. Chem. Aba. B. 1931, 598; 366,586, 1929; Brtt. 
Chem. Aba. B, 1931, 452 ; 369,294, 1930; Chem. Aba., 1933 , 27 . 3045 ; 401,299, 1933; Chem. Aba., 1934, 28, 
2489 and 409,896, 1933; Brtt. Chem Abs. B. 1934, 592. Canadian P. 319,730, 319.731 and 319,732, 1932, to 
C. Dreyfus; Chem. Aba., 1932, 26, 2609. 

^ A. Dianin, loe. cit. 

•• For further information on the formation of diphenylolpropane see R. Greenhalgh, U. S. P. 
1.977,627, Oct. 23, 1934, to Imperial CJhem. Ind., Ltd.; Chem. Aba., 1935, 29, 181. British P. 395,732, 
1933; Chem. Aba., 1934, 28, 492. Also S. Kohn and E. Schub, U. S. P. 1,978,949. Oct. 30, 1934, to 
Rohm A Haas Co., Inc.; Chem. Aba., 1935, 29, 181. 
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which formed could then be separated, according to Koch and Guthke,® from 
the readily soluble phenolate derived from excess phenol in the reaction mixture. 

Schuch’^ reconunended mixing fusible condensation products from phenol and 
formaldehyde with cyclohexanone in an amount sufficient to combine with any 
free phenol and formaldehyde. A heat-hardening resin resulted. Braun, Anton, 
Haensel and Werner” obtained resinous products through the reaction of cyclo¬ 
hexanone with phenol and m-cresol, using hot hydrochloric acid. Diphenylol¬ 
propane-formaldehyde resin has been suggested for use in a cellulose acetate 
composition for coating rubber-insulated cables’* Irey formed the condensation 
product of a phenol and a ketone and treated it with formaldehyde in amounts of 
0.1-0.4 mols for each mol of phenol in the initial reaction. By this means he secured 
a resin soluble in ordinary drying oils.” Hill and Walker” used o-cresol with ketones 
and aldehydes to give a similar product. Kraus” condensed phenol, acetone and 
formaldehyde with an alkaline catalyst to obtain resins that could be hardened by 
heat and pressure. A similar procedure is described by Siissenguth,” who further 
treats the resin with an acid (citric, phosphoric) to secure a heat-hardenable sub¬ 
stance. He considers that diphenylolpropane formation does not take place in this 
case, but that a different type of material is synthesized. Finkelstein” and Steim- 
mig” found that cyclic ketone resins are compatible with nitrocellulose, dissolving 
readily in glycol ethers, e.g., ethylene glycol methyl ether, and their esters.” 

Mixtures of aromatic hydroxy compounds and cyclic ketones were heated with 
aldehydes in the presence of condensing agents by Schmidt and Seydel.“ Resins 
were produced from phenol, cresol or a-naphthol, cyclohexanone or methylcyclo- 
hexanone and 30 per cent formaldehyde, benzaldehyde or paraldehyde. Seydel 
and Roh” dissolved a mixture of phenol and cyclohexanone m benzene and sub¬ 
jected it to a current of dry hydrogen chloride. Bis-p-hydroxyphenyl-1,1-cyclo¬ 
hexane was formed and this compound, when dissolved in alcohol and treated 
with formaldehyde and concentrated hydrochloric acid, yielded a resin-like product 
melting at 180-200*C. 

Mixtures of cyclic ketones and aromatic or hydroaromatic hydroxy compounds 
(e.g., cyclohexanol or phenol) may be condensed" in the presence of acid, alkaline 
or neutral condensing agents to obtain resins said to be stable to light, alkalies 
and acids, soluble in linseed oil and useful in the manufacture of lacquers." A 
variety of products may be obtained by the condensation of phenols with a- and 
^-unsaturated ketones." With a phenol such as resorcinol, the yield is said to be 
almost quantitative. The substances formed varied in color with the different 

«»W. Koch and F. W. Guthke, German P. «04,40«, 1934, to I. G. Farbenind. A-G.; Chem. Abs., 
1935 29* 855. 

^K. A. Schuch, German P. 557,072, 1930, to Aug. Nowack A.-G.; Chem. Aba., 1933, 27, 1464. 

von Braun, E. Anton, W. Haefisel and Q. Wemer, Ann., 1929, 472, 1; Bn(. Chem. Aba. A, 1929, 

1059. 

^H. Dreyfus, British P. 407,709, 1934; Chem. Aba., 1934, 28, 5263. 

^«K. M. Irey, U. S. P. 1,948,469, Feb. 20, 1934, and 1,970,912, Aug. 21, 1934, to Resmox Corp.; 
Chem. Aha., 1934, 28, 2928, 6330. 

*r«A. Hill, R. Hill and E. E. Walker, British P. 401,300, 1932, to Imperial Chem. Ind., Ltd. ; Bnt 
Chem. Aha. B, 1984. 71. 

'»W. Kraus, Austrian P. 135.858, 1933; Chem. Aba., 1934 , 28, 2556. 

^«0. SUsMnguth, U. S. P. 1.089,951. Feb. 5. 1935, to Bakelite G.m.b.H.; Chem. Aba., 1935, 29. 1904 

”H. Finkelstem, U. 8. P. 1.801.340, April 21, 1031 and 1,812,145, June 30, 1031, to I. G. Farbenind. 
A.-Q.; Chem. Aha., 1981, 25, 8502, 5048. 

^G. Steimmig, U. 8 . P. 1,888,060, Oct. 18, 1033, to I. G. Farbenind. A.-p.; Chem. Aba . 1933, 27, 857. 

^ A discussion of mixtures of synthetio resins and cellulose esters is found in Chapter 68. 

*<*0. Schmidt and K. Seydel, German P. 407,668, 1922, to Badische Amlin- A Soda-Fabr., J.S.C.I., 
1925, 44, 461B. 

*^K. Seydel and N. H. Eoh, German P. 484,730, 1926, to I. G. Farbenind. A.-G.; Chem. Aba., 
1930, 24, 1236. 

«British P. 276,518, 1926, to T. G. Farbenind. A.-G.; Brit. Chem. Aba. B. 1927, 851. 

**E. ]giorten (German r. 467,728, 1927, to I. G. Farbenind A.-G.; Chem Aba., 1929, 23, 1729. 
French P. 647,454, 1928; Chem. Abe., 1929, 23, 2540) condensed phenols with hydroaromatio ketones in 
the presence of a halogen hydraoid to obtain products useful as dye or drug intermediates. 

^German P. 357,755, 1^, to Chem. Fabrik. vorm. Weilerter Meer; Chem. Aba., 1923, 17, 2118. 
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constituents. For example, the compound from phenol and styryl methyl ketone 
is a gray powder, that from resorcinol and the same ketone Is a yellow powder. 
Sen and Basu® studied the reaction between cyclohexanol-2-carboxylate and 
phenols. They found that ethyl cyclohexanone-2-carboxylate and resorcinol (with 
phosphorus pentoxide) yielded tarry resinous substances. 

Diphemc anhydride and resorcinol, heated at 135-150®C. with zinc chloride, 
form an amorphous ruby red glass® One reaction which is believed to take 
place is 


O 



According to Underwood and ("lough,'^ this material contains resorcinoldiphenein 
and an amorjihous condensation product derived from diphenyleneketone-4-car- 
boxylic acid. Amorphous derivatives of the dipheneins from resorcinol and sub¬ 
stituted diphenic anhydrides have also been described.® 


Unsaturated Aldehydes and Polyhydric Alcohols 

Resins can be made from phenols and unsaturated aldehydes. Acrolein, 
CHa=CHCHO, is a dehydration product of glycerol, CH 2 OHCHOHCH 2 OH, and 
the two can, therefore, be logically considered in the same group. Darke and 
Lewis,® from a study of some of the resinification reactions of glycerol, conclude 
that the polyhydric alcohol is probably first converted to acrolein. Maksorov and 
Andrianov® report that when phenol and glycerol are condensed the glycerol 
appears to be first converted into acrolein and polyglycerides which then combine 
with phenol.*' The condensations of phenol and unsaturated aldehydes such as 
acrolein, should therefore be considered first. 

A hard, insoluble, non-conducting resin was produced by Moureu and Du- 
fraisse® in a single operation by condensing phenol and acrolein with about 1 i^r 
cent of sodium hydroxide. Acrolein, they state, may be replaced by its polymeriza¬ 
tion products, for instance, a polymerized acrolein resin.® Kishi** reacted the alde¬ 
hyde with phenol under 30 atmospheres pressure using as catalyst salts which 
give an acid reaction on being hydrolyzed (e.g., zinc chloride or aluminum chlo- 

86H K Sen and U. Basu, /. Indian Chem, Sor., 1928, 5. 467; Chem. Ab$,, 1929, 23, 383. 

«• T. Bischuff and H. Adkins, J.A.C.S , 1923, 45, 1030. 

« H W. Under^vood, Jr. and L. A. Clough, J.A C.S , 1929, 51, 583. 

« F. Sternberg, H. Adkins and E. Pickermg, J.A.C.S., 1924, 46, 1917. See also H, W. Underwotxi, 
Jr. and E L Kockman, J.A.C.S., 1923, 45. 3071. 

W. F. Darke and E Lewis, J.S.C.I., 1928, 47, 1085. 

V. Maksorov and K. A. Andrianov, Ind. Eng. Chem., ltl32, 24, 827. 

The name “Aerolite" has been given to a re^in made by J. MclntoMi {Ind. Eng Chem., 1927, 
19. Ill) from phenol and glycerol. Thi« name haa taken on generic significance and would now pi-obably 
include resin‘s from phenol and acrolein al.so. 

Mouieu and C. Dufraisse, U. S. P. 1,607,293, Nov 16, 1926; Chem. Abe , 1927, 21, 307. Geiinnn 
P 382,903, 1920; Chem, Zentr., 1924, 1, 1715, British P. 141,059, 1920; Chem. Abe., 1920, 14. 2270. 
French P. 528.498. 

“British P. 141,058, 1920; Chem. Abe., 1920, 14, 2270. 

N. Kishi, Japanese P. 79,157, 1929; see B. V. Maksorov and K. A. Andrianov, Ind. Eng. 
Chem., 1932, 24. 827. 
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ride). From their work, Maksorov and Andrianov"^ concluded that the rate of 
condensation with an acid catalyst is at a maximum when 5 mols of acrolein to 1 
mol of phenol are used, and with a basic catalyst when 25 mols of acrolein to 1 
mol of phenol are employed. With an acid catalyst the rate of condensation is 
rapid at first, but slows up toward the end of the reaction, while with a basic 
catalyst the behavior is reversed. Xylenol-acrolem resins show a higher rate of 
conversion into an infusible and insoluble condition than do those from phenol 
and acrolein. They also have a higher melting point, as do the acrolem-cresol 
resins. 

The use of other unsaturated aldehydes has been suggested also. For example, 
crotonaldehyde or aldol (which on distillation at atmospheric pressure loses water 
and becomes crotonaldehyde) or mixtures of both, can be reacted with phenols 
or nuclear methylated phenols or mixtures of these.®* Polyhydric phenols, par¬ 
tially ethenfied, or creosote may be employed also. Mineral acids or compounds 
giving rise to hydrogen chloride (e.g., thionyl chloride) can be used as condensing 
agents. Carrying out the reaction in the cold gives rise to oils, while heating 
gives more resinous substances. Both types are soluble in most organic solvents 
and in caustic alkali, but are insoluble in alkali bicarbonate. The oily bodies dry 
in air, especially with drying agents, to films reported to be stable and weather- 
resistant. The product from phenol and aldol is a viscous oil having an iodine 
value of 130-160. A substitute for linseed oil is said to be derived from crotonal¬ 
dehyde and creosote. 

The oily materials can be treated with formaldeh>'de and condensing agents®** 
to yield more viscous though soluble forms, which cum he rendered infusible and 
insoluble by heating under pressure. Balle and Wohlers"**" suggested that the 
acid-catalyzed condensation products of phenols with aldol or crotonaldehyde are 
adaptable for the production of oil varnishes. Steindorff and Balle®^ also combined 
resins of this type, while still soluble and fusible, with phenol formaldehyde resins 
to form insoluble and infusible compounds."® Herrmann and Deutsche®® used 
crotonaldehyde together with polyphenols, such as resorcinol or pyrogallol, to 
prepare resinous materials. 

A resin from phenol and glycerol is described by McIntosh.^** It is said to possess 
a high luster and excellent heat-resisting qualities and to have all the desirable prop¬ 
erties of the phenol-formaldehyde type of resin. The resin is obtained, according to 
McIntosh and Wolford,”^ by boiling 100 g. of phenol and 90-100 g. of glycerol with 
about 20 drops of sulphuric acid under reflux for 6-8 hours. The liquid is then sub¬ 
jected to a temperature of about 125°C. for further condensation. After 5 hours 
‘heating at 125°C. the product is still fusible and is soluble in alcohol, acetone and 
benzene. Following about 24 hours at this temperature it is insoluble in all the men¬ 
tioned solvents and is infusible. The resin can be used for practically the same 
purposes for which phenol-formaldehyde resins are employed. Hardening agents sug¬ 
gested include hexamethylenetetramine, benzidine-acetone and sodium-acetone-bisul- 

B. V. Maksorov and K. A. Andrianov, loc nt 

G. Balle and A. Steindorff, German P 364,041 and 364,043, 1920, to Farbw vorin Meister, Lurius 
A Brilning; J.8.C.I., 1923, 42, 613A. See also B. V. Maksorov and K. A. Andrianov, Rev gen. mat. 

1933 9, 630, 683; Chem. Abs., 1935, 29. 3068. 

••• G. Balle, German F. 388,792, 1921, to Farbw. vorm. Meistei, Lucius & Rriiniiig, J S C I., 1924, 
43, 797B. G. Balle and A. Steindorff, German P. 388,795, 1922; J S.C.I , 1924, 43, 797B. 

•«>G. Balle and H. Wohlers, German P. 406,153, 1922; J S.C I . 1925 , 44, 461B. 

•’A. Steindorff and G. Balle, German P. 479,161, 1922, to I. G. Farbemnd. A.-G.; Chem. Aba., 
1939, 23, 4837. 

••For a study of the condensation of aldehydes and ketones with o-aminothiophenols and benzo- 
thiasoles see H. P. Lankelma and P. X. Sharnoff, J A.C.8., 1932, 54, 379. 

•• W O. Herrmann and H. Deutsche, German P. 523,695, 1928, to Consortium fUr Elektrochem. Ind. 
G.m.b.H.; Chem. Abe,, 1931, 25, 3856. 

Mclnto^, Ind. Eng. Chem., 1927, 19, 111. 

McIntosh and E. Wolford, U. S. P. 1,642,078, Sept. 13, 1927; Chem. Abs., 1927, 21, 3756. 
Also J. McIntosh, U. S. P. 1,642,079, Sept. 13, 1927, to Diamond State Fiber Cb.; Chem. Abs., 1927, 21, 
3756. 
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phite. To vary the procedure phenol is replaced by its homologues or substitution 
products and for glycerol epichlorhydrin, ally! alcohol, glycerol aldehyde, dihydroxy- 
acetone can be substituted. Catalysts which have been found effective for the con¬ 
densation include bromine, pyridine, sulphur monochloride and aniline hydrochloride. 

A reaction product of glycerol and phenol was used by Coffey^®' as a binder for 
mica splittings. The resin is made by heating 100 g. of phenol, 70 g. of glycerol 
and about 1 cc. of concentrated sulphuric acid at 160-190°C., the reaction being con¬ 
sidered complete when 3.5 parts of water have been distilled. The acidity of the 
resultant rubbery material is neutralized with sodium carbonate. 

Aiken^®* reacted phenol and glycerol at U0®C, and added hydrogen chloride or, in 
some cases, concentrated hydrochloric acid to the mixture in order to take up the 
water formed during the reaction. Other substances such as anhydrous copper sul¬ 
phate may be used to secure the same effect. The product is dehydrated and trans¬ 
formed to the infusible condition by heating with paraformaldehyde and ammonium 
carbonate. Glycerol may be replaced by other compounds, e g., the glycols of ethylene, 
propylene, butylene or arnylene. In place of ammonium carbonate in the second step, 
other catalysts suggested are sodium phenolate, calcium phenolate, sodium hydroxide, 
calcium oxide or potassium carbonate. In making a resin from phenol and polyhydric 
alcohols (e.g., glycerol) m the presence of a small quantity of sulphuric acid, Novotny 
and Romieux^®* provided means for removing the water from the zone of reaction as fa.st 
as it was formed. 

Mixtures of jihenols with glycerol and .siilphonated fatty ncids or naphtha 
sulphonic acids were heated at 120-140®C. in a process usetl by Petrov.'®® The 
viscous product is washed with water, neutralized \vith alk.ali, dehydrated and 
then heated with 40 per cent formaldehyde. The material is cooled, hydrochloric 
acid added and the mixture cast into molds and heated until sufficient hardness 
IS obtained. Petrov and SchmidP®® studied the formation of resins from phenols, 
glycerol and 4-12 per cent formaldehyde, using acid catalysts, e.g., .sulphuric acid, 
sodium hisulphate and naphthene-sulphonic acids. The resins derived from phenol 
were reported to be free from phenolic odor. It was also stated that sodium bisub 
phate leads to a lighter colored resin, naphthene-suliihonic acids give a water-* 
resisting product and that glycol cannot replace glycerol. 

MISCELLANEOUS 

Resins were made by Carter and Coxe'®' by condensing an aliphatic dichloride, 
e.g., methylene dichloride, with a phenol in ammonium hydroxide solution. In 
this instance the chlorinated hydrocarbon and ammonia yield hexamethylenetetra¬ 
mine in situ which reacts with the phenol.'®® Thus, 5 cc. of phenol, 6.4 cc. of 
concentrated ammonium hydroxide and 2.4 cc. of methylene dichloride were heated 
in a closed vessel for 30 minutes at 180°C. The fusible soluble resins produced 
are kneaded with water to remove any ammonium chloride formed. The resin 
may be hardened with hexamethylenetetramine. 

Solutions of ammonium chloride and hexamethylenetetramine obtained by heat¬ 
ing methylene dichloride and ammonia together in aqueous solution can be boiled 

10* J. M. Coffey, U S. P 1,645,415, Oct 11, 1927; Chem Abs , 1928, 22, 128. J. M Coffey, British 
P. 288,260, 1928, to Mica Insulatoi Oo.; Bnt. Chem Abs, B, 1929', 253. 

^o« E. L. Aiken, U. S P. 1,668,444 and 1,668,445, May 1, 1928, to C^rboloid Products Corp.; Chem. 
Abs. 1928 22 2248 

^0* E E. Novotny and C. J. Romieux, U. S. P. 1,705,494, Mar. 19, 1929, to J. S. Stokes; Chem. 

Ahn 1090 99 9900 

Petrov, German P. 407,002, 1922; J S.C.L, 1925, 44, 461B. 

i«»G, Petrov and J. A. Schmidt, Plast. Massxu, 1931, 1, 27; Chem. Abs., 1932, 26, 3390. 

C. B. Carter and A. E. Coxe, U. S. P. 1,543,369, Jime 23. 1925, to S. Karpen. Bros ; Chem. 
Abs., 1925, 19. 2393. Canadian P. 234,506, 1923; Chem. Abs., 1924, 18, 450. British P. 220,985, 1923; 
Chem. Aba., 1925, 19, 902. 

10 ® por the preparation of hexamethylenetetramine from methylene dichloride, see C. B. Carter, U. 
S. P. 1,866,820, Dec, 22, 1925; Chem. Abs., 1926 , 20, 423, and also C. B. Oirter and A. B. Coxe, U. S. 
P. 1,490,001 and 1,499 002, June 24, 1924; Chem. Abs., 1924, 18. 2524. British P. 246,415 and 246,416, 1925; 
Chem. Abs., 1927, 21, 414. For the preparation of formaldehyde from methyl chloride see C. B. 
Garter and A E. Coxe, U. S. P. 1,459,971, June 26, 1933, to S. Karpen 5t Bros.; Chem, Abs., 1923, 17, 
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under reflux with phenol to obtain a fusible resin.A similar process has been 
described^'*" in which the reaction is carried out in aqueous solution (under pressure) 
at 150-180®C. To obtain 4.6 kg. of a yellow resin sparingly soluble in alcohol and 
acetone, 4.8 kg. of methylene chloride, 6 kg. of phenol, 2 kg. of 24 per cent am¬ 
monium hydroxide and 26 kg. of water are heated together for 4-5 hours at 150- 
155‘*C. Spdium phenate was substituted by Prutton^^' for phenol in forming a 
condensation product with methylene dichlonde. The resin obtained was a 
plastic gum when hot and a brittle solid when cold. 

The preparation of fusible soluble resins from phenol and methylal, 
CHsOCHaOCHg, is described by Carter and Coxe.^“ These are similar to the ones 
from phenol and formaldehyde, and are obtained by heating under pressure 3 
mols of phenol with 2 mols of methylal for 1 hour at ISO^C. using 0.05-0.1 per 
cent of hydrochloric acid as catalyst. The resins may likewise be rendered in¬ 
fusible by heating with hexamethylenetetramine or formaldehyde. The methylals 
can be made in satisfactory yield by heating sodium hydroxide, methylene chloride 
and the corresponding alcohol under pressure at 120‘’C. for 40 minutes.^’* Resins 
from phenol and methylal are obtained also by boiling the reactants under atmos¬ 
pheric pressure with 10-20 per cent of acid. One reaction mixture consists of 4.6 
g. of methylal, 8.5 g. of phenol, 22.8 g. of water and 9.1 g. of sulphuric acid. Reac¬ 
tion IS completed in the course of a few minutes 

If solutions of paraform or trioxymethylene in mono- or polyhydric alcohols 
are heated with zinc oxide, alumina or aluminum hydroxide, a polymer of formal¬ 
dehyde (melting at 98‘*C.) is obtained, according to Gebauer.”* This product is 
a tallow-like solid, but liquefies at about 60°C. and is then miscible with most 
organic solvents. The use of solutions of the polymer for the production of phenol- 
formaldehyde resins has been suggested. 

Considerable resinous matter was obtained by Huppmann^'* in the condensa¬ 
tion of p-cresol methyl ether with p-benzoquinone. Sunilarly, allyl alcohol or 
an allyl ester and a phenol (e.g., o-cresol), using zinc chloride as catalyst, yield a 
resin said to be compatible with cellulose esters.''^ 

Aliphatic or aromatic aldehydo-carboxylic"* acids containing the carboxyl group 
either in the nucleus or the side chain may be condensed with phenols by the use 
of catalysts such as hydrochloric acid. For example, m-aldehydo-phenoloxyacetic 
acid may be melted with phenol and treated at 40-50°C. with concentrated hydro¬ 
chloric acid. Stirring is continued until the mass is viscous. The acid is then 
washed out with hot water and the resulting soft product heated at 150”C. until 
a test portion solidifies to a hard resin. 

In preparing /3-resorcylaldehyde from diphenylformamidine and resorcinol at 
100®C. and subsequent treatment with caustic soda solution, followed by acidifica¬ 
tion, Shoesmith and Haldane"* found that a small amount of resin was also pre- 

B. Carter, U. S. P. 1,56«,823, Dec 22, 1925, to 8. Karpen & Bros.; C/iem. Aba., 1926, 20, 484. 
British P. 255,692, 1925; Chem. Aba., 1927, 21, 2992. 

British P. 196,265, 1923, to Holsverkohlungs-Ind. A.-G.; Chfm. Aba, 1923, 17 , 3797. 

F. Prutton, U. 8. P. 1,950,516, Mar. 13, 1934, to Dow Chemical Co.; Chem Aba., 1934, 28, 

3196. 

*«C. B. Carter and A. E. Coxe, U .8. P. 1,566,817, Dec. 22, 1925, to 8. Karpen 4 Bros ; Chem. 
Aha., 1926, 20, 484. Canadian P. 258,609, 1926; Chem. Aba., 1926, 20, 3581. British P. 245,708, 1925; 
Chem. Aba., 1927, 21, 307. 

“»C. B. Carter, U. 8. P. 1,566,819, Dec. 22, 1925, to 8. Karpen & Bros.; Brit. Chem. Aba. B, 1926, 
217. British P. 249,039, 1925; Chem. Aba., 1927, 21, 745. 

“<C. B. Carter, U. 8. P. 1,645,226, Oct. 11, 1927; Chem. Aba., 1927, 21, 4079. 

R. Gebauer, German P. 434,830, 1923, to Chem. Fabr. von Heyden A-G.; Brit. Chem. Aba. B, 
1927, 348. 

^G. Huppmann, SUddeutache Apoth.’Ztg., 1931, 71, 302; Chem. Aba., 1931, 25, 3978. 

W. H. Moan and G. W. Seymour, U. 8. P. 1,940,727, Dec. 26, 1933, to Celane^p Co of AmoricQ; 
Chem. Aba., 1934, 28, 1560. British P. 365,093 and 365,094, 1929; Chem Aba. 1933. 27. m3. 

"•German P 362.382, 1920, addn. to 339,495, to Farbw. voim. Meiater, Lucius A Bnlning; J S.C.I., 
1922, 41, 639A; 1923, 42. 613A. 

^ J. B. Shoesmith and J. Haldane, J.C.S., 1938, 123 (2), 2704. 
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cipitated. This solidified on cooling and had a peculiar golden luster. Higher 
temperatures increased the degree of resinification and also caused formation of the 
dialdehyde of resorcinol. Maximum resin formation occurs at 200''C. 


OH OH 



Resins were also formed in varying amounts when resorcinol was replaced by 
a- and /3-naphthol, guaiacol, pyrogallol and the cresols.’*® 

i»J, B. Shoesmith and J. Haldane, 1924, 125 (2), 2405. 



Chapter 19 

Modified Phenol-Aldehyde Resins 
I. Oil-Soluble Resins 


It has already been stated (Chapter 2) that the demand of varnish manufac¬ 
turers for more durable and quicker-drying finishes has resulted in the substitu¬ 
tion of synthetic resins for natural resins formerly used. The durability and 
resistance of phenol resins led to attempts to employ them in oil varnishes. Diffi¬ 
culty was encountered at first, since phenol resins in the final stage are insoluble 
. in drying oils.^ Although the partly-cured resins (Novolaks) are soluble, their 
properties alter in time* and such resins lack the permanent quality possessed by 
those of the final stage. Hence investigations have been directed with a good 
measure of success to the incorporation of modifying agents to yield oil-soluble 
phenol resins which impart the desired durability to varnish films. The result 
has been the production of some phenol-resin varnishes which are quick-drying* 
and which furnish tough, flexible coatings sufficiently resistant to heat, moisture, 
sunlight and alkalies.* 


Natural Resin Modifiers 

The earliest method employed for making phenol-resins oil-soluble was to fuse 
them with a natural resin (rosin or copals). The resulting products possessed 
certain disadvantages which limited their application. For instance, they dissolved 
only after long heating, which prevented their use with the easily-polymerized 
tung oil; and once dissolved, they precipitated on dilution with hydrocarbon thin- 
ners. The earlier products darkened easily on exposure to light and apparently 

' However finely ground resins dispersed m tung oil have been recommended (E. Elbel and F. 
Seebach, U. S. P. 1,880,930, Oct. 4, 1932, to Bakelite G m b.H ; Chem. Abs , 1933, 27, 616 German P. 
509,426, 1927, Chem. Abs., 1931, 25, 833, German P. 519,469, 1928; Chem. Abs., 1933, 27, 1217). F. See- 
bach, U. S. P. 1,816,128, July 28, 1931, to Bakelite G m b.H.; Chem Abs., 1931, 25, 5584 CJ. J. M 
Taylor, U. S. P. 1,848,913, Mar. 8, 1932, to Continental-Diamond Fibre Co.; Chem. Abs., 1932 , 26, 
2879. 

* See C. T. O'Connor, Am. Paint J. Conv. Daily, 1934, 18 ( 63E). 10; Bnt Chem. Abs. B, 1935 , 69 

* It has been reportckl that the speed of drying and the hardness of phenol-resin varnishes are 
proportional to the melting point of the resin. See Circ., Natl. Paint, Varnish and Lacquer Assoc , 

1934, 471, 319; Chem. Abs., 1936, 29, 364. 

^For reviews on this subject see H. Wolff, W. Toeldte and G. Zeidler, Farben.-Ztg., 1928, 33, 1724; 
Chem. Abs., 1928, 22, 3999. E. Fonrobert, Farben.-Ztg., 1930, 35, 1506, 1554, 1606, 1658; Chem. Abs., 
1930, 24, 33M. E. E. Walker, Chem. Trade /., 1931, 88, 330; Times Trade and Eng. SuppL, 1931, 28, 
(664), 7; Chem. Abs., 1931, 25, 2863. W. Ebeling, Farbe u. Lack,, 1931, 36^ 505; Bnt. Chem. Abs. B, 
1933, 117. C. P. A. Kappelmeier, Chem. Weekblad, 1934 , 31, 423. P. Snitter, Bull. mst. pin, 1933, 223; 
Chem. Abs., 1934, 28, 1553. A. J. Norton, Pamt, Oil, Chem. Rev., 1984, 96 (12), 13; Chem. Abs., 1934, 
28, 4921. E. Nierman, Peint. jng. ver, 1932 , 9, 146, 163, 174; 1933, 10, 8, 26 , 38, 103; Chem, Abs., 1933, 
27, 5559. H. W. Rowell, J.S.C.I., 1927 , 46, 234. M, Bottler, Kunststoffe, 1927, 17, 149; Chem. Abs., 
1927, 21, 313?. A. W. C. Harrison, Patnt Manuf., 1932, 2. 243, 251; Chem. Abs., 1933, 27, 199. H. Heb- 
berling, Kunststoffe, 1930, 20, 56; Oberflfichentech , 1984, 11, 143; Chem. Abs., 1934 , 28, 5689. O. Nouvel, 
Allgem. 61 Fett-Ztg., 1931. 28. 188; Chem. Abs., 1982, 26, 822. A. J. Norton, Am. Paint J., 1931, 15 
(80), 22 f.; Chem. Abe., 1931, 25, 3501. H. M. Johnson. Paint, Oil, Chem. Rev., 1932 , 93 (22), 10; 
Chem. Abs., 1982, 26. 4187. E. Fonrobeit, Kunststoffe, 1922, 12. 121. D. H. Killeffer, Set. Am., 1031, 
145, 288; Chem. Abs., 1932, 26, 4966. F. G. We^, Paint, Oil, Chem. Rev., 1931, 91 (23), 12, 40; 
Chem. Abs., 1031, 25, 3853. H. A. Gardner and G. G. Sward, Circ., Am. Paint and Vaminh Mfrs, 
As^nr., 1932, 410. 129; Ch^m. Abs., 1982 , 26. 8682. E.'Fonrobert, Synthetic and Applied Finishes, 1935, 
5, 249; Chem. Abe., 1935, 29, 2003. Paint, Oil, Chem, Rev., 1929, 88 (17), 89. H. Ulrich, Farben-Chem., 

1935, 6, 12; Bnt. Chem. Abs. B, 1935, 366. 
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were not true compounds, since rosin could be detected in many of them by the 
Storch-Morawski reaction.® These shortcomings were largely eliminated in the 
more modern products, in many of which rosin esters and polycumarone were 
used.® 

In making a natural-resin-modified jihenol resin Berend^ observed that the 
fusion must be carried to a well-defined end-pomt in order to obtain a satisfactory 
material for oil varnishes. The end-point is reached when test specimens dropped 
on a glass plate remain clear in the cold, are soluble in fatty oils, and do not pre¬ 
cipitate from solution on the addition of benzene or turpentine. It was found 
that a 3-hour heating at 300®C. was necessary to accomplish this result.® The 
suggestion has been made that some rosin-modified phenol resins are improved 
if the volatile constituents of the natural resin are removed by distillation.® Thus, 
Spanish rosin is fused at 150°C. with crcsol-formaldehyde resin and the mixture 
is heated at 250®C. for 200 hours. The resulting mass is distilled in vacuo to give 
a clear substance (m. p. 110-r20°C.) with an acid number of 42. 

Berend'® transformed infusible, insoluble phenol-aldehyde resins to soluble, fusi¬ 
ble materials by heating them with polycumarone or rosin. This principle has been 
utilized to convert molding scrap into varnish material The synthetic resin 
is heated with colophony to give a product soluble in benzene, turpentine and 
linseed oil. 

Champetier and Laporte,’^ in order to determine the exact effect of the fusion 
of a phenol resin with colophony, carried out the process in various ways. Phenol 
was condensed with formalin in the presence of hydrochloric acid, the reaction 
being stopped at the moment of turbidity. The resin which was obtained was 
mixed with colophony and heated at approximately 300®C. in a carbon dioxide 
atmosphere or in an autoclave. These two methods were varied by refluxing the 
mixture initially, by heating the rosin first at QO^C., or by distilling the product 
after fusion. It was found that free phenol is susceptible to esterification with 
abietic acid under these conditions, and that the rate of reaction increases rapidly 
as the temperature is raised above 285®C. Resin ester in the product increases 
the solubility in oil but lowers the fusion point. Also the solubility is improved 
by increase in the jiroportion of rosin but is decreased by the acids catalyzing 
the condensation or esterification. Prolonged heating at elevated temperatures 
decreases the acid number and raises the fusion temperature. 

Pistor” found that an acid interchange took place when fatty acid glycerides 
were heated with either natural or oil-soluble synthetic resins. He considers that 
a distinct advantage is derived by the employment of neutral Albertol resins, 
since only a small amount of fatty acid is liberated as compared with the quantity 
yielded by copal or colophony. 

*See E. Eisner, Farben -Ztg , 1928, 33, 2547. M Schulz, ibid., 2741. 

• L. Berend, Z amgew Chern., 1923, 36, 242; Chem. Abs.. 1923, 17, 2789. A. Eibner, Z. angevo. 
Chem., 1923, 36, 33; Chem Abs, 1923, 17, 3796. E. Fonrobert, Kunststoffe, 1923, 13, 109; Chem, Age, 
iN.Y.), 1924 , 32, 167, 221, Chem. Abs., 1924, 18, 2611. 

’'L. Berend, U. S P 1.206,081, Nov. 14, 1916; Chem. Abs., 1917, 11, 216. British P. 15,875, 1914; 
J S.C.I., 1915, 34, 805 Swiss P. 72,631, 1916; Chem. Abs., 1916, 10, 2646 German P. 289,968, 1914, 
addn to 281,939. 

** E. H. Fayolle (FieiiHi P. 341,013, 1904; J.S.C.I., 1904 , 23, 873) noted that a nibber-hke substance 
)K obtained by heating plieno] resin (1 part) with rosin (2 parts). 

’•German P. 548,0.W, 1924, to Chem. Fabr. K. Albert G.m.b.H.; Chem. Abs., 1932, 26, 4191. 

’OL. Berend, U. S. P. 1,259,347, Mar. 12, 1918; Chem. Abs., 1918, 12, 1517. British P. 107,205, 1916; 
Chem. Abs., 1917, 11, 3396. Swedish P. 40,460, 1910. See also H. Gammay, British P. 3M,179, 1932, 
to Chemicon A.-G.; Brit. Chem. Abs. B, 1983, 238, German P. 554,490, 1929, to K. Albert G.m.b.H.; 
Chem. Abs., 1932 , 26, 5221. A Voss, German P. 374,379, 1920, and 376,729, 1921, to Farbw. vorm. Meister, 
I^ucius & BrOning; J.SC.I., 1923, 42, 1141 A. T. Sydno, Japanese P. 101,618, 1933; Chem, Abs,, 1W4, 28, 
5263 Japanese P. 99,551, 1933; Chem. Abs., 1934, 28, 2487. K. Iwamura and T. Hattori, Japanese P. 
90.904, 1931; Chem. Abs, 1931, 25, 5050. 

H. Bucherer, German P. 456,820, 1924, addn. to 391,072, 1912; Chem. Zentr., 1928, 1. 3062. 

1* Champetier and Laporte, Recherches et inventions, 1984, IS, 230, 252, 291; Chem. Abs., 1985, 29. 
249. 

i»K. Pistor, Farben-Ztg., 1925, 30, 3056; J S.C.I., 1925, 44, 930. 
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It has been stated by Dupont and Man-Tcheung'* that in making a rosin- 
modified phenol resin the best results are obtained by employing a condensation 
product from equimolecular proportions of phenol and formaldehyde (catalyzed 
with 1 per cent hydrochloric acid). Thirty parts of this resin are fused with 70 
parts of rosin at 120-130®C., then 0.4 per cent of calcium oxide is added and 
the temperature is raised and maintained at 290°C. until the product is completely 
oil-soluble. 

Oil-soluble resins for varnishes have been obtained by fusing the condensation 
product of salicylic acid and formaldehyde with rosin. The original object of 
this procedure was to raise the melting point of rosin and not to obtain a modi¬ 
fied phenol resin.“ Other modified resins include phenol-aldehyde condensation 
products fused with benzoic, salicylic, palmitic or oleic acid‘® and mixed phenol- 
aldehyde-alky d resins fused with colophony." 

In addition to fusing natural resins with phenol-aldehyde condensation prod¬ 
ucts, attempts were also made to incorporate the natural resin directly in the 
initial condensation. Albert and Berend'® reacted phenol and formaldehyde in 
the presence of 5 per cent of natural resins, which act as catalysts. Some of the 
resinous bodies thus formed were oil-soluble and could be saponified." Later it 
was discovered that only when the rosin, balsams, or similar materials were used 
in quantities greater than required for their action as catalysts would the product 
be soluble in oil.** The process allows any free phenol remaining to be combined 
with formaldehyde which may be added later. A mixture of 100 grams of phenol, 
100 grams of rosin, and 30 grams of trioxymethylene is heated under reflux at 
115-120®C. for 6 hours. The temperature is then raised to 2(X)®C. and the reac¬ 
tion mass stirred to remove volatile constituents."*^ A more soluble material is 
obtained when 95 g. of phenol, 70 g. of 40 per cent formaldehyde, and 2 g. of 
hydrochloric acid are heated for 6 hours with 30 g. of Manila copal. The use of 
a basic catalyst has also been suggested in this procedure,** but prolonged heating 
yields an insoluble substance. The procedure has been further modified by heat¬ 
ing the resin or resin acid of copaiba balsam with phenol, and then adding formalde¬ 
hyde and hydrochloric acid.” 

Promising results were obtained with a pheiiol-formaldehyde-colophony con¬ 
densation product in coatings for the protection of ship-bottoms from mariiio 
growths. The effect may be due to the presence of free formaldehyde or phenol 
bodies, which have a toxic influence." 

Japanese lac has been proposed as a modifier.” An-intimate mixture of 100 
parts of phenol, 200 parts of fonnalin and 50 parts of Japanese lac were heated 

G. Dupont and L. Man-Tcheung, Bull, tnst pin, 1934. 89; Chem. Ah»., 1934, 28, 6000 

A. Voss, German P 422,910, 1921, to Farbw. voiin. Meister, Luctus 4 Briining; But, Chem Abs. 
B, 1926, 502. 

R. Hessen, British P. 206,469, 1923, addn. to 159,461, to Bakehte Gm.b.H.; Chem. Abs, 1924 
18, 1210 German P. 410,858, 1922, addu. to 340,990; Kunstatojfe, 1925, 15, 182. 

W. J. R. Evans and R. Hill, British P. 367,001, 1930, to Imperial Qiem. Ind., Ltd.; Bnt. Chem 
Ahs. B, 1932 , 437. French P 731,240, 1932; Chem. Abs., 1933, 27, 858. 

Albert and L. Bciend, Biitish P. 1269, 1912 ; J S.C.I., 1913, 32, 35 French P. 441,547, 1912, 
J.8.C.I., 1912, 31, 886. German P. 254,411, 1910, Chem. Abs., 1913, 7, 1299. German P. 269,659, 1911; 
Chem. Aba., 1914. 8, 2269. 

^ Aqueous solutions for coating and impregnating paper have been made from phenol resins 
contaming small amounts of rosin. Phenol (1 part), formaldehyde (0.9 part), and sodium hydroxide 
(0.03 part) are boiled together m aqueous solution for 30 mmutes. Powdered rosin (0.38 part) and 
hexamethylenetetramine (0.09 part) are added, and the mixture is cooled. L. M. Rossi, U. 6. P 

I, 813,714, Jan. 11, 1927, to Bakelite CTorp ; Chem. Aba., 1927, 21. 828. 

Berend. U. S. P. 1,191,390, July 18, 1916; Chem. Aba., 1916, 10, 2308. German P. 281,939, 1913; 

J. S.CJ,, 1915, 34, 724. 

Aldol or crotonaldehyde may be substituted for the formaldehyde. See G. Balle and H. Wohlers, 
GermaB P: 406,153, 1922, to Farbw. vorm. Meister, Lucius 4 Briining; J.8.C.I., 1925, 44, 461B. 

»I. 8. Mellanoff, U. S. P. 1,804,379, May 5, 1931. to Kemikal, Inc.; Chem. Aba., 1931, 25, 3782. 

«K. A. Lingner, French P. 386,002, 1908; Chem. "Aba., 1909, 3, 2360. 

*»H. A. Gardner, Circ., U. 8. Paint Mfra. Aaaoc., 1926, 259, 232; Chem. Aba., 1926, 20, 1329. 

“K. Hatta and K. Nakajima, Japanese P. 39.310, 1921, to Nippon Kwako K. K.; Chem. Aba., 
1922, 16, 2787. 
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for 48 hours at 120°C. The residue, after distillation and separation of the excess 
formaldehyde, is an oil-soluble resin. 

After incorporation of rosin, phenol-formaldehyde resins may be esterified with 
glycerol.” The product obtained is more soluble in drying oils, has a greater 
molecular weight, and yields solutions of greater viscosity. Compared with ester 
gum, it possesses more resistance to alkali and weathering influences. The prepara¬ 
tion is as follows: 100 parts of cresol are heated with 400 parts of rosin and 40 
parts of paraformaldehyde until the cresol has entirely disappeared and a tough 
resinous mass which remains clear in the cold is produced. The resin is dehydrated 



Courtesy General Plastics, Inc, 

Fig. 67. —Varnishes Exposed for Two Months to Sub-Tropical Conditions. Panels 3, 4 
and 5 are coated with Durez varnishes. 


by heating at 250°C. and 50 parts of glycerol are gradually added. Heating is 
continued for several hours to complete the reaction. A phenolic condensation 
product containing a reactive hydroxymethyl group (p-cresol-dialcohol, 10 parts)*’ 
may be heated with rosin (100 parts) and finally esterified to give an oil-soluble 
resin.” Phenol-alcohols may also be esterified by such acids as oleic, palmitic, 
abietic, phthalic, phosphoric” or pyroabietic.” 

A resin resulting from the heating of phenol, formaldehyde, and colophony may 
be modified by treatment with the monoesters or monoethers of glycol,” with butyl 

*«A Amann and E. Fonrobert, U. S. P. 1,623,901, Apr 5, 1927, to Cliem. Fabr K. Albert 

G. m. b H.; Chem. Abs., 1927, 21, 1717. British P. 259,030, 1925; Chem. Ab»., 1927, 21, 3276. German 

P. 440,003, 1917; BrU. Chem. Abs. B, 1929, 27. See also German P. 480,488, 1921, to Chem. Fabr. K. 
Albert G.m.b.H.*; Chem. Abs., 1929, 23, 5051. German P. 492,592, 1924, addn. to 440,003, to Chem 
Fabr. K. Albert G.m.b H.; Chem. Abs., 1930, 24, 2623. 

^ For the preparation of phenol-alcohols see Chapter 14. 

*®A. Amann, U. S. P. 1,736,757, Nov. 19, 1929, to Chem. Fabr. K, Albert G. m. b. H.; Chem. Abs, 

1930 , 24, 740. German P. 474,787, 1923, addn. to 440,003; Chem. Abs., 1920, 23, 3114. 

German P. 474,561, 1925, to Chem. Fabr. K. Albert G.m.b.H.; see also French P. 526,968. 

"Austrian P. 117,856, 1930, to Chem. Fabr. K. Albert G.m.b.H.; Chem. Zentr., 1930, 2, 1291. See 
also H. Hbnel, German P. 601,262, 1934; Chem. Abs., 1934, 28, 7564. 

« German P. 509,368, 1928, to Chem. Fabr. K. Albert G. m. b. H.; Chem. Abs., 1931, 25, 710. 
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phthalate or benzyl acetate,®® or with a metallic soap or rosin or of a fatty 
acid ” 

Rosenblum** employed resin esters to modify phenol-aldehyde resins. His 
method is as follows: 100 parts of cresol, dissolved in 100 parts of turpentine, 
are heated at 100®C. with 100 parts of 40 per cent formaldehyde until reaction 
is complete. After separation of water by distillation, 100 parts of the resulting 
solution are heated with 120 parts of a mixture of 25 per cent glyceryl diabietate 
and 75 per cent glyceryl triabietate.®® The resin, after removal of volatile con¬ 
stituents by distillation, has an acid number of 10 or less. A variation of the 
procedure includes the addition of the resinates or oleates of zinc, calcium or 
barium.®® Cracked rosin may be substituted for the ordinary rosin.*" In another 
instance, the condensate from p-phenyl phenol, zinc acetate and formaldehyde is 
heated with rosin ester gum.®® 

A resin-ester-modified phenol resin was made by Binapfl®® by condensing 
colophony with crude cresol in the presence of boron fluoride, esterifying the 
product with glycerol and then treating with paraformaldehyde. Natural resin 
esters may be hardened by treatment with synthetic resins.®® For example, 100 
parts of phenol-dialcohol and 100 parts of paraldehyde-phenol condensation product 
are melted together, and 800 parts of rosin-glycerol ester are added. The mass 
is heated for several hours, first at 150°C. and then at 250°C. Heating is con¬ 
tinued until the melting point is constant. The product formed has its melting 
point raised from 68® to 100°C. and is soluble in linseed oil. 

Neutral resin esters are prepared by esterifying a mixture of natural or synthetic 
resin acids and compounds containing the hydroxyl group, the resin acid and 
hydroxyl-containing substances being present m equivalent proportions.®^ For 
example, a phenol-aldehyde resin is melted in glycerol and rosin is added. The 
reaction is catalyzed with boric acid. Similarly the condensation product of cresol 
hydroxymethyl ether and formaldehyde heated at 200-250°C. with rosin gives a 
resin with a low acid number.®® 

A resinous mixture for lacquers was obtained by Bielouss®® by esterifying a 
phenol-fomialdehyde-rosin condensation product with glycerol and then forming 
in the resultant mass a second synthetic resin from glycerol and jilithalic anhy¬ 
dride.®* In a process employed by Balle,*® a rosin-modified phenol resin containing 

33 British F. 353,616, 1930, to Cliciii Fuhr. K Albeit G. ni b H., Brit. Chvm Ah^, B, 1931, 1019 

** R. E. Coleman, Biitisli P. 411,744, 1934, to But Thomson-Houston Co, Ltd.; Chem Abs., 1934, 
28. 7043. 

** I. Rosenblum, U.' S. P 1,709,490, Apr 16, 1929, to Varnol Cliein Corp ; Chem. Abs., 1929, 23, 
2842. U. S P. '1,928,507, Aug. 22, 1933; Chem. Abs., 1933, 27, 5203. Biitish P 315.870, 1929, Brit 
Chem Aba, B, 1931, 170. See also S Sugimoto, liepts. Imp hid. Research lust , Osaka, Japan, 1933, 
14 (13), 1; Chem. Abs , 1934 , 28. 4921. 

3® For a discussion of ester gum, see Chapter 38 

•“I. Ro.senblum, U. S. P. 1,808,716, June 2, 1931, to Varnol C’hem Coip ; Chem Abs., 1931, 25, 
4422. Flench P. 704,116, 1930; Chem. Abs., 1931, 25, 4726 British P. 370,916 and 370,946, 1930, 
But. Chem. Aba. B, 1932, 808. 

• I. Rosenblum, U. S. P. 1,809,570, June 9, 1931, to Varnol t^heiu CVnp , BrU Chem. Abs. B, 
1932, 119. British P. 371,850, 1930; Brit. Chem. Abs. B, 1«32, Funch P. 705,091, 1930; Chem. Abs, 
1931, 25, 5305. 

3® I. Rosenblum, Biitish P 406,652, 1934; Chem. Abs , 1934, 28, 4924 

»»J. Binapfl, German P. 682,847, 1933 and 606,688, 1934, uddns. to 581,956, to I G. Farbenind. A.-G.; 

Chem. Aba., 1934, 28, 919; 1985, 29, 1906. German P. 582,848, 1933; Chem. Abs., 1934 , 28, 920. 

"E. Asser, U. S. P. 1,969,292, Aug. 7, 1934; Chem. Abs., 1934, 28. 6329. Biitiah P. 404,060, 1934; 
Chem. Aba., 1934, 28, 3922. French P. 740,030, 1932; Chem. Aba, 1933, 27, 2320. German P. 565,800, 
1930; Chem. Aba, 1933, 27, 3095. 

Balle and A. Voss, German P. 621,727, 1930, to I. G. Farbenind. A.-G.; Chem. Aba., 1931, 

25, 3503. 

'^G. Balle, German P. 604,459, 1934, to I. G. Farbenind. A.-G.; Chem. Aba., 1936, 29, 854. 

«E. BielouM, U. S. P. 1,866,962, July 12, 1932, to H. A. Gardner Lab. Ine.; Chem. Aba., 1932, 26, 

4726. 

See also Chapter 45. 

"O. Balle, German P. 510,446, 1928, addn. to 463,842, to I. G. Farbenind. A.-G.; Chem. Aba., 1931, 
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excess resin acid is treated with acetylene in the presence of mercuric sulphate 
to yield a hard resin soluble in hydrocarbons. 

For the preparation of varnishes, tung oil may be heated with boric or oxalic 
acid, which allows polymerization but retards gelatinization. The treated oil is 
then incorporated with an oil-soluble phenolic resin to give a coating composition.^ 

The reaction between drying oils and oil-soluble resins, at least in the case of 
Amberols and tung oil, is considered to be one of chemical combination.^^ Mixed 
esters are apparently formed and the varnish film can be regarded as a synthetic 
resin. Viscosity measurements during cooking of tung-oil-resin varnishes indicate 
that chemical polymerization (or condensation) first occurs, followed by physical 
aggregation or gel formation.^ 

One form of Albertol resin has been used for testing tung oil varnishes. The 
^^Albertol number’'*® is defined as the per cent by weight of Albertol 111 L that 
must be added (as 50 per cent solution in benzene) to tung oil (containing 0.1 
per cent of cobalt as resinate), to yield a non-frosting film when dried in an oven 
(English Standard Specification 256). Brendel suggested use of other resins in 
this test and recommended that the term ^'frosting number” be used.“ 

After investigations as to the effect of driers on Amberol-linseed oil varnishes, 
Sward and Gardner'"^ made the following generalizations: Fastest drying was ob¬ 
tained by the addition of 0.5 per cent lead linoleate and 0.2 per cent manganese 
linoleate. Large amounts of driers tend to produce brittleness and do not ac¬ 
celerate drying. Manganese driers reduce the elasticity of the films and induce 
skinning on storage to a greater extent than the lead or cobalt compounds. 

Although most of the oil-soluble resins are used in the making of varnishes,“ 
they may also be employed in the manufacture of linoleum,” printing inks,^ muta¬ 
tion leather finish,®^ adhesives,” transfer and marking compositions,®’ coatings for 
cans,” coatings for paper,” and plastic mixtures for insulation.” An aluminum salt 

^ R. E. Coleman, British P. 413,162, 1934, to Brit. Thomson-Houston Co., Ltd.; Chem. Ahs., 1935, 
29, 626. 

R L. Houck, Paint, Od, Chem. Rev., 1928, 86 (21), 10; Chem. Abs., 1920, 23, 5836. 

« V. H. Turkington, R. C. Shuey and W. H. Butler, Ind. Eng. Chem., 1931, 23. 791. See also H. A. 

Gardner, "Physical and Chemical Examination of Paints, Vainishes, Lacquers and Colors," Institute of 
Paint and Varnish Research, Washington, D. C., 1927, 436. 

«E. Fonrobert and C. Boiler, Farben-Ztg , 1931, 36, 2196, 2239; 37, 15; Chem. Aba., 1932, 26, 322; 
Hrit. Chem. Aba. B, 1931, 1060. 

«>H. Brendel, Farbe u. Lack, 1932, 145; But. Chem. Aba. B, 1932, 612. 

G. G. Sward and H. A. Gardner, Circ., Am. Paint and Vamiah Mfra. Aaaoc., 1927, 301, 135; 
Chem. Aba., 1927, 21, 1191. 

“T. H. Barry, Ind. Cherruat, 1928, 4, 501, 1930, 6, 69; Chem Aba, 1929, 23, 1292; 1930, 24, 2315. 

E. Eibner and U. Munzert, Farben-Ztg., 1924, 29, 1847; Chem. Aba., 1925, 19, 408. E. Fonrobert, 

Farben-Ztg., 1934 , 39, 548 , 577; Brxt. Chem. Aba. B, 1934 , 637; Kunatstoffe, 1931, 24, 145, 178; Chem. 
Aba., 1931, 25, 5583, E. Fonrobert, C, P, Holdt and F. Wilbom, Farben-Ztg , 1934 , 39, 89, 113; Chem. 
Abs, 1934, 28, 2925. J. H. Frydlender, Rev. prod, chim., 1928, 31, 661; Chem. Aba., 1929, 23, 531. 
H A. Gardner, Ctrc. Am. Paint, Varnish Mfra. Aaaoc., 1926, 261, 275; 1928, 323; Chem. Aba., 1926, 20, 
2756. H A. Gardner and J. B Faust, tbtd., 1926, 277, 83; Chem. Aba., 1926, 20, 3354. E. J. Probeck, 
Pcunt, Oil, Chem. Rev., 1928, 86 (17), 108. A. E. Stauderman, Circ. Am. Paint, Vamiah Mfra. Aaaoc , 
1929, 356, 815; Paint, Od, Chem. Rev., 1929, 86 (17), 89; Chem. Aba., 1930, 24, 514 A. B. Stauderman 
and H. L. Beakes, Ind. Eng Chem., 1928, 20, 674. H. Wolff and G. Zeidler, Farben-Ztg., 1929, 34, 
2458; Chem. Aba., 1929, 23, 4834. Decorator, 1934, 32 (386), 28; Bnt. Chem. Aba. B, 1934, 771. K. Buser, 
Fnrbe u. Lack, 1935, 63; Chem. Aba., 1935, 29, 3180. 8e\fenstider-Ztg., 1930, 57 , 765. Arnold, Chem.- 
Ztg., 1932, 56, 55; Chem. Aba., 1932, 26, 2606. A. Herrmann, Qdatme, Lexm, Klebatoffe, 1934, 2, 249; 
Chem. Aba , 1935, 29, 1663. G. Dring, J. Oil, Colour Chem Aaaoc , 1934, 17, 459; Chem. Aba., 1935, 29, 
1665. E. Stock, Kunatstoffe, 1927, 17, 77; Chem. Aba., 1927 , 21, 3136. 

M. Finghaus and V. M. Breitman, Float. Maaam, 1933 (5), 14; Chtmie et induatrie, 1933, 31, 
1417; Chem. Aba., 1934, 28, 6000. 

British P. 408,688, 19M, to Bakelite Corp.; Chem. Aba., 1934, 28, 6001. E. Fonrobert, Am. Ink 
Maker, 1931, 9 (12), 17, 33; 1932, 10 (1), 19; Chem. Aha., 1932 , 26, 1806; Farben-Ztg., 1930-31, 36, 
265, 1383; Brit. Chem. Aba. B, 1931, 642. W. Lutzkendorf, German P. 585,167, 1933, to I. G. Farbenmd. 

A. -G.; Chem. Aba., 1934, 28, 1556. 

WD. M. Phillippi, U. S. P. 1,936,913, Nov. 28, 1933, to Kay & Ess Qiem. Cbrp.; Brit. Chem. Aba. 

B, 1934, 849. 

“British P. 347,445, 1930, to Brit Celanese, Ltd.; Brit. Chem. Aha. B, 1931, 687. 

W. S. Lawrence, U. S. P. 1,977,680, Oct. 23, 1934, to Kaumagraph Co.; Chem. Aba., 1935, 29, 258. 
U. 8. P. 1,954,450 and 1,954,451, Apr. 10. 1934; Bnt. Chem. Aba. B. 1935, 110 

“G. Terajima, Japanese P. 101,159, 1933, to Hokkai Seikan Sdko K. K.; Chem. Aba., 1934, 28, 5353. 

“French P. 740,212, 1931, to ClJompagnie des vemis Valentine: Chem. Aba., 1933, 27, 2301. 

“H. A. Tunstall and F. G. Richard, British P. 409,672, 1932. to W. T. Henleys Telegraph Works 
Co.; Brit. Chem. Aha. B. i984, 592 
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of a high-acid Albertol resin has been investigated and suggested as a flatting- 
medium for varmshes.®^ A short-oil Albertol-tung oil varnish has been recom¬ 
mended as a water-resistant priming coat“ Another varnish which has been 
suggested is made by melting an Amberol resin with i3-eleostearin at 210°C.; 
lead oxide and manganese dioxide are added and the temperature raised to 275'’C. 
High-boiling gasoline is used as the solvent “ 

The use of Albertol resins in nitrocellulose lacquers is recommended because 
of their neutrality, purity and uniformity, as well as the conferment of increased 
alkali resistance. They are soluble for the most part in solvents for such lacquers 
(acetone, amyl or ethyl acetate, Cellosolve, xylene or turpentine). Combination 
lacquers (oil and nitrocellulose) present another field of use. Because the Albertols 
(Amberols) are hard resins, a plasticizer is advisable.*” 


Oil-Modified Phenol Resins 

In the search for oil-soluble phenol resins it was observed that the desired iprop- 
erties are obtained not only by incorporation of natural resins but also by the use 
of drying oils as modifiers. Tung oil is the most widely employed oil for this 
purpose. 

One method of producing an oil-modified phenol resin is described by Brown 
Twelve parts of raw tung oil and 1 5 parts of a lead and manganese-tungate and 
-resinate drier are heated in an open kettle to 180-190°C. as rapidly as possible and 
maintained at that temperature for about 15 minutes. The liquid is allowed to cool 
to 100°C. and 4 parts of cresol and 3 parts of 40 per cent formaldehyde solution are 
added. The temperature of the mixture is maintained at 95-100°C. for 1 hour with 
stirring, this treatment effecting evaporation of most of the water. Heating is then 
stopped and the mixture is permitted to stand for several hours. Precipitated sedi¬ 
ment is removed and the temperature is raised to nearly 150°C. until the odor of 
formaldehyde has disappeared. The material is thinned with kerosene or turi^entine 
to form a baking varnish. The use of a smaller proportion of tung oil results in the 
formation of a product which may be used for the impregnation of cloth and fiber.”® 
The procedure may be altered by heating the tung oil and phenol together, adding later 
the aldehyde and drierBy varying the proportions and omitting the drier, a plastic 
composition for insulation is obtained.”® 

The reaction of oxidation products of linseed oil or of tung oil with phenol 
and formaldehyde, employing a basic catalyst such as ammonia, yields a resin 
which is said to be resistant to acids.**" It is soluble in toluene and xylene and 
may be used in the insulation of electrical apparatus.^" The product obtained b>' 
the interaction of 1(X) parts of cresol, 100 parts of tung oil, and 20 parts of 
hexamethylenetetramine is soluble in turpentine, and with driers forms a re¬ 
sistant film at room temperature.” Combination of phenol, or cresol, formaldehyde 

E, Fonrobert, Farben-Ztg., 1932, 37, 1084; Chein. Abs., 1932, 26, 3682. H. Wolff and B Rosen, 
Farben-Ztg., 1933, 38. 704; Chem. Abs., 1933, 27, 2828. 

“H. Wolff and G. Zeidler, Farben-Ztg , 1934, 39, 1071; Brit. Chem. Abs. B, 1934, 1069 See also 
A. V. Blom, Verfkroniek, 1934 , 7 . 279; Chem. Abs., 1935, 29, 2001 

®*C. O. Guuerke, British P 312,052, 1929, to E. 1. du Pont de Nemours A Co ; Chem. Abs., 1930, 

24 980. 

«*A. Kraus, Farbe u La(k, 1930, 206, 221, 586; Chem. Abs., 1930 , 24, 4174. 

^’A. L. Brown, U. S. P. 1,212,733, Jan. 16, 1917, to Westinghouse Elec. A Mfg. Co.; J.S C.I., 1917, 

36, 896. 

••A. L. Brown, IT. S, P. 1,632,113, June 14, 1927, to Westinghouse Elec. A Mfg. Co.; Chem. Abs., 

1927, 21, 2539. U. S. P 1.633,976, June 28, 1927; Chem. Abs., 1927, 21. 2764 U. S. P. 1,820,690, Aug. 

25, 1931; Chem. Abs., 1931, 25, 5740 Canadian P. 261,122, 1926; Chem Abs., 1926, 20. 2567. 

A. L. Brown, U. S. P. 1,640,562, Aug. 30, 1927, to Westinghouse Elec. A Mfg. Co.; Chem, Abs., 

1927, 21, 8473 

•A. L. Brown, U. 8. P. 1,680,408, Aug. 14, 1928, to Westinghouse Elec. A Mfg. Co.; Chem. Abs., 

1928, 22, 3792. 

«K. Bickhardt, German P. 534,784, 1926; Chem. Abs., 1932, 26, 1143. 

’«A. Heck, U. 8. P. 1,947,414 and 1,947,415, Feb. 13, 1934, to Cook Paint A Varnish Co.; Chem. Abs., 

1934, 28. 2554. Canadian P. 329,051, 1938; Chem. Abs., 1933, 27. 1530. 

V. Turkington, British P. 349,522, 1930, to Bakelite Corp.; Brit. Chem. Abs. B, 1931, 728. French 
P. 690,763, 1980; Chem^ Abs., 1931, 25. 1692. Canadian P. 308,848, 1931; Chem. Abs., 1931, 25, 2012. 
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and tung oil is effected by heating the mixture at lOO-lSO^C. A catalyst is not 
necessary, but use of a closed vessel enables the reaction to be carried out under 
pressure. Bodied tung oil may replace the raw oil. Dehydration is accomplished 
by subjecting the condensate to a vacuum at 100°C. or less. Varnishes made by 
this method give coatings which, after baking, are reported to have exceptional 
toughness, flexibility and dielectric strength.’® Similarly, the reaction of xylenol 
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Fig. 68.— House-Paint Weathering Test. On the left, straight oil and white lead formula¬ 
tion. On the right, paint fortified with Durez resin. 


with paraformaldehyde in tung oil in the presence of triethanolamine as a catalyst 
yields a substance which may be dissolved in naphtha.” 

An oil-modified resin described by Croad” is prepared by'condensing 2 mols 
of a phenol (e.g., cresylic acid) with 1 mol of formaldehyde in a solution (e.g., 
sodium acetate) which is only slightly alkaline to alizarin-red S and then heating 
the product with tung or linseed oil. 

Byck” has made a coating composition by boiling 100 parts of phenol, 150 

”N. Strafford, IJ. S. P. 1,928,739, Oct. 3, 1933, to Impenal Ohem. Ind , Ltd.; Chem. Abs., 1933, 
27,.5995. British P. 350,896, 1930; Brit. Chem. Abs. B, 1931, 818. 

«C. S Ferffiison, U. S. P. 1,896.842, Feb. 7, 1933, to Gen Elec. Co.; Chem. Abs., 1933, 27. 2831. 
Canadian P. 342.585, 1934, to Can. Qen Elec. Co.; Chem. Abs, 1934 , 28, 6002. See also O. H. Mains, 
U. S P. 1,730,857, Oct. 8, 1929, to Westinuhouse Elec A Mfg. Co ; Bnt. Chem. Abs. B, 1929, 987. 

R. B. Croad, British P. 411,828, 1934, to Howroyd, McArthur A Co., Ltd ; Chem. Abs., 1934 , 28« 
7044. . 

WL. C. Byck, XT. 8. P. 1,887,833, Nov. 15, 1932, to Bakelite Corp.; Chem. Abs., 1933,*27, 1464. U. S. 
P. 1.590.079, June 22, 1926; Chem. Abs., 1926, 20, 3090. British P. 267,736, 1926; Chem. Abs, l928. 22. 
1245. Gei-man P. 504.682, 1926; Chem. Abs., 1931, 25, 425. German P. 497,790, 1926; Chem. Abs., 
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parts of tung oil and 2 parts of phosphoric acid under reflux for 6 hours. The 
addition of 10 parts of dry hexamethylenetetramine gave a non-reactive resin 
which was dissolved in 150 parts of turpentine. An additional 10 parts of hex¬ 
amethylenetetramine were mixed with the solution. The composition yields ad¬ 
herent and resistant coatings when baked on wood or metal. Or it may be used 
to coat regenerated cellulose films or threads to give insulating material ” Plastics 
for electrical insulation are formed by employing the same reaction with different 
proportions of reacting materials.^ These products may also be used as binders 
for abrasives in grinding-tools,’* or, dispersed in tetrahydronaphthalene, as an 
ingredient in printing ink,” or mixed with gelatinizable cotton flock as a molding 
composition.** 

Modification of the above-mentioned coating composition by the addition of 
other resins gives a film which dries quickly without the aid of heat.*^ For ex¬ 
ample, 100 parts of formalin and 50 parts of rosin are added to the non-reactive 
resin obtained by Byck. The solution is heated under reflux for 5 hours and 
finally boiled until the water has evaporated. The resin when dissolved in tur- 
l)entine or toluene gives an air-drying varnish. Incorporation of 5-10 per cent 
cellulose nitrate or other esters with a solution of the resin just described has been 
suggested.** 

The combination of drying oil and rosin as a modifier was also recommended 
by Mabey.®* The initial condensation product of 100 parts phenol and 100 parts 
aldehyde was heated at about 100®C. with rosin (100 parts) and tung oil (6-50 
parts) until a homogeneous mass was formed. 

Another variation has been proposed by Delaney.** To a dehydrated viscous 
cresol-formaldehyde-tung oil condensation product is added chlorinated naphthalene 
and the material is heated under reflux until an intimate mixture is obtained. 
Toluene and xylene are incorporated to form a varnish. 

Colloidal dispersions of phenol-oil-formaldehyde resins in butyl alcohol have 
been employed where varnishes of low penetrative power are required."* For the 
same purpose, Courtney*® has recommended an emulsion of an oil-synthetic resin 
varnish in water. A phenol-acetaldehyde condensation product dissolved in oil 
with the addition of hexamethylenetetramine is used as a binding agent for 

1930. 24. 4175. British P. 358,603, 1930; Chem. Abs,, 1932, 26, 4970. French P. 700,063, 1930; Chem. 
Aba., 1931, 25. 3503. A vamish of this nature is suggested for waterproof backings for adhesive tape. 
See British P. 388,556, 1933, to Johnson & Johnson; Chem. Aba., 1933, 27 , 5908. British P. 387,125, 19^; 
Chem. Aba., 1933, 27, 5484. 

"H. L. Bender, U. S. P. 1,953,892, Apr. 3, 1934, to Bakelite Corp.; Chem. Aba, 1934, 28, 3813. 
British P. 355,318, 1929; Chem. Aba., 1932, 26, 5755. 

^F. Groif, British P. 367,045, 1929, to Bakelite Corp.; Chem. Aba., 1933, 27, 2320. British P. 
365,100, 1929; Chem. Aba., 1933, 27, 1775. French P. 689,126, 1930; Chem. Aba., 1931, 25, 1046. British 
P. 354,166, 1929; Chem. Aba., 1932, 26, 3943. Canadian P. 309,679, 1931; Chem. Aba., 1931, 25, 3138. 

F. Seebach, German P. 587,576, 1933; Chem. Aba., 1934, 28, 1823. 

wBritish P. 356,188, 1930, to Bakelite Corp.; Chem. Aba, 1933, 27, 392. French P. 698,090, 1930; 

Chem. Aba., 1931, 25, 3145. 

™ Bntish P. 408,688.'M932, to Bakelite Corp.; Brit. Chem. Aba. B, 1934, 546. 

®®P. Groff, British P. 354,166, 1930, to Bakelite Corp.; Brit. Chem. Aba. B, 1931, 934. French P. 
699,563, 1930; Chem, Aba., 1931, 25, 3449 

« V. H. Turkington, U S P 1,677,417, July 17, 1928, to Bakelite Corp.; Bnt. Chem. Aba. B, 1928, 
681. British P. 293,453, 1928; Bnt. Chem. Aba. B, 1930, 204. British P. 324,025, 1927; Chem. Aba., 1930, 
24. 3387. British P. 359,986, 1930; Chem. Aba., 1933, 27, 435. French P. 653,004, 1929; Chem. Aba., 

1929, 23, 3821. Canadian P. 313,445, 1931, to Bakelite Corp.; Chem. Aba., 1931, 25, 4724. 

«*V. H. Turkington, U. S. P. 1,954,836, Apr. 17, 1934, to Bakelite Corp.; Chem. Aba, 1934, 28, 
3921. British P. 342,286, 1929; Bnt. Chem Aba. B, 1931, 405. French P. 684,747, 1929; Chem. Aba., 

1930, 24, 5517. Canadian P. 317.205, 1931; Chem. Aba., 1932, 26, 1460. German P. 600,579, 1934; 
Chem. Aba., 1934, 28, 7562. 

H. E. Mabey, British P. 419,883, 1933, to British Resin Products, Ltd.; Brit. Chem. Aba. B, 1935, 

112 . 

®*M. E. Delaney, U. S. P. 1,980,258, Nov. 13, 1934, to Bakelite Corp.; Chem. Aba., 1935, 29, 366. 
See also French P. 688,303, 1930; Chem. Aba., 1931, 25, 833. 

Bender, British P. 349,599, 1930, to Bakelite Corp.; Brit. Chem. Aba. B, 1931, 729. French 
P. 690,457, 1980: CAem. Aba., 1931, 25, 1109. H. F. Wakefield, U. 8. P. 1,756,267, Apr. 29, 1930; Chem. 
Aba., 1980, 24, tl22. British P. 358,603, 1930; Brit. Chem. Aba. B, 1932, 81. Canadian P. 315,010, 1931; 
Chem. Aba., 1932, 26, 1810. French P. 700,063, 1930; Chem. Aba., 1931, 25, 8503. 

••R. P. Courtney. U. S. P. 1,987,549, Jan. 8, 1985, to Bakelite Corp.; Chem. Aba., 1985, 29. 1689. 
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laminated stock such as paper or asbestos.*" Still another method of obtaining a 
heat-hardenable resin dissolved in a drying oil has been given* A mixture of 
Novolak and linseed oil is heated to 300°C. After cooling to 100®C., 3 per cent 
of hexamethylenetetramine is added and heat again applied. The resulting material 
hardens at 120'*C. within a day. 

Potentially reactive phenol-aldehyde resins when heated at 150‘’C. with oxidized 
drying oils in a mutual solvent (e.g., cyclohexanol) give on evaporation of the 
solvent a viscous mass. This, mixed with turpentine, affords a satisfactory var¬ 
nish film.* The presence of iodine accelerates the reaction.* An analogous pro¬ 
cedure is that suggested by Drummond and Morgan.®^ A phenol and an aldehyde 
are allowed to react in a volatile solvent and an oil later incorporated. For ex¬ 
ample, 32 parts of cresol are condensed with 14 parts of formaldehyde in butyl 
alcohol containing sodium hydroxide. The product is acidified with boric acid 
and distilled until the boiling point indicates that all the water has been removed.®® 
Then 32 parts of tung oil are added and distillation continued until a drop of 
the solution dries clear.®®* Material which has been prepared in this manner may 
be treated with acetic anhydride to give a rapid-drying coating.®* For instance, 
100 parts of resol are allowed to react with 100 parts of tung oil in the presence 
of 200 parts of cyclohexanol. Most of the solvent is distilled off in vacuo and 
100 parts of acetic anhydride are added. After the solution is boiled for about 
2 hours, the acetic acid formed and the unconverted acetic anhydride are removed 
as completely as possible by vacuum distillation. The residue is redissolved in 
cyclohexanol (recovered in the first step of the operation) and the solvent again 
removed by distillation. The purpose of this procedure is to eliminate the last 
traces of acetic anhydride. The resin is soluble in an alcohol-benzene mixture, 
111 benzene or in turpentine. 

Polyhydric alcohols which have been partially esterified with a drying oil acid 
may be condensed with an aldehyde and a phenol.®* Thus resorcinol, paralde¬ 
hyde, tung oil monoglyceride, butyl alcohol and a solution of sodium hydroxide 
in methylated spirit are heated together. The product diluted with butyl alcohol 
serves as a varnish. 

Condensation of phenol and formaldehyde may be effected by adding hot lin¬ 
seed (or castor) oil to a cold, well-stirred aqueous solution of the reactants.®* On 
standing, the mixture separates into two portions, a lower water layer and a 

S. E. Chubb, British P, 392,226, 1933, to Bakelite, Ltd ; Chem. Abs , 1933, 27 , 4943. 

**«F. Seebarh, U. S. P. 1,988,465, Jan. 22, 1935, to Bakehte G m b H.; Chem. Aba, 1935, 29. 1540. 

British P 349,931, 1930, to Bakehte Q m.b.H.; Bnt. Chem. Abs. B, 1931, 769. British P. 
355,827, 1930; Brtt. Chem Abs. B, 1931, 1019. French P. 690,335, 1930; Chem. Abs., 1931, 25, 1109. 
British P. 3^,807, 1929, addn. to 295,335; Chem Abs, 1933, 27 , 2318. See al.so F. Seebach, German P. 
517,445, 1929, to Bakehte G.m b.H.; Chem Abh., 1931, 25, 2311 British P. 409,397, 1934, to Chem. 
Fabr. K. Albert Gmb.H.; Chem. Abs., 1934, 28. 6330. French P. 745,316, 1933; Chem. Abs., 1933, 
27. 4430. 

I'\ Seebach, U S. P. 1,985,264, Dec. 25, 1934, to Bakehte G.m b.H.; Chem. Abs., 1935, 29, 1180. 
Geiman P. 533,798. 1930, Chem. Abs., 1932, 26, 862 

A. A. Drummond and H. H. Morgan, British P. 329,313, 1928, to Imperial Chem. Ind. Ltd.; 
Chem. Abs, 1930, 24, 5517. British P. 413,718, 1932, Bnt. Chem. Abs. B, 1984, 897. French P. 683,290, 
1930; Chem. Abs., 1930. 24. 4648. 

H. F. Wakefield (U. S, P. 1,997,614, Apr. 16, 1935, to Bakehte Corp.) suggests that reaction 
between formaldehyde and phenol-tung oil condensate be effected m high-boiling solvents such as 
butanol, amyl alcohol, or Cellosolve. Water formed dunng reaction forms a constant-boiling mixture 
with the solvent and may be removed ns such. 

*** The drying rate of phenol-resin varnishes is accelerated by adding mixtures of castor oil or tung 
oil w'lth salts of a dehydrating nature, e.g., the chlorides of iron, xinc, tin, alununum or calcium. 
See, A. A. Drummond and H H. Morgan, British P. 345,633, 1929, to Imperial Chem. Ind., Ltd.; 
Chem. Abs., 1932, 26, 323. German P. 575,920. 1933;Chem. Abs., 1983, 27. 5995. 

«»E. Elbel and F. Seiter, U. S. P. 1,963,973, June 26, 1934, to Bakehte G.m.b.H.; Chem. Abs., 
1934, 28, 5264. Coating compositions comprising a compound of a heat-hardemng phenol-aldehyde 
resin (resol), an air-drying fatty oil, and acid anhydrides or chlorides, are describe by F. Seebach, 
U. S. P. 1,998,098, Apr. 16. 1935, to Bakehte G.m.b.H. 

^ A. A. Drummond and H. H. Morgan, British P. 413,718, 1934, to Imperial Chem. Ind., Ltd.; 
Chem. Abs., 1935, 29, 253. 

A. H. Brown, British P. 255,516, 1925, to Silumioite Insulator Cb., Ltd.; Brit Chem. Abs. B, 
1926, 838. 
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supernatant oil layer. The latter may be decanted and further thickened by 
heating. If the last operation is carried too far, the hardness of the product may 
be reduced by the addition of phenol. Reaction between a mixture of 4 parts 
of naphthol and 50 parts of oxidized castor oil and a mixture of 2.5 parts of hydro¬ 
chloric acid and 20 parts of formalin at lOO^C. yields an elastic body.** A resinous 
material for dressing fabrics was secured by heating equivalent amounts of castor 
oil and resorcinol below 100*C. Sulphuric acid served as the catalyst.*" 

Phenol-aldehyde condensation products which contain 20 per cent tung oil are 
soluble in ketones, alcohols, and esters. They can be made soluble m hydrocarbons 
by heating at 150*C. according to Drummond and Morgan.** 



Courtesy Buffalo Foundry A Machine Company 

Fio. 69.—^Vacuum-Pressure Impregnating Kettles. The material to he impregnated 
is placed m the middle container and is dried under vacuum. The right-hand container 
is filled with a solution of the resin used for impregnation. Upon opening the con¬ 
necting valve between the two vessels the solution floods the middle vessel. Air pressure 
can be applied to force the solution into the pores of the material which is being im¬ 
pregnated. 


It has been stated that phenol-oil-formaldehyde resins can be employed to 
improve the strength and wear-resisting qualities of fire hose, rubber tires, or 
other rubber-coated fabrics.** The fabric is first impregnated with the resin and 
then coated with rubber. Stencil paper is made by coating yoshino paper with 
a solution of phenol-tung oil-formaldehyde resin, aluminum stearate, and butyl 
phthalate. The paper is then heated at 140*C. to polymerize the resm.^®* 

Tests made on plain and parkerized (treated with phosphoric acid) iron plate, 
which were coated with a primer, and a suspension of lampblack in a tung oil- 
phenol-formaldehyde resin, and dipped in a 3 per cent sodium chloride solution, 
showed that the attack was greatest at the air-liquid interface. Resistance de- 

“A. Oaroselli, U. S. P. 1,086,139, Feb. 3, 1914, to Chem. Fabr. Florsheun H. Noerdlinger; J.8.C.L, 
1914, 93, 269. Geman P. 253,617, 1910; J,S.C,L, 1913, 32, 36. 

^SwiM P. 169,563, 1934, to See. pour I'lnd. chim. k B&Ie; Chem, Ab$ . 1935, 29, 2000. 

** A. A. Drummond and H. H. Morgan, British P, 345,310, 1929, to Imperial Chem. Ind. Ltd .; 
Chem. A&«., 1932, 26, 324. 

••British P. 356,818, 1930, to Bakelite Corp.; Brit. Chem. Abe. B, 1931, 1046. 

«»K. W. Carr, U. S. P. 1,894,731, Jan. 17, 1938, to Ditto, Inc.; Bnt. Chem. Abe. B, 1988, 960. 
TJ. a P. 1,878,672, Sept. 20, 1932; Brii. Chem. Abe. B. 1933. 621. 
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creased with increasing oil content.*"” For insulating copper wire, Ruben*®* em¬ 
ployed a phenol-oil-formaldehyde resin (in a very thin him) to act as a binder 
for a coating of insulating oxides such as those of titanium, chromium or iron. 


Other Oil-Soluble Resins 


Although real success was achieved in the search for oil-soluble phenol resins 
by modifying them with drying oils or with natural resins, some need was shown 
for producing oil-soluble resins directly without such modification. As will be 
seen from the discussion that follows, this need was filled partially by the use of 
phenolic substances other than ordinary phenol.‘®® 

Some of the first unmodified oil-soluble resins were produced from the con¬ 
densation of formaldehyde with o-cresol’"^ or p-cresol.*®" Others have been ob¬ 
tained by allowing acetaldehyde*®® to react with tar oils*"" or with phenol in carbon 
tetrachloride and catalyzed with hydrochloric acid.^"^ The use of phenols of 
high molecular weight also yield the desired products.*®® Substances soluble in 
aromatic hydrocarbons, turpentine, and fatty oils have been made by heating a 
phenol ether (e.g., anisole or /3-naphthol ethjd ether), with formaldehyde in the 
jiresence of a strong organic acid (formic) or an inorganic salt with an acid reac¬ 
tion (zinc chloride).**® Condensation has also been carried out with the methyl 
or ethyl ether of 1,3,5-xylenol."* Coating compositions are made from the re¬ 
sultant product by incorporation with drying oils or nitrocellulose. 

The addition of diazotized p-nitroaniline to a molten mixture of 94 parts 

of phenol and 7.5 jiarts of hexamethylenetetramine gives an oil-soluble dyestuff.*** 
On cooling, the mass is converted into a solid metallic-green- or orange-colored 
azo resin, which gives orange-colored solutions in oils and fats. 

When the reaction between phenol and formaldehyde is carried out in the 
presence of a terpenic or alicyclic alcohol such as a-terpineol, a fusible resin 

soluble in oils results.*'® 

Varnish resins of the oil-soluble type are obtained by the reaction of xylenols with 
paraformaldehyde, according to Dmmmond and Morgan.*** For example 976 parts 
of mixed xylenols, 150 parts of paraformaldehyde, 30 parts of concentrated hydro¬ 
chloric acid and 1000 parts of methyl alcohol are boiled together for 20 hours. The 
product is distilled at 120®C. until the residue becomes hard on cooling. The latter 
may be dissolved in an equal weight of tung oil by heating at 175®C. for 2 hours 
and used with solvent naphtha as a varnish. Later work indicated the fractions 

F Koike, Farben-Ztg., 1934, 39, 331, Brit, Chem, Ab$. B, 1934, 413. 

Ruben, L S. P. 1,896,040 to 1,896,043, Jan. 31, 1933, to Vega Mfg. Corp.; Chem Abft., 1983, 

27, 2507. 

A detailed treatment of this type of ream is found in Chapter 17. 

I'-J. W. Aylsworth, U. S. P. 1,111,287, Sept. 22, 1914; Chem, Abs , 1914, 8, 3634 See also French 
P. 384,425, 1907, to Farbenfabr. vonn F. Bayer & Co.; J S.C L, 1908, 27, 457. 

106 w. T. Robinson-Bindley, A. W. Weller and E. Dulcken, British P. 134,563, 1918; J 8 C . 1 ., 
mo, 39, 35A. 

Apparatus especially adapted for the production of phenol-aldehyde-type oil-soluble resins i.s 
described by A. Johnson, U. S P. 1,994,714, Mar. 19, 1935, to Combustion Utilities Corp. Provision 
i.s made for the immediate return to the reaction kettle of volatilised low-boiling ingredients (e.g., 
acetaldehyde) and their thorough intermixture with the less volatile liquids. A better control of tlie 
process is thus ensured, with less danger of the formation of an oil-insoluble product. 

Bntish P. 156,740, 1921, to Chem. Fabr. Worms A.-G. ; Chem. Aba., 1921, IS, 1821. 

A. Steindorff and O. Balle, German P. 365,286, 1920, to Farbw. vorm Meister, Luoms A Briining; 
J.S.C.L. 1923, 42, 614A. 

H. Morgan, /. Oil and Colour Chem, Aaaoc., 1932, 15, 106; Chem. Aba., 1982, 26, 3941. 

lu) German P. 406,152 and 406,990, 1919, and 407,000, 1920, to Farbw. vorm Meister, Lucius A 
Briining; J.8C.1, 1925, 44, 461B 

R. Hill, British P, 400,272, 1938, to Imperial Chem. Ind., Ltd.; Chem, Aba,, 1934, 28, 2206. 

Plauson, U. S. P. 1,500,844, July 8, 1924; J.8.C.L, 1924, 43, 720B. H. Plauson and J. A. 
Vielle, British P. 182,497, 1921; J.8.C.I., 1922, 41. 676A. 

Rosenblum, British P. 416,476, 1932; Brit. Chem. Aba. B, 1934, 1022. French P. 738.444. 1932; 
Chem. Aba., 1983, 27, 1775. 

A. A. Drummond and H. H. Morgan, British P. 345,276, 1929, to Imperial Chem. Ind. Ltd.; 
Brit. Chem. Aba. B, 1931, 686. 
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of low-temperature tar boiling above 230®C. yield resins which may be incorporated in 
tung oil,^ or alternatively the phenolic fraction (100 grams) boiling at 255-275®C. 
may be condensed with paraformaldehyde (40 grams). When the mixture is heated, 
a vigorous reaction occurs at 110-120®C.; and further heating is necessary until a 
clear melt is obtained. More aldehyde should be added at this point to combine 
with unreacted phenol. The resultant brown resin has a melting point of about 
150®C. Other investigators^* have incorporated fatty acids m the reaction of xylenols 
or higher phenols with formaldehyde. 

The preparation of oil-soluble resins from cresylic acid and formaldehyde is de¬ 
scribed by Novak.^” Three parts each of cresylic acid and commercial 40 per cent 
formaldehyde are mixed with 1 part of ammonium hydroxide (sp.gr. 0.898). After 
the reaction has been completed, which may take 30-60 minutes, the aqueous layer 
is decanted. The product obtained contains 3-5 per cent nitrogen according to Novak 
It is converted into a varnish by heating with two-thirds its weight of tung oil at 
90-100®C. The resulting solution is used to inii)regnate cloth, fibers or paper to 
form insulating material. It is stated that the varnish heat-hardens very quickly 
to an infusible state. 

It has been noted that crystalline condensation products obtained from 
/3-naphthol and formaldehyde are made oil-soluble by heating them above their 
melting points. A solution of such substances in fatty oils is said to give good 
varnishes.^“ Similarly a fusible phenol-aldehyde resin may be heated with a 
polynuclear phenol to yield a material that is oil-soluble.^'® For example, 100 
kilos of reactive resin are fused with /S-naphthol and heated for 1.5 hours at 
260®C. If manganese oxide or lead oxide is used as a catalyst, the resin is more 
soluble in oil, and the varnish dries more quickly. Addition of natural resins 
such as rosin, dammar, and copal facilitates solution in oils.'^ 

According to Seebach’®' the same procedure is applicable to infusible phenol 
resins. Equal parts of resite and^ dihydroxybiphenyl are heated together until 
the resin is dissolved and no more water vapor is driven off. The resulting 
product is readily soluble in hot fatty oils. ^ 

Investigations of the effect of /3-naphthol on the drying rate of an oil show 
that it accelerates the rate at elevated temperatures in sunlight. However retarda¬ 
tion takes place in indirect light, unless a drier is present. The drying of var¬ 
nishes made from tung oil and an acid or neutral resin is retarded or accelerated 
respectively by /3-naphthol; but if a drier is also present, retardation is usually 
observed.'®® The addition of 0.3-1 per cent of cresol to an oil varnish is said to 
prevent skinning.^®* Merkle'®* noted that the presence of an oxidation catalyst 
(managanese or lead) and an inhibitor (eugenol or a-naphthol) in drying-oil com¬ 
positions prevents their oxidation in bulk without retarding their normal drying 
rate in thin films. 

Condensation of hydroxybiphenyls with formaldehyde in the presence of fatty 

>“E. L. Holmes, JSC.I., 1934 , 53, 74T, See also Chapter 12. 

V. H. Turkington and W. H. Bullei, Canadian P. 306,930, 1930, to Bakelite Corp ; Chem. Abs., 
1931, 25, 834. 

J. Novak. U. S. P. 1,952,725, Mar 27, 1934, to Raybestos-Manhattan, Inc.; Chem. Abs, 1934, 
28, 3605. British P. 334,232. 1929; Bnt Chem. Abe. B, 1930, 1039. 

'«Gemmn P 468,391, 1925, to Bakehte C. m.b.H.; Chem. Abe, 1929 , 23, 1294. 

»‘*F. Seebuch, U S. P. 1,944,016, .Ian 16, 1934, to Bakehte (J.m I* H ; Chem Abe, 1934 , 28, 2205. 
U. S. P. 1,809,732, .Ian. 9, 1931; Chem. Abe., 1931, 25, 4422. Gennan P. 494,709, 1926; Chem. Abe., 1930, 
24, 3662. Geiinan P. 544,894, 1927; Chem. Abs., 1932, 26, 3687. British P. 282,414, 1926; Chem. Abe., 
1928 22 3791. 

la>F. Seebaoh, U. S P. 1,844,824, Feb. 9, 1982. to Bakelite G.m b H.; Chejn. Abe., 1932 , 26, 2073. 
German IT>530,208, 1927; Chem. Aba., 1932, 26. 325. British P. 283,124, 1927; Chem. Aba., 1928, 22, 
3999. French P. 645,713, 1927; Chem. Aba., 1929, 23, 2051. 

JttF. Seebach, U. S. P. 1,971,507, Aiig. 28, 1934, to Bakelite G. m. b. H ; Chem. Aba, 1934 , 28, 6580. 

C. A. Thomas and P. E. Marling, Ind. Eng. Chem , 1932 , 24, 871. See also R. S. Hilpert and 
C. Niehaus, Angew. Chem., 1934, 47, 86; Chem. Aba., 1934, 28, 2549 

K. Hunt and Q. H. Latham, U. S. F. 1,948,682, Feb. 27, 1934, to E. I. du Pont de Nemours 
& Co.; Brit. Chem. Abs B, 1934, 1070. 

“*C. R. E. Merkle, U. S. P, 1,829,999, Nov, 3, 1931, to K. I. du Pont de Nemours & Co.; Chem. 
Aba., 1932, 26. 860. 
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oils yields oil-soluble resins.““ A mixture of 100 parts of p-hydroxybiphenyl^ 
and 100 parts of formalin are heated until a resin forms. This is heated with 
100 parts of tung oil at 210°C. until a small portion remains clear on cooling 
and can be diluted with cold linseed oil. Addition of more oil, while keeping 
the temperature above 200®C., a thinner, and a drier gives a varnish. This 
composition, or one made from the resin prepared by Byck,“" is said to be supe¬ 
rior to a varnish containing ester gum in that it dries more quickly, the films are 
harder, more elastic, and more durable.'^ (See Figs. 70 and 71). 

The data for the curves were obtained from a mixture of 1 part resin and 2 
parts tung oil. Elasticity was determined by the standard test of adding Kauri 


Fio. 70. 

Drying-Time of Varnishes and 
Durability of Films Prepared 
from Mixtures of Ester Gum 
and Oil-Soluble Phenol Resin. 
(V, H. Turkington.) 
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gum and finding the amount of such addition necessary to produce cracks on 
bending around a 3 mm, rod after baking 5 hours at 95°C. The durability rating 
indicates the relative freedom from cracks or other signs of failure after exposure 
of test panels. Hardness figures were obtained with a swinging-beam apparatus. 

Coatings made in the same manner, except that air was bubbled through the 
mixture during heating, are recommended for treating floor coverings.^ 

128 V. H. Turkington and W. H. Butler, British P. 347,737, 1929, to Bakelite Corp.; Chem, Aba., 
1932, 26, 1812. French P. 689,014, 1930; Chem. Aba., 1931, 25, 1109. German P. 571,039, 1930; Chem. 
Aba., 1933, 27 , 2831. Cf. French P. 716,510, 1931; Chem. Aha., 1932 , 26, 2333. 

Hvdroxybiphenyls are prepared from the corresponding chlorobiphenyl by hydrolysis with aqueous 
sodium hydroxide under pressure at 250-300*C, employmg a copper catalyst (E. C. Britton, U. S. P. 
1,959,2^, May 15, 1984, to Dow Chenucsl Co.; Chem. Aba., 1934 , 28, 443S). R. W. Rittler (German 
P. 605,520, 1M4, to Chemische Fabrik von Heyden A.-G.; Chem. Aba., 1935, 29, 1836) recommends sepa¬ 
ration of o- and p- forms of hydroxy biphenyls by treatment with aqueous solutions of alkaline earth 
salts, hydroxides or oxides and filtering. o-Hydroxybiphenyl is soluble and may be precipitated from 
the filtrate by acidification. Phenol and chlorocyolohexane react at 800*C. to give o- and p-cyclohexy l 
phenol (E. C. Britton and R. P. Perkins, U. S. P. 1,862,075, June 7, 1982, to Dow CSiemical Co.; 
Chem. Aba., 1982. 26, 4068). The latter compound when heated with a dehydrogenaUng catalyst yields 
o- or p-phenyl phenol (E. C. Britton and S. L. Bass, U. S. P. 1,862,000, June 7, 1982, to Dow Ch^nical 
Co.; Chem. Aba., 1982, 26, 4068). 

^L. C. Byck, U. 8. P. 1,590,079, June 2, 1926, to Bakelite Corp. ; Chem. Aba., 1926, 20, 8090. This 
has been discussed previously in the chapter. 

i»V. H. Turkington and W. H. Butler, U. 8. P. 1,988,8^5, Jan. 22, 1985, to Bakelite Corp.; Chem. 
Aba., 1935 , 20, 1667. British P. 378.094, 1981; Brit. Chem. Aba. B, 1982, 997. V. H. Tuikinatoii. R. C. 
Shuey and W. H. Butler, Ind. Eng. Chem., 1980, 22, 1177. G. Dring, J.S.C.I., 1984 , 53, 1018. See also 
Circ. Natl. Paint. Vamiah, Lacquer Aaaoc., 19M, 471, 2W; Chem. Aba., 1985, 29, 863. 

H. Turkington, U. S. P. 1,9^,616, Jan. 22, 1985, to Floor Covering Patents, Inc.; Chem. Aba,, 
1985, 29, 1667. 
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In a somewhat analogous procedure** a mixture of a,a(4,4'-dihydroxy-3,3'- 
dimethyldiphenyl) cyclohexane, or /3,/3(4,4'-dihydroxy-3,3'-dimethyldiphenyl) i)ro- 
pane, and formaldehyde is condensed in the presence of hydrochloric acid and 
denatured alcohol. The product may be dissolved in tung oil to give a varnish. 

The reaction of a phenol with a ketone yields a compound which is converted 
into an oil-soluble resin by treatment with formaldehyde.^^ Equimolecular 
amounts of phenol and acetone, using hydrochloric acid as a catalyst, form 
/3,/9-bis(4-hydroxy-phenyl) propane and a condensation product of acetone with 
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the latter. The mixture is refluxed for 8 hours with a 40 per cent solution of 
formaldehyde (0.35 mol per mol of phenol used in the first reaction). Water and 
excess formaldehyde are removed by distillation m vacuo, at 200‘’C. The resulting 
resin has a melting point of 100-110°C. and is soluble in tung and other oils. 

In some instances oil-soluble resins are made by condensation of aldehydes with 
phenols containing an alkyl or aryl group in the para position. Such phenol 
derivatives are obtained by heating alcohols with phenols in the presence of zinc 
chloride or other dehydrating agents.*'*^ Thus by heating isobutyl alcohol and 
phenol, the following reaction occurs: 


H,C 

^cn—CHjOH + 
H,C^ 





CH, 


HO——C—CHi 4* H 2 O 




CH, 


i»A. Hill, R. Hill, and E. E. Walker, British P. 401,309, 1933, to Imperial Chem. Ind., Ltd.; Chem. 

R^M^*ire^,*\j. S. P. 1,948,409, Feb. 20, 1934, to Resinox Corp.; Chem. Ab*., 1934, 28, 2928. U. S. 
P. 1.970.913. Aua. 21. 1934; Chem. Abs,, 1934, 28, 6330. 

»“A. Liebmaiin, Ber,, 1881, 14. 1842; 1882, 15. 150. M. Senkowski, Ber., 1890, 23, 2412. H. Auer, 
Bar., 1884, 17, 669, B. Fischer and B. GiUtxner, Ber., 1893, 26, 1646. Gemian P. 17,311, 1881, to 
A.-6. flir Anilinfabr.; /.B.C./., 1882, 1, 226. L. v. Dobrsycki, J. prakt. Chem., 1887, 36, 389; Chem. 
Zentr., 1887, 1494. Gemmn P. 23,775, 1882, to A.-G. fUr Anihnfabr,; J.8.C.I., 3, 105. H. Mevei 

and K. Benihauer Mamteh., 1929, 53-54, 721; CheWt. Ab/»., IWO, 24, 846. O. Hmsberg Gernmii P. 
588376, 1980; Chem. Abi*., 1932, 26, 1617. E. C. Fauto, U. S. P. 1,824,426, Sept. 22, 1931, to MoKrtson 
and Robbins. Inc.; Brit. Chem. Abe. B, 1933, 219. R. R. Read, U. S. P. 1,887,662,'Nov. 15, 1982, to 
^arp A ^nme, Inc.; Brit. Chem. Abe. B, 1933, 999. 
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Phenols can be alkylated with an alkyl halide in the presence of zinc or ferric 
chloride,^” or of alcoholic potassium hydroxide.^®* The reaction will also take 
place with an unsaturated hydrocarbon such as isobutylene both with'®*’'* and 
without^*" metallic halides as catalysts. Thomas^” has made p-tertiary amyl phenol 
by allowing phenol to react with amylene in the presence of sulphuric acid. Simi¬ 
larly octenes, obtained from the isomeric butenes, react with phenols or phenyl 
ethers m the presence of sulphuric acid to give the corresponding alkylated com¬ 
pound.''** 

Analogous aryl-substituted phenols such as triphenyl-p-hydroxy-phenyl-methane 
[(CflHB) 8 CCoH 40 H J have been prepared by elimination of water between triphenyl- 
carbinol and phenol'*” and by the Friedel-Crafts reaction, using triphenyl-chloro- 
methane and phenol 

The preparation of resins with p-alkylated phenols is described by Honel.'^' 
Eighty-two g. of p-tertiaryamylphenol, 90 g. of 30 per cent formaldehyde, and 
75 cc. of 3^” sodium hydroxide are dissolved by gentle warming and heated at 
50-55“C. for 24 hours. The viscous oily reaction product is precipitated with 
an acid, separated from the supernatant liquid, and dried. The resultant resin 
is fast to light and soluble in oils.'** The reaction may also be carried out m an 
acid medium.'*® Hbnel"* has treated these compounds with esters to form materials 
for impregnating and coating. For example, 6 parts of melissic palmitate (beeswax) 
were melted and stirred with the liquid condensate obtained from 1 part of 
I)-tertiaryamylphenol and 1 part of 30 per cent formaldehyde. The temperature 
was gradually raised to 240°C. The brown end-product was harder than beeswax, 
more plastic, and surfaces coated with it were more easily polished. It is con¬ 
tended that p-substituted phenol resins go quite slowly into the infusible state. 
Better control of the reaction is thus permitted and an advantage in the prepara¬ 
tion of oil-soluble bodies is indicated.'** 

Cyclohexyl phenol may be used instead of an alkylated phenol in the condensa¬ 
tions just discussed.'** For example, p-cyclohexyl phenol is heated with formalde¬ 
hyde and oxalic acid. The product heated with tung oil and dissolved m solvent 

naphtha gives a coating composition. It may also be dissolved with nitrocellulose 

133 .V Gurewiisch, Ber , 1899, 32, 2424. 

13^ E. W. Lewi.>, J C S , 1903, 83, 329. 

K, Lxnner, U S P 1,892,990, Jan 3, 1933, to Beck, Koller & Co ; Brit Chem Ahn B, 1934 , 54 

Austrian P. 124,281, 1931, to Soc. Reichhold Flugger & Boecking; Chem. Abs., 1932 , 26, 735 French P. 

697,711, 1930; Chem Abs , 1931, 25, 3013. 

W. Koenigs. Ber , 1890, 23, 3144. W Koenigs and R W. Carl, Ber , 1891, 24, 3889 W. Koenigs 

and C Mai, Ber., 1892, 25, 2649. R. AnschUts and H. Beckerhoff, Ann., 1903 , 32 7 , 219; J.C.& , 1903 , 84 (1), 

556. British P. 308,662, 1928; Chem Aba., 1930, 24, 378. 

C. A Thomas, British P. 420,636, 1934, to Sharpies Solvents Corp ; Brit Chem. Aba B, 1935, 140 

H A Bruson, U. S. P. 1,987,228, Jan. 8, 1935, to Resinous Products & Chem Co.; Chem Ab^ 

1935, 29, 1433. 

A. Baever and V. Villiger, Ber., 1902, 35, 3013 See also T. Zincke and F,. Wugk, Atm, I'to.s 
363, 288. D. R. Boyd and D. V. Hardv. J.C.S , 1928, 630. 

i*«A. Baeyer, Ber., 1909, 42, 2624. M. Busch and R. Knoll, Ber., 1927, 60, 2243, Chem. Abu, 192S, 
22, 400. 

1*1 H. Honel, U. S. P 1,800,295, Apr. 14, 1931, to Beck, Koller A Co.; Chem Abs, 1931, 25. 3503 
H. Honel, J. Ehrenfeld and O. Reichold, British P 417,122, 1933; Bnt. Chem. Aba B, 1934, 1071 Fiench 
P. 758,861, 1934; Chem. Aba., 1934 , 28, 3256. Alkylation of resinous materials vihich contain an luo- 
matic group makes them soluble in hvdrocoiboii oils (French P. 771,214, 1934, to Stundaid Oil De\elop- 
ment Co.; Chem. Aba., 1935, 29, 854). 

waSee J. Harless (Farben-Ztg., 1933, 38, 1466; Bnt. Chem. Aba B, 1933, 1068) for a report of 
impact, bending and resistance to alkali testa >Mth varnishes made from Super BecJcacite 1001, a pi-oduct 
of Beck, Koller A Co. This typo of varnish was recommended (J Harlass, Farben-Ztg., 1984, 39, 653; 
Chem. Aba., 1934, 28, 5690) as a coating composition foi focKl cans. 

i«A. HUl, R. Hill and E. E. Walker, British P. 401,290, 1933, to Imperial Chem. Ind , Ltd ; 
Chem. Aba., 1934, 28, 2555. 

i**H. H6nel, U. S. P. 1,800,296, Apr. 14, 1931, to Beck, Koller A Co.; Chem Aba., 1931. 25, 3503 
U. S. P. 1,968,080, July 81, 1984; Chem. Aha., 1934, 28, 5941. British P. 334,572, 1929; Chem. Aba., 1931, 
25, 1110. French P. 676,456, 1929; Chem. Aha., 1930, 24, 8092. German P 565.413, 1929, addn. to 
563,876; Chem. Aba., 1933, 27, 2541. German P. 584,858, 1933; Chem. Aba., 1934 , 28. 1154 

i*«H. Hftnel, U. S. P. 1.996,069, Apr. 2, 1935. 

British P. 411,442, 1984, to Bakelite Corp.; Chem. Aba., 1934, 28, 7044. 



412 THE CHEMISTRY OF SYNTHETIC RESINS 

in a mixture of toluene, butyl and ethyl acetate, and butyl alcohol with tritolyl 
phosphate to form a lacquer. 

The heavy-metal salts of oil-soluble phenol aldehyde resins hav'^e been suggested 
as siccatives for paints and varnishes.'*’ To prepare these salts, phenol-acetaldehyde 
condensation products are heated with aqueous sodium hydroxide until saponification is 
complete. Subsequently treatment with hot lead acetate solutiun precipitates the lead 
salts, which are separated, dried and dissolved in turpentine. Alternatively, the con¬ 
densation product may be heated with cobalt acetate until the evolution of acetic 
acid has ceased. 

The use of raw oil rather than heat-thickened tung oil has been recommended 
with phenol-formaldehyde resms on the grounds that it exerts a greater solvent 
action on the resin, has greater anti-gelling power and is cheaper.’" 

Summary 

The development of phenolic resins in the varnish industry may be indicated 
by the following stages of progress: 

1. After the World War the producers of butyl alcohol turned to nitrocellulose 
lacquers in search of an outlet for that alcohol. The widespread use of lacquers 
had been greatly hindered by the lack of adequate solvents for nitrocellulose. 
Butyl acetate was found to be satisfactory for the jnirpose and a lacquer industry 
began which, with the advent of nitrocellulose of reduced viscosity, forged ahead 
at a rapid pace and acquired a very important position in the coating industry. 

2. The solubility in oils which was conferred by natural resins (in particular 
rosin) on phenolic resins which otherwise would be insoluble gave products which 
from about 1925 onward met commercial requirements sufficiently ‘to be used 
quite extensively. One of these products was known as Albertol. Another of 
somewhat later development was Amberol, which was marketed in various forms. 
Those phenolic resins which contained rosin were found to be less resistant to 
weathering influences than some of the natural-resin varnish compositions. The 
fact that the presence of rosin militated against the life of the coating served, at 
least m some cases requiring exterior exposure, to dimmish the scope of utility 
of resins of that type. However, nitrocellulose lacquers were so fast-drying and 
were pushing oil varnishes so hard that varnish producers seized upon modified 
phenol-formaldehyde resins, despite their defects, because these synthetic resins 
provided a faster drying effect than was possible to obtain with the varnish 
gums used up to that time, 

3. Hydroxybiphenyl, a by-product in making phenol from chlorobenzene, was 
found to react with formaldehyde to give an oil-soluble resin (without rosin) 
which, incorporated with drying oils in the varnish-making procedure, provided 
varnishes of great resistance to exterior exposure. 

4. Concurrently, alkylated phenols were made which likewise possessed the 
characteristic of dissolving in drying oils. These substituted compounds resembled 
in their behavior in varnish compositions those of the hydroxybiphenyl type and 
gave such promising results that their manufacture began and has increased to 
a considerable scale. The alkylated phenols are made either by treating phenol 
or one of its homologues with alkylated halide in the presence of aluminum chloride 
or by causing an olefin to combine directly with the phenol in the presence of 
sulphuric acid or like condensing agent.^" The resulting alkyl halide is then 

Rauch, German P. 402,539, 1922; J.8.C.L, 1925, 44, 17B. 

i"W. Ruckert, Fcarhen-Ztg., 1933, 38, 995; Brit. Chem. Abt. B, 1933, 676. 

For a rp\ lew of the various methods of making alkyl phenols see Carleton Ellis, “The Chemistry 
of Petroleum Denvatives," Chemical Catalog Co., New York, 1934, especially page 565, et «eq. 
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resinified by means of formaldehyde. Thus there is further available an oil-varnish 
resin group of which the important members are of the p-tertiary butylphenol 
type and the corresponding amyl compound. 

Resins from hydroxy biphenyl and from the synthesized alkyl phenols have pro¬ 
vided varnishes which possess a sufficiently rapid rate of drying to compete suc¬ 
cessfully with nitrocellulose lacquers. In addition they give a degree of depth and 
richness of coating not ordinarily obtainable by lacquers without the application 
of a greater number of coats. 

5. Cheaper forms of oil-soluble phenolic resins are provided by those from 
xylenol, it having been found that xylenols produce resins which have good solu¬ 
bility in drying oils and yield durable varnishes. The color of a xylenol resin 
varnish is not always satisfactory for some purposes, since the coating shows a 
tendency to darken to a slight extent on exposure to light. Other resins which 
have beea used in making oil varnishes are those derived by the action of phenol 
on acetone and treatment of the resulting compound with an aldehyde. In gen¬ 
eral, therefore, the development of resins of the phenolic type adequate for use 
in making oil varnishes calls either for the addition of the solubilizing agent 
(rosin) to the resin from phenol itself, or for the substitution in the benzene ring 
of the phenol structure a sufficient number of hydrocarbon or other groups to 
inijiart the needed degree of oil-solubility. 

The modified phenol-formaldehyde resins undoubtedly have a tendency to ac¬ 
celerate the drying of the various oils used in varnish making. The assertion has 
been made that the phenolic resins stimulate iiolynierization of the oil with the 
result that the coating sets and becomes dust- and tack-free without the nece^Mt\ 
of protracted exposure to oxidation in the air. However, since free phenol and 
cresol act as anti-oxidants, care must be taken that resins prepared for the varnish 
industry are so free from substances retarding oxidation that the expected accelera¬ 
tion of drying by virtue of the presence of the phenolic resins is not impaired. 



Chapter 20 

Modified Phenol-Formaldehyde Resins 
II. Various Modifying Agents 

Fusible phenol-formaldehyde resins possess neither toughness nor elasticity and 
are notably brittle. Although the infusible resins are hard and strong, they too 
are somewhat brittle and posvsess comparatively little elasticity or flexibility. Ef¬ 
forts to supply these properties have been unremitting. If flexibility could be 
imparted to the product, a non-inflammable substitute for celluloid in many of 
its applications could be realized. If tough, rubbery, elastic qualities could be 
developed its application in the rubber field might follow. In the present chap¬ 
ter there are considered various compositions formed by adding to the phenol- 
aldehyde reaction mixture or to the partially condensed resin certain substances 
intended to modify the physical qualities of the product. The discussion, how¬ 
ever, does not embrace fillers which are considered in the chapters relating to 
molding compositions (Chapters 65 and 66). Some of the modifying agents such 
as tung oil probably enter into chemical combination (see Chapter 19) while others 
are, to a large extent at least, merely inert additions or diluents. The sugges¬ 
tions covering proposed additions to phenol-formaldehyde resins are so numerous 
that space does not permit detailed descriptions of all of them. Modifiers may 
be easily obtainable substances, such as glycerol, dibutyl phthalate, starch, dextrin, 
glue, gelatin, albumin, natural resins and vegetable ivory, as well as a number 
that are more rare and less easily obtainable, such as intestinal mucin, a serum 
from cattle blood, alginic acid, cholesterol and the proteins made from corn and 
beans. 

The use of modifiers has spread in the resinous products industry with each 
succeeding year. As early patents expired the growth of competition narrowed 
the margin of profit on the older products and a constant search has been con¬ 
tinued for modifying agents which would so alter the original properties of the 
resin that new fields of use would be opened for it. This has brought a great 
variety of modifiers to light, some of which have attained commercial importance. 

Protein Compositions 

Phenol is a powerful solvent for proteins such as glue and casein, and early 
in the history of the development of phenol-formaldehyde resins various sugges¬ 
tions were made for the solution of a protein in phenol and treatment of the 
mixture with formaldehyde to form thermoplastic substances. Formaldehyde 
which reacts with both the phenol and the protein, was supposed to harden them 
both and to yield a product of improved elasticity. 

In 1907 Goldsmith' used a mixture of gelatin, /3-naphthol and formaldehyde 
for making a molding composition. He tenned the formaldehyde an indurating 

»B. B. Goldsmith, U. S. P. 1,076,417, Oct. 21, 1913; /.S.C./., 1913, 32, 1164. 
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agent, as it gave to the composition greater toughness and increased the resistance 
to the action of water. Also, it minimized the tendency of the composition to stick 
to the mold. Stockhausen^* incorpoiated gelatin with a phenol resin. A modern 
application of gelatin-modified resins is a cementing material for laminated glass." 
Fibers have been made antiseptic, waterproof and lustrous by treatment with 
a mixture of gelatin, bone acid, paraformaldehyde, a phenolic condensation piod- 
uct, alum and camphor.* 

Berend® described the preparation of a modified phenol-formaldehyde resin which 
contained glue. For example, 150 parts by weight of glue were dissolved in 75 parts 
each of phenol and glycerol at 70-80“C., and to this was added a solution of 24 parts oi 
shellac m 48 parts ol aniline, and finally 30 parts of paraform or 80 parts of a glycerol- 
formaldehyde mixture containing about 30 parts of formaldehyde was quickly stirred 
into the composition. This mixture gradually solidified becoming homogeneous and 
lough, and was molded before it became completely solid. Berend^ also used casein 
Twenty-five parts by weight each of phenol and casein and 2 parts of caustic soda 
were mixed and heated until the solution became clear and viscous Then, 50 parts 
of phenol and 10 parts of trioxymethylene were added, and the mixture was slowly 
heated to 100°C. to bring about reaction. Further additions of 10 parts and then 5 
parts of trioxymethylene were made at intervals. The mixture was thereafter cautiously 
heated and main tamed in a state of gentle ebullition for a period of about 2 hours 
until a test sample solidified on cooling in the air. Filling matenals were added and 
the composition placed in molds where it was hardened by heating for 6 houra at 
100-110®C. and then for a few hours at a slightly higher temperature.’ Wiechmann® 
prepared modified phenol-formaldehyde resms by reacting paraform with crystallized 
phenol, and mixing the product with cellulose or albumin. The product was soluble 
m a mixture of methyl and amyl alcohols, and was useful as a varnish. It was con¬ 
vertible into an insoluble infusible body by the action of heat. 

Tarasov* added numerous substances to phenol-formaldehyde resins, for the purpose 
of reducing inherent brittleness. Thus, a mixture of 100 parts by weight phenol, 
20 parts egg albumin, 50 parts water, 57 parts of a 37 per cent aqueous solution of 
sulpho-aci^ produced from petroleum acid sludge, was heated to 80**C. until the 
albumin dissolved and about 50 parts of the water had evaporated. Then, the mix¬ 
ture was cooled and 40 parts of formalin solution added. On heating to 80^0. 
rather violent ebullition occurred on account of the reaction of condensation. Evapora¬ 
tion was resumed, another 50 parts of water removed, the mix cooled to 25‘*'C. 
and 50 parts of formalin solution introduced. The mixture was now a rather thick 
liquid. It was poured into a mold and allowed to stand for 12 hours. During this 
time it became nearly solid. The molds were placed in a bath of water at 75°C. 
for a half hour, then heated to 90®C. for 1 or 2 hours and finally to 100°C. for the 
same length of time. The product was an infusible, opaque, yellowish, elastic solid 

KiihP® heated cresol and casein with formaldehyde, with or without a small quantity 
of potassium carbonate, m an autoclave at 3-5 atmospheres pressure. For example, 
250 grams of granular casein were soaked in 500 g. of cresol until a uniform mass was 
obtained. To this was added 400 g. of formaldehyde and the mixture was heated m an 
autoclave and kept at a pressure of 3 atmospheres for 10 minutes. The product was 
dissolved in alcohol to form a varnish. According to Nakanishi“ casein may be dis¬ 
solved in a concentrated solution of borax and dissolved in 10-20 parts of alcohol 
Phenol add formalin were heated with sodium acetate under reflux at about 100®C. 
for 2 hours and diluted with 20 parts of alcohol. By mixing this with the previously 
prepared casein solution, a varnish of rich luster was made. A substitute for hard 
rubber proposed by Parkert is made from mica 35 parts, galalith powder (artificial 

•J. Stockhausen, U. S. P. 1,001,881, May 13, 1013; Chem. Abt,, 1013, 7. 3310. French P. 466,435. 
1013; J.8.CJ., 1014, 33, 605. 

a P. R. Morris, U. S. P. 1,074,024, Sept. 25, 1084, to Duplate Corp.; Chem. Aba., 1034, 28, 7458. 

«S. Nishioka, Japanese P. 100,330, 1033; Chem. Aba., 1034, 28, 2547. 

•L. Berend. U. S. P. 052,724, Mar. 22, 1010; Chem. Aba., 1010, 4, 1530. 

•L. Berend, U. S. P. 1,040,850, Oct. 8, 1012; Chem. Aba., 1012, 6, 3534. 

’’Note also K. Albert and L. Berend, French P. 430,720, 1011; J.S.C.I., 1012, 31, 445. 

•F. Q. Wiechmann, U. 8. P. 1,080,188, Dec. 2. 1013; Chem. Aba., 1014, 8. 433. 

•K. I. Tarasov, U. S. P. 1,187,800, June 20, 1016; Chem, Aba., 1010, 10, 2131. British P. 102,751, 
1010; J.8.C.I., 1017, 36, 150. 

»>H. KUhl, German P. 280,648, 1013; Chem. Aba,, 1015, 9, 1840. 

UT. Nakanishi, Japanese P. 34,022, 1910; Chem, Aba,, 1920,' 14, 2270. Cf. Japanese P. 31,021, 1017; 
Chem. Aba., 1918, 12, 2354. 
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horn, made from casein) 85 parts and phenol-formaldehyde resin 26 parts. The 
resin is put into solution before incorporating it with the fillers.^ 

HagendorP used the serum from the blood of cattle, in conjunction with fonnic 
acid and trioxymethylene or formaldehyde. This mixture was heated with phenol 
and sodium peroxide until a solid product was obtained. Hydrogen peroxide^* can 
be substituted for the sodium i)eroxide and other albumins may take the place 
of blood serum. In making knobs, buttons or other articles from proteins such as 
those of blood, casein or yeast, a protein powder is consolidated by the action 
of a colloidal solution of protein in dichlorohydrin or phenol and formaldehyde.'"' 

Wiechmann'*^ mixed vegetable ivory with phenol and then treated the mixture 
with formaldehyde, obtaining a thermoplastic substance which could be trans¬ 
formed into a hard, infusible product. The ground vegetable ivory may be mixed 
with a liquid or pasty form of a partial condensation product of phenol and 
formaldehyde, and submitted to further heating until on cooling the material 
is hard enough to be ground. It can now be molded. In another case, ground 
vegetable ivory is simply mixed with a pulverized solid partial condensation product 
of phenol and formaldehyde and the composition is molded under heat and pressure 
to a hard, infusible condensation product. Wiechmann is of the opinion that 
reaction takes place between the three essential components and that the vegetable 
ivory actually is in chemical combination in the molded material. 

Frood“® describes a floor-covering composition. Fibrous material, before or after 
treatment with a phenol-formaldehyde condensation product, is disintegrated 
or shredded in such a manner as to preserve the original length of the fibers, 
and the product is kneaded to a uniform mass with rubber, casein or animal 
glue, together with filling material and coloring matter. The fibrous material 
and rubber respectively may be fireproofed by treatment with solutions of sodium 
silicate, zinc chloride or antimony trichloride or by chlorination. The composi¬ 
tion is rolled into sheets or molded into shape and subsequently vulcanized. 

Sato investigated various thermoplastic substances made from vegetable pro¬ 
teins (obtained from corn and beans) combined with jihenol and formaldehyde.'"' 
The protein was incorporated with the phenol and treated with formaldehyde 
or hexamethylenetetramine. For example, 100 parts by weight of the protein of 
corn were mixed with 150 parts of phenol and the mass kneaded to produce a 
thick glue-hke transparent substance of light brown color, and 50 parts by weight 
of trioxymethylene were introduced. Besides using these compositions in making 
molded articles Sato also made a lacquer by dissolving them in benzene, petroleum 
benzine or other solvent. He reported that this lacquer hardened at 30-40°C. to 
a glossy coating which was resistant to water and common organic solvents. 
Berlin^ has suggested that corn-gluten residues be utilized to make molded articles. 
The moldable mix consisted of 100 parts of starch and fat-free gluten, 8 of phenol, 
3 of butanol, 2.5 of glycerol, 3 of hexamethylenetetramine, 2.5 of paraformalde¬ 
hyde and 5 of water. The mixture is heat-hardened by molding at 150°C. and 
3000 pounds pressure for 9 minutes. Phosphatides from soya beans or egg yolk 
can be treated with solvents for the extraction of oils and then mixed with resinous 

1^0. Parkert, Reported by M. Bottler, “Kunstharien,” J. F. Lelimans Verlag, Munchen, 1919, 63. 

»K. Hagendorf, German P. 274,179, 1913; J.S.C.L, 1914 . 33, 838 
K. Hagendorf and A Bieslauer, British P. 17,728, 1914; Cltem, Abt^ , 1916, 10, 259 

Plauson, U. S. P. 1,395,729, Nov. 1, 1921; Chem. Abs , 1922, 16, 619 

C. Wiechmann, U. S. P. 1,061,346, May 13, 1913; Chem. Abs., 1913, 7, 2319. U. S. P. 1,126,926. 
Feb. 2, 1915; Chem. Abs., 1915, 9, 872. U. S. P. 1,135,340, Apr. 13, 1915; Chem. Abs , 1915, 9, 1535. 
U. 8. P. 1,218,146, Mar. 6, 1917, Chem. Abs, 1917, 11, 1532. 

Frood. British P. 176,405, 1920 ; J.8.C.1 , 1922, 41, 335A. 

8. Sato, U. S. P. 1,245,975, 1,245,976. 1,245,978, 1,245,979, 1,245,980, 1,245,981, 1,245,982, 1,245,983 and 
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»H. Berlin, U. 8. P. 1,988,475, Jan. 22, 1935, to Resmox Corp.; Chem. Abs., 1935, 29, 1535. 



20. MODIFIED PHENOL-FORMALDEHYDE RESINS 417 

plastics. The resulting composition is proposed for the manufacture of phono¬ 
graph records 

Rubber-like compositions can be made by heatii^ animal glues or gelatins with 
phenols, and adding formaldehyde under energetic mixing. Various varieties of pitch, 
resins, gums ^d the like may be incorporated during the mixing.” Another rubber 
substitute which has been described*^ contains strong glue, 100 parts, salicylic acid, 
02, gum tragacanth, 26, wood flour, 435, water, 200, glycerol, 125, castor oil, 18, colza 
oil, 11, fatty soap, 6, suet, 3, resinate treated with formaldehyde, 3, solution of resin 
(Bakelite in naphtha), 5, potassium dichromate, 3, and potassium alum, 6 parts. 

A casein-formaldehyde condensation product is treated with phenol and the 
composition is powdered, placed in molds and hardened under high pressure at a 
temperature of 100°C. or more.” A material of great hardness and toughness, 
resistant to oils and relatively high temperatures results. Schroder, Jaroslaw and 
Levis" heated alkaline solutions of albuminous substances (casein, blood, intes¬ 
tinal mucin, oils, plasticizers and fillers of various kinds) with phenol and an alde¬ 
hyde in the presence of ammonia. Pabst®' used, for example, 460 g. of casein, wet 
with 90 g. of water and 90 g. of alcohol, and 40 g. of a mixture of phenol, aldol and 
rosin, to obtain artificial horn. Carpentier" poured a solution of casein in 10 per 
cent sodium carbonate solution into liquid phenol, dissolved sodium salicylate in 
the mixture and added formaldehyde. After filtration the mixture was heated 
under reflux, 80 per cent of the water was removed by distillation in vacuo and 
the residue was heated at 100°C. in molds. Waste from the manufacture of al¬ 
bumin-formaldehyde plastic materials may also be dispersed in phenol and treated 
at a raised temperature with formaldehyde." When phenol-acetone condensation 
products are modified with casein, horn-like compositions are obtained." To obtain 
a shellac substitute, Mellanoff® added about 4 parts of a casein solution (1(X) parts 
of casein in from 400-800 parts of water containing 16 parts of borax and 10 parts 
of 26 per cent ammonia) to about 5 parts of a condensation product of phenol 
and formaldehyde. Aqueous dispersions capable of application as paints, binders 
or adhesives are obtained by incorporating casein, glue or cyclohexanol with a 
phenol-formaldehyde resin in presence of an emulsifying agent (e.g., triethanol¬ 
amine or a saponified sulphonated oil)." 

Carboner condensed a mono- or polyhydric phenol with formaldehyde or its 
polymers in the presence of a salt of alginic acid (an albuminous acid from kelp). 
The condensation products and the alginic acid were precipitated at the same time 
by a mineral or organic acid. Hotta and Nakajima" employed alginic acid in 
colloidal form, made by boiling sea weed with dilute caustic soda or sodium car¬ 
bonate, filtering and acidifying with sulphur dioxide. Fifty parts of the acid thus 
obtained were dissolved in 100 parts of cresol or phenol mixed with 200 pai ts of 35 
per cent formaldehyde and 25 parts of casein, and heated under pressure to produce 
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a resin, soluble in alcohol and amyl acetate. Strong and lustrous films were 
said to be obtained from it. By combining casein with a phenol-formaldehyde 
condensation a varnish that may be used for coating bobbins is obtained 

Phenol-formaldehyde resin has been used as a binder for leather scrap. The 
procedure” is to hydrolyze the leather under heat and pressure in the presence 
of phenol, an aldehyde and an alkaline or acid catalyst. The product is plastic 
and is useful as a heat- or electrical insulator. Phenol-formaldehyde has also 
been used as a binder for pulverized natural ivory." 


SuLPHONATED DERIVATIVES 

Sulphonated phenol-formaldehyde condensation products (syntans) have been 
utilized for the tanning of skins. These products are reported to be superior to 
earlier reagents containing phenols. It has long been known that skins may be 
tanned by means of phenols, and the improvement of utilizing the formaldehyde 
condensation product had its commercial beginnings sometime previous to 1912.“ 
Very likely the use of such products in tanning began in 1909 and was kept as 
a trade secret.** Since that time they have become widely used, especially in con¬ 
junction with other tanning materials." In a process described by Stiasny,** sul¬ 
phonated phenol or cresol is added to a 40 per cent solution of formaldehyde, and 
an exothermic reaction ensues, resulting in the formation of a colorless, viscous 
mass which is soluble in cold water. The solution can be used as a tanning bath. 
The reaction involved was considered to be:*® 



These sulphonic acids, and certain of their salts, are absorbed by leather in 
such a way that they cannot be washed out. They render the leather stable 
and resistant to tear.*^ 

Only one mol of formaldehyde is used to every 2 mols of sulphonated phenol, for 
the solubility of the product diminishes when the amount of formaldehyde is in¬ 
creased.** Paraldehyde may be employed in place of formalin solution, and the resin 
may be sulphonated after the condensation instead of before ** Likewise, acetaldehyde 
reacts with phenols in the presence of catalytic amounts of sulphuric acid, and the 
resinous product can be sulphonated to form a tanning substance." The product from 

2** K. Tarasov and G. Zitler, Izvestiya TekstiL Prom. Torgov, IMl, 10, (12), 55. 

»R. Collet, French P. 734,335, 1931; Chem Abs , 1933, 27, 1066. 

»‘E. Bormana, U. S. P. 1,885,563, Nov 1, 1932, to G. Touranchet; Chem. Abs., 1933, 27. 1119. G. 
Touranchet, German P. 565,846. 1928; Chem. Abo., 1933 , 27 , 2541. 
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Collegium, 1913, 142; J.S.C.I., 1913, 32. 500. J.S.C.I.t 1913, 32, 775. German P. 262,558, 1911; J.8.C.I., 
1913. 32, 878. 
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1928, 828. 
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11, 3125. U. S. P. 1,232,620, July 10, 1917; Chem. Abs., 1917, 11. 2417. 
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acetaldehyde is reported to have better filling properties than the corresponding syntan 
from formaldehyde, but the yield is lower/^ Higher phenols obtained from peat tar 
(fraction boiling 240-280®C.) may be sulphonated and then condensed with formal¬ 
dehyde in alkaline medium. The tannides produced yield a satisfactory leather at a 
Ph 5.5-4.^“ Replacing phenol by resorcinol or pyrogallol also resulted in conferring 
good filling properties. The tanning action of the naphthol condensation products is 
comparatively mild.** Resorcinol, condensed with benzaldehyde, yields a clear brown 
syrup, which is a powerful tannmg agent.** Similarly, phenol alcohols may be con¬ 
densed with resorcinol.** Likewise, tanning agents have been made by incorporating 
urea resins with polyvalent phenol-formald^yde condensation products.^ Crude 
acetaldehydedisulphonic acid, made from fuming sulphuric acid and acetylene, con¬ 
denses with i)henol8 in water solution. The product is a soluble tanning agent.**® 

The sulphonic acid group may be introduced in various ways other than those 
above noted (sulphonation of the phenol, or the resin). For instance, naphthalene- 
sulphonic acid is condensed with hydroxybenzyl alcohol;*^ isopropylnaphthalene- 
sulphonic acid, with formaldehyde;** p-hydroxy-ter-butylbenzenesulphomc acid, 
with formaldehyde;** benzylnaphthalenesulphonic acid, with the phenol-formalde¬ 
hyde condensation product;®* alkyl sulphonyl chloride and phenol, with formalde- 
hyde.®' Hydrogenated syntans can be made by hydrogenating the initial 
phenol-aldehyde condensation product and introducing the sulphonic group by 
means of chlorosulphonic acid.®* Tarasov*® was able to modify the degree of 
hardness, elasticity, chemical resistance, solubility and fusibility of the phenol- 
formaldehyde condensation products by incorporating Russian turpentine oil, 
sulphonated castor oil (or sunflower seed oil) and sulphonated petroleum. Evi¬ 
dently his products were not intended for use as tanning agents, but were more 
especially to be used as moldable resms or compositions which could be machined. 
As an example, a mixture of 50 g. sulphonated sunflower-seed oil, 1(X) g. phenol, 
10 g. sulphonated naphtha and 50 g. formaldehyde is heated. At 50-55*C., 
an exothermic reaction begins, causing violent ebullition. The mixture becomes 
viscous, and is poured into molds. Upon further heating it is transformed into 
a solid free from cracks and bubbles. 

Chestakoff,®* as a means of improving the quality of condensation products 
from cresol and formaldehyde, proposed the addition of an organic sulphonic 
acid of high molecular weight and high dispersive power. He employed octahydro- 
anthracenesulphonic acid, isopropylnaphthalenesulphonic acid and the acids ob¬ 
tained by sulphonating mineral oils. Polymerized products obtained by the 
distillation of neutralized sulphonated mineral oil can be incorporated in phenol- 
formaldehyde resins by heating a mixture of the polymers with phenol and 
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formaldehyde for 1-6 hours at a temperature of about 100®C., in the presence 
of a small amount of sulphuric acid" When colophony is heated with phenol 
and sulphuric acid, clear solutions are formed. That these solutions have good 
tanning properties is indicated by the fact that they give heavy precipitates with 
gelatin." 

For the preparation of syntans, it occasionally happens that the condensation 
of phenol with formaldehyde is carried out in the presence of inorganic sulphites. 
Thus, sulphonated phenol is condensed with formaldehyde in the presence of sul¬ 
phite, after which oxalic acid is added.” Alternatively," the phenol-formaldehyde 
condensation product can be made first, and then treated with sodium sulphite. 
The water-soluble products obtained from phenols (phenol, m-cresol, p-chloro- 
phenol) by condensation with formaldehyde and a sulphite are heated with sul¬ 
phur and water in the presence of alkali, and tanning agents are formed." 

The condensation of sulphonated phenol with formaldehyde may be performed 
in various non-aqueous solvents, acetone, alcohols, ethyl acetate, acetic anhydride 
and a number of others." In fact, if the tanning materials made in this way 
are to be used in alcoholic solution, as in the case of skins dehydrated with alco¬ 
hol,” it is not necessary to sulphonate the phenol, or the methylenediphenol con¬ 
densation product. It is possible to use such a condensing agent as sodium 
phenolate instead of sulphuric acid. Acetone may be employed before the intro¬ 
duction of tlie formaldehyde, and thus it also enters into combination with the 
phenol.®* The product is made soluble by sulphonation. 

In preparing the sulphonated rnethylenediphenols, acid condensing agents 
(hydrochloric and sulphuric acids) are usually employed, but many alkaline agents 
have also been used. Thus, cresol is condensed with formaldehyde in the presence 
of a small amount of sodium bicarbonate" or ammonia,” the reaction being carried 
out in an autoclave at about 110®C. Similarly, sulphonated phenol or cresol con¬ 
denses with formaldehyde m the presence of ammonia or amines." 

The introduction of amido groups into sulphonated phenol-formaldehyde resins 
evidently improves their tanning properties. Urea, thiourea, polysulphides, calcium 
thiocyanate and ammonium thiocyanate" have been used in this manner. Cyclo- 
hexylamine and ammonia may also be employed.” 

Preliminary condensation of phenol with sulphonated ricinoleic acid, followed 
by condensation with formaldehyde, has been described as a method for produc¬ 
ing tanning agents." An aromatic hydroxy acid, salicylic acid, had been used 
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previously in a similar way.®“ It is possible to carry out the condensation between 
the phenol, formaldehyde and ricinoleic acid, and subsequently sulphonate the 
resin,or to use oleic acid in place of ricinoleic 

The sulphonation product’* of a mixture of phenol and a fat, oil, wax or 
resin can be condensed with an aldehyde to resinous products for use as dispersing 
and tanning agents. Phenol and wool fat after sulphonation may be condensed 
with formaldehyde, or cresol and castor oil after sulphonation may be condensed 
with acetaldehyde. 

Other variations from the simple sulphonated methylenediphenols are attained 
through the introduction of alkyl or substituted alkyl groups, often by means 
of a condensation reaction in which hydrogen chloride is eliminated. Halogenated 
phenols may be employed in preparing the initial condensation product,”* or the 
ketone or aldehyde to be condensed with the phenol may be chlorinated,’* as in 
the case of chloroethyl methyl ketone, chloroacetone, and chloroacetaldehyde. The 
sulphonated resin from chloroacetone and phenol reacts with waxes, oils and 
tetrahydronaphthalene, to give products which are still water-soluble.’'* Chlorinat^ed 
lignite degradation products may be incorporated with phenol-formaldehyde resins, 
to produce tanning agents.’^ Inorganic catalysts are sometimes of value in 
assisting the condensation of chlorine compounds with the phenol-formaldehyde 
product. Thus, p-sulphonylbenzylchloride is condensed in the presence of zinc 
chloride, aluminum chloride or sodium hydroxide.” Instead of the sulphon>'l 
chloride, a mixture of ‘aromatic hydroxy sulphonic acid and sulphur chloride or 
phosphorus oxychloride may be employed." 

Synthetic tanning agents are improved by the addition of fluosilicates," which 
keep the syntan free from mineral acid. For example, cresolsiilj^honic acid is 
condensed with formaldehyde, and the product is neutralized with sodium car¬ 
bonate. Then, dry sodium fluosilicate is added until the amount present is one- 
third of the weight of the product. 

Still another modification of the sulphonated phenol-formaldehyde resins is the 
combination of the initial condensation product with sugars or cellulose derivatives, 
especially waste sulphite cellulose liquor.*® Grape sugar, fruit sugar, ievulmic acid 
and salicylaldehyde have also been used.** A specific procedure is: 100 parts of dex¬ 
trose are dissolved in 350 parts of sulphuric acid, and 150 parts of phenol are added 
at a temperature of 40°C. while the mixture is kept agitated. The resulting product 
is neutralized with caustic soda.®* The affinity which exists between cellulose deriva¬ 
tives and compositions of the syntan type is made use of by employing these com- 
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positions in dispersing insoluble dyes for acetate ravon.®* The staining of esterified- 
cellulose threads is diminished by adding to the dyebath condensation products of 
aromatic phenols with sulphuric acid and formaldehyde.®* 

The sulphonated methylenediphenols have the power of colloidally retaining 
gases, and have been used as ‘Teaming agents.'’*^® Another group of sulphonated 
phenol-formaldehyde resins is constituted by the products which result from 
treating the initial resin with substituted, sulphonyl chlorides. These resins are 
characterized by a comparatively light color, which is fairly stable in the presence 
of light and air. Melamid'^ obtained resin-like substances by condensing a phenol 
and formaldehyde to produce a phenol-alcohol, and subsequently esterifying in 
caustic soda solution with a benzol solution of an aromatic sulphonyl chloride. 
For example, 100 kg. of cresol-alcohol (made from commercial cresol and formal¬ 
dehyde) are dissolved in 300 kg. of 10 per cent caustic soda solution and the 
solution stirred for several hours at a temperature not exceeding 30°C. with 137 
kg- of a mixture of o- and p-toluene sulphonyl chloride or one or other of these 
isomers in 500 kg. of benzene. The benzene is washed free from alkali, dried, and 
the resin recovered by evaporation. The initial phenol-alcohol may be made in 
the presence of the aromatic sulphonyl chloride and the product further treated 
with sulphonyl chloride. Phosgene or an organic acid anhydride, e.g., acetic 
anhydride, may be used instead of the sulphonyl chlorides. 

Melamid’s observations, according to Jacobsohn,®^ resulted in the development 
of a light-yellow, odorless resin of notable stability of color. A soluble resin of 
low melting point first is prepared from cresol and formalin, using a small pro¬ 
portion of hydrochloric acid as a catalyst. The resin is esterified with p-toluene- 
sulphonyl chloride, or it may be acetylated. The protection given the hydroxyl 
groups by this treatment improves the color stability of the resin. Resins treated 
with p-toluenesulphonyl chloride harden rapidly in the cold.*® 

Phenols treated with sodium bisulphate and thiosulphate can be converted, 
according to Pfautsch,*" into synthetic resins which do not discolor on keeping. 

Bucherer*" recommended that the free jihenolic groups of the resinous conden- 
.<«ation jiroducts from phenols aiul formaldehyde be substituted by organic radicals 
(alkyl, aralkyl or acyl groups) to render the products insoluble in alkali, and to 
modify their solubility in organic solvents. p-Toluenesulphonic, benzoic, salicylic, 
cinnamic, acetic, valeric and bromovalenc esters of the resins, their benzyl ethers 
and mixed ether-esters are soluble in various organic solvents. Their carbonic 
acid esters, which are practically insoluble and have high melting points, may be 
prepared in situ upon textiles, wood, paper, by treating the material impregnated 
with alkaline solutions of the resins with carbonyl chloride. 

In the manufacture of colorless*' or very light-colored insoluble condensation 
products from phenols and aldehydes, the color-forming constituents of the readily 
condensable intennediate products are removed by extraction with such agents as 
ether. 

»C. S. Bt-dford, British P. 399.533, 1933; Bnt. Chem. Aba. B, 1933, 1053. 

•* British P. 306,876, 1927, to 1. G. Farbeniiid. A.-G. ; Bnt. Chtm. B. 1929 . 430. 

**C. Hollins and E. Chapman, British P 280,302, 1926, to British Dyestuffs Corp., Ltd.; Chem. 
Aba., 1928, 22, 3003. E. Chapman, British P. 289,630, 1927, to British Dyestuffs Corp., Ltd; Chem. 
Aba., 1929, 23, 681. 

••M. Melamid, U. S. P. 1,648,858, Nov. 8, 1927; Chem. Aba., 1928, 22, 505. British P. 137,291, 
137,292 and 137.293, 1919 ; J S.C.I., 1021, 40, 520A. British P. 143,185 and 143,187, 1920, addii. to 132,291; 
Chem. Aba., 1920, 14, 2865. British P. 133,712 and 133,713, 1919; Chem. Aba., 1920, 14, 852. 

•^M. Jacobson, Kunatatoffe, 1921, 11, 105; Chem. Aba., 1922, 16, 1202. Hee also O. Beyer, Chem.- 
Ztg., 1921, 40, 459. 

**K. Diets, K. Prank and E. Thiel, German P. 596,409, 1934, to I. G. Farbenind. A.-G.; Chem. 
Aba., 1934, 28, 4616. 

Pfautsch, German P. 341,231. 1919; J.S.Cl., 1922, 41, 93A. 

•»H. Bucherer, U. S. P. 1,697,713, Jan. 1, 1929; Chem. Aba., 1929, 23, 1294. Britwh P. 148.139, 
1920; Chem. Aba., 1921, 15, 183. British P. 148,366, 1920; Ch€m. Aba., 1921. 15, 319. 

^German P. 233,395, 1910, to Bakelite Q.m.b.H.; Chem. Aba., 1911, 5, 2745. 
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Chlorinated Compounds as Softening Agents 

Just as formaldehyde or hexamethylenetetramine increases the rate of con¬ 
version of fusible, soluble, soft resin into infusible insoluble hardened resin, so 
also many substances, called softening agents, tend to prevent the progress of 
this conversion or to soften the product, once the conversion has taken place. 
Monochloronaphthalene is especially useful for this purpose. It is liquid at room 
temperature, and remains in the hardened composition, evidently dissolved in the 
solid resin.*^** Instead of monochloronaphthalene, other chlorinated compounds, 
tetra- or pentachlorophenol, may be enijiloyed.”® 

A resin was mide by Mannesmann*^ from ]>henoIs, es])ecially m-cresol, and 
aldehydes in the presence of chlorinated h\ droearbons, and without acid or alkaline 
catalysts. 

Cresol-formaldehyde resin is soluble in monochloronaphthalene in all proiiortions. 
Phenol-formaldehyde resin and monochloronaphthalene, however, are not mutually 
soluble in all proportions. Monochloronaphthalene is soluble in an equal amount 
of phenol resin when heated, but larger amounts of monochloronaphthalene will 
not remain in solution. 

Enamel or lacquer compositions which are to be hardened by subsequent heat 
treatment may be made by compounding cresol-resm and hexamethylenetetramine 
with free cresol and a fluid chloronaphthalene. The proportions of the latter 
ingredient may vary within wide limits, as much as 2 parts of the monochloro 
compounds to 1 part of the cresol resin being used, the amount depending on 
the fluidity and character desired in the varnish or lacquer. Free cresol may also 
be added and if employed in large percentages, the amount of hexa is propor¬ 
tionally increased. 

Free cresol is used, if monochloronaphthalene is the solvent, for thinning the 
composition and also because it yields a better impregnating varnish, for coils 
and the like. In such a composition, the hardening agent (hexamethylenetetra¬ 
mine or trioxymethylene or some other solid anhydrous polymer of formaldehyde) 
is added in the proporiiop of 3 or 4 per cent of the weight of the cresol resin plus 
20-25 per cent of the weight of the free cresol used. Also, solid chloronaphthalenes 
or chlorophenols may be added to the solution since they have the pro])erty of 
reducing the shrinkage of the varnish film during and after hardening, the coeffi¬ 
cient of expansion of the cresolic compositions being greater than that of resins 
made from phenol.** 

Aylsworth utilized a combination of chloronaphthalene and phenylphthalimide, 
in these proportions: 100 parts phenol resin, 10-30 parts cresol or monochloronaphthal¬ 
ene, 20-70 parts phenylphthalimide, 0-100 parts filler.®* Baekeland employed a chlorinated 
hydrocarbon with anhydroformaldehy de-aniline. Sym.-dichloroethane, tetrachloro- 
ethane and monochloronaphthalene were the chlorine compounds specified.®^ Likewise, 
Petrov** employed the chlorinated derivatives of ethane and ethylene, combining these 
in the presence of either acid or alkaline catalysts, with the semi-condensed products of 
phenol-formaldehyde. 

“J. W Aylsworth, U. S. P. 1,090.439, Mar. 17, 1914, to Ctondeiisite Co. of America; Chem. Aba, 
1914. 8. 1680. 

“J. W. Aylsworth, U. S. P. 1,046,137, Dec, 3. 1912; Chem. Aba., 1913. 7, 712. 

»«R. Mannesmann, Danish P. 24,697. 1919; Chem. Aba., 1920, 14. 1227. 

••J. W. Aylsworth, U S. P. 1,087.422, Feb. 17, 1914; Chrm Aba. 1914 8, 1354 R"is8iie.s 14.530 and 
’4.531. Oct. 18. 1918; Chem. Aba., 1919, 13, 80. L. V. Redman, A. J. Weith and F. P. Brock (U. S 
P. 1,242,593, Oct. 9, 1917; Chem. Aba., 1918. 12, 209) also used naphthalone, anthracene, cr^wte oi’s 
and camphor as plasticising agents. O. S. Weith, U. S. P. 1,975,884, Oct. 9, 1934, to Bakelite Corp.; 
Chem. Aba., 1934, 28. 7563. 

••J. W. Aylsworth. U. S. P. 1,102,633. July 7, 1914- Chem. Aba., 1914, 8. 3127. 

’’’L. H. Baekeland, U. S. P. 1.216,265 and 1,216.266. Feb. 20, 1917; Chem. Aba., 1917, 11. 1279. 
U. S. P. 1,217,115, Frt). 20, 1917; Chem. Aba., 1917, 11, 1279. 

^Q. S. Petrov, Ruaaian P. 4838, 1928; Chem. Aba., 1929, 33, 1227. 
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Polychlorinated naphthalene also finds application in conjunction with phenol- 
formaldehyde resins. Benzoic acid, which may also be used for controlling the poly¬ 
merization of the intermediate resins, is not superior to polychlorinated naphthalene or 
many other cheap waxy materials.®* A mixture of 14 parts Halowax (chlorinated 
naphthalene), 16 parts 45 per cent phenol-formaldehyde resin solution, 2 parts alumi¬ 
num stearate and 13 parts maize oil is applied to a fabric backing to make a stencil 
paper/®® The resin is heat-hardened on the .sheet. Sealmg compositions can be made 
by dissolving a phenolic resmoid in wax-like halogenated naphthalene.^®^ 

Guntyel proposed a method for producing a viscous phenol condensation product 
containing p-dichlorobenzene. One 1. of phenol is mixed with 600 cc. 40 per cent 
formaldehyde solution About 80 g. p-dichlorobenzene is introduced, and the mixture 
is heated to melt the dichlorobenzene, and, under vigorous stirring, to form a homo¬ 
geneous mixture. A mixed salt consisting of 60 parts common salt, 10 parts am¬ 
monium chloride and 30 parts hexamethylenetetramine is then added in quantity 
corresponding to one per cent of the weight of phenol used. After the batch has 
been heated for a time, it is washed several times with cold water. The liquid syrupy 
product which remains may be hardened by heat.^®^ 

Weith*®® described the preparation of a resin by the Use of a rather large amount 
of hexamethylenetetramine in the initial stage together with a plasticizing agent. 
Equimolar portions of methylene and phenol would require 6 mols of phenol to 1 of 
hexamethylenetetramine, but Weith employed a proportion of 3 to 1. In his pro¬ 
cedure, 175-190 g. phenol, 25-10 g. o-cresol, 86 g. hexamethylenetetramine and *65 g. 
monochloronaphthalene are mixed together. To this is added 2 cc. butyl stearate and 
1.5 cc. castor oil. The mixture is heated in an open vessel to 135®C., at which tem¬ 
perature an exothermic reaction begins. When the reaction has become slower, and 
the temperature has fallen to 125°C., the mass is poured into shallow molds, in which 
it is hardened at 120^*0. under 80 pounds pressure. 

Amines as Softening Agents 

Baekeland used aniline as a solvent or flux for infusible phenol-formaldehyde 
resins.'®* Aniline has a pronounced softening action on these resins, especially 
at high temperatures, and permits infusible particles or fragments to be welded 
together into compact, coherent masses under heat and pressure. A variety of 
amines, including xylidines, toluidines, benzidine and diphenylamine, has been pro- 
posed'®** for use with phenol-hexamethylenetetramine resins. According to Hub- 
acher,'®® the resin made from acetaldehyde and phenol modified with aniline may 
be employed as an antioxidant in vulcanized rubber. The introduction of aniline 
into a phenol-formaldehyde resin may be carried out'®* by iirst condensing the 
amine with formaldehyde in the presence of water at room temperature, and then 
mixing the product with an alkaline solution of phenol-aldehyde resin in a water- 
miscible solvent (alcohol). A composite easily moldable product precipitates. 

The condensation product of aniline and formaldehyde is anhydroformalde- 
hydeaniline, (CH,NC 6 H 5 ) 3 , and this may be used in place of aniline as a soften¬ 
ing agent. Goldsmith obtained a compound soluble in acetone and having the 
physical characteristics of a resin by heating together a phenol or a fusible phenol- 

"Gennan P. 384,147, 1920, addn to 351,104, to Wenjacit G.m b.H.; J.S.C.L, 1924, 43. 527. 

i«>K. W. Carr, U. S. P. 1,916,203, July 4, 1933, to Ditto, Inc.; Chem Abs., 1933, 27, 4641. 

R. Hanson and M. E. Delaney, U. S, P. 1,865,629, July 5, 1932, to Halowax Corp.; Brit. 
Chem. Abs B. 1933, 399. 

R. Gimtyel, U. S. P. 1,711,411, Apr 30, 1929, to Schieferweike Ausdauer A.-G.; Chem. Abe, 
1929, 23, 3060 French P. 650,512, 1928; Chem. Abe., 1929, 23, 3285. German P. 529,323, 1927; Chem. 
Abe., 1931, 25, 5050. French P. 650,442, 1928; Chem. Abe., 1929, 23, 3285. Biitish P. 286,731, 1927; 
Chem. Abe., 1929, 23, 533. 

i«G. S. Weith, U. S. P. 1,975,884, Oct. 9. 1934, to Bakelite Corp.; Cbem. Abe., 1934, 28, 7563. 

^L. H. Baekeland, U. S. P. 1,133,083, Mar. 23. 1915; Chem Abe., 1915, 9, 1227. 

P 363,694, 1930, to Bakehte Corp.; Chem. Abe., 1933, 27, 1774 
H. Hubacher, U. S. P. 1,848,721, Aug. 3, 1982, to Rubber ^rvice Laboratories; Bnt. Chem. 
Ab$. B, 1933, 33. 

*®®P. F. Schhngman and R. H. Kienle, British P. 400,698, 1933, to British Thomson-Houston Co., 
Ltd.; Chem, Abe., 1934, 28, 2137. 
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formaldehyde resin and anhydroformaldehydeaniline.^*” It might be expected that 
the methylene groups which it contains would cause a hardening action, and, 
in fact, Baekeland^®* found that the use of up to 110-130 parts of anhydroformal- 
dehydeaniline to 100 parts of fusible resin is accompamed by increase in the hard¬ 
ness of the final product, while still higher proportions show increased plasticity, 
especially at high temperatures. This reagent, in contrast with hexamethylene¬ 
tetramine, liberates no readily volatile by-product in the hardening of a resin from 
a fusible to an infusible state. Baekeland incorporated the anhydroformaldehyde- 
aniline through the use of a hydrocarbon solvent. 

Bender^"® prepared resins by condensing phenol with anhydroformaldehyde- 
aniiine, following up with hexamethylenetetramine and fillers. He subscribed"® 
to the theory that when aniline is used as a condensing agent"' m the prepara¬ 
tion of phenol-formaldehyde resins, anhydroformaldehydeaniline is first formed, 
and that this body reacts with a portion of the phenol, setting free aniline, thus 
providing for a recurrence of the cycle. He therefore considers reactions involving 
anhydroformaldehydeaniline to be substantially similar to those occurring when 
aniline and formaldehyde are introduced separately. 

Thus, 250 parts of aniline are added to a mixture of 500 parts phenol, 800 parts 37.5 
per cent formaldehyde and 5 parts hexamethylenetetramine. At first, considerable heat 
IS evolved, and then the reaction requires heating to keep the mixture at 160®C. until 
free from water. Upon sufficient application of heat a hard, infusible body is formed. 
Products of this type have excellent electrical insulating properties. Lime may be used 
instead of hexamethylenetetramine in the initial condensation, and aniline ma}' be 
expelled from the condensation product by distillation under reduced pressure."" 

Resins which are thermohardening, light-resistant and soluble m common low- 
boiling solvents are formed when formaldehyde is caused to react with phenol, urea 
and p-toluenesulphonamide."® In a similar procedure, Bender"* caused phenol to react 
with formaldehyde, combining the excess foimaldehyde with urea, thiourea or p-toluene- 
sulphonamide. After acidification, the mass was dissolved in alcohol to form a varnish. 

Modification of phenol-formaldehyde resins can be brought about by the use of 
fatty acids and amines. For example, 56 8 parts by weight of stearic acid and 18.6 
parts of aniline are heated at 170-200°C., allowing the water formed to escape. After 
1 hour, 19 parts of furfural are added, and the whole mass is heated to about 200®C 
for approximately 0.5 hour. On cooling, it solidifies to a dark brown waxy solid 
which may be added to phenolic condensation products to promote ease of molding.^“ 

According to Groff"® it has been commonly considered that molded articles 
containing considerable proportions of nitrogen are apt to be deficient in electri¬ 
cal insulating quality, but this rule does not apply if the molded product is 
substantially dehydrated and sufficiently impervious to water. The addition of 
rosin or carnauba wax and mica to a phenol-hexamethylenetetramine resin in¬ 
creases the water-repelling character, and also results in j-etarding the conver; ion 
of the fusible resin to the infusible form. 

Assisting-agents for use in dyeing may be made by causing organic nitrogen 
bases (e.g., aniline, diethylamine, pyridine) to react with the condensation product 

B. Goldsmith, U. S. P. 1,168,626, Jan. 18, 1916; Chem Abs , 1916, 10, 826. U. S .P. 1,188,439, 
June 27, 1916; Chem. Abs., 1916, 10, 2157. U. S. P. 1,228,428, June 5, 1917; Chem. Abs., 1917, 11, 2283. 
U S. P. 1,230,829, June 19, 1917; Chem. Abs., 1917, 11, 2283. See also Chapter 33. 

H. Baekeland, U. S. P 1,216,265, Feb, 20, 1917; Chem. Abs., 1917, 11, 1279. 

L. Bender, British P. 280,521, 1926, to Bakelite Corp.; Chem. Abs., 1928, 22. 3308. 

woH. L. Bender. U. S. P. 1,955,731, Apr. 24, 1934, to Bakdite Corp.; Chem. Abs, 1934 , 28, 4256. 
British P. 280,521, 1927; Bnt. Chem. Abs. B, 1929, 294. 

H. Baekeland, U. S. P. 942,809, Dec. 7, 1909; Chem. Abs., 1910, 4 , 680. L. Helm, Bntj.sh P 
25,216, 1907; J.S.C.I., 1908, 27, 412. 

L. Bender, British P. 304,659, 1926, to Bakelite Corp.; Chem Abs., 1929, 23, 4837. 

«»A. Spitzer, British P. 409,490. 1933; Bnt. Chem. Abs. B, 1934 , 591. 

L. Bender, U. S. P. 1,650,109, Nov. 22» 1927, to Bakelite Corp.; Chem. Abs., 1928, 22, 505. 
British P. 280,250, 1926; Ch£m. Aba., 1928, 22, 3308. 

^ ”«0. A. Cherry and F. Kurath, U. S. P. 1,896,069, Feb. 7. 1933, to Economy Fuse A Mfg. Co.; 
Chem. Abs., 1933, 27, 2541. 

»®F. Groff, U. S. P. 1,981,958, Oct. 24, 1933, to Bakelite Corp. ; Chem. Abs., 1934 , 28, 663. 
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prepared by adding phenol to a hydrochloric acid-fonnaldehyde solution A 
solution for coating or impregnating paper can be made by modifying a phenol 
resin with natural resins. The procedure'" is to react formaldehyde with a mix¬ 
ture of i9-naphthol and phenol or resorcinol, and to add shellac, rosin, sandarac 
and kerosene or benzene. Sodium sulphite is now introduced, and the mixture 
is warmed to 80-85*"0. After cooling, milk of lime solution, or an aqueous solu¬ 
tion of coloring substances, is added. The impregnation takes place at 180-200°C. 
under pressure. 

Resins Modified by Waxes, Pitch, Gums, or Tars 

Tar oils, tars and pitches may be blended with reactive phenol-formaldehyde 
resins by first reacting the tarry matter with sulphur chloride or thionyl chloride, 
and then melting the factice with the phenol-formaldehyde condensation product.'"* 
Sulphonated resins, subsequently treated with ammonia or an organic base, will 
combine with various gums and waxes.'** Also, sulphonated fats and waxes (wool 
fat, carnauba, spermaceti) can be treated with formaldehyde, and then con¬ 
densed with phenol.*'*' Saponifiable waxes such as montan wax, beeswax or 
carnauba wax may be united with phenol-formaldehyde resins by esterifying the 
carboxyl groujis of the w’axy acids with the hydroxyl groups of the resin. The 
products are thermoplastic, but they do not melt. If formaldehyde is added during 
the esterification, the resulting resin is hard and not thermoplastic.**' 

Nash used stearin pitch as a modifier'** by dissolving it in benzene. After adding 
5 parts of the solvent to 15 parts of the pitch, the solution is mixed with approxi¬ 
mately 142 parts by weight of phenolic condensation product, and the mixture is 
kneaded with 500 parts of asbestos or other filler to yield a material which can be 
molded and cured by heat-treatment. Because of the plasticity imparted by the 
stearin pitch, the resin may be worked in a more advanced stage of condensation. 
Novotny'*** proposed to modify synthetic resins by adding natural resins of plant 
origin containing phenolic tannols (red and yellow gum accroides, gum benzoin and 
dragon’.s blood). As an example, 50 parts by weight of U. S. P. phenol, 42.5 parts 
of furfural and 35 parts of gum accroides are mixed together, and heated to dissolve 
the gum. The mixture is strained to remove impurities, and 0.75 part^ of potassium 
carbonate are added to the clear product. After refluxing or preferably distilling 
through a separator (see Chapter 17) for 2.5 hours, an end temperature of 200°C. 
is reached and a hard grindable resin melting at approximately 200‘’C. is produced. 

A plasticized composition for coating and lining pipes that are subjected to low 
temperatures is prepared by incorporating a mixture of pitch and asphalt with a 
phenol-formaldehyde condensation product at 230®C.'“ A non-inflammable com¬ 
position to be utilized as a polish for wood or leather contains chloronaphthalene, a 
phenol or cresol resin and carbon tetrachloride.*** Waxy materials were also used 
by Fungs and Stade,'*' who condensed phenol and formaldehyde with an alkaline 
condensing agent in an emulsion of wax such as carnauba, montan or beeswax. The 

A. Brunner, German P. 551,872, 1929, to I. G. Farbemnd. A.-G.; Chem. Abs , 1932, 26, 4965. 
German P. 550,326, 1929; Chem. Abs., 1932, 26, 4065 

British P. 808,560, 1929, to Worldecho, Ltd.; Chem. Aba., 1930, 24, 253. 

^*®G. Balle and K. Daimler, Gennan P. 475,478, 1922, to I. G. Faibeniiid. A.-G.; Chem. A6«., 
1929, 23, 3360. 

British P. 221,205, 1923, to Soc. anon, pour Find. chim. k Bile; Chem. Aba., 1925, 19, 902. 

^French P. 734,318, 1931, to titabl. Kuhimann; Chem. Aba., 1938, 27, 1116. 

British P..327,713 and 327,417. 1928, to I. G. Farbenind. A.-G.; Chem. Aba., 1930, 24, 5118. 

w»C. A. Nash, U. S. P. 1,574,842, Mar. 2, 1926, to Cutler-Hammer Mfg. Co.; Chem. Aba., 1926, 20, 
1530. 

i"E. E. Novotny, U. 8. P. 1,902,461, Mar. 21, 1933. to J. 8. Stokes; Chem. Aba., 1933, 27, 3851. 

“»P. C. Langenbenr. H. 8. Hunt and H. G. Reddick, U. 8. P. 1,911,131, May 23, 1933, to U. 8. 
Pipe & Foundry Co.; Chem. Aba., 1988, 27, 4054. 

^,1. W. Aylsworth, U. 8. P. 1,090,440, Mar. 17, 1914, to Halogen Products Co.; Chem. Aba., 1914, 
18, 1647. 

Pungs and W. Stade. German P. 556,895, 1928, to I. G. Farbenind. A.-G.; Chem. Aba., 1932, 
26, 5778. German P. 540.361, 1928; Chem. Aba., 1932, 26, 1313, Gennan P. 543,612, 1998; Chem. Aha., 
1932, 26, 3392. 



20. MODIFIED PHENOL-FORMALDEHYDE RESINS 


427 


waxes may be replaced by the wax acids or their salts. Honel'® used other phenolic 
resins for the same purpose. In the preparation of these resins p-cresol, p-amyl 
phenol or p-butyl phenol replaced phenol. 

Plastic masses, stated to be useful as insulating material, were obtained by 
Plauson^ by modifying phenol-aldehyde resins with lignite-extracts. Powdered 
lignite is treated with caustic soda, the extract filtered and treated with a con¬ 
centrated mineral acid and evaporated to dryness. The residue is added to a 
mixture of a ketone or aldehyde (for example, acetone or formaldehyde), a 
phenol (e.g., resorcinol) and concentrated hydrochloric acid and the whole is 
heated under pressure at 150-200°C. A homogeneous black mass results. 


The Use op Chloroacetic Acid 

It IS evident that, if a carboxyl group is present m a synthetic resin the possi¬ 
bility of esterification with hydroxyl groups is introduced. In this way the 
properties of the resin can be considerably altered. Accordingly, when partly 
condensed aldehyde-phenol products are heated with chloroacetic acid or /3-bromo- 
propionic acid in the presence of alkali, fusible carboxylated resins which are 
soluble in alkali are obtained.'*’ The haloaliphatic acid may be introduced after 
the resin has been prepared, in which case less than 1 mol of halogen fatty acid 
IS ii.^^ed.’’' Dichloroacetic acid, or chlorornalonic acid may be used in like manner.'” 

The ammonium salt (or substituted ammonium salt) of carboxylated phenol- 
formaldehyde resin has valuable proiierties. It is soluble in water and various 
kinds of fillers may be added to its aqueous solution. With paper pulp it forms 
a resin which can be used in the manufacture of molded articles. With glycol, 
glycerol, mannitol or polyvinyl alcohol (obtained by the saponification of polyvinyl 
acetate),'®* it forms an msoluble, infusible body.'** 

It IS not essential to use the ammonium salt when the carboxylated resin is 
to be reacted with polyhydnc alcohols. The carboxy derivative may be precipi¬ 
tated by acid and then esterified with glycol or glycerol. The product is insoluble 
and infusible, but remains elastic when heated to 150-170°C.*** A phenoxy ali¬ 
phatic acid may be substituted for chloroacetic.'** 

A further modification of the polyhydric-alcohol-esterified-carboxylated phenol- 
formaldehyde resin is attained through the addition of linseed oil fatty acids or 
ricinoleic acid.'*' The product is a water-resistant binding agent for abradants. 


PoLYHYDRIC AlCOHOLS 

The addition of glycerol as a softening or plasticizing agent to jihenol-aldehyde 
resins has received much attention. Purified phenol-aldehyde resins (prepared 
by washing the crude condensates with hot water, dilute acid and cold water) are 

’■«H. Hoiifl. U. S. P. l,ft»6,070, Apr. 2, 1935, to Beck, Roller & Co. 

Plauson, German P 376.743, 1914; J S.C L, 1924 , 43. 641B. 

German P 439,962, 1920, to 1 G. Farbcnind. A.-G.; Bnt. Chem. Abg. B, 1927, 822. German P. 
364,040, 1919; J.S.CJ., 1923, 42, 613A 

la^Geiman P. 386,733, 1920, to Farbw. voim. Meiater, Lucius & Briining; J.SCI., 1934, 43, 604B. 
German P. 391.539, 1920; J,SC,I., 1924, 43, 840B. 

133 German P. 449,276, 1020, addn. to 386,733, to I. G. Farbemnd. A.-G.; Bnt. Chem. .4b«. B. 1928, 

866 . 

IS* See also Chapters 51 and 46. 

Voss, U. S. P. 1,892.227, Deo. 27, 1932, to I. G. Farbenind. A.-G.; Chem. Ab$., 1933, 27, 2001. 

TI. S. P. 1,860,441, May 31, 1932; Chem. Ab$.. 1932, 26. 3885. Gennan P. 470,870, 1927; Chem. Abs , 

1929, 23, 2309. German P. 558,078, 1029; Chem. Aba.. 1982. 26, 6166. British P. 298,085, 1928; Bnt. 
Chem. Abs. B. 1030, 520. French P. 661,059, 1928; Chem. Abs., 1930, 24, 212. W. Kacykowski and H. 

Pioimk, French P. 744,182, 1938; Chem. Abs., 1938’, 27, 4042. 

i»A. Voss. U. S. P. 1,805,885, May 12, 1931, to I. G. Farbenind. A.-G.; Chem. Abs., 1931, 25. 

3855. German P 478,171, 1927; Chem, Abs., 1929, 23, 8115. 

1** British P. 826,214, 1928, to I. G. Farbenind. A.-G.; Chem. Abs., 1980. 24, 4175. 

uT British P. 376,121, 1931, to I. G. Farbenind. A.-Q.; Brit. Chem. Abs. B, 1932, 002. 
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believed to combine with the polyhydric alcohols,"** the amount of combination 
being probably dependent on the amount of free phenol or aldehyde present in 
the resin. Simple plasticization is not accompanied by chemical combination. 

In the presence of catalysts (sulphuric and sulphurous acids and salts) and 
upon prolonged refluxing, glycerol resmifies to form a dark-brown, viscous, water- 
soluble product. On further heating, loss of water occurs, and the resin becomes 
infusible. The initial resin corresponds to the formula (C5H7O3),,, and apparently 
contains 2 hydroxyl groups. It is suggested as an adjuvant to bakelite-type mate¬ 
rials .‘** Instead of resinified glycerol, a resinous mixture"^" containing a glycerol- 
polycarboxylic condensation product and natural resin may be used, sufficient 
glycerol being provided to esterify the acid groups of the natural resin. A similar 
procedure is to condense the phenol-formaldehyde resin with a carboxylic acid 
(oxalic, succinic, lactic), introducing the polyhydric alcohol (glycerol, glycol, poly¬ 
glycerols) during the last stages of the condensation.'*^ Still another variation is 
to heat the phenol-formaldehyde resin with a fatty acid glyceride (castor oil, boiled 
linseed oil) in the presence of a monohydric alcohol, which can to a certain extent 
liberate glycerol from the glyceryl ester.'“ If the initial synthetic resin is so con¬ 
stituted that it contains a carboxyl group, it can be modified by heating first with 
a fatty acid or fatty acid ester of low volatility, and subsequently with a poly¬ 
hydric alcohol, preferably in a vacuum at 150-200°C.'** 

Beckmann and Dehn have been able to modify the phenol-furfural resins by 
means of a wide variety of agents, including polyhydric alcohols.'** Luft"* and 
Lebach'** suggested the use of substances such as camphor, rubber and glycerol to 
prevent hardening of phenol-aldehyde resins. A similar use of glycerol was pro¬ 
posed by Grognot.'*’ Labbe'** added acetone or glycerol to produce transparent 
phenol resins. 

Mehta'** heated phenols or cresols with an equimolecular proportion of formal¬ 
dehyde in the presence of potassium or sodium hydroxide and a small proportion 
of ammonia and glycerol in vacuo at 100-125® C. for 6 hours. Typical proportions 
are 66 parts of phenol, a corresponding equimolecular quantity of formaldehyde, 
0.1063 part of potassium hydroxide, 1 part of ammonia and from 2-10 per cent of 
the weight of the mixture of glycerol. The oily liquid thus obtained is hardened by 
heating in a mold in vacuo for 1 hour and then at 0.5 atmosphere pressure for 2 
hours at 160®C. These resins are stated to be specially resistant to decolorizing by 
sunlight. The function of the glycerol appears to be to take care of the small amounts 
of water that are not removed by the vacuum-hardening. If less than 1 per cent 
of glycerol is used the product is opaque, with more than 10 per cent it is hygroscopic. 
Without ammonia, the resin is clear and with ammonia it resembles amber. 

Schmidt'** added polyhydric alcohols or their esters to retard polymerization and 
to serve as clarifying agents. Glycol, glycerol, sorbitol or their esters such as 

British P. 148,264, 1919, to Soc. Coralex; Chem, Abs,, 1921, 15, 319. See Chapter 42. 

“•8. N. Ushakov and E. M. Obryadina, PUuttcheskie Massui, 1932, 1, 19; Chimie et industrie, 

1933, 29, 1418; Chem. Ah$., 1933, 27, 4426. Ind. Eng. Chem., 1933, 25, 997. 

^W. J. R. Evans and R. Hill, British P. 367,001, 1930, to Imperial Chem. Ind., Ltd.; Chem Aba, 
1933 27, 2062. 

Q. 8. Petrov. Russian P. 27,063, 1931; Chem. Abt., 1933, 27, 2260. 

French P. 746,316, 1933, to K. Albert G.m.b.H. Chem. Fabr.; Chem. Abs., 1933, 27, 4430. 

^British P. 369,182, 1929, to 1. G. Farbenind. A.-G.; Chem. Ab$., 1933, 27, 2320. 

Beckmann and E. Dehn, SUtber, Kgl. preui$. Akad. Wiit., Berlin, 1918, 1201; J.S.C.I., 1918, 
37, 646A. See Chimter 24. 

^A. Luft, U. a P. 736,278, Aug. 4, 1903; J.S.C.I., 1903, 22, 1012. See Chapter 13. 

Lebach, U. 8. P, 965,823, 26, 1910, to Knoll A Co.; J.S.C.I., 1910, 29, 1086. 

^L. Grognot, U. 8. P. 906,219, Dec. 8, 1908; J.S.C.I., 1909, 28, 31. French P. 390,713, 1907, to 
Produits chimiques de CVoW; J.8.C.I., 1908, 27, 1122. French P. 392,978, 1907; Chem. Abe., 1910, 4, 
2745; J.a.C.I., 1909, 28, 17. British P. 16,628, 1908; J.S.C.I., 1909, 28, 162. See Chapter 13. 

i«A. Labb6, French P. 468,879. 1913; Jf.a.C.t., 1914, 33, 976. 

P. Mehta, U. 8. P. l,4n.868, Feb. 12, 1924; Chem. Abt., 1924, 18, 1058. 

uoF. Schmidt, British P. 316,868, 1928 , addn. to 304.648, 1928; Bnt. Chem. Abt. B, 1930, 730; 
Chem. Abt., 1929, 23, 4837. French P. 664,466, 1928; Chem. Abt., 1930, 24, 981. See other sections of 
this chapter. 
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diacetin, glyceryl monopropionate, ether alcohols, acetanilide or mixtures of these 
substances may also be used. Voss’" employed polyhydric alcohols such as glycol, 
glycerol, mannitol or polyvinyl alcohol to modify phenol-formaldehyde resins 
previously treated with cWoroacetic acid. An alkaline solution of sucrose was 
added to soluble phenol-formaldehyde condensation products by Loetscher’® in 
order to produce a varnish resin. Halogenated polyhydric aliphatic alcohols’® 
(chlorohydrin, a, a'-dichlorohydrin) have been suggested for treating the condensa¬ 
tion product of technical cresol and formaldehyde. Small additions of sodium 
glycerate were proposed by Heinemann’® to improve the quality of phenol-aldehyde 
resins. Berend’® used glue with the glycerol. Drummond’® added glycerol acidified 
with hydrochloric acid to an initial phenol-aldehyde condensate and recommended 
hypophosphorous acid as a bleaching agent. 

Hardenable resins insoluble in water can be made by reacting phenol alcohols 
with chlorohydrins. Thus, diphenylolpropanetetracarbinol is dissolved in alcoholic 
sodium hydroxide and boiled with ethylenechlorohydrin.’” The viscous product 
which is obtained has the following structure: 


CH 2 OH 


CH 2 OH 


CH 2 OHCH 2 O 

HOH 2 C 


OCH 2 CH 2 OH 

CH 2 OH 


It is convertible into an insoluble infusible re.sin by heat. When polyhalohydrins 
are used, the products may contain halogen, and may be further condensed with 
phenols or organic acids. In this way, soluble resins, useful as ingredients of 
varnish, are made.’® A resin may be produced by causing ethylene dichloride or 
amylene dichlorides to react with a compound containing two or more hydroxyl 
groups, e.g., resorcinol. The reaction is continued until a tenacious product which 
does not flow at ordinary temperature is obtained.’® 


To produce phenol-aldehyde resins of ivory-like appearance, Kulas and Pauling’® 
heated phenol and formaldehyde in the presence of an acid condensing agent, added 
an alkaline condensing agent in excess, and then a plasticizer such as amyl alcohol 
with camphor oil and glycerol. The mixture was boiled to dehydrate it, glacial acetic 
acid was added, and the resin was hardened by heating at atmospheric pressure. By 
way of illustration, 02 kg. of phenol and 20 g. of water, 02 kg. of 30 per cent formal¬ 
dehyde solution, 5 g. of hydrochloric acid (sp.gr. 1.15) or 6 g. of oxalic acid were 
boiled together until a resin formed. After this, 0.8 kg. of phenol and 80 g. of water, 
2.8 kg. of ZO per cent formaldehyde solution and 0.1 kg. of sodium carbonate were added 
and the mixture was again boiled until a new formation of resin was completed. 
After settling, the supernatant liquor was drawn off and the resin thoroughly washed, 
at first with acidulated water and then with pure water. A mixture of 25 g. of 
amyl alcohol, 15 g. of camphor oil and 10 g. of glycerol was then added, followed by 
glacial acetic acid and the resin was hardened by heating at about 110®C. Pechin’" 

A. Voss, U. S. P. 1,892,227, Dec. 27, 1932, to I. G. Farbenind. A.-Q.; Chem. Abt., 1933, 27, 381. 

£. C. Loetscher, U S P. 1,959.433. May 22, 1934; Chem, Aba., 1934, 28, 4616. 

^British P. 381,200, 1931, to Chem. Fabr. K. Albert Q.m.b.H.; Bnt. Chem, Aba. B. 1933, 115. 
i«*A. Heinemann, U. S. P. 1,441,981, Jan. 9, 1923; Chem. Aba., 1923, 17, 218, 1724. British P. 

184 984 1921 * J 8 C I 1922 4 1 826A. 

’^L. Berend,’ U.'s. p! 952,724, Mar. 22, 1910; Chem. Aba., 1910, 4, 1530. See other sections of 
this chapter. 

British P. 184,961, 1921, to Lorival Mfg. Co., Ltd.; Chem. Aba., 1923, 17, 188. 

£. Fonrobert and F. Lemmer, U. S. P. 1,1^.985, Feb. 12, 1935, to Resinous Products A CXiem. 
Co.; Chem. Aba., 1935, 29, 2261. German P. 578,188, m, to Chem. Fabr. K. Alb«rt G.m.b.H.; Chem. 
Aba., 1933, 27, 4430. French P. 719,712, 1931; Chem. Aba., 1932, 26. 3392. 

“•German P. 576,177, 1933, to Firma L. Blumer; Chem. Aba., 1933, 27, 3837. See also Chapter 19. 

“• French P. 772.615, 1934, to E. I. du Pont de Nemours A Oo.; Chem. Aba., 1935, 29, 1536. 

Kulas and C. Pauling, U. S. P. 1,582,056, Apr. 27, 1926. U. 8. P. 1,414,139, Apr. 25. 1932; . 

Chm. Xbt., las, 16, 3234. British P. 1»1,417, ItU; /A.C.I., IHS, 42, 2SSA. Britidi P. IM, 4M, 1»20; / 
11B2, 41, 47JA. fi' 

WQ. PMhin, U. S. P. 1.894,702, Jan. 17, 1922; Chem. Ab,.. 1922, 27, 2291. British P. 222,624, 1911; / 
Brit. Chem. Abi. B, 1921, 982. French P. 686,082; 1919; Chmn. Ab,.. 1920, 24, 6012. / 
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introduced 3 per cent of a mixture containing 90 parts of acetic acid, 7 parts of cam¬ 
phor, 2 parts of glycerol and 1 part of hydrochloric acid into the phenol-formalde¬ 
hyde product to make the resin more transparent. 

Fayolle*** obtained by the following procedure a product useful in rendering fabrics 
waterproof and as an electrical insulator. Two parts by weight of sulphuric acid 
(60®Be.) are added to 1 part of glycerol, the mixture is allowed to cool, and from 
1 to 1 5 parts of formalin (40 per cent) are then added. The mixture is again cooled, 
and, after adding 5 parts of water, 1.25 parts of phenol are slowly poured into it with 
constant stirring and external cooling. The mixture is then left at rest tor 20 hours, when 
the product will be found as a layer on the surface of the liquid. Gradual hardening 
occurs on exposure to the air. The formaldehyde may be replaced by methylal and 
the phenol by cresol. Another formula is: glycerol 1 part, concentrated sulphuric 
acid 2.2 to 3.3 parts, 40 per cent formaldehyde 1 part, water 0.7-1 part, phenol 2-3 
parts. When the amount of phenol is limited to 1 part, the product is obtained by 
vigorous stirring with 10-20 per cent by weight of concentrated sulphuric acid, but if 
more phenol is used it may be necessary to heat the mixture on a water bath, and 
incorporate 10-20 per cent of flowers of sulphur, or to add casein or carbohydrates 
for otherwise a pitchy substance is formed. When only 0.7 part of phenol is employed, 
the product is a wax-like solid, soluble in alcohol, and may be utilized in the prepara¬ 
tion of varnishes. 


Ethers and Esters as Modifiers 


Petrov'®* effected the condensation of phenols and formaldehyde in the presence 
of hydrochloric, phosphoric or benzenesulphonic acids, together with acetic esters 
of glycerol or cellulose. A mixture of the ingredients, including, however, only 
part of the aqueous formaldehyde solution, w’as boiled and after separation of 
water the remainder of the formaldehyde was introduced. The product was 
molded and thermally hardened. Bruhat'®* used glyceryl esters such as glyceryl 
mono-oxalate. For example, the condensation product of phenol with hexamethyl¬ 
enetetramine was mixed with 10 per cent of glyceryl mono-oxalate to yield a mate¬ 
rial which was partially hardened by storage at 15°C. for several hours before 
it was molded into shape, and the hardening process completed by heating at 80- 
1(X)®C. It was molded immediately and hardened subsequently by heating in air. 
Solutions in alcohol or acetone could be used as a varnish. 

Conover'** heated a fusible resin such as one from phenol and formaldehyde 
or from glycerol and phthalic acid with diethyl phthalate to produce a homogeneous 
product which becomes relatively infusible under further heat treatment and 
is suitable for waterproofing or for the manufacture of molded articles. Butyl 
palmitate, amyl stearate, esters from aliphatic polybasic acids and polyhydric 
alcohols,'** glyceryl monopropionate or monobutyrate'*’ all are among the esters 
that have been proposed. Similarly, polyalkylene glycol aryl ethers or esters such 
as polyethylene glycol cresyl ether or acetate'** may be used. For instance, 10 
parts of soluble phenol-formaldehyde, made by the use of ammonia as a con¬ 
densing agent, are heated with 3 parts polyethyleneglycol cresyl ether, prepared 
by reacting technical cresol with 3 mols of ethylene oxide. The heating is con¬ 
tinued for 25 hours at 95-135°C. The product is hard and clear, and can be 
worked with tools. 


^E. H. Fayolle, French P. 336,584, r03; J.8.C.J., 1904, 23, 195, 448. 

»«G. S. Petrov, British P. 203,124, 1922; J.S.C.I., 1923, 42, 1081A; Chem. Abn., 1924. 18, 595. 

^J. Bruhat. French P. 575,532, 1923; Brit, Chem, Aba. B, 1928, 955. German P. 605,017, 1934; 
Chem, Abe, 1985. 29. 1904. 

^C, Conover, U. S. P. 1,592,082, July 13, 1926; Chem. Aba., 1926, 20, 3242. 

A. Norton, TJ. S. P. 1,720.051. .Inly 9, 1929. to the Selclen Co.; Chem. Aba., 1929. 23, 4308. 

^H. Mark and H. Schiitte, German P. 534,671, 19^ to I. O. Faibenind. A.-Q.; Chem. A6s. 
1932, 26, 1404. 

***F. Prick, U. S. P. 1,952.243, Mar, 27, 1934, to I. G. Farbenind. A.-G.; Chem. Aba., 1934, 28, 3540. 
British P. 327.158, 1938; Chem. Aba., 1930, 24, 5118. 
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Jager^*® added esters of aromatic hydroxy compounds and inorganic non¬ 
volatile acids (the sulphuric or phosphoric acid esters of phenol, naphthol or 
anisyl alcohol) or compounds such as the /9-naphthol ester of isopropyl /3-naphthal- 
enesulphonic acid to phenol-formaldehyde resins to obtain dull, clouded or opaque 
white products. The esters can be added when the distillation for the removal 
of water is almost completed. 

Kline'”* allowed about 100 parts of phenol to react with about 200 part.s of 40 
per cent formaldehyde in the presence of an acid catalyst (oxalic acid) and about 70 
parts of diethyl phthalate. After the removal of water, the reaction product is 
mixed with fillinjr materials (lithopone) m glass, porcelain, enamel-lined or chromium- 
plated apparatus to obtain substantially colorless resinoids usable in white molding 
compositions. The surfaces in contact with the resinoid should be free from metals 
subject to attack by dilute acids. A volatile solvent may be added during the in¬ 
corporation of filling materials. 

Sutherland”' varied the flexibility of condensation products formed from hy- 
drox} aromatic alcohols and cyclic ethers of polyhydric alcohols by changing the 
ratio of the quantities used. As a general rule an increase in the amount of 
the ether increases the flexibility of the final jiroduct. 

Phenol aldehyde resins may be made somewhat elastic by adding phenyl 
esters”* as, for instance, phenyl benzoate or phenyl stearate.”* Cyclohexanyl esters 
dissolve stage B resins, and the solutions, when mixed with fillers, are heat-hard- 
enable.”* 

The glycerol ester”* of lactic acid as a modifier gives clearer products. It is 
added to the condensation product of phenol and an excess of formaldehj^de in the 
presence of at least 3 per cent of caustic soda. Likewise, the alkyl esters of citric 
acid have been employed.”* 

Butyl acetate has been used as a medium by means of which iodoform can 
be incorporated into soluble phenol-formaldehyde resins. In this manner light- 
sensitive coatings were prepared. In the development process, the resin which 
has been unacted upon by light remains soluble and can be washed away, and an 
insoluble product remains where the light was incident upon the film.'” 

The modification of phenolic resins by phenyl derivatives (anisol, acetophenone 
or methyl benzoate) together with hexamethylenetetramine or hydrobenzamide 
has been projiosed The constituents should be used in quantities such that the 
final resin contains approximately equivalent molecular proportions of phenyl 
and methylene groups. During the reaction ammonia is evolved, and the mix¬ 
ture gradually becomes viscous and solidifies on cooling. At this stage the com¬ 
pound is soluble in alcohol and may be used as a varnish. The reaction may 
be carried to this stage by boiling a solution of the mixture in alcohol or other 
non-aqueous solvent. Further heating of the compound produces an infusible, 
insoluble substance, which may be used as a substitute for amber or as an elec- 

Jager, British P. 341,471, 1929, to Herold A.-G.; Chem. A6«., 1931, 25, 5049. French P. 
702,823, 1930; Chem. Abe., 1931. 25. 4370. 

Klme, British P. 353,430, 1930, to Bakelite Corp.; Brit. Chem. Ahs. B, 1931. 1019. French P. 
694,047, 1930; Chem. Abs., 1931, 25, 2013 Canadian P. 320,128, 1932, Chem. Abs., 1 32, 26, 2610. 

L. T. Sutherland, U. S. P. 1,523,459, Jan. 20, 1935, to Carboloid Products Corp.; Chem. Abe., 
1925, 19, 1760. See Chapter 15. 

i^aoeiinan P. 553,563, 1929, to Herold A.<Q.; Chem. Abe., 1932, 26, 5778. 

A. Cherry, U. S. P. 1,987,787, Dec. 4, 1934, to Economy Fuse 4 Mfg. Co.; Cfiem. Abe, 
1935, 29, 526 

iWE. Elbel and O. SUssenguth, U. 8. P. 1,963,579, June 19, 1934, to Bakohte G.m b.H.; Chem. 
Abe., 1 34 , 28. 5263. E. Elbel and F. Scebach, U. S. P. 1,968,074, July 31, 1934, to Bakelite G.m.b.H.; 
Chem. Abe., 1934, 28, 6330. 

French P. 703,281, 1930, to Herold A.-G.; Chem. Abe., 1931, 25. 4422. 

Sontag, U. S. P. 1,911,477, May 30, 1933, to Geneial Plastics, Inc. ; Chem. Abe., 1933, 27. 4110. 

M. C. Beebe, A. Murray and H. V. jHerlinger, U. S. P. 1,587,272, June 1, 1926; Chem. Abe., 1926, 
20. 2292. 
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trical insulator. The liquid mixture, after a short heat treatment, may be used 
as a binder for substances like carborundum.'™ 

Esters of inorganic acids, particularly the aryl esters of inorganic oxy**acids, 
have been used as modifiers of the phenol-formaldehyde resins. Baekeland'™ em¬ 
ployed o-cresyl phosphate or a mixture of cresyl phosphates containing a major pro¬ 
portion of the ortho compound. The corresponding silicates, titanates, borates 
and molybdates also serve as plasticizing agents. As a rule, from 20-60 parts 
by weight of phenyl ester are added for each 100 parts of the phenol-formaldehyde 
resin. Ehrenzweig'*® used tricresyl phosphate with hardenable resins having a 
phenolic base and dissolved the mass in high boiling liquids (triacetin, turpentine 
oil or glycerol) to make a varnish for coating wires. 

Triphenyl phosphate, heated at 320-350®C. with calcium oxide or zinc oxide, 
resinifies. Small amounts of trioxymethylene are added, corresponding to any 
phenol that may be liberated. Drying oils may also be incorporated. The product 
is light amber in color, and is water resistant. It is useful for molding, or in 
the manufacture of varnish.'*' 

Cellulose Ethers and Esters 

Aylsworth'** prepared a non-inflammable varnish, for metals, by dissolving 
a fusible phenol or cresol resin (with or without a hardening agent) and a cellu¬ 
lose ester in a solvent such as acetylene tetrachloride. Softeners (halogenated 
fatty acids or their esters) and fillers may be added. Bonner'** dissolved a cellu¬ 
lose ester, e.g., the acetate, in a fluid condensation product of phenol and formal¬ 
dehyde to form a molding composition. 

Cellulose esters were also incorporated with phenol-formaldehyde resin by Jones,'** 
who introduced the ester at any stage of the reaction, prior to final hardening. In 
one procedure, 25 parts of cellulose acetate are dissolved in 212 parts phenol and about 
25 parts of a phenol ester added. Then, 212 parts of 40 per cent formalin and about 
5 parts concentrated ammonia are introduced and the mixture boiled several hours. 
The water which separates is decanted and the mass further heated. The product 
may be used as a coating and fillers may be added. 

A mixture of o- and p-hydroxybenzyl alcohol, obtained by condensing formal¬ 
dehyde or one of its polymers with phenol in the presence of an alkali, with the 
subsequent addition of an acid such as acetic acid, may be added to compositions 
having cellulose acetate as a base to regulate the flexibility and durability of 
fiilms, plates and other articles made from it.'** 

A mixture of viscose, phenol and formaldehyde can be worked or condensed 
by means of heated rollers, and thus converted into a homogeneous plastic mass, 
which can be molded or sheeted in a manner similar to rubber. In fact, rubber 
may be included as one of the ingredients, in which case sulphur may also be added 
to effect vulcanization under the final action of heat.*** If, instead of being rolled, 
these same ingredients are simply heated, solidification takes place and a product 
resembling shellac in appearance is formed.^ Fabrics can be waterproofed by 

coating them first with a rubber composition, then with a layer of cellulose ester 

»«L. V. Redman, U. S. P. 1,209,333, Dec. 19, 1913. British P. 9292, 1914; J.S C.I., 1915, 34, 628. 

H. Baekeland, U. 8. P. 1,439,056, Dec. 19, 1922; Chem, Abt., 1923, 17, 860. 
wo A. Ehrenzweig, French P. 728,149, 1931; Chem, A6«., 1932, 26, 5777. 

w^A. Runyan, U. S. P. 1,938,642, Dec. 12, 1938, to Sinclair Refining Co.; Brit. Chem. Aba. B, 
1984, 805. 

»• J. W. Ayteworth, U. S. P. 1,094,880, Apr. 28, 191.4; Chem. Aba., 1914, 8, 2268. 

w*W. T. Bonner, U. S. P. 1,173,337, Feb. 29, 1916, 10, 1084. 

wow. B. Jonea, U. 8. P. 1,209,165, Dec. 19, 1916; J.S.C.L, 1917, 36, 225. 

wij. Dupont, U. 8. P. 1,817m S^t. 30, 1919; Chem. Aba., 1919, 13, 3316. 

wiL. Cofiardon, U. 8. P. 1,128,851, Feb. 16, 1915; Chem. Aba., 1915, 9, 1135. 

WT j. M. Taylor, U. 8. P. 1,172,073, Feb. 15, 1916; Chem. Aba., 1916, 10, 1106. 
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or ether, and finally with a compatible synthetic resin (diphenylolpropane-formal- 
dehyde),“* 

Alkyl ethers of cellulose are suggested as softeners for the synthetic resins. 
The incorporation of less than 10 per cent ethyl cellulose retards hardening of 
phenol-formaldehyde compositions."* Lilienfeld studied various methods of modi¬ 
fying cellulose ethers, and used a very wide variety of agents, among which were 
phenolic condensation products.^®® Since the alkyl ethers of cellulose can be 
made soluble in water, the addition can be made in that solvent."^ In one method, 
aqueous solutions of alkyl cellulose ethers were mixed with colloidal dispersions 
of condensation products made from drying oils and fusible phenol-aldehyde 
resms. The resins are then converted to the infusible form during or after the 
manufacture of the film or filaments to give a product which is stable in water"* 
Acetone has also been recommended as a solvent for the homogenizing of cellulose 
compounds and phenol-formaldehyde resins. In this case, the removal of the solvent 
leaves a composition which can be powdered, then charged into heated molds to 
form shaped products.^®* It is also possible to carry out the reaction between 
phenol, cellulose ester and formaldehyde in the presence of ethyl acetate."* The 
solvent power of phenol for cellulose ethers was utilized by Ushakov"® to introduce 
them into the reaction mass, after which formaldehyde and a neutral, acid or 
alkaline catalyst was added and condensation effected. 

Esters of dicarboxylic acids (adipic) have also been used to assist in the prepara¬ 
tion of plastic masses from ethyl cellulose and synthetic resins."® Weller and 
Robinson-Bindley**" effected condensation in the presence of a very small pro¬ 
portion of nitrocellulose or cellulose acetate, the maximum amount of cellulose 
ester used being about 0.8 per cent of the weight of the phenol. In an example, 
cresylic acid, formaldehyde, sodium hydroxide and cellulose acetate are mixed, the 
liquid product is boiled down, baked at atmospheric pressure, and may be 
further treated in an autoclave. Camphene and nitrocellulose are added to a 
phenol-formaldehyde condensation product, using acetone as a solvent,*"® to yield 
a substitute for celluloid. Another way of blending nitrocellulose with a phenol- 
formaldehyde resin"® is to treat cellulose with a solution of sulphuric and nitric 
acid, then, after washing and drying the product, to steep it first in phenol and 
afterwards in formaldehyde. Finally, 2 per cent of p-dichlorobenzene is added. 
It is possible to blend phenolic resin with nitrocellulose by reacting phenol with 
o-benzoyl benzoic acid (in the presence of sulphuric acid), and to mix the reac¬ 
tion product with nitrocellulose and hexamethylenetetramine.** The resulting com¬ 
position is used in lacquers. 

A coating composition containing cellulose and synthetic resin can be pre¬ 
pared by mixing cellulose fiber with a varnish formed of a plasticized phenolic 
resin. After removing the solvent, the residue is rolled until it is homogeneous, 

^British P. 338,065, 1930, to British Celanese, Ltd.; Chem. Aba., 1931, 2S, 3305. 

British P. 315,835, 1928, to 1. G. Farbenind A.-G.; Chem. Aha, 1930, 24. 1755. 

i«»L. Lilienfeld, U. S. P. 1,217,027 and 1.217,028; Chem. Aba., 1917, 11, 1545. 

French P. 35,930, 1928, addn, to 615,876, to I. G. Farbenind. A.-G.; Chem. Aba., 1930, 24, 4155. 

^<**0. Balle and K. Sponsel, German P. 542,287, 1927, to I. G. Farbenind. A.-Q.; Chem. Aba., 1932, 
26. 2317. German P. 527,197, 1925; Chem. Aba., 1931, 25, 4705. British P. 808,284, 1927; Chem. Aba., 
1930, 24, 239. 

German P. 491,396, 1926, to Heinrich Traun A Sbhne, vorm. Harburger Qummi-Kamm-Oompagnie; 
Chem. Aba., 1930, 26. 2256. 

^E. Felger, German P. 541.911, 1928; Chem. Aba., 1932, 26, 2610. 

K. N. Ushakov, Russian P. 26.441, 1931; Chem. Aba., 1982, 26, 6080. 

^W. Hengstmann, French P. 601,728, 1930; Chem. Aba., 1981, 25, 1345. 

A. W. Weller and W. T. Robinson-Bindley, U. S. P. 1,368,867, Feb. 14, 1921; Chem. Aba., 1921, 
15, 1881. British P. 152,384. 1919; Chem. Aba., 1921, 15. 1060. 

i»»W. T. Robinson-Bindley and A. W. Weller, U. S. P. 1,381,127, Feb. 17, 1920; Chem. Aba., 1920, 
14, 1196. British P. 134,565. 1918: Chem. Aba,, 1920, 14, 808. 
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and is thus employed for the preparation of coatings.*” By treating cresol with 
allyl alcohol and zinc chloride, Moss and Seymour*® obtained a resin which was 
compatible with cellulose acetate. 

Compositions containing phenol-formaldehyde and cellulose esters can be made 
impervious to Rontgen rays or radium emanations by mixing with lead sulphate 
or lead oxide. For instance, 18 kg. hardenable phenol-formaldehyde resin, 5 kg. 
wood flour, 5 kg. acetyl cellulose, 70 kg. powdered lead and 2 kg. lead oxide 
(PbO) are made into a homogeneous mixture.*'® Weber proposed to parchmentize 
a cellulosic material with sodium zincate, then to treat with phenol and formalde¬ 
hyde and to condense these substances under heat and pressure.*^ 


Rubber-Modified Phenol-Aldehyde Resins 

A hard rubber composition was prepared by Baekeland** by mixing with 
rubber a powdered, brittle phenol-formaldehyde resin representing an intermediate 
stage of condensation. Catalysts may be present to make the resin infusible on 
vulcanization of the rubber. Aylsworth,** on the other hand, completely hardened 
a phenol-formaldehyde resin to an infusible and insoluble condition before in¬ 
corporation with rubber, and exposed the resin in powdered form to a temperature 
of about 260®C. to remove any free phenol, moisture or ammonia. The hardened 
condensation product was used in proportions varying between 30 and 90 per 
cent of the total composition. Vulcanization was carried out at the usual vul¬ 
canizing temperature. 

Another procedure, recommended by AylswoHh,*^ was the treatment of a hard, 
porous sponge of a completely condensed product of phenol and formaldehyde by 
boiling for several hours with a 10 per cent solution of caustic soda or potash. After 
washing, 2-4 parts of the residue were mixed with 1-3 parts of rubber, sulphur was 
added and the composition vulcanized by heating. The molded and vulcanized mate¬ 
rial when used for battery jars containing a strongly alkaline electrolyte was treated 
with caustic alkali to remove any excess of the vulcanizing agent. Benjamin** 
mixed rubber stock and a vulcanizing agent with asbestos, mica or other mineral 
filler, the particles of which are coated with a primary soluble resinous condensation 
product of phenol and formaldehyde, and hardened the mixture by heating. A resilient 
gasket or packing material can be made from this composition. The completed 
material contains less than 1 per cent of uncorabined sulphur. For the preparation 
of another rubber composition,** commercial phenol is mixed with an equal volume 
of 40 per cent formalin and 5 per cent ammonia solution, and the mixture is main¬ 
tained at about 80®C. until a plastic mass results. Twenty per cent of this mass is 
mixed with 40 per cent rubber, 7-8 per cent sulphur and the usual fillers. The com¬ 
position is vulcanized for 2 hours at 138°C. A phenolic rubber composition capable 
of being coated onto cloth or paper and then vulcanized was prepared by Satow.“® 
The composition contained phenolic resin, rubber, wood flour, asbestos, sulphur, mag¬ 
nesium carbonate and solvent. 

A mixture of rubber, vegetable ivory and phenol-formaldehyde resin in equal 
proportions was used by Wiechmann"^ as a plastic composition. Rubber or rub- 

Groff, U. S. P. 1,8W,628, July 5, 1932, to Bakelite Corp.; Chem. Aht., 1982, 26, 4487. 

*»W. H. Mom and G. W. Seymour, U. S. P. 1,940,727, Dec. 26, 1933, to Olanese Corp. of 
America: Chem. Ab»., 1984, 28, 1560. W. H. Moaa and G. W. Seymour, Canadian P. 324,633, 1932, to 
C. Dreyfus; Chem. Ab»., 1932 , 26, 4970. 

»»M. Wcger, U. S. P. 1,918,996, July 18, 1933. to Bakelite G.m.b.H ; Chem. Aba., 1933, 27, 4943. 
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16, 1841. 

»»A. Speedy and A. P. Crouch, Britiih P. 171.803, 1920; J.S.C.I., 1923, 41. 67A. 

«»T. Satow, r. S. P. 1,745,768, Feb. 4. 1930; Chem. Aba., 1930, 24, 1766. 
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her substitute, vegetable albumin and phenol-formaldehyde resin may be incor¬ 
porated on mixing rolls 

Plauson*‘® incorporated rubber with condensation products of formaldehyde and 
phenol, acetone or furfural by homogenizing the substances in the presence of a 
liquid which exerts a solvent or a swelling action upon both ingredients (chloro- 
hydrin or cyclohexanol)."^ Fillers, solvents or sulphur may be added and the 
product vulcanized. To obtain a varnish 20 parts of phenol-aldehyde resin, 5 
parts of rubber and 50 parts of cyclohexanol may be used. For a molding mix¬ 
ture, 10 parts of rubber, 90 parts of resin, 30 parts of /3-dichlorohydrin and 20 
parts of cyclohexanol, with or without fillers and sulphur, may be used, the solvents 
being expelled by evaporation. 

Raw rubber can be mixed with fusible phenol resins on cold rolls or in cooled 
mixing machines. On heating to 180°C. m molds the material becomes insoluble 
and has the appearance and characteristic properties of an elastic, light-colored 
vulcanite. The rubber in such compositions can be vulcanized either by incor¬ 
porating a small percentage of sulphur in the original mixture or by subsequent 
surface-vulcanization with sulphur chloride.*^^ Hydrocarbon polymers other than 
natural rubber have been used for incorporation in phenol-formaldehyde resins. 
Thus the pol}'mers of unsaturated hydrocarbons obtained from cracked petroleum 
have been employed 

Hopkinson^^ incorporated rubber with vulcanizing, compounding and filling 
materials by suspending, emulsifying or dissolving the materials in water, adding 
them in this form to latex, and drying the mixture. Insoluble solids (gums, phenol- 
aldehyde and other resins, stearic acid, paraffins and waxes) are dissolved in or¬ 
ganic solvents and the solutions are emulsified with water. The aqueous mixture 
may be dried by spraying in a heated atmosphere or in the usual drying chambers 
and can then be used for molding. Also, latex can be treated with phenol, and 
formaldehyde added afterwards."'* If sufficient formaldehyde is added, coagulation 
takes place.'"® In another proposal a plastic material is obtained from a phenol 
and an aldehyde which is included in an aqueous dispersion of latex. The mix¬ 
ture is heated in an autoclave to give a product wdiich may be vulcanized.**”" 
Bradley and Cadwell”^ heated a mixture of rubber, a vulcanizing agent and a con¬ 
densation product of formaldehyde with an aliphatic amine, and obtained vul¬ 
canized products. 

McGavack,*® to produce rubber compositions which can be molded, dissolved 15 
kg. of crepe rubber in 400 kg. of carbon tetrachloride and pa.ssed chlorine into the 
solution till the rubber hud absorbed twice its owm weight. He then added 30 kg. 
of phenol dissolved in an equal weight of 40 per cent formaldehyde solution and mixed 
the solutions thoroughly. The mixture was heated for 2 hours under reflux, added to 
boiling water and the excess of solvent, chlorine, hydrochloric acid, formaldehyde 
and phenol removed by washing several times. The product was milled, pulverized, 
dried at 95®C. and then molded at 175®C. under a pressure of about 3000-4000 pounds 
per square inch. It had a density of about 1.4. 

2'-»F G. Wif^chmann. U. S. P. 1.067.856, Julv 22, 1913; Chem. Aba., 1913, 7. 3037. 

Plauflon, British P. 193,524, 1921, to Plauson's (Parent Co) Ltd.; Chem. Abs., 1923, 17, 3429. 

Bntish P. 176,003, 1920, to Traun’s Forsch, lab G.m b.H.; J.S C.I , 1922 . 41, 357A. 

British P. 214,124, 1923. to Felten <S: Guilleaume Carlswerk A.-G.; J S.C 1, 1924 , 43, 527B. 

*'®F. A. Apsrar and A. Runyan, U. S. P. 1,945,719, Feb. 6, 1934, to Sinclair Refining Co ; Chem. 
Aba. B, 1934, 1022. 

Hopkmson, Bntish P. 204,487, 1923; Chem. Ab»., 1924, 18. 1068. 

*“C. Hayes, E N. Madge and F. C. Jennings, U. S. P. 1,890,578, Dec. 13, 1932, to Dunlop Rubber 
Co., Ltd.; Chem. Aba., 1983, 27. 1783. 

•‘"French P. 680,983, and addn. 33,927, 1927, to I. Q. Farbenind. A.-G.; Chem. Aba., r29, 23, 8827. 

French P. 771,747, 1984, to Socicta italiana Pirelli; Chem. Aba., 1985 , 29. 1385. British P. 
424,3t2, 1934 ; Bnt. Chem. Aba. B, 1985, 868. 

C. E. Bradley and 8. M. Cadwell, U. 8. P. 1,444,865, Feb. 13, 1928. to Naugatuck Chemical Co.; 
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A reaction product resembling hard rubber is formed from rubber and an 
aldehyde with sulphuric acid as condensing agentThe condensation may also be 
carried out between rubber, an aldehyde and phenol. Thus vulcanized rubber can 
be treated, according to McGavack,"^ with a rubber solvent such as benzene and 
then with chlorine, phenol and formaldehyde in a manner similar to that described 
to obtain a product resembling hard rubber.®® 

Uncured rubber and a phenol-aldehyde resin can be united by molding under 
heat and pressure, forming a hard material, according to Warwick and Warwick.*" 
Material Usable for electrical insulation was obtained by Kulas®" by adding 100 
parts of pulverized scrap or waste rubber or 50 parts of rubber and 50 parts of 
filler or coloring material to the viscous solution of a phenol-aldehyde condensa¬ 
tion product dissolved in 50 parts of acetone or alcohol. The mixture was stirred 
and gently boiled, the solvent recovered and the residual material rapidly calen¬ 
dered to expel volatile constituents. It was seasoned at 30-40°C. for about 14 
days, molded and dried at a temperature gradually increased to 160®C. Finely 
divided ebonite®* may be incorporated with a phenol-formaldehyde resin by swell¬ 
ing the ebonite with the molten resin and molding when the gel state is reached. 

Naunton and Siddle®® investigated the possible utility of phenol-formaldehyde 
and of polybasic acid-polyhydfic alcohol (alkyd) resins in soft and hard vulcanized 
rubber. Phenol-formaldehyde resins are very difficult to disperse during mastica¬ 
tion and it was found better to dissolve the resin in concentrated sodium hydrox¬ 
ide, add this to latex, coagulate with carbon dioxide, wash, dry and masticate the 
finely divided precipitate. Some alkyd resins have a retarding effect on vulcaniza¬ 
tion and one such resin was found which had pronounced ^'anti-scorching” power. 
In hard rubber, phenol-aldehyde resins protect the surface from light, increase 
the resistance to heat, to hydrocarbon solvents and to mineral oils. 

A method for attaching rubber to a rigid material, such as metal, is to inter¬ 
pose a layer of a composition containing phenol-formaldehyde resin and vulcanizable 
rubber. The application of heat and pressure hardens the phenol-formaldehyde 
composition and consequently the rubber becomes bound to the metal. The 
cement is composed of rubber, carbon black, sulphur, methylene p-toluidine and 
a phenol-formaldehyde condensation product.*" A cement for uniting resin-impreg¬ 
nated fabric to metal contains a solution of phenol-aldehyde resin and rubber."' 

Limed Compositions 

A large number of resinous products contain oxides or carbonates of calcium 
or magnesium in admixture with phenol-formaldehyde resins. A typical example 
of such a limed composition is made by treating fusible phenol-formaldehyde 
resin with calcium hydroxide to convert the phenol groups to phenolates. The 
cooled or solidified product is mixed with a compound containing active methylene 

*MJ. McGavack, U. S. P. 1,640,363, Aug. 30, 1927, to Revere Rubber Co.; Chem. Abs., 1927, 21, 
3490. 

“*J. McGavack, U. S P. 1,640,364, Aug. 30, 1927, to Reveie Rubber Co.; Chem, Abs,, 1927, 21, 
3490. 

««H. Frood, British P. 176,405, 1920; J.S.C.L, 1922, 41, 335A. 

B. O. Warwick and M. Warwick, British P, 336,292, 1929, to Warwick’s Time Stamp Co.; Chem. 
Abe., 1931, 25, 1957. 

^K. Kulas, U. S. P. 1,688,500, Oct. 23, 1928; Bnt. Chem. Aba. B, 1929, 531. Canadian P. 268,515, 
1927; Chem. Aba., 1927, 21, 2363. 

^French P. 7^,560, 1^1, to Comp, general d’electricite; Chem. Aha., 1932, 26, 5711. 

»*W. J. S. Naunton and F. J. Siddle, Indih Rubber 1931, 82, 535, 561; Chem. Aba., 1932, 26, 
1161. 

«>0. A. Thompaon, U. S. P. 1.931,309, Oct. 17, 1W3, to B. F. Goodrich Co.; Chem. Aba., 1934, 
28. 374. British P. 388,776, 1933; Chem. Aba., 1933, 27, 5909. 

>nG. K. Landt, British P. 419,901, 1934, to Soc. pour I'ind. chim. k B&le; Chem. Aba., 1935, 29. 
2627. 
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groups to transform the fusible resin into one which is infusible and insoluble. 
Filling materials are added, and the product is molded.*®* 

Phenol and formaldehyde may be condensed in the presence of mixtures of mag¬ 
nesium carbonate and magnesium oxide. The resinous product is kneaded and 

molded to form masses resembling yellow ivory,^ suitable in density for use in the 

manufacture of billiard balls. When nigrosine and wood flour are also added, and the 
mixture dried at 75°C. under reduced pressure, a product is formed which can be 

molded cold under high pressure and hardened at 160°C.*®* To assist in taking up the 

4-5 per cent water in the separated resin, plaster of Pans may he added.^ The pro¬ 
cedure is to take 100 parts of crude coal-tar acids, and mix with 120 parts of ground 
magnesium-formaldehyde mixture (made by grinding in a pebble mill 30 parts of 
calcined magnesium oxide and 150 parts of aqueous 40 per cent formaldehyde solu¬ 
tion). Two hundred parts of saturated brine is added, and the mixture is allowed 
to stand in the cold with slow agitation until all the formaldehyde is consumed. W’hen 
the reaction is over, the water is decanted, and the resinous mass is dehydrated by 
mixing with 54 parts of powdered plaster of Paris. One hundred parts of wood flour 
containing 2 parts of aluminum palmitate and 2 parts of carbon black are now in¬ 
corporated by means of a pebble mill. 

The temperature and time of heating may be varied** in order to alter the 
properties of the product. In many experiments the temperature during the 
initial condensation was 90-95°C., and the time of reaction about 30 minutes. 
A number of substances other than those mentioned above have also been used. 
Among these are iron oxides, zinc oxide, salts of fatty or resin acids,sodium 
carbonate and a mixture of sodium carbonate with sodium borate."* 

In another process,“* the fusible phenol-formaldehyde resin is heated at 175°C. 
with a solid basic oxide (CaO, MgO, NaOH) to neutralize the hydroxyl groups 
of any free phenol or of the resin itself. The product needs no mechanical 
plasticizing, but can be pulverized, mixed with fillers and a methylene-containing 
agent, and hot-molded. Portland cement has been mixed with a phenol-aldehyde 
resin, asbestos and solvents (e.g., acetone, methyl ethyl ketone) to give an adhe¬ 
sive suggested for use with linoleum.*** 

Hexamethylenetetramine is used to assist setting of limed resins in the molding 
operation, without causing excessively rapid hardening.**^ A method described by 
Redman*** calls for boiling in a still for 2 hours at about 200°C., with continuous 
rapid stirring, 74 pounds calcium hydroxide, 877 pounds phenol-formaldehyde con¬ 
densation product (from 1.25 mols phenol and 1 mol formaldehyde). The mass is 
cooled, ground and mixed with 52 5 pounds of hexamethylenetetramine. Then the 
product is pulverized, mixed with fillers and molded in a hot press. In the initial step 
(the treatment of the phenol-formaldehyde with lime), it is desirable to calculate the 
lime addition as substantially equivalent to the hydroxyl of the resin, but a some¬ 
what smaller proportion of lime may bemused with good results.*** 

When sulphuric acid is used as the catalyst in the preparation of a phenolic 

»* French P. 697,625, 1930, to Bakelite Corp., Chem Abs., 1931, 25, 3186. 

*» German P 359,825 and 359,826, 1922, to H. Rommler A.-G.; /.S.C./., 1923, 42, 281. 

»*H. M. Weber, U. S. P. 1,586,253, June 5, 1925, to EUis-Foster Oo.; J.S.C.I., 1925, 44, 601B. 
Carleton Elhs, U. S. P. 1,580,425, April 13, 1926, to EUis-Foster Co.; Bnt Chem, Abs. B, 1926 , 596. 

JWChrleton Ellis, U. S. P. 1,691,271, Nov. 13, 1928; Bnt. Chem, Aba. B, 1929, 566. 
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**« R. D. Bonney and A. G. De Boer, U. S. P. 1,991,007, Feb. 12, 1935, to Congoleum-Nairn, Inc.; 
Chem Abs., 1935, 29, 2262. 
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resin, its disintegrating effect is prevented, Harrison*** states, by using aluminum 
or magnesium compounds instead of barium hydroxide and either a barium soap or 
a soap-forming acid. The basic oxides,hydroxides or carbonates of magnesium, 
iron, zinc, sodium or potassium in sufficient amount to neutralize all free phenol, 
are suggested as additions for obtaining good molding properties. 

The modifying action of soaps was utilized by Rosenblum.**"* Phenol and 
formaldehyde are condensed in the presence of zinc oleate or rosinate to the extent 
of 7.5 per cent (calculated as oxide) of the phenol. Condensation is continued 
until a resin is obt^wned which is soluble in varnish solvents. Organic salts of 
calcium, barium, strontium, sodium, lead, manganese or cobalt may be substituted. 

Ellis**’ found that an alkaline-earth base so niters the resin that it becomes 
])articularly adaptable for hot molding. For example, 1 mol of jihenol, 0.25 the 
combining proportion of barium hydroxide and aqueous formaldehyde in an 
amount equal to the weight of phenol are heated and stirred together at 80-90°C. 
for 2-3 hours, when the solution is ready to be mixed with a filler. 

A synthetic resin, made by condensing a phenol with formaldehyde in the 
presence of lime, and then in the presence of sulphuric acid, can be mixed with 
a small amount of montan wax and alkaline catalyst. Hexamethylenetetramine, 
and fillers, are then added in order to convert the product into a moldable resin.*** 

A molding .powder which resembles the limed resins is made up in the following 
manner: in an open vessel heat a mixture of rosin (4 parts), calcium oxide (1 part) 
and formalin (4 parts); pulverize the product, and to 450 parts of the powdered 
mixture add wood flour (300 parts), Portland cement (4 parts) and heavy mineral 
oil (10 parts) which has been baked to a paste with calcium carbonate (5 parts); 
harden with about 8 per cent hexamethylenetetramine. Synthetic phenolic resins may 
be incorporated with the rosin.**® Resinous compositions resistant to penetration by 
x-rays or radium rays may be prepared by causing phenolic compounds of lead, 
uranium, thorium or thallium to react with an aldehyde.*®® 

Other products which are similar to the limed phenol-formaldehyde resins are the 
limed phenol-carbohydrate resins descnbed by Meigs.*®^ The phenol-carbohydrate 
resins are made by condensing phenol with sugar (e.g., dextrose). These resins are 
subjected to a treatment resembling that by which the limed phenol-formaldehyde 
products are formed; namely, neutralization with calcium hydroxide, reaction with 
hexamethylenetetramine, grinding, addition of wood flour and molding at 15()-180®C. 

Mis>cellaneoijs Modifiers 

Various organic acids have been added to phenolic resins, usually in the A 
(initial) stage of condensation. The purpose which the acid is intended to serve 
varies widely from ca.^se to case, but usually the reaction involved is one of con¬ 
densation in which hydroxyl groups of the resin take part. 

Lactic acid of 50-60 per cent concentration may be incorporated with the initial 
liquid condensation product of phenol and formaldehyde (in the proportion of 80 
parts of the condensation product to 45 parts of the acid) to yield a molding composi¬ 
tion. The mixture is heated at 100-110®C. until condensation has proceeded so far 
that the product no longer adheres firmly to a clean metallio surface. At room tem- 

R. T. Harrison, British P. 387,075, 1031, to Chloride Elec. Storage Co., Ltd.; Brit. Chem. Aba. 
B, 1933, 277. 
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perature this product forms a very viscous syrup, and filling material (asbestos, 
wood flour or china clay) may be readily added to make a molding composition 
which can be hardened by baking.”* Clear, transparent productsr” are made by 
condensing 1 mol of phenol and 1 5 mols of formaldehyde m a solution which is 
sufficiently alkaline for the resin^to remain in solution during the condensation, and 
only such acids or bases as form salts which do not cause turbidity are used as 
hardening agents. Lactic acid and polash are suggeste<I as being useful for this 
purpose. 

J^er*®* employed salicylic acid as a modifier (sec also Chapter 17). For example, 
he condensed 1 part of phenol with 2 2-3 parts of 30 per cent formaldehyde m the 
presence of 0.35 part of an alkaline Siilt of a fatty acid (sodium stearate), heated 
I he mass 19 minutes at 70“C., dehydrated in vacuo and added 1.8 mols of salicylic 
acid per 1 mol of alkali. The resin is useful for the manufacture of artificial horn. 
Castor oil or glycerol may be added. 

Pyromucic acid is heated under pressure at 120-150°C., together with phenols 
and sulphuric, hydrochloric or phosphoric acid. Formaldehyde, or its polymers, 
and filling materials may also be introduced into the reaction mixture. The 
products, which are partly soluble in alcohol and acetone and completely soluble 
in benzene, are used for making a substitute for vulcanite and for the preparation 
of varnishes.®® Aylsworth®® employed a number of organic acid anhydrides, in¬ 
cluding benzoic, phtlialic, acetic and stearic. These absorb ammonia by forming 
amides, and increase the toughness of the product. Stage A resins have been 
made from a mixture of phenol, formaldehyde, fatty acids and ammonia. The 
ammonia combines with the aldehyde. As soon as the soluble resin is formed, 
the reaction is checked by neutralization of the excess free acid.®’ 

By the use of polycarboxylic acids, notably phthalic, naphthalic, diphenic, 
maleic, fiimaric, malic, succinic and tartaric acids, Norton®* was able to prepare 
non-turbid resins for the production of so-called non-breakable glass substitutes, 
transparent fountain pen barrels, and imitations of jewelry stones. For example, 
1(X)0 parts of phenol are caused to react with 1000 parts of formaldehyde in the 
form of a 40 per cent solution, in the presence of 2 parts of sodium carbonate». 
Fifty to 100 jiarts of sodium acid phthalate are then incorporated, and the water 
formed by the reaction is allowed to volatilize. The product is free from turbidity. 

When o-phthalaldehydic acid coiulenses with phenols or phenol ethers, gummy 
products are formed®* from which crystalline phthalides can l^e obtained. The 
phthalides*** may be used as plasticizers and softeners not only of phenolic resins, 
but of the alkyd and urea resins also (see Chapters 11, 31, 47, 53). 

Petrov®' condensed phenol with formaldehyde in the presence of acidic or 
basic catalysts, and after cooling to 40-50°C. mixed naphthenic acids obtained by 
the oxidation of petroleum products and then dissolved the resulting semi-fluid 
substances in alcohol. He proposed their use for insulating varnishes or as a 
binding material for molding compositions. (See Chapter 16.) 

Schmidt®* employed small quantities of phosphoric or oxalic acid in order to 
vary the pn of phenol-formaldehyde resins. The neutralized plastic resin is 
brought to a pH of approximately 4 or 5 by kneading it with either of these acids. 

»aW. Petersen and E. V. aark, British P. 179,586, 1921; J S.C 1, 1922 , 41, 509A. 

»»British P. 357,276, 1930, to Kunstharzfabnk F. Poliak Ges.; Chem Ab» , 1932. 26. 6166 

»*A. Jiiger, Bntish P. 281,537, 1927, to Herold A,-0 French P 666,184, 1929; Bnt. Chem Abs. B, 
1928, 101. 

German P, 342.365, 1920, to H. Plauson's Forschungsinstitut G.m b.H.; J.S.C I., 1922, 41. IIIA. 

“«J. W. Aylsworth, U. S. P. 1,020,594. Mar 19, 1912; Chem. Abe, 1912, 6. 13n. U. S. P 1,046,420. 
Dec. 3, 1912; Chem. Abe, 1913. 7, 712 U S. P. 1,102.634, July 7, 1914; Chem. Abe., 1914, 8, 3127. 

»7G. S. Petrov, Russian P 30.835. 1933; Chem. Abe, 1934, 28, 5941. 

««R. A. Norton. U. S. P. 1.720.052. July 9, 1929, to Selden Co ; Chem. Abe., 1929, 23, 4308. 

w«M. M. Brubacker and R. Adams, J.A.C.S., 1927, 49, 2288. 

»»A. O. Jaeger, U. S. P. 1.941.474, Jan. 2, 1934, to Sclden Co.; Chem. Abe., 1934 , 28. 1880. 

*»iG. Petroy, German P. 487.612, 1924; Brit. Chem. Abe. B, 1927, 452. G. S. Petrov and S. I. 
Dimakov, Russian P. 31,530. 1938: Chem. Abe,, 1934, 28, 3256. 

WF. Schmidt, U. S. P. 1,978,821, Oct. 30, 1934; Chem. Abe., 1935, 29, 252. 
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If a ph below 2.5 is maintained during the hardening operation, the product 
is unstable, and if the pn is above 5.5, the hardening under pressure and heat 
proceeds too rapidly. (See Chapter 16). 

Cacodylic acid, (CH8)sAsOOH, has been incorporated with phenolic resins. 
The object in this case is to produce a resinous coating containing arsenic. Such 
a coating may be applied when the destructive action of parasites is to be pre¬ 
vented, for instance, on surfaces which are to be exposed to the action of marine 
growths.”® 



Courtetv -H- W. tiutterwortn <Sc SSont Co. 


Fig. 72.—Dyeing Machine Made of Haveg. 

In preparing insulating compositions for incasing electric coils, Baekeland*” 
used solvents boiling above 120‘’C. such as naphthalene, xylene, nitrobenzene and 
other hydrocarbons or their homologues or mixtures of these, to reduce the shrink¬ 
age of the resin and soften it at high temperatures. He also employed perma¬ 
nently fusible resins, e.g., those from phenol and formaldehyde. Aylsworth”® used 
similar substances, and also dinitrobenzene, acetanilide and ricinoleic acid, incor¬ 
porating these softeners with the resin by mixing at 175‘*C. Small quantities of 
softening agents eliminate the brittleness and inflexibility which is an inherent 
property of hardened phenol-formaldehyde resins. Baekeland also made par¬ 
ticles or fragments of an infusible composition containing a phenolic condensation 
product in solid solution with naphthalene, anthracene or other solvent of high 

s«A. Heinemann, U. 8. P. Mar. 21, 1216; Chem. Abs., 1614, 8, 1441. 

>ML. H. Baekeland, U. S. P. 1,156,452, Oct. 12. 1615; Chem. Abe., 1615, 6, 3834. 

••J. W. Aylaworth, U. B. P. 1,111,235, Sept. 22, 1914; J.3.C.I., 1614, 33. 1063, 
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boiling point, and after transformation into the final state, welded them together 
into coherent masses under the action of heat and pressure.*®* 

Phenol-formaldehyde resins prepared in the presence of 2 per cent camphor, 
which is subsequently removed by steam distillation, are said to be odorless and 
non-sticky, pale yellow to dark brown, soluble in caustic alkalies, alcohols, acetone, 
formic and acetic acids, insoluble in cold benzene and carbonates.”^ 

Cyclohexane, cyclohexanol or its esters, and cyclohexanone were used as plasti¬ 
cizers by Elbel and Seebach.^ The nature of the product is determined not only 
by the plasticizer but also by the amount of hexamethylenetetramine, which is 
used as an initial ingredient of the resin. 

Sulphur compounds wore early used in connection with phenolic resins. MeCqy"*** 
prepared a factice from oil with 5 per cent sulphur monochloride. One hundred and 
twenty parts of this factice, dissolved in 300 parts of phenol, are added to 320 parts 
formalin, and the temperature is raised to 100-125‘’C. until the water is driven off. On 
further heating, there is formed an insoluble, infusible mass which is resistant to 
water. Tubes of paper pulp can be impregnated with sulphur-phenol-formaldehyde 
resin to render them waterproof.*’® Treatment of phenol-formaldehyde resins with 
sulphur monochloride gives products which are useful for making electrical and thermal 
insulators.*’^ 

Modification of phenol-formaldehyde resins can also be accomplished by adding 
other synthetic resins. Many of these are considered in the chapters of this book 
(see Chapters 30, 46, 51, 58), where the particular resin is discussed. 

Kollek and Engels*” observed that the-polymerization products of alkylene 
oxides (particularly ethylene oxide) increase the elasticity of phenol-formaldehyde 
resins. Another suggestion calls for the addition of phenolic resins to resins pre¬ 
pared from sunflower husks. The resultant product may be used in varnishes.*” 

Crystalline hexamethylenetetramine-triphenol, prepared by boiling an alcoholic 
solution of hexamethylenetetramine and phenol, is a plasticizing agent, and can 
be used to convert overcured resins into products which can be hot-molded.*’* 
Resins which are not sufficiently hardened can be made solid by the addition of 
hexamethylenetetramine.*’® According to McCoy, the catechol tannins are of value 
in regulating the hardening of resins, especially when it is undesirable to introduce 
material which has a deleterious effect on the dielectric strength of the resin. 
The hardening action of the catechols is a result of reaction with formaldehyde, 
and a catalytic influence.*” 

Phenolic resins can be brought into the form of a water suspension by running 
them directly from the reaction zone into water, and dispersing with the assistance 
of gum arabic.*” When a colloidal solution of a resin is added to a colloidal solu¬ 
tion of another resin, or of casein, a fatty acid or a cellulose ester, mutual pre¬ 

cipitation of the colloids is likely to occur. The precipitate may be dried, pow¬ 
dered and hot-molded.*’® 

^L. H. Baekeland, U. S P. 1,259,472 and 1.259,473, Mar. 19, 1918; Chem, Abs , 1918, 12. 1502. 

German P. 396,510, 1910, to J. Perl & Co. Komm.-Ges. Chem. Fabr.; Bnt. Chem. Abs. B, 1934, 
879. 

‘2«»E. Elbel and F. Seebach, U. S. P. 1,968,974, July 31, 1934, to Bakelite G. m. b. H.; Chem. Abs., 
1984. 28, 6330. 

»»J. P. A. McCoy, British P. 13,657, 1913; J.S C.J., 1914, 33, 653. See also Chapter 60. 

^F, A. Bummgham, G. A. Richter, W. B. Van Arsdel and D. H. W’hite, U. S. P. 1,396,201, Nov. 

8, 1921; Chem. Abs., 1922, 16, 657. 

*TiA. A. Samuel, U. S. P. 1,704,629, Mar. 5, 1929; Chem. Abs., 1929, 23, 1971. 

*7»L. Kollek and'W. Engels, German P. 560,703, 1929, to I. G. Farbenind. A.-G. ; Chem. Abs., 1933, 

27, 1114. See also French P. 774,176, 1934, to 1. G. Farbenind. A-0.; Chem. Abs., 1935, 29, 2261. 

G. S. Petrov and S. I. Dimakov, Russian P. 31,530, 1933, addn. to 20,747, 1931; Chem. Abs., 1934, 

28, 3256. 

*7*H. M. Weber, U. S. P. 1,720,406, July 9, 1929, to Ellis-Foster Co.; Brit. Chem. Abs. B, 1929, 948 

«»A. A. Samuel, French P. 700,789, 1929; Chem. Abs., 1981, 25. 3856. 

*wj. P. A. McCoy, U. S. P. 1,269,637, June 18, 1918; Chem. Abs., 1918, 12, 1916. 

*"H. C. Cheetham, U. S. P. 1,976,488, Oct. 9, 1984, to Bakelite Corp.; Chem. Abs., 1984 , 28, 7568. 

»»A. Spitser, Austrian P. 187,568, 1984; Chem. Abs., 1934, 28, 5694. 
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The use of dyestuffs for coloring purposes is, of course, common in the resin 
industry, but their use for the purpose of modification is infrequent. By incor¬ 
porating a diazo compound with a synthetic resin before completing the con¬ 
densation, colored resins and oil-soluble dyestuffs were made by Plaiison and 
Vielle.*^ The resins used are those obtained by condensation or polymerization 
of phenols and aldehydes, or ketones and aldehydes. The products may be used 
as fat- or oil-soluble varnishes for paper, textile fabrics, leather, wood or metals, 
or as electrical insulators. 

Kesseler and Eifflaendei*^ proposed a somewhat similar method of making an in¬ 
soluble dyestuff. As an example, they mixed 60 parts of crystallized 1,4-diamino- 
anthraquinone with 40 parts of the condensation product of 3 parts of phenol and 1 
part ot acetic aldehyde and heated to about SO'^C. This mass is w’orked on a roller 
mill, wdth the addition of 30 parts ol water, until the desired degree of fineness of 
the coloring matter has been reached After d»*ying m air and grinding, the mate¬ 
rial IS ready for use. It is adapted for punting on acetate silk. The condensation 
products of phenol sulphonic acids with formaldehyde may replace the phenol 
jiroduct. 

A further use of dyestuffs""*^ is the application of a dye containing a reducible 
CO groiij) (bis-l,2-nai)hthothiophene indigo) in conjunction with a phenol-for¬ 
maldehyde resin. In general, indigoid or anthraquinoid dyes are suited to the 
coloring of phenol-formaldehyde resins.^® 

The surfaces of hardened jihenolic resins are colored blue or black by cold 
or slightly warm treatment first with an aqueous solution of p-phenylenediamme 
and then with hydrogen peroxide.^ 

Plauson and J. X Vielle, Butish P. 182,497, 1921; JSC I, 1921, 41, 676A. See also B. M. 
T.otaiev, Russian P. 132, 1923; Chenc. Abs , 1933 , 27 . 4429 Kieneh P. 650,614 and 650,615, 1928, to 
Soc. anon pour I’lnd. chim a Somt-Denis, Chem. Abs, 1929, 23, 3356 H. I. WatCMinan, W. J. C. 
de Kok and A R. Veldmun, Chem Weekblad, 1934, 31, 608, Bnt Chem. Abs B, 1935 , 69. 

H Kes>eler and L I, Eifflaender, U. S. P. 1,892,280, Dec 27, 1932, to General Amhne Works, Inc; 
Chem Abs , 1933 . 27. 2050. 

P. 155,7)1, 1931, to Soc pour I'lnd. cbim a Bale. Chem. Abs, 1933, 27, 1220. 

^sGeinian P. 585,961, 1933, to Soc. pour I'md chirn. a Bale, Chem. Aha., 1934, 28, 1560. 

3«Ge!man P. 581,907, 1933, to F. Raschig G.m b H , Chem Abs., 1934, 28, 1208. 



Chapter 21 


Uses of Phenol-Aldehyde Resins 


I. Coatings 


In addition to attempts to obtain oil-soluble phenol resins (see Chapter 19) 
which will replace natural resins in oil varnishes, investigations have been directed 
also to dissolving ordinary phenol resins directly in volatile solvents to form 
spirit-varnishes.' The difficulty has been that phenol resins in the heat-hardened 
stage (which is the most desirable for the final film) are insoluble in all ordinary 
solvents. Consequently phenol-resm spirit-varnishes must be made v;ith the 
reactive type of phenol resin (resol) dissolved in a volatile solvent. Conversion 
to the infusible and insoluble state is effected by baking the coating.® 

A varnish of this type suggested by Baekeland® consisted of an alkali-catalyzed 
phenol-aldehyde condensation product dissolved in a volatile solvent, e.g., alcohol 
or acetone. A small amount of a basic condensing agent was incorporated in the 
varnish to assist the transformation into an infusible form when the coating was 
baked. Another varnish of this type contains a mixture of a volatile solvent, 
e.g., acetone, and a high-boiling solvent, e.g., amyl alcohol.* A mixture of acetone 
and a cyclic hydrocarbon (e.g., benzene or tnmethylene) is employed as the solvent 
in a phenoI-resin spirit-varnish intended to be moisture-free.® Alcohol as a solvent 
was found objectionable in this case since it tends to absorb moisture from the air. 

According to Jones'’ a varnish of good penetrating power for porous materials 
(wood) is obtained by dissolving a pasty phenol-aldehyde condensation product 
in a mixture of aniline and xylene. Another non-alcoholic varnish is made by 
dissolving a phenol resin in alcohol, precipitating with moisture-free turpentine 
and then dissolving the precipitated resin in a mixture of turpentine and amyl 
acetate.’ 

In previous chapters mention has been made of the use of hexamethylenetetra¬ 
mine as a hardening-agent for phenol resins. Aylsworth* suggested varnishes con¬ 
sisting of phenol-formaldeHyde condensation products, hexamethylenetetramine 
or paraformaldehyde, and various solvents, including alcohol, acetone, chloro- 

^ Discussions of the solubility of phenol-aldehyde resins are given by A. A. Diummond. J Od, 
Colour Chem. Assoe., 1925, 8, 62; 1927, 10, 83; Chem. Aba., 1926, 19,-1955; 1927, 21, 2194. A. C. 
Hopper, Chem. Age (London), 1925, 13, 370; Chem. Aba., 1920, 20, 072. 

was at one time alleged (H. von der Heyden and K. Typke, Z. angew. Chem.; 1925, 38, 421; 

Chem. , 1925, 19. 2277) that 15-10 per cent of the phenol lesin \olatihse^ during the bakiiisc proce.^a. 
Later inve'«tigations could not confirm tiiis. See J. Scheiber, Z. angew. Chem., 1925, 38, 904; Chem. Aba., 
1920, 20, 117. 

*L. H. Baekeland, U. S. P, 954.000, Apr. 12. 1910; Chem. Aba., 1910, 4, 1089. 

«L. H. Baekeland, U. S. P. 1,018,385, Feb. 20, 1912, to General Bakelite Co. ; J.S.C.J., 1912, 31, 347. 

British P. 0294, 1913; y.S.C.2., 1913, 32, 298. 

«L. H. Baekeland, U. S. P. 1,037,719, Sept. 3, 1912; Chem. Aba., 1912, 6, 3534. British P. 0293. 
1913; /.S.C.I., 1913, 32, 208 

•W. B. Jones, V. 8. P. 1,200781, Oct. 10, 1910, to General Bakelite Co.; J.8.C.I., 1910, 35, 1220. 

»V. V. Chernov, Russian P. 13,705, 1930; Chem. Zentr., 1931, I, 3522. 

* J. W. Aylsworth, IJ. S. P. 1,098,008, June 2, 1914, to Condenaite Co. of America; Chem. Aba., 
1914, 8, 2815. U. S. P. 1,102,032, July 7, 1914; Chem. Aba.. 1914. 8, 3127. U. 8. P. 1,137,374, Apr. 27, 
1915; Chem. Aba., 1915, 9, 1090. See also L. V. Redman, U. S. P. 1,107,703, Aug. 18, 1914; Chem. Aba., 
1914, 8, 3377. 
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naphthalene and acetylene tetrachloride. Landt and Adams* proposed to eliminate 
several steps in the preparation of such varnishes by synthesizing hexamethylene¬ 
tetramine directly in the solvent to be employed for the varnish. One method 
is to react ammonia with formaldehyde in alcohol to form hexamethylenetetramine 
and then dissolve a phenol resin in this solution. In another procedure the resin 
is first dissolved in the alcohol and the hexamethylenetetramine is then produced 
in the solution. 

To prevent the formation of bubbles in a varnish film, Cheetham^® suggested 
the incorporation of furfural in phenol-resin varnishes of the reactive type. It was 
stated that the furfural tended to absorb the ammonia liberated from hexa¬ 
methylenetetramine during the setting of the varnish. Other advantages reported 
were that furfural increases the fluidity and penetrating power of the varnish and 
tends to improve the gloss and elasticity of the film. Advantages in the use of 
furfural in phenol-resin varnishes were observed also by Redman."^ The furfural 
was added to an aqueous alkaline solution** of a phenol-aldehyde resin to act both 
as a hardening agent and as a diluent for the varnish. 

The statement has already been made (Chapter 15) that the alkaline-condensa¬ 
tion of phenol and formaldehyde yields fusible and soluble resols. Careful heating 
of the latter converts them to resitols, which are partly soluble and are infusible 
but soften on heating. Further heating of resitols yields insoluble and infusible 
resites. These three classes, resols, resitols and resites are also designated A, B 
and C types, respectively, as has already been explained. 

Whereas the majority of spirit-varnishes already mentioned contain resols 
(because of their better solubihty) Elbel and Seebach** have suggested solvents 
for the B type (resitols) to manufacture varnishes intended to give firm and re¬ 
sistant films. Hydrogenated aromatic hydrocarbons, hydrogenated phenols (e.g., 
cycloHexanol) and cyclic ketones (e.g., cyclohexanone) were the solvents found 
applicable. One varnish of this type consisted of 75 parts of B stage resin dis¬ 
solved in 70 parts of decahydronaphthalene and 70 parts of cyclohexanol, solu¬ 
tion being effected by boiling under reflux, ft was stated that practically the same 
result is obtained by dissolving a resin in the A stage in solvents of the type men¬ 
tioned and then heating the solution to convert the resin to the B stage. Another 
modification of the procedure consists in conducting a phenol-aldehyde condensa¬ 
tion reaction in one of the recommended solvents.** 

Bender*® prepared an' air-drying coating composition from a resinoid made out 
of phenol, formaldehyde and hexamethylenetetramine. The resinoid was dehy¬ 
drated and transformed to B stage' by heating. The hardening reaction was 
arrested by addition "of butyl alcohol or amyl acetate. After heating the resulting 
solution to complete transformation to B stage, a low-boiling alcohol or acetone 
was employed to achieve the desired consistency. 

•G. E. Landt and W. H. Adams, Jr., U. S. P. 1,731,071 and 1,731,072, Oct. 8, 1029, to Continental- 
Diamond Fiber Co.; Chem. Abt., 1929, 23, 5000. 

^H. C. CSieetbam, U. S. P. 1,528,000, Mar. 3, 1925, to Bakeiite Corp.; Chem. Ab»., 1925, 19, 1502. 
Bxitiah P. 822,780, 1928; Brit. Chem. Abi. B, 1930, 337. German P. 536,677, 1928; Chem. Abi., 1932, 
26, 1092. 

UL. V. Redman, U. 8. P. 1,591,999, July 13. 1926, to Bakeiite Corp.; Chem. Abi., 1926, 20. 3581. 
British P. 270,417, 1926; Chem. Abt., 1(928, 22, 2476. Canadian P. 261,954, 1926; Chem. Aha., 1926, 20, 
8581. * German P. 508,814, 1926; Chem. Abt., 1981, 25, 834. 

>«8ee L. H. BaekeUnd, U. S. P. 1,085,100, Jan. 27, 1914; Chem. Aba., 1914, 8, 1215. 

s*E. &)bel and F. Seebach, U. 8. P. 1,968,440 and 1,968,441, July 31, 1984, to Bakeiite G.ip.b.H.; 
Chem. Abt., 1934, 28, 6002. British P. 295335, 1928 and 347,611, 1930; Bnt. Chem. Abt. B, 1930, 
469; 1931, 686. French P. 658,718, 1928 and its addn. 87,860, 1929; Chem. Aba., 1929, 23, 5338; 1931, 25, 4724. 

Elbel and F. 8eebach, U. 8. P. 1,968,074, July 31, 1934, to Bakeiite G.m.b.H.; Chem. Abt., 
1984, 28, 6880. See also French P. 725,464/ 1981, to La Bakeiite; Chem. Abt., 1982, 26, 4969. N. I. 
Voluinkin, Rusrian P. 4860, 1928; Chem. Abt., 1928, 22, 4844. 

»H. C. Bender, U. 8. P. 1,922372, Aug. 15, 1933, to Bakeiite Corp.; Chem. Abt., 1983, 27, 5203. 
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In a method employed by Shono“ for manufacturing phenol-resin varnish, a 
phenol-aldehyde condensation is carried out first in an alkaline and then in an 
acid medium. The product is rapidly chilled (e.g., with ice-water) washed, dried 
and dissolved in equal parts of ethyl and butyl alcohols. Immediately before the 
solution is to be employed as a varnish, mineral acid is added to complete the final 
condensation. 

In numerous instances, plasticizers and other synthetic resins have been used 
to modify the properties of phenol-resin varnishes. For instance the incorporation 
of dibutyl phthalate or tricresyl phosphate into such a varnish is said to improve 
the flexibility of the film.” Among the synthetic resins which have been incor¬ 
porated with phenol-resin varnishes are the alkyd resins,“ the polyvinyl esters” 
and the resin obtained by heating glycerol with sulphates or sulphonic acids 
(see Chapter 23)." Levy*^ has suggested the use of a varnish made by sulphonat- 
ing a phenol-aldehyde resin and dissolving the resultant product in an appropriate 
organic solvent. 

To form varnishes from insoluble or only partially soluble phenol resins, 
Plauson” suggested dispersing the resin in a solvent by the use of a colloid mill. 
The same principle was employed by Wakefield” to make a non-penetrating var¬ 
nish. Rubber is reported to act as a protective colloid for stabilizing unstable 
suspensions consisting of a phenol-formaldehyde resin in gasoline.” 

Phenol Resins in Cellulose Lacquers 

In nitrocellulose and cellulose acetate lacquers a certain amount of a natural or 
synthetic resin is needed to offset two shortcomings, viz., lack of adhesion and 
lack of luster. Among the resins found useful in this way are those from phenols 
and aldehydes.” In selecting phenol resins for such lacquers their compatibility 
with cellulose esters must be considered. Hofmann” reports that in speaking of 
compatibility it is necessary to consider the state of affairs existing in a poly¬ 
component system. Thus, for example, one speaks of the compatibility of phenol 
resin with nitrocellulose in amyl acetate and not simply of the compatibility of 
phenol resin with nitrocellulose. It was noted that although some resins are com¬ 
patible with nitrocellulose in any solvent, the majority behave differently in dif¬ 
ferent solvents. The observation was also made that certain resins are compatible 
with nitrocellulose in some solvents only when another particular solvent is present. 
Clear solutions were obtained with nitrocellulose and an oil-soluble phenol resin 
(Amberol H-9) dissolved in amyl acetate, butyl acetate, butyl propionate or 

Shoao, British P. 368,359, 1930, to Nippon Paant K.K.; Bnt. Chem. Ab$. B. 1933, 474. 
French P. 704,732, 1930; Chem. Abs., 1931, 25. 4723. 

”V. H. Turkin^ton, U. S. P, 1,695,566, Dec. 18, 1928, to Bakelite Corp.; Chem. Abs., 1929, 23, 
1000. British P. 343,572, 1928; Chem. Abs., 1931, 25, 4421. French P. 665,981, 1928; Chem. Abs., 
1930, 24, 1528. These plasticisers are also used to produce more flexible undercoats (Q. Ebert and R. 
Denninger, German P. 487,102, 1926, to I. Q. Farbenind. A.-G.; Chem. Abs., 1930, 24. 2317). 

»®W. Baird, British P. 349,464, 1930, to Imperial Chem. Ind., Ltd., Bnt. Chem. Abs. B, 1981, 
728. N. Strafford and E. £. Walker, British P. 308,048, 1928, to Imperial Chem. Ind., Ltd.; Bnt. 
Chem. Abs. B, 1929, 444. French P. 669,612, 1929; Chem. Abs., 1930, 24, 1995. N. Strafford, E. E. 
Walker and W. J. Jenkins, British P. 312,204, 1928, to Imperial Chem. Ind.; Bnt. Chem. Abs. B, 
1929, 610. See also French P. 638,275, 1927, to Compagnie frangaise Thomson-Houston; Chem. Abs., 
1029. 23, 293. H. Chase, Elec. Mfg., 1934, 14 (1), 23; Chem. Abs., 1934, 28, 5690. 

^•Bntish P. 389,271, 1929, to I. G. Farbenind. A.-G.; Chem. Abs., 1931, 25, 2581. 

»>8. N. Ushakov, Russian P. 23,615, 1981; Chem. Abs., 1932, 26v 2073. 

"L. Levy, Swiss P. 127,039, 1927; Chem. Abs., 1929, 23. 1294. 

«H. Plauson, U. S. P. 1,436,820, Nov. 28, 1922; Chem. Abs., 1923, 17, 642. British P. 156.149, 
1921; J.S.C.I., 1922, 41. 381 A. ^ 

*»H. F. Wakefield, U, S. P. 1,756,267, Apr. 29, 1980, to Bakelite Corp.; Chem. Abs., 1980, 24, 8122. 
See also H. W. Hutton, British P. 417,948. 1984; Brit. Chem. Abs. B, 1985. 84. H. a Cheetham, U. S. 
P. 1,855,384, Apr. 26, 1932, to Bakelite Corp.; Bnt. Chem. Abs. B. 1983, 277. 

•*R. H, Kienle, British P. 385,970, 1932, to British Thomson-Houston Co., Ltd.; Chem. Abs., 1988. 
27, 4431. 

*»See, for example, P. S. Symons, Paint, Varnish Prod. Mgr. 1981, 5 (4), 8; 5 (5), 5, 81. 

so H. E. Hofmann, Ind. Eng. Chem., 1931, 23, 127. 
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butyl Cellosolve. Solutions in ethyl acetate and in acetone were cleared by dilu- 
tion with toluene and butyl alcohol. 

According to Wilson,” the viscosity of nitrocellulose solutions can be lowered 
by adding a phenolic condensation product containing an active methylene com¬ 
pound (e.g., hexamethylenetetramine). On keeping or heating, the viscosity is 
further reduced. 

For coating metal surfaces, Aylsworth* suggested a relatively non-inflammable 
varnish made from a fusible phenol (or cresol) resin and a cellulose ester dissolved 
in acetylene tetrachloride. Halogenated fatty acids (or their esters) can be 
used as plasticizers. One method of incorporating cellulose esters is to add them 



Courtesy Bakelite Carp, 

Fig. 73.—Rplls of Paper or Fabric Pass through a Resinoid Varnish Bath. 


to the mixture of phenol and formaldehyde prior to condensation.** When phenol- 
formaldehyde condensation products are incorporated with nitrocellulose, cellulose 
acetate or other added materials,** the presence of alkaline-earth bases or alkali 
cyanides as catalysts causes the formation of an infusible, insoluble and acid- and 
alkali-resistant varnish when heated in air at 100°C.” Phenol-aldehyde lacquers 
have been made with such esters as cellulose acetate, formate, propionate and 
butyrate and with methyl and ethyl cellulose ethersAmong the solvents em¬ 
ployed are acetone, benzene, toluene, xylene and ethyl acetate.®® A ketone- 
phenol-aldehyde resin** may replace the phenol-aldehyde body.** For this type 

" W. C. WiUon, U. S. P 1,795,918, Mar. 10, 1931, to John 8 Stokes ; Chem. Abs,, 1931, 25. 2581. 

*J. W. Aylsworth, U. 8. P. 1,094,830, Apr. 38, 1914, to Ck)uciensit€ Co. of America; them. Abs., 
1M4, 8, 3208. 

»W. B. Jones, U. 8. P. 1,209,105, C>ec. 19. 1910, to General Bakelite Co.; Chem. Ab»., 1917, ll, 710. 

•»M. Warchavaky, French P. 495,021, 1919. 

"See L. A. Jaloustre, Z. KheifHs and M. Warchavsky, British P. 138,001 and 139,147, 1919; 

1921, 40, 122A. See also Chapter 10. 

** W. H. Moss, British P. 290,075, \W, to British Celanese, Ltd ; Chem. Ab»., 1929. 23, 2585. Canadian 

P. 307.689, 1931, to H. Dreyfus; Chem. Abs., 1931, 25. 1108. W. H. Moss and B. B. White, British P. 

313,133, 1929, to British Celanese. Ltd.; Brit. Chem. Abe. B. 1930. 720. 

** Modifications are obtained by inoorpora^ng other materials. See German P. 554,932, 1927, to 
Degronite-Werke G.m.b.H.; Chem. Ab$., 1932, 26, 0104« G. 8. Petrov, Russian P. 28,003, 1933; 
Chem. Abi., 1984, 28, 3605. 

MW. H. Moss, U. 8. P. 1,929,559, Oct. 10, 1933, to Chlanese Corp.; Chem. Abs., 1934, 28, 89. U. S. 

P. 1,878,249, Sept. 20, 1933; Chem. Abe., 1933, 27. 435. British P. 299,005, 1928, to British CeUnese. 

Ltd.; Brit. Chem. Abs. B, 1930, 3M. See also Chapter 18. 

MW. H. Moss, British P. 299,781 and 299,782, 1937, to British CelansM, Ltd.; Chem. Abs., 1929, 
23, 3588. 
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of coating, a mixture of a hydrocarbon, an unsaturated hydrocarbon halide and 
an alcohol serves as the solvent. Naphthalene, diethyl phthalate, tnphenyl or 
tricresyl phosphate, triacetin and thiocarbanilide are suggested plasticizers.* For 
lacquers intended to give light-resistant coatings, Moss” has advocated the incor¬ 
poration of phenol-furfural or ketone-furfural resins in nitrocellulose or cellulose 
acetate. 

The condensation product of formalglycerol with a hydroxybenzyl alcohol is 
contained in a cellulose acetate lacquer suggested by Seymour.* Brushing lacquers 
have been made which consist essentially of a cyclohexanone-phenol-aldehyde resin, 
low-viscoSity cellulose nitrate, ether, ethyl alcohol and the monoalkyl ether or ester 
of a glycol.”* 

An adherent coating composition” can be made by mixing cotton flock or 
a-cellulose with a plasticized phenol-formaldehyde resin. The reaction product 
of phenol, tung oil and formaldehyde, admixed with cellulose acetate or formate 
or with benzyl cellulose, yields another coating composition.** Shellac or other 
natural resins may be added to the product obtained to increase its efficiency srs 
a sheet veneer. A similar coating comprises ripened cellulose acetate, a phenol 
resin (Novolak) and acetone and ethyl alcohol as solvents.*^ No lialogenated 
hydrocarbons are needed as solvents in this lacquer. A varnish propo5ed by 
Frederic*® contains a mixture of natural resins, phenol-aldehyde resin, collodion, 
powdered mica and alcohol. Before applying lacquers containing cellulose ester, 
the surface can be primed with a lacquer containing a phenol-formaldehyde con¬ 
densation product and an alkyd resin.” The addition of an acid catalyst is some¬ 
times required. To make a nitrocellulose or cellulose acetate film relatively fire¬ 
proof, the application of a phenol-aldehyde coating has been suggested.** 

To form a polishing composition for cellulose lacquer surfaces one proposal con¬ 
sists in mixing together a cellulose ester, a phenol-aldehyde resin, benzene, ethyl 
phthalate (plasticizer) and an abrasive.*® 

The suggestion has often been made to employ resin-modified cellulose laccpiers 
as msiilating-coatings. For instance, HuQ** covered wires with a composition con- 
tammg cellulose acetate (30 parts), a phenol resin (10 parts) and furfural (300 
jiarts). For a similar purpose Schnable*^ employed a cellulose acetate-phenol 
resin lacquer and then applied as an outer coating a mixture of ozokerite and 
castor oil. The laminated insulation thus formed was subjected to a baking treat- 

»C. Dreyfus, U. S. P. 1.909,935, May 23, 1933; Chem. Abt., 1933, 27, 4108. W. H. Moss. British 
P. 301,497, 1928, to British Celanese, Ltd. ; Chem. Abs., 1929 , 23, 4071. 

W H Moss and B. B. White, U. S. P. 1,902,2M, Mar. 21, 1933, to Celanese Corp. of America; 
Chem. Abs, 1933, 27, 3350. U S P. 1,941,708, Jan. 2, 1934, Chem. Abs., 1934, 28. 1879. Canadian P. 
329,708, 329,709 and 329,710, 1933, to C. Dreyfus, Chem. Abs, 1933 , 27, 2051. W‘ H. Moss, British P. 
307.280 and o07,291. 1929, to Biitish Celanese, Ltd.; Br»t. Chem. Abs. B, 1930, 469. 

G. W Seymour, U S. P. 1,828,449, Oct. 20, 1931, to Celanese Corp. of America: Chem. Abs., 
1932, 26, 1460. Canadian P. 317,117, 1931, to C. Dreyfus; Chem. Abs., 1932, 26, 1460. 

H. Finketstein, II. S. P. 1.818,547, Aug. 11, 1981, to I. O. Farbenmd. A.-G.; Bnt. Chem. Abs. B, 
1932, 518. U. S. P. 1,812,145. June 30. 1931; Chem. Abs., 1931, 25. 5048. U. S. P. 1,801,340 and 
1,801,341, Apr. 21, 1931; Chem. Abs., 1931, 25. 3502. See also O. Steimmig, U. S. P. 1,883,060, Oct. 18. 
1932, to I. u. Faibenuid. A.-G ; Chem. Abs., 1933, 27, 857. 

»F. Gioflf, U. S. P. 1,865.628, July 5. 1982, to Bakelite Cbrp.; Chem. Abs., 1982, 26, 4487. British 
P. 358,120. 1930; BrU. Chem. Abs. B, 1931, 1147. French P. 709,090, 1930; Chem. Abs., 1931, 25. 4138. 

"V. H Turkington, U. S. P 1,954,836, Apr. 17, 1934, to Bakelite Corp.; Chem. Abs., 1934, 28. 
3921. British P. 342,286, 1929; Chem. Abs., 1981, 25, 4421. French P. 684,747, 1929; Chem. Abs., 1980, 
24. 5517. Canadian P. 317.205, 1931; Chem. Abs., 1932, 26, 1460. 

German P. 536,372, 1928, to Firma Louis-Blumer; Chem. Abs., 1932, 26, 1143. 

«L. C. Frederic, French P. 622,299, 1928; Kunetstoffe, 1928, 18, 72. 

** N. Strafford, E. E. Walker and W. J. Jenkins, British P. 312,204, 1928, to Imperial Chem. Ind., 
Ltd.; Bnt. Chem. Abs. B. 1929, 610. See also British P. 298,616, 1928, to Bnt. Celanese, Ltd.; Bnt. 
Chem. Abs. B. 1930, 337. French P. 669,290, 1929; Chem. Abs., 1930, 24, 1753. 

^H. W. Matheson, U. S. P. 1.309,581, July 8, 1919, to E. I. du Pont de Nemours A Co.; Chem. 
Abs., 1919, 13. 2278. W, A. Beatty, U. 8. P. I,1M,963, Nov. 2, 1915; Chem. Abs., 1916, 10. 158. CJ. 
C. Dreyfus, British P. 316,984, 1928, to British OUnese, Ltd.; Chem. Abs., 1930, 24, 1996. 

«« British P. 352,547, 1980, to British Olanese, Ltd ; Brit. Chem. Abs. B. 1931, 895. 

*•8, M. Hull, II. 8. P. 1,697,870, Jan. 8, 1929, to Western Electric Co.; Cfiem. Ab.., 1929, 23. 1191. 

«G. L. Sohnable, U. 8. P. 1,720,749. July 16. 1929, to Western Electric Co.; Chem. Abs., 1929, 23, 
4288. 
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ment. A wire enamel suggested by Ehrenzweig** contains phenol-aldehyde resin 
(A stage), tolyl phosphate, turpentine, dicresylin and a cellulose ester. 


Applications op Phenol-Resin Solutions 


Numerous proposals have been made for the use of phenol-resin varnishes 
in all types of protective coatings, particularly for metals" In addition, these 
solutions have b^n employed to impregnate paper and fabrics for insulating-media 
and for the manufacture of laminated boards and gears (see Chapter 22). 

In applying a phenol-aldehyde resin coating to metal one of the chief points 
of interest is the acid- and corrosion-resistance of the finished material." A study 
of the factors influencing the chemical resistance of phenol-aldehyde resins has 
been made by Sokolov.®* This work reveals that the time-duration and tempera¬ 
ture of condensation determine very slightly the ability of the ultimate resin to 
withstand chemical action. However, the type of condensing agent is an unimpor¬ 
tant factor, provided it is present in proportions of not more than 10 per cent. 
When more than this amount of condensing agent is used, the resulting resin is 
more hygroscopic and offers less resistance to dilute acids. Resistance to chemical 
reagents is lowered by: (1) acid condensing agents (even when neutralized later); 
(2) the presence of alcohol; (3) decreasing the proportion of formaldehyde in the 
reaction mixture. 

One of the earliest uses suggested for phenol resin solutions was the coating 
of the inside of metal food-containers.®® Investigations have shown that a film 
of phenol resin on a metallic container prevents the catalytic effect of the metal 
in promoting rancidity of fats stored in the container.®® 

The protection afforded against fatty acids has suggested the use of phenol 
resin to coat metallic filter cloths apt to come in contact with such acids.** 

In most instances it is important that a coating should adhere well to the sur¬ 
face covered, so that vibrations of any sort will not endanger the protective 
action.®® It has been reported that hammer-proof and acid-proof coating for steel 
pipe is obtained by pickling the surface before dipping the pipe in the phenol 
resin solution.®® Phenol reacts with easily oxidizable metals, producing a surface 
to which a lacquer can cling tenaciously. Michel®^ made use of this principle by 
incorporating an excess of phenol in a phenol-resin varnish intended for metals. 
Jones®* suggested an undercoat of a linseed oil varnish to secure good adherence of 
phenol-aldehyde films. Another proposal is to etch a metallic surface with mag¬ 
nesium chloride solution. Any magnesium chloride adhering to the surface is con- 

«A. Ehrensweig, British P. 385,730, IMl; BrU. Chem. Aba. 1933, 199. British P. 385,102, 1933; 
Chem. Ab$., 1933, 27, 5447. French P. 728,149, 1931; Chem. Abs., 1932, 26, 5777. 

^Cf. H. Lebach, Z. angew. Chem., 1985, 38, 1091; Chem. Abs., 1926, 20, 1497. A E. Dawkins, P. R. 
Weldon and W. H. Summers, Commonigeolth Australia Munitions Stspply Board, Tech. Repts., 1921 >2, 
14; Chem. Abs., 1924, 18, o9i. British P. 258,908, 1920, to International Gen. Electric Co.; Brtt. 
Chem. Abs. B, 1927, 767. F. E. Pavne. Britirh P. 322,594, 1929; Chem. Abs., 1930, 24. 2815 J. A. 
Steurer, U. S. P. 1,459,803, June 25, iwn; Chinn. Abs., \W, 17, 2941. H. Inoue and S. Haga, Japanese 
P. 91,890, 1931; Chem. Abs., 1932, 26, 1528. British P. 252,824, 1925, to Soc. anon, des manuf. des 
gUces et prod. chim. de St. Qobain, Chauny et Cirey; Brit. Chem. Abs. B, 1927, 702. 

«»8ee 8. U. Davuidov, Lesokhim Prom., 1982. 1, (5>5). 85; Chem. Abs., 1933, 27. 5508. 

nA. D. Sokolov, Blast. Massui, 1933, (3), 1; Chimie et Industrie, 1984, 31, 557; Chem. Abs., 1934, 
28, 3508. 

«L. H. Baekeland, V. 8. P. 957,187, 8, 1910. 

«J. A. Emery and R. R. Henley. Jnd. Ena. Chem., 1922, 14, 937. 

J. Bweetland, F. W. Manning and W. S. Hilpert, U. S. P. 1,292,535, Jan. 28, 1919, to E. J. 
Sweetland; Chem. Abs., 1919, 13, 920. 

<*This is particularly true in the case of cpatings for aircraft. See J. L. McOloud, Ind. Eng. 

Chem* 1981 23 1884. 

"*h«port oi W. Trinks. Iron Age, 1929, 124, 1518. " See also Mauermann, Schwert. Ver. Qas 
Wasserfaeh. Monats.-BuU., 1988. 12. 78; Chem. Abs., 1982. 26, 4160. 

"6. Michel, Canadian P. 285J18, 1928; Chem. Abs., 1929, 23. 999. 

•iW. B. Jones, U. S. P. 1,171,725, Feb. 15, 1915; Chem. Abs., 1915, 10, 1104. 
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verted into mapesium hydroxide and oxide. Then a solution of phenol and formal¬ 
dehyde is applied and changed into an insoluble resin by heat.** 

In order to secure good adhesion of phenol resin coatings on metals, Town- 
send*° recommended that the surface be coated with a thin film of another metal. 
This is accomplished by employing a solution of a metal lower in the electromotive- 
force series than the metal to be coated. Thua iron is given a coating of copper 
by applying copper chloride solution. In the method suggested, a varnish is 
prepared by dissolving cupric chloride and a phenol-aldehyde resin in methyl or 
ethyl alcohol 

Baekeland** stated that lack of adherence of phenol resin coatings is caused by 
a slight shrinkage during the hardening process. He suggested the inclusion of 
finely divided inert material (e.g., asbestos, clay, sand) to minimize the contrac¬ 
tion of the film. 

A great number of the proposed pRenol-resin coatings for metals contain 
inert material for various reasons. For example, in coating aluminum parts for 
automobiles, the metal pores should be sealed according to Peterson.** This pur¬ 
pose is accomplished by a phenol-formaldehyde resin mixture containing 10 per 
cent of aluminum silicate. Aluminum may also be protected by using an under¬ 
coat of wax and a final coating of resin. The wax is volatilized and coating burned 
into the metal by heating to 250-400®C.** A primer containing titanium dioxide 
and a phenolic resin has been found to be good for magnesium alloys.** 

To produce a finish of enamel-like character, a liquid phenol-formaldehyde 
condensation product is mixed with sodium silicate, casein waste being added as 
a protective colloid to prevent precipitation of silicic acid.** An enamel which 
dries at ordinary temperatures to form a hard film contains a phenol resin, hydro¬ 
chloric acid as a hardening agent and powdered talc as a filler.*’ 

In covering metals with phenol-aldehyde resins, Kranzlein and Muller** em¬ 
ployed two or more layers of material. The underlying coat contained relatively 
soft filling materials (e.g., graphite, talc, asbestos) to impart flexibility. The top 
layer consisted of a phenol resin solution to which hard filling materials (e.g., 
silicon, quartz) had been added to give the coating mechanical and chemical 
resistance. In another proposal the preliminary coat consisted of an anti-corrosive 
paint, the second a casein paint and the final coating was a fusible phenol resin.** 
Wirth’® coated metals with a layer of phenol-aldehyde resin, followed by a sheet 
of asbestos. After this had been hardened with heat another coating of phenol 
resin was applied to the asbestos and also heat-hardened. Instead of applying 
the layer of inert material in sheet form, the asbestos may be mixed with the first 


German P. 382,749, 1920, to Ges. fur Technik m.b.H.; J.S C.I., 1924, 43, 104B. 

«>C. P. Townsend, U. S. P. 1,140,214, July 13, 1910; Chem. Abs., 1915, 9, 2432 

^ Still another method of securing adhesion is to provide the surface of the metal with notches or 
recesses to which the coating can cling. See British P. 250,525, 1925, to Shureschuts Q.m.b.H.; Brit. 


Chem. Ahs. B, 1927, 147. 

«> L. H. Baekeland, U. S. P. 982,230, Jan. 24, 1911. See also Chem. Met. Bno., 1912, 10, 53. 

** W. C. Peterson, U. S. P. 1,072,^, June 5, 1928, to Packard Motor Co.; Bnt. Chem. Abe. B, 
1928, 575. 

^ Swiss P. 159,077, 1933, to Sigg A.-G.; Chem. Abe., 1934, 28, 003. 

«F. Koike, Farbetv-Ztg., 1933, 38, 1750; Chem. Abe., 1934, 28, 1875. 

MA. Jaeger, U. S. P. 1,830,900, Nov. 10, 1931, to Herold A.-Q.; Chem. Abe., 1932, 26, 801. German 

P. 534,059. 1M7; Chem. Abe., 1982, 26, 1400. 

v'^itish P. 215,722, 1924, to Soc. anon, dite Progil; J.&.C.I., 1925, 44, 107B. Other fillers include 
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Abt., 1988, 27. 4427. . . ^ 

^Q. Krftnslein and R. K. MUller, U. S. P. 1,878,945, Aug. 28, 1982, to I. Q. Farbenind. A.-O.; 
Chem. Abt., 1982, 26, 0104. BritUh P. 800,944, 1980; Bnt. Chem. Abt. B, 1932, 235. French P. 

720,130, 1981; Chem. Abt., 1982, 26, 3943. German P. 497,050, 1980; Chem. Abt., 1930, 24, 3002. Ger¬ 
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»J. K. Wlrth, U. 8. P. 1,581,566, April 27, 1916; Chem. Abt., 1926, 20, 2053. British P. 171,369 
and 188,187, 1921; Chem. Abt., 1922, 16, 995; 1928, 17, 2411. 
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coating of phenol resin ” It is stated that coatings built up in this manner with 
alternate layers of phenol resin and of a phenol resm-inert filler mixture are 
readily repaired in case of damage, since fresh applications of resin will adhere 
easily to the rough intermediate layers.’* 

When mixed with the proper filling materials (graphite, silica, etc.) phenol- 
resin coatings have found use in containers for hydrofluoric acid,’* sulphur chlo¬ 
ride’* and luminescent paints.’® An impervious coating composition for metals^ as 
proposed by White,” consists of a mixture of phenol resin, rubber and sulphur in 
aqueous dispersion. The preparation of lacquers comprising phenol-aldehyde con¬ 
densates (or other synthetic resins) and carbon black is described by Wiegand.” 

For accelerating the hardening of phenol-aldehyde resin coatings, certain metal¬ 
lic oxides (lead dioxide or manganese dioxide) have been suggested.’® Silicon 
and graphite are incorporated to increase acid-resistance. An acid-resistant coating 
composition used by Klas” consists of a tar-oil solution of phenol resin to which 
finely powdered quartz has been added. The metal to be coated is heated to a 
high temperature before the composition is applied, thereby facilitating the harden¬ 
ing process. To eliminate bubbling and blistering when coatings are thus applied, 
small amounts of acetic acid, cresol or glycerol are said to be effective.*" 

Phenol-resin solutions have found some application as insulating-varnishes, par¬ 
ticularly as coatings for electric condensers. This is of course simply a variation 
in the employment of phenol resins for insulation as described in Chapter 22. One 
varnish of this type consists of a mixture of a phenol-aldehyde resin in alcohol 
with paraffin oil in amyl acetate. The coating dries to a rubber-like consistency." 
Another coating for condensers consists of successive layers of shellac and phenol 
resin.®® In coating electric condensers with phenol-aldehyde resins, Kempton®* 
suggested that the hardening be carried out in several stages of alternate heating 
and cooling, to prevent damage to the condenser laminations. An electrical re¬ 
sistor may be made by applying a mixture of phenol resin and graphite to a fibrous 
strip.®* Dumert*® employed a different procedure by utilizing a colloidal mixture 
of graphite and resin on a rod of insulating material. The coating was hardened 
by heating at 150®C. 

Baekeland and Thurlow®* proposed the use of phenol-aldehyde resin solutions as 
coating compositions for wood. After the coating has been applied, the surface 
of the wood is pressed against a smooth metal sheet heated to the proper tem- 


«J. K. Wirth, U. S. P. 1,767,421, June 24, 1980; Chem. Abt., 1930, 24, 4368. British P. 292,334, 
1927; Brit, Chem. Abt. B. 1928, 606. 
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’•British P. 283,8W, 1927, to Traun db Sohne, vorm Harburger Qummikamm-Compagnie; Chem. 
Ab9.» 1928, 22, 4210. 
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B. 1932, 473. 

••British P. 387,192 and 338,983, 1929, to Herold A.-Q.; Chem. Aba., 1931, 25. 2012, 2581. 

•^J. L. R. Hayden, U. S. P. 1,096,889, May 19, 1914, to General Electric Co.; Chem. Aba., 1914. 
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perature to harden the resin. If a decorative effect is desired, the metal sheet is 
provided with an embossed design. During the baking of resin-coated wood, 
blistering of the film may occur from the expansion of air and water vapior in the 
pores of the wood. To avoid this, Aylsworth**^ heated the wood for several hours 
at 105-120®C. and then apjilied the coating while the article was still hot. Essen¬ 
tially the same purpose was accomplished by Buffum*^ by coating wood with 
molten rosm to expel air and moisture. The subsequent layer of phenol resin 
was then hardened at a temperature below the melting point of rosin. The state¬ 
ment has been made by Hunt*" that phenol-resin varnishes are superior to ordinary 
spar varnishes in retarding moisture changes in wood. No material has yet been 
found which will entirely prevent such changes. For making wooden rollers, bob¬ 
bins and poles used in textile industry w'ater- and acid-proof, water and air in 
the wood are first removed by treatment with alcohol. The phenol-formaldehyde 
coating composition is then applied and stoved at ISO^C."" A method that differs 
somewhat from the above procedures consisted of partially polymerizing a pre¬ 
liminary coating at 40-50®C., apjilying a second coat and then changing to the 
infusible state by heating to 140-150®C. This process is reported to give a 
durable acid-proof surface 

By grinding a natural gum (gum arabic or tragacanth) with a fusible phenol 
resin in a colloid mill, Tuchfarber®"* obtained an aqueous dispersion to be applied 
to wood as an undercoating for ordinary varnish or lacquer. It was stated that 
this treatment imparted a decorative finish and at the same time rendered the 
wood impervious to moisture. 

To prevent discoloration of ebonite panels by the action of light, a coating of 
jihenol-aldehyde resin has been proposed.®* Layers of this resin are applied to 
concrete to render it impervious to water and oils.®* By incorporating various 
toxic materials in phenol-aldehyde resin solutions, anti-fouling paints are obtained.** 
The toxic agents include phenol, cacodylic acid and salts of copper, mercury and 
arsenic. Anti-fouling varnishes are emiiloyed principally to ])revent barnacles and 
fungous growths from accumulating on structures submerged in sea water.®* 

Solutions of phenol resins have been suggested for imiiregnating paper to give 
it transiiarency.*'^ Such material is intended for photographic films and for trans- 
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274,875, 1913; Chem. Aha., 1914, 8, 3378. Fiench P. 453,395, 1913; Chem. Aba., 1914, 8, 265. A Hem- 

mann, U. 8. P. 1,176,056, Mar. 21, 19l6; J.8C.L, 1916, 35. 556 British P. 11.394, 1914; J.SCI., 1915. 
34, 815 C. P. Townsend, IJ. S. P. 1,278.954, July 30, 1918, to Geiu*ral Bakelite Co ; J.8.C.I., 1918, 
37. 663A. 

An analogous application is the uae of phenol reain solutions as insecticides. See R Falck. Ger- 
niim P. 365,745, 1919; J.8.C.I., 1923, 42. 326A German P. 384,354, 1920, to F. Rasciiig. Chem Fabr.; 
J8.C.I., 1924, 43. 442B. F. Wolff, German P. 492,463, 1928; Chem. Aba., 1930, 24. 2828. Gennan P. 
337,061, 1919, to Hol»verkohlungs-Ind. A.-O ; 1921. 40. 602A. 

Geaell. U. S. P. 1,277,904. Sept. 3. 1918; Chem. Aha., 1918, 12, 2440. F. K. Wickel, British P. 
229,161, 1924; Chem. Aha., 1925, 19, 3018. French P. 681,645, 1026; ttrU. Chtm. .Aba. B, 1980, 279. 
V. Bausch, U. S. P. 1,787,564, Jan. 6. 1981; Chem. Aha., 1981, 25, 653. British P. 260.806, 192{, to F. 
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parent wrappings. Coating viscose films (Cellophane) with a phenol resin is said 
to improve heat- and moisture-resistance and to increase the dielectric strength.‘’® 
Films of cellulose esters, coated with phenol resm, were employed by Drew** 
as packaging material. A stencil sheet suggested by Horii^®® consists of yoshino 
paper impregnated with a solution of phenol-aldehyde resin, nitrocellulose, stearin 
and castor oil in alcohol or amyl acetate. Another coating composition for stencil 
paper proposed by Carr“^ contains 10 parts of a 45 per cent solution of a phenol- 
formaldehyde resin, 2 of aluminum stearate, 14 of chlorinated rubber and 13 of 
corn oil. 

Transfer paper (for imprinting decorative designs on various objects) can be 
made by coating paper with a phenol-aldehyde resin, a fusible wax, vegetable oils 
and pigments Cellulose acetate may also be added to these coating composi¬ 
tions.^®* A carbon paper has been made by applying a mixture of purple lake, 
china clay, a phenol-aldehyde resol, cyclohexanol, acetone and methylated spirit 
to a carrier sheet.^®* 

Insulating sheets may be formed from threads of spun paper after impregna¬ 
tion with a binder consisting of a phenol-aldehyde resin Waterproofed fiber 
tubes have been made by filling the pores with sulphur and coating with a phenol- 
formaldehyde resin .^®* 

The principal outlet for fabrics impregnated with phenol resins is in the manu¬ 
facture of laminated articles (see Chapter 22). To some extent resin-coated fabrics 
find other uses. For instance, fabrics for aircraft (e.g., balloons) have been im¬ 
pregnated with phenol resin to render them impervious to gases 

To make fabrics crease-proof it has been suggested that they be coated or 
impregnated with a solution of a phenol resin The properties of fabrics are 
said to be improved by treatment with solutions of phenol resin and salts of alu- 
fiiinum, zirconium, tin or zinc.^®* Phenolic coating compositions are said to make 
cloth waterproof.^® Aqueous solutions of phenol resin have been employed by 
Hochstetter”^ to make cloth flameproof. Other related uses for phenol-aldehyde 


Schoeller and Bausch; Bnt, Chem. Abs. B, 1927, 621. R. Berthon, U. S. P. 1,707,157, Mar. 26, 1929; 
Chem. Abs., 1929, 23, 2113. 

*H. L. Bender, British P. 355,318, 1930, to Bakelite Corp.; Bnt. Chem Abs. B, 1931, 1006. French 
P. 695,589, 1030; Chem. Abs., 1931, 25, 2822. 

»• R. G. Drew, British P. 405,247, 1934, to Minnesota Mining A Mfg. Co.; Chem Abs., 1934, 28, 
4191. 

ia»S Horii, U. S. P, 1,698,705, Jan. 8, 1929; Bnt. Chem. Abs. B, 1929, 320. Bee also British P. 
352,480, 1930, to Ditto, Inc ; Chem. Abs., 1932, 26, 4145. 

W. Carr, U. S P 1,916,203, July 4, 1933, to Ditto, Inc.; Chem. Abs, 1933, 27, 4841. U. S. 
P. 1,894,731, Jan. 17, 1933; Chem. Abs., 1933, 27, 2543. 

10* W. S. Lawrence, U. S, P. 1,827,591, Oct. 13, 1931, to Kaumagraph Co ; Chem. Abs, 1932, 26, 
605. U. S. P. 1,977,880, Oct. 23, 1934; Chem. Abs, 1935, 29, 258. British P. 331,135, 1929; Chem. 
Abs., 1930, 24, 6040. 

«»W. S. Lawrence, U. S. P. 1,954,878, Apr. 17, 1934, to Kaumagraph Co.; Chem. Abs, 1934, 28, 

3911. 

^0* R. D. Main and E. G. Nixon, British P. 295,118 and 295,119, 1927, to Lamson-Paragon Supply 
Co., Ltd.; Bnt. Chem. Abs. B, 1928, 744. 

^00 Allgemeine Elektricitata-Ges., British P. 341,535, 1928, to International General Electric Co.; 
Chem. Abs., 1933, 27, 544. 

F. A. Bummgham, G. A. Richter, W. B. Van Arsdel and D. B. White, U. S. P. 1,396,021, Nov. 
28, 1921, to Brown Co.; Chem. Abs., 1922, 16, 647. 

“*K. Huerttle, U. S. P. 1,763,586, June 10, 1930, to Goodyear-Zeppelin Corp.; Chem. Abs., 1930, 24, 

3912. British P. 304,775, 1928; Chem. Abs., 1929, 23, 4836. See also A. 8. Gregg, British P. 300,357 

1927; Chem. Abs., 1929, 23, 4103. One method of impregnating fabrics with phenol resin is described 

by N. 8. Clay, U. S. P. 1,519,239, Deo. 16, 1924, to Westmghouse Elec. A Mfg. Co. 

R. P Foulds. J. Marsh and F. C. Wood, U. S. P. 1,734,516, Nov. 5, 1929, to Tootal Broadhurst Lee 
Company, Ltd.; Chem. Abs., 1930, 24, 511. R. P. Foulds, J. T. Marsh, F. C. Wood, H. Boffey and 
J. Tankard, British P. 291,473, 1926, to Tootal Broadhurst Lee Company, Ltd.; Chem. Abs., 1929, 23, 
1289. German P. 499,818, 19^; Chem. Abs., 1930, 24. 4643. 

»«• British P. 413,328, 1933, to Heberlein' Co. A.-G.; Brit. Chem. Abs. B, 1934, 831. French P. 
749,117, 1933; Chem. Abs., 1934, 28, 342. 

British P. 387 , 125 , 1932 , to Johnson A Johnson, Ltd.: Brit. Chem. Abs. B, 1933 , 345 . 

F. W. Hochstetter, U. S. P. 1,961,945, May 29, 1934, to Treesdale Laboratories, Inc.; Chem. 

Abs., 1934, 28, 4612. 
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resins include treatment of gut for tennis rackets^“ and impregnation of fabrics 
for rubber-coated tires 

Artificial leather has been fabricated from interfelted cellulose fiber by satura¬ 
tion with an aqueous dispersion of rubber, drying and then impregnating with 
a phenol-formaldehyde resin. The final product is duly obtained by curing at 
elevated temperature.'^* Leather coated with phenol-formaldehyde resins resists 
water-penetration but tends to be brittle."® DeVries"* suggested that a coating 
composition containing phenolic resin be used for coating rubber or rubber-surfaced 
fabrics. 

In preparing a substitute for glass, Moss"^ employed a metallic screen coated 
with a cellulose acetate film. One disadvantage was the penetration of moisture 
through the film, resulting in rusting of the screen. To obviate this difficulty, 
Moss suggested that the screen be coated first with a light-resistant phenol resm 
(e.g., diphenylol propane-ketone resin) and then with the cellulose ester. 

The use of colored phenol-aldehyde solutions for coating electric-light bulbs has 
been proposed."* Azo dyes are among the substances used in preparing colored 
phenol resin varnishes."® One method of adding fillers and coloring material to 
such varnishes is to knead them with the phenol resin under pressure and at a 
temperature at which the resin is in a semi-liquid state. This mixture is then 
dissolved in appropriate solvents.^* 

Fusible phenol-formaldehyde resins have been included in inks.'" An ink for 
printing on fruits contains a yjhenolic solution of spirit color, a phenol-formaldehyde 
resin, amyl acetate, ethyl alcohol and a color lake.'“ 

One of the interesting applications of phenol resins is in photographic proc¬ 
esses, e.g., photo-engraving. In a method employed by Doelker"* a metal jilate 
is coated with an alkali-soluble phenol resin (stage A) sensitized with ammonium 
dichromate. The light-sensitiveness is increased by incorporating proteins. The 
portions of the layer exposed to light become insoluble in alkalies and therefore 
remain on the plate when a solution of potassium hydroxide is applied. After 
removal of the alkali-soluble portions the surface under the image is etched with 
an acid. In similar methods, compounds capable of liberating halogens (e.g., 
iodoform) when exposed to light are employed as sensitizers."* 

S Barralet, British P 338,223, 1929;. Cftewi Abs , 1931, 25 , 2255. 

u** British P 356,818, 1930, to Bakelite Corp., Chem Abs, 1932, 26. 4207. 

A. Richter, W B Van Arsdel and R. B Hill, U. S. P. 1,905,749, April 25, 1933, to Brown 
Co ; Chem. Abs., 1933 , 27 , 3636 

A. P. Pisarenko, Izvest Tzentr. Nauch-Isaledov. Inst. Kozh. Prom, 1932, 1, 18; Brit. Chem. 
Abs B, 1934, 415. 

E DeVries, U S P 1,778,185, Get 14. 1930, to Vulcan Proofing Co , Ohem. Aba, 1930, 24. 

5952 

I'^W. H Moss, U. S. P. 1,860,687, May 31, 1932, to Olanese Corp of America; Chem. Abs., 1932. 
26, 3888 Bntish P. 307,462, 1929, to Bntish Celanese, Ltd.; Bnt. Chem. Aba B, 1930, 205 

"'^Biitish P 335,817, 1929. to N-V. Philips' Gloeilampenfabr.; Chem Aba, 1931, 25, 1449. 

Hnti'^h P 285,058, 1928, to Soc anon, pour I’md. chiin. k BOle; Bnt Chem. Abs. B, 1929, 366 
Flench P 648,089, 1928 and its addn. 35,472, 1928; Chem. Abs, 1929, 23, 2841; 1930, 24, 3914. 

R. Hessen, British P. 414,435, 1934, to A. Nowack A -G ; Chem Abs., 1935, 29, 626. French P. 

750,574, 1933; Chem. Aba, 1934 , 28, 351. See also A. E. Verbyla, U. S. P 2,000,003, Apr. 30, 1935, to 

Standard Vaniish Works. 

^H. Kurz and K Albert, British P. 371,527, 1932; Chem. Aba., 1933, 27 , 3627. French P 711.613, 
1931; Chem. Aba., 1932, 26, 1810. 

Smozaki, Japanese P. 93,651, 1931; Chem. Aba.. 1933, 27, 1529. 

^E. Doelker, British P. 183,817, 1922; J.S.C.f., 1924 , 43, 78B. See also J. M. Bder, Camera 
(Luzern), 1925, 3, 133; Chem. Aba., 1925, 19, 2171. Cf. an analogous procedure for decorating glass m 

winch a phenol resin is employed as a protective coating over which sensitised bitumen is placed. 

(French P. 756.045, 1933, to Soc. ind. de faconnages sur glaces; Chem. Aba , 1934, 28, 2146.) 

“*M. C. Beebe and A. Murray, U. S. P. 1,587,271 and 1,587,274, June 1, 1926. to Wadsworth Watch 
Case Co.; Brit. Chem. Aba. B, 1926, 773. Canadian P. 263.644 end 263,645, 1926; Chem. Aba., 1926, 
20, 3655. M. C. Beebe, A. Murray and H. V. Herlinger, U. S. P. 1,587,269, 1,587,270, 1,587,272 and 
1.587,273, June 1, 1926, to Wadsworth Watch Case Co.; Brit. Chem. Aba. B, 1926, 773. Canadian P. 
263,642, 263,643, 263,646 and 263,647, 1926; Chem. Aba., 1926, 20, 3655. See also Chapters 24 and 33. 



Chapter 22 

Uses of Phenol-Aldehyde Resins 


11. Moldings 


Phenol-formaldehyde curing resins were commercially introduced toward the 
end of the first decade of this century.^ At that time, the molding industry had 
reached very substantial proportions. Hard rubber,* natural resins and asphaltic 
compounds were all being utilized. Celluloid had attained a great popularity and 
the consumption of shellac (largely in the phonograph-record industry) taxed 
the production. However, shellac was advancing in price and was open to criti¬ 
cism on account of its low water-resistance and relatively low melting point. Both 
are decided weaknesses in the field of electrical insulation. Fprther, the fire 
hazard which is inherent in celluloid was undesirable. Therefore, it was a natural 
step to try the phenol-formaldehyde condensation products in the established fields. 

The commercial success of the phenolic resins has been largely due to the work 
of Baekeland. He found that the initial condensation product (Bakelite A),* 
when pressed in a hot mold, was transformed into an infusible, but still relatively 
brittle, Bakelite B. The article could then be removed, replacing the mold in use. 
When a number had accumulated, the moldings were placed in a ^^Bakelizer'^* 
where they were submitted to heat and pressure to complete the conversion to 
Bakelite C.* As finally obtained the molded objects were infusible, unattacked 
by nonoxidizing acids and inert to alcohol, acetone, paraffins and esters.* Such 
a procedure eliminated the lengthy drying processes used by the previous workers 
and so enabled accurately formed objects to be turned out rapidly.’ The discovery 


^ Some of the earlier applications of the phenol-formaldehyde condensation products are found in 

fckmoeming the improbability of phenol resins replacing hard rubber, see India Rubber World, 
1939. 79, 70. 

• See Chapter 15 for a discussion of the preparation and properties of Bakelite A, B and C 

^This apparatus is simply a container in which phenol-formaldehyde resins can be heated under 

pressure in an atmosphere of carbon dioxide or other gas. (See Fig. 57). The tendency of the molding 
to become spongy due to the escape of formaldehyde and water is counteracted bv the pressure. 
Bakelisers have been used experimentally but have found very few commercial applications. 

*L. H. Baekeland, Ind. Eng. Chem., 1909, 1, 149. Among the numerous reviews on Bakelite and 
its electrical and mechanical properties the following may be mentioned- Clement and Riviere, Chimte 
et induitrie, 1922, 8, 38; Chem. Aba, 1922, 16, 3404. A. Marcia, Ann chim. sci. ind., 1920, 35-6, 54; 
Chem. Abt., 1921, IS, 1969. G. Matsumoto, J. Chem. Ind. (Japan), 1915, 18, (207) ; J.8.C I., 1915, 34, 
1404. Neueete Erfind u. Erfah , 1920, 47, 14; Chimw et tndustrte, 1921, 5, 73. W. S. Flight, Beama, 

1921, 9, 542; Chem. Abs., 1922, 16, 796. K. Brandenburger, KitmUtoffe, 1934, 24, 26; Chem. Ab»., 

1984, 28, 2472. W. N. Nuttall, J.8 C.I., 1928, 47, 1367. H. M. Richardson, Chem. Met. Eng., 1932, 

39, 597. H. Chase, Elec. Mfg., 1982, 10 (4), 20; Chem. Abe., 1933, 27, 877. J. Geller, Brennstoff- 

Chem., 19^, 13, 130; Chem. Aba., 1932, 26. 6163. For reviews of the patents and discussion of the 
Bakelite patents as examples of double patenting, see R. Eller. Kimatutoffe, 1916, 6, 45; Chem. Aba., 
1916, 10, 1277. C. Chmgmer, Rev. ehim, ind., 1917, 26, 201; Chem. Aba., 1918, 12, 96 O. Kausch, 
Kunetatoffe, 1914, 4, 208;. Chem. Aba., 1914, 8, 3244. J. Ephraim, Kunatatoffe, 1922, 12, 2, 58. J. 
Scheiber and S. Hamburger, ibid., 1922, 12. 42 

* Laminated phenolie-resin bubble caps have shown their ability to outlast iron in a solvent- 

recovery plant providing they did not come into contact with boiling furfural or cresol concentrates, 

strong alkalies or oxidising acids. G. W. Clark, Chem. Met. Eng., 1934 , 41. 542. Vessels made from 

phenol-formaldehyde condensation products are said not to affect the flavor of foods. British P. 

291,AOS. 1927, to BakeUte Cbrp.; Chem. Aba., 1^9, 23. 1228. 

^The possibility of ecsema due to handling phenoUformaldehyde condensation products has been 
raised by O. Sachs (Wiener klin. Wochachr., 1921. 34. 856; Chem. Aba., 1922, 16, 2925) and W. Meyer 
(Parbm-Chem., 1988, 4, 453; Chem. Aba., 1934, 28, 1205. Pharm. Ztg., 1934, 79, 1148; Chem. Aba., 
1935, 29, 519). However, according to F. l^bst (Farben^Chem., l9M, 5, 127; Chem. Aba., 19M, 28, 8M4), 
the cases reported are due to the extraordinary sensitiveness of the ^ctims to phenol and formaldehyde. 
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of a resin which would cure in a mold represented a very important advance for 
the plastics industry. 


Incorporation of Fillers 

Molding powders are made by incorporating the filler in the following ways:* 
1.) The powdered resin is ground together with the hardening agent, lubri¬ 
cant* and dye. This may be done by passing the ingredients several times through 
a high-speed grinder or by using a hall mill.*" A typical set of proportions is given 
in Table 28. 


Table 28. —Typical Proporiiotus for a Pherufl-FormaMehyde 
Molding Powder, 


Ingredient 
Resin... 
Hardening agent. 
Lubricant 
Dye . 

FiUer (wood flour) 


PartnS by Weight 
45 0 
4 5 
1 0 
0 5 
49 0 


100 0 

The filler is added and blending continued until an intimate, uniform mixture is 
obtained. The material is then sheeted on hot rolls. No definite procedure for 
sheeting can be given as the technic varies with each composition and the par¬ 
ticular molding requirements. The size and speed of the rolls is likewise a factor 
and a change from one set to another with the same composition almost always 
necessitates a change in the procedure. The milling step in general is to heat 
the rolls to a surface temi)erature sufficient te flux the binder and to regulate the 
distance between them to the best thickness of sheet. Enough composition is 
then put into the nip of the rolls to form a complete sheet about the circum¬ 
ference of one roll. The material will adhere to both rolls at the start but will 
gradually accumulate on one. When the resin begins to flux, as indicated by a 
change in color of the material, it is scraped off. By repeating the operation a 
number of times, a uniform sheet is gradually built up and when the composition 
has the required flowing and curing properties as determined by an actual molding 
test, it is removed and allowed to cool. By maintaining a constant temperature 
and a definitely timed sequence of operations, consecutive sheets having practically 
the same properties may be obtained. The cooled sheets” are broken into frag¬ 
ments and granulated to form a molding powder. One disadvantage of this method 
of blending resin and filler is the fact that only a mechanical mixture is obtained 
and a more intimate union is possible by other means described below. 

2.) The filler can be incorporated with the binder before the condensation of 
the latter has been carried to the point where the product is solid. That is, 
one makes use of what is called the liquid A stage.** If the initial condensation 
product is prepared without the use of a catalyst, more aldehyde and an acid 


*In Chapter 65, a fuller account of the preparation of molding powders is given. 

•E. E. Novotny and C. J. Romieux (U. S. P. 1,557,516. Oct. 18. TW; Chem, Abs., 1W6, 20. 87) 
proposed to use lanolin as a lubricant. 

">R. Hessen, Fiench P. 718.876, 1881. to A. Nowack A -Q *. Chem. Ah$., 1882. 26. 1811. 

i^F. A. Upper (U. S. P. 1.668,258, June 18, 1884, to BakeUte Oorp.; Chem, Abt,, 1834 . 28, 5200. See 
also Carborundum Oo., Bntish P. 411,8M. 1832, to Bakelite, Ltd.; Bnt. Cf^m. AbM, B, 1884, 718) in¬ 
corporated abrasive fillers with phenol-tormald^>’de resins in the above manner and cut grinding 
wheels from the resulting sheet. 

French P. 700,882, 1830, to Robert Bosch A.-G.; Chem. Abs., 1881, 25, 8782. (Ebonite filler) 
German P. 402,707, IMl, to **Blsgam*' £rfindungs-A Studieo-GeseUschaft allogeoer Materialien m.b.H.; 
Ktmitatoffe, 1825, 15, 128. 
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catalyst are included in the composition.^ A liquid reactive resin has also been 
used as a wetting agent to facilitate the incorporation of additional solid binder 
Similarly, Novotny^ heated abrasive grains m an oven and mixed them while 
still hot with 5 per cent of powdered resin. The mass was stirred while cooling, 
coating each granule. The coated material could be stored until needed. It was 
then wet with a liquid resin (0.2-5.0 per cent of the weight of abrasive) and 
enough powdered solid binder to bring the concentration of the latter up to 17 
per cent was incorporated. The mass was sieved, formed in molds and heated in 
an oven to complete the reaction. 

3.) Various organic solvents may be used to assist in the thorough mixing of 
the phenolic condensation product and filler. Alcohol,^® Cellosolve,” furfuryl alco¬ 
hol,"* high-boiling hydrocarbons,*® gasoline,®® and hydrogenated phenols®* have all 



Fig. 74. 

An Asbestos - Braiding 
Shuttle Made of Bake- 
lite. 


Co}t,rteyy liakelUe Corporation 


been suggested. There are three ways in which the solvent may be employed: 
1.) the filler may be wet with the liquid and dry binder added, 2.) the resin may 
be dissolved, the filler impregnated and the solvent evaporated or, 3.) part of 
the filler may be impregnated, dried and mixed with the rest. The last is stated 
by Loetschei^ to be a cheap and satisfactory method of working. If the resin 
solution is heated until the condensation has reached the B stage, the resulting com¬ 
position will mold faster®® and be less tacky.** Tackiness can also be diminished by 
dissolving a dry brittle resin in the coating for the filler.*® 

4.) Some of the condensation products of phenols and formaldehyde retain 
part of their phenolic characteristics. Such bodies can be dissolved in aqueous 
alkali, mixed with a filler and then precipitated on it by acidification.** Peabody®^ 

Petrov, British P 231,431, 1924; Chem. Abs., 1925, 19, 3572. German P. 500,508, 1924, addn. 
to 380,596; Chem. Abs., 1930, 24, 4906. 

N. P. Robie, British P 333,409, 1928, to Carborundum Co., Ltd ; Chem. Abs, 1931, 25, 573. 
i»E. E. Novotny, U. S. P. l,90i:325. Mar. 14, 1933, to J. 8. Stokes; Chem. Aba., 1933, 27. 3053, 
i«P. Colombi, French P. 646,879, 1928; Chem. Abs., 1929, 23, 2258 Sec also R A. Daniels and 
H. S. Snell, U. S. P. 1,732,398, Oct. 22, 1929, to Western Electnc Co.; Chem Aba., 1930, 24, 213. 

I'^C. A. Nash and R. S. Daniels, British P, 376,825, 1931, to Bakeliie Oorp , Bnt. Chem. Aba. B, 
1932 949 

“E E. Novotny and J. N. Kuzmick, U. S. P. 1,924,748, Aug. 29, 1933, to J. S. Stokes & Raybestos- 
Manhattan, Inc.; Chem. Aba., 1933, 27, 5505. 

“C. A. Nash, U. S. P. 1,343,575, June 15, 1920; Chem. Aha., 1920, 14, 2401. 

»A. Hawerlander, U. S. P. 1,877,864, Sept. 20, 1932, to Halizite Corp.; Chem. Aha, 1933 , 27 , 382. 
British P. 336,754, 1929; Chem. Aba., 1931, 25, 1966 

»E. Elbel and O. Sussenguth, U. S. P. 1,968,799, July 31, 1934, to Bakelite G.m.b.H ; Chem. Aba, 
1934, 28, 5951. British P. 369,571, 1930, Bnt. Chem. Aba. B, 1933, 3.56 

«E. C. Loetscher, U. S. P. 1,959,375, May 22, 1934; Chem. Aba, 1934, 28, 4564. 

*»E. Elbel and O. Siissenguth, U. 8. P. 1,963,579, June 19, 1934, to Bakelite G.m.bH.; Chem. Aba., 
1934, 28, 5264. 

** British P. 359,986, 1930, to Bakelite Corp.J Brit. Chem. Aba. B, 1932, 235. 

British P. 391,784, 1933, addn. to 35^986, 1930, to JBakelite Corp.; Chem. Aba., 1933, 27, 4944. 

*«R. L. Seabury and L. W. Murray, U. S. P. 1,884,298, Oct. 25, 1932, to Delco-Remy Corp.; Chem. 
Abi., 1M3, 27, 918. Cf. the precipitation from alcoholic solution by the addition of water, C. A. 
Haaoen, U. 8. P. 1,630,424, May* 31, 1927; Chem. Aba., 1927, 21, 2385. 

«J. O. Peabody, U. S. P. 1,083,755, Jan. 6, 1914; Chem. Aba., 1914, 8, 371. Mention is made m 
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employed water as a wetting agent by adding the binder to paper pulp while 
on the beater. The paper on being formed into sheets carried the resin with 
it. Another procedure for incorporating a resin with paper pulp mixes a plastic 
condensation product with such fillers as slate dust, clay and pigments before 
kneading in wet fibrous material. Water is added finally to reduce the mass 
to a pulp.” 

It has been stated that a thorough impregnation of the filler can be obtained 
by using emulsions.” Cheetham” drew resins directly from the reaction vessel 
into water containing gum arabic or other stabilizing agent. For example, 33 
parts of the reactive phenol-aldehyde resinous material formed by refluxing 100 

parts of phenol with 80 parts of 37.5 per cent formaldehyde solution and 0.5 

part of sodium hydroxide for 30-90 minutes was mixed with 66-200 parts of water 
and 1-10 parts of gum arabic and passed through a colloid mill. The advantages 
which are stated to result from the use of aqueous emulsions are elimination of 
lire hazard, more rapid drying of the mass and more uniform distribution of the 
resin throughout the filler. According to Seebach," the emulsions which he pre¬ 
pared by using a small amount of water (less than the amount of the resin) and 

less than the amount of alkali required to dissolve the resin could be broken by 

the addition of more water. In this way he precipitated the binder upon the 
filler. 

5.) Furfural, benzaldehyde and other high-boiling aldehydes have been used 
as wetting agents. These substances act not only as solvents, but also as plasticizers 
and as supplementary hardening agents. Thus, Turkington®* added 10 parts of 
lurfural and about 8.3 parts of hexamethylenetetramine simultaneously to 100 
])arts of wood flour in a steam-heated kneading machine. To this mixture, 110 
parts of a resin formed from 7.5 mols of phenol and 6 mols of formaldehyde were 
added slowly. The temperature throughout was held at about 100°C. The mass 
after cooling was ground and used as a molding powder. Other methods add 
furfural after partially mixing the dry resin and filler” or wet the binder with 
benzaldehyde before incorporating the diluent.” 

Chapter 65 of several other proposals of the kind, i e., those of Redman and Cheetham, Baekeland, 
Clapp, Wightman and Crossman See also the application of xylenol condensation products to this 
process (E. E. Novotny, U S. P. 1,771,138, July 22, 1930, to J. S Stokes; Chem Ahs., 1930, 24, 4564) 
and the preparation of this type of resin (Carleton Ellis, U. S. P. 1,980,987, Nov 20, 1984, to Ellis- 
Foster Co.; Chem. Abs., 1935, 29, 524). 

® British P 386,991, 1933, to Richardson Co.; Chem, Abs, 1933, 27, 4674. See also British P. 
383,636, 1931; Bnt. Chem. Ah». B, 1933, 102. Cf. R. H. Kienle and W. J Scheiber, British P. 
393,412, 1933, to Bnt. Thomson-Houston Co., Ltd ; Chem. Aba , 1933, 27 , 5910. 

Emulsions have been used to incorporate phenol-formaldehyde condensation products with, among 
others, abrasive fillers (K. Fickert, German P. 574,918, 1933; Chem Abs, 1933 , 27, 4647) and felt (A. A. 
Mineev, Izvestiya TzerUrol. NoBUch-lsdedovateJ.. Inst. Kozhevennot Prom, 1932 , 6/7, 22; Chem. Abs, 
1934 , 28, 6020). 

»>H C. Cheetham, U. S. P. 1,976,433, Oct. 9, 1934, to Bakelite Corp ; Chem. Abs., 1984 , 28, 7563. 

See also U. S. P. 1,855,384, Apr. 26, 1932; Chem. Abs, 1932, 26, 3344 Frencli P. 689,015, 1930; Chem. 

Abs , 1931 25, 1109. Cf. the stabilisation of an emulsion of phenolic resin in toluene by the addition of 
a nuxtune of vinyl chloride and vinyl acetate. French P. 715,833, 1931, to Compagnie fran^aisa 
Thomson-Houston; Chem Abs, 1932, 26, 1994 

Seebach, U. S. P. 1.720,062, July 9, 1929, to Bakelite G.m.b H : Chem. Abs., 1929, 23, 4857. 

French P. 611,264, 1926; Bnt. Chem. Abs. B, 1927, 416. German P 431,514, 1925; Bnt, Chem. Abs. B. 

1926, 889. See also British P. 247,957, 1925; Chem. Abs, 1927, 21, 660. British P. 384,728, 1931. to 
Bakelite CSorp.; Brit. Chem. Abs. B, 1933, 158. 

••V. H. Turkington, U. S. P. 1,728,378, Sopt 17, 1929, to Bakelite Corp.; Chem^ Abs, 1929, 23. 
M39. French P. 670,215, 1929; Chem. Abs., 1980, 24, 1996. L. V. Redman and V. H. Turkington, 
U. S. P. 1,716,665, June 11, 1929. to Bakelite Corp.; Chem Abs., 1929, 23, 3822. British P. 330,968, 
1929; Chem. Abs., 1980, 24. 6042. French P 676,469, 1929; Chem. Abs., 1930 . 24, 8092. German P. 
519,792, 1924, to Bakelite G.m.b.H.; Chem. Abs., 1931, 25, 3449 See also H. C. Martin. U. S. P. 
1.937,048, Nov. 28, 1933, to Carbonmdum Co.; Chem Abs., 1934. 28. 1161. German P. 568.573, 1924, 
addn. to 341,874, 1924, to Bakelite G.m.b.H.; Chem. Abs., 1988, 27, 1180. Cf H. C. Martin, U. S. P. 
1.576,440, Mar. 9, 1926; Chenu Abs., 1926, 20, 1499. British P. 869,571, 1929, and 874,083, 1982, to 
Bakelite G.m.b.H.; Chem. Abs., 1938, 27, 3096. 8795. 

“F. P. Brock. U. S. P. 1,537,544, May 12, 1925, to Bakelite Corp.; Chem. Abs., 1925, 19, 2116. Ger¬ 
man P. 541,874, 1924, to Bakelite G.m.b.H.; Chem. Abs., 1982, 26, 2030. 

•*J. N. Kuimick, U. S. P. 1,900,386, Mar. 7, 1933, to Manhattan Rubber Mfg. Div. of Raybestos- 
Manhattan, Inc., and J. S. Stokes; Chem. Abs., 1933, 27, 3053, 



458 


THE CHEMISTRY OF SYNTHETIC RESINS 


6.) It has been stated that the amount of filler can be increased up to 95 per 
cent by incorporating it with the resin in the course of formation.®® Nash** reports 
that a better control is had over the course of the reaction when the latter is carried 
out in the presence of solid diluents. Thus, a mixture of 50 parts of asbestos, 
16.75 parts of cresol and 3.3 parts of hexamethylenetetramine was prepared. This 
comix)sition was heated to not above S0°C. while stirring to ensuie a uniform re¬ 
action. When the condensation had progressed to the desired extent, it was 
necessary only to discontinue heating to stop the reaction. Rolls of paper have 
been impregnated by passing first through an aqueous solution of hexamethyl¬ 
enetetramine, drying and then impregnating with a mixture of drying oil and 
phenol. The paper was heated finally to 100°C. or slightly above.*" 

Inorganic Fillers. Asbestos has been used extensively as a filler in mold¬ 
ings which must have considerable chemical resistance.®* Aylsworth®” stated that 
an asbestos-resin matrix withstood compression and did not have such a large 
coeflicient of expansion as the phenol-formaldehyde condensation product itself. 
The material known as '"Haveg” also contains asbestos and has proven useful 
in the manufacture of chemical apparatus.^® The tensile strength is said to be 
about 2500 pounds per square inch; the transverse, 5500 pounds per square 
inch and the compressive, 10,500 pounds per square inch. This is sufficient to 
enable quite large vessels to be built, but in case greater mechanical strength 
is needed, metallic supports are employed (see Fig. 75).*' Haveg is resistant to 
many chemicals, the principal exceptions being the strong oxidizing acids, hydro¬ 
fluoric acid, bromine, iodine, caustic alkalies, acetone and aniline. A special grade 
is made which does not contain asbestos and is used where resistance to fluorides 
is required. Wirth has developed methods for coating the inner surfaces of pipes,** 
for covering solid surfaces (metal) with asbestos impregnated with phenol-formal¬ 
dehyde resins,** for constructing large apparatus consisting of several sections,** 
and for building large apparatus reinforced with metal.*® He has also prepared 
an acid-proof cement to be used in fastening together pieces of Haveg.*® This 
cement was made by adding an acid to a liquid phenol-aldehyde condensation 
product shortly before use, 

•“R. Meyer, French P. 655,787, 1927; Chem. Ahs., 1929, 23, 4090. 

•»C. A. Nash, U. S. P. 1,692,856, Nov. 27, 1928, to Cutler-Hammer Mfg Co.; Chem. Abs., 1929, 
23, 678. W. Hunter and J. G. Fairgrieve (U. S. P. 1,579,112, Mar. 30, 1926, to W. Tod, Jr., A Co., 
Ltd.; Chem. Abe., 1926, 20, 1696. Canadian P. 245,651, 1924; Chem Abs , 1925. 19, 710. J. G. Fair¬ 
grieve, British P. 218,793, 1923, to Indunt Prod. Co., Ltd.; Chem. Abs, 1925, 19, 581) state that 
oxyoellulofie containing calcium hypochlorite, which is obtained as a by-product m the manufacture of 
paper from esparto grass, is a good filler to use in this type of process. See also J. Mursch, U. S. P. 
1369,490, Aug. 2, 1932, to J. Gatti; Chem. Abs., 1932, 26, 5440. (Waste paper used as a filler). 

«A. L. Brown, U. S. P. 1,695.912, Dec, 18, 1928, to Westmghouse Electric A Mfg. Ck>.; Chem. 

Aba., 1929, 23, 1002. See also British P. 298,793, 1927, to Stabihmenti CThimici Industnali; Chem. 

Aba., 1929, 23, 8061. 

** Brake b^ds and clutch facings have been made from asbestos fabric impregnated with phenol- 
formald^yde resins. 

*• J. W. Aylsworth, U. 8. P. 1,144,338, June 22. 1915, to Condensite Co ; Chem Aba , 1915, 9, 2296. 

"Ajccording to J. K. Wirth {Chem.-Ztg., 1925, 49. 653; J.S.C.I., 1925, 44, 697B), Haveg consists of 
a Bakelite-type resin filled with an asbestos of high silica content. See also W. A. Adams, Jr., 
Chem. Met. Eng., 1934, 41, 849. Trans. Am. Jnat. Chem. Eng., 1934 , 30, 317. Chem. Met. Eng., 1932, 
39, 522; 1938, 40. 201. W. Peters, Apparatebau, 1926, 38, 195; Chem. Aba., 1926, 20, 3363. A. I. Kogan 
and E. Yu. Kerman, /. Chem. Ind. iMoacow), 1934, 4, 74; Chem. Aba., 1934, 28, 4921. A similar 

material is called Faolite. See A. D. Sokolov and M. M. Bukhartzev, Float. Maaaui 1934 (5) 7; 

Chem. Aba., 1885, 29, 3069. 

^ A container weighing 1.8 tons has been constructed of a single piece of phenol-formaldehyde 
redn. No metallic supports were used. El Kalman, Chem. Fobr., 1929, 169; Brit. Chem. Aba. B, 
1929, 529. 

"T. P. von Hairaberger and J. K. Wirth, U. S. P. 1,582.563, Apr. 27, 1926. 

<•3. K. Wirth. U. 8. P. 1,582366, Apr. 27, 1926; Chem. Aba., 1926, 20, 2058. 

**J. K. Wirth, U. a P. 1,747,964. Feb. 18, 1930, and 1,789.642, Jan. 20, 1981; Chem. Aba., 1980, 24, 
1754; 1981, 25, 1401. British P. 265,^, 1926, to SHiireschuts Ges.; Chem. Aba., 1928, 22. 324. 

K. Wirth, U. S. P. 1,767,421. June 24, 1960; Chem. Aba., 1980, 24. 4868. U. S. P. 1,949.186, 
Feb. 27, r84; Bnt. Chem. Aba. B, 1985, 821. 

K. Wirth, U. S. P. 1,867,960, July 19, 1932; Chem, Aba., 1982, 26, 5188. British P. 292,884. 
1927; Brit. Chem. Aba. B, 1928, 606. 
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Brake linings have been made from asbestos-filled phenol-aldehyde resins^^ 
and from mixtures of them with powdered iron/** lead*” and vulcanized rubber" 
A binder prepared by heating for 2-6 hours at 100-200°C. a mixture containing 
phenol (100 parts), formaldehyde (60-120 parts), oleic acid (20-60 parts) and 
ammonium oleate (1-15 parts) was proposed by Chapell.^^ With asbestos or 
powdered talc, mica or lead, it was to be used as a packing for steam pipes. 

A mixture of asbestos and mica has been employed by Nash“ in preparing a 
composition to be used for parts of fluid-meters. The filler constituted at least 
60 per cent of the mixture and contained 5 per cent of mica. Mixed with asbestos, 
graphite, wood flour or powdered metals, mica has been used in making rubber- 
vulcanization molds." One of the principal applications of mica has been in elec- 


Fki. 75. 

Tower Made of Havog and Strengthened with Steel 
Bands. 


Courtesy Haveg Corp 



trical ajiparatus since it does not substantially increase the hysteresis-loss of the 
molded product." 

Although graphite has been employed as a filler in printing-matrices," it has 
usually been added to molding compositions as a lubricant. In this way, a 

N. Longley, British P. 370,386, 1932, to Ferodo, Ltd.; Chem. Abs., 1933, 27, 4044. See also 
I. J. Novak, U. S. P. 1,785,701, Dec. 16, 1930, to Raybestos-Manhattan, Inc.; Chem. Abs., 1931, 25, 5M. 

German P. 543,071, 1926, to Kirch bach Vhe Werke Kirchbach & Co.; Chetn. Abs., 1932 , 26, 
2561. British P 272,478, 1927; Brit. Chem. Abs. B, 192S, 321. 

R L Seabury and L. W. Murray, U. S. P. 1,96'1,041, Aug 7, 1934, to General Motors Corp.; 
Chem. Abs., 1934, 28, 6259. 

®®A. T. K. Tseng, A. B. Kempel and R. Schar, U. S. P. 1,963,511, June 19, 1934, to Rex-Hide 
Rubber Mfg. Co.; Chem. Abs., 1934 , 28, 5192. 

®iM. L. Chapell, U. S. P. 1,102,473, July 7, 1914; Chem. Abs., 1914, 8, 2926 See also L H. 
Baekeland, U. S. P. 941,605, Nov. 30, 1909; Chem. Abs., 1910, 4, 499. 

“C. A. Nash, U. 8. P. 1,942,874, Jan. 9, 1934, to Bakelite Corp.; Chem. Abs., 1934, 28. 1880. 
British P. 346,349, 1929; Chem. Abs., 1932, 26. 4191. 

^ »G. W. Crosby, U. 8. P. 1,920,189, July 25, 1933, to Bakelite Corp.; Chem. Abs., 1938, 27, 4958. 
British^P. 352,519 and 854,770, 1929; Chem. Abs., 1933, 27. 450, 447. 

** L. M.. Hull, U. 8. P. 1,708,578. Apr. 9, 1929, to Radio Freqiiencv Labs.; Chem. Abs., 1929, 23, 
2585. French P. 688,149, 1980, to Bakelite Corp.; Chem. Abs., 1931, 25. 764. F Groff. U. 8. P. 
1.931.958, Oct. 24, 1938, to Bakelite Corp.; Chem. Abs., 1984, 28. 668. French P. 698,183, 1930; Chem. 
Abs , 1931, 25, 8185. (Uaea rosin and a hexamethylene-triphenol type resin with the filler.) 

_ “M. Smith, Briti^ P. 805,126, 1930, to Anglo Pencil Co., Ltd., and Pollopas, Ltd.; Chem. Abs., 
1933. 27. 2052. 
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number of self-lubricating bearings have been made.” Kempton” molded pulleys 
with a graphite-containing insert at the center whereas Volet” added graphite and 
a good electrical conductor (powdered copper) to phenol-formaldehyde resins to 
make brushes for motors. 

Since the early days of the phenol-aldehyde resins there has been a great ad¬ 
vance scored in the manufacture of abrasive articles. Improvement became im¬ 
perative as grinding wheels in industry are being run at higher speeds, in order 
that increased rates of production may be established. Wheel bonds, therefore, 
must be made stronger, tougher and more uniform, in order to maintain a suffi¬ 
cient factor of safety. Phenol-formaldehyde-bonded wheels for rough grinding 
of steel castings (so-called “snagging'^) have been made which can be safely operated 
at a peripheral speed of 9000 feet per minute.” Both the vitrified- and shellac- 
bonded wheels have been largely displaced by those containing synthetic resins. 
Grinding wheels are employed in the automobile industry for numerous operations 
in many cases displacing circular saws. A number of abrasives have been sug¬ 
gested, carborundum, emery and corundum being the commonest.” A typical 
mixture contains 3-10 parts of abrasive grains and 1 part of phenolic binder, the 
latter being filled with 5-35 per cent of finely divided Cellite, fuller’s earth or pow¬ 
dered quartz. By adjusting the pressure under which the mass is compacted vary¬ 
ing degrees of porosity may be obtained.®^ Tnvalent metal oxides, e.g., aluminum, 
chromium and ferric oxides, prepared by calcining the corresponding hydroxides, 
have been utilized in making polishing wheels from phenol-condensation products.” 
A further use of abrasive-filled phenol-aldehyde resins is the production of safety- 
treads” 

A number of inorganic fillers remain to be mentioned. Potassium chlorate (or 
perchlorate)” is employed to make heaters for blasting-cartridges. Phenol-formal¬ 
dehyde resins have been used as binders in waterproof matches.” The addition 
of manganese dioxide (0.5-5.0 per cent) to molding compositions is said by 
Novotny” to improve flow and plasticity and to keep the molds in a clean and 
polished condition. Shields which are opaque to x-rays have been made using 
75-95 per cent of barium sulphate.*^ Iron and steel fillers have been incorporated 
when magnetic properties were desired as in the construction of cores for induc¬ 
tion coils” and diaphragms for telephones.” In the latter case, paper pulp was 

«L. H. Baekeland, U S. P 1,054,265, Feb 25, 1913; Chem. Abtt , 1913 , 7, 1404. Bntish P. 263,497, 
1925, to Soc. anon, le Carbone, Chem Ahs , 1928, 22, 145 British P. 285,078, 1927, Kirohbaoh’ache 
Werke Kirchbach & Co., Chem. Ahs , 1928, 22, 4741. Cf. British P. 275,648, 1926, Soc. anon, franijais du 
Ferodo; Chem. Abe., 1928, 22, 2248. German P. 413,863, 1920, to Ferodo, Ltd.; Kunstatoffe, 1925, 15, 
165. 

»7W. H. Kempton, U. S. P. 1,392,173 and 1,392,174, Sept. 27, 1921; Chem. Aba, 1922, 16, 320. 

«R. A. L. Volet, Britush P. 270,271, 1926; Chem Abs., 192S, 22, 1447. 

«®L. H. Milligan, Ind. Eng. Chem., 1927, 19, 1127. Plastics, 1928, 4, 346. 

«»L. H. Baekeland, U. S. P. 942,808, Doc 7, 1909; Chem. Abs , 1910, 4, 680 R. S. Daniels, British 
P 353,019, 1929, to Bakelite Corp.; Chem. Abs., 1933, 27 , 382. French P. 692.733, 1930; Chem. Abs., 
1931, 25, 1651. P. Vogeli-Jaggi, British P. 406,921, 1934, to Diamantschleiferci Voegeli & Wirz A.-G.; 
Chem. Aha., 1934, 28. 5200. 

«H. C. Martin, U. S. Reissue 17,740, July 22, 1930, to Carborundum Co.; Chem. Aha., 1930, 24. 4605. 

“German P. 593,499, 1934, to Deutsche Carborundum-Werke G.m.bH.; Chem. Aba., 1934 , 28, 3199. 

“G. Hopp, U. S. P. 1,156,081, Oct. 12, 1915; Chem. Aba., 1915, 9, 3333. 

“A. C. Scott. Bntish P. 391,881, 1933; Chem. Aba., 1933, 27, 5541. French P. 745,098, 1933, to 
Heaters, Ltd.; Chem. Aba., 1933, 27, 4402. 

®L. E. Larsson, British P. 414,938, 1933; Bnt. Chem. Aba. B, 1934, 942. See also H. W. Robin¬ 
son, Bntish P. 265,378, 1926; Brit. Chem. Aba B, 1927, 269. Cf. British P. 298,948, 1927, to Soc. Italiane 

Polveri Esplodenti; Chem. Aba., 1929, 23, 3102. 

“E. E. Novotny, U. S. P. 1,984,423. Dec. 18, 1934, to J. S. Stokes; Chem. Aba., 1935, 29, 855. 

“P. E. Earth, British P. 280,636, 1926; Chem. Aba., 1928, 22, 3070. 

“E. Kramer, U. S. P. 1,832,937, Nov. 24, 1931, to Hartstoff-Metall A.-G.; Chem. Aba., 1932, 26. 
1079. British P. 348,338, 1929; Chem. Aba., 1932, 26, 3887. P. N. Bosebv, U. S. P. 1.789,477, Jan. 20. 
1931, to Associated Telephone & Telegraph Co.; Chem. Aba., 1931, 25, 1348. P. N. Roseby, U. S. P- 
1,850,181, Mar. 22, 1932, to Automatic Telephone Mfl. Co., Ltd.; Chem. Abs., 1932 , 26, 2^. British 
P. 818,953, 1928, 328,974 . 342,999. 343,620, 1929; Chem. Aba., 1930, 24. 2562. 5446; 1932 , 26. 3887. C/. 

British P. 308,315, 19M, to International General Elec. Co.; Chem. Aba., 1930 . 24, 177. W. J. Polydoroff, 
British P. 408,368, 1933, to Johnson Laboratories, Inc.; Chem. Aba., 1934, 28, 3198. 

“J. M. Taylor, U. S. P. 1,514,406. Nov. 4. 1924, to Diamond State Fibre Co.; Chem. Aba., 1925, 
19» 157. 
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included as an additional filler. Noftzger^® reports that bearings can be produced 
from 60-80 per cent of a schist which is found at Buckeye, Ariz., held together 
with a phenol-aldehyde binder. Pencils have been made using talc as a lubricant 
and eosin as the coloring agent.Electrical insulation has been prepared by 
driving off a phenolic binder at 1100®C. from a talc-filled composition.’* Further, 
charcoal and coke,” powdered stone,” cement,” slag” and calcined magnesia with 
a solution of zinc sulphate” have all been suggested as ingredients m plastic 
masses of the phenol type. 

Organic Fillers. The commonest organic filler is wood flour.” Pieces pressed 
from wood-flour-filled phenolic resins can be made very accurately. The articles 
come from well-made molds with a high polish, have a higher dielectric strength 
than those made using asbestos and can be used at temperatures up to 120°C. 
Insulating pieces made from wood flour and phenol-aldehyde resins have been 
extensively used on automobile lighting and ignition systems, for lamp sockets, 
telephone parts and oil-immersed transformer insulators. Syono” states that articles 
which contain new wood cellulose retain a lacquer firmly. The addition of 0.5 
part of pine tar to a mixture of 4 parts of phenolic resin, 3 parts of wood flour 
and 6 parts of powdered charcoal is said by Omansky*® to produce a composition 
which flows easily in the mold and so gives accurate moldings. 

Short cordage fibers, e.g., hemp and sisal, have also been suggested as fillers.” 
For example, a mixture of phenol-formaldehyde resol (700 parts), chopped manila 
hemp (600 parts), hexamethylenetetramine (227 parts of a 35.7 per cent alco¬ 
holic solution), methylated spirit (53 parts), aluminum stearate (24 parts) and 
nigrosine (28 parts) was dried at 60®C., ground and molded at 340°C. for 4 
mm. at 2000 pounds per square inch pressure. Herper®* reports that exposing chips 
of wood or sawdust to a steam pressure of 58 kg. per sq. cm. for 4-5 sec. and 
suddenly releasing the pressure disintegrates the cellulosic material into fibers 
which can then be bound together with a phenol-formaldehyde resin. The product 
IS light and has a tensile strength of 280-365 kg. per sq. cm.“ A more thorough 
impregnation of fiber is obtained, according to Mellanoff,” if a condensation prod¬ 
uct of phenol, an alkaline extract of peat and formaldehyde is used as the 
binder. 

The interspersion of a binder among long fibers is difficult by the methods 
previously mentioned. This is because the fibrous material mats together and 


“^C. F. Ncfteger, U. S. P. 1,791,834, Feb. 10, 1931; Chem. Abs., 1931, 25, 1957 

Radeimacher, Bntish P. 391,798, 1933; Chem. Aba., 1933, 27, 5494. See also H. Mayer, German 
P. 535,981, 1927, to Deka-Textilfarben A.-G.; Chem. Abs , 1932, 26, 1134 

•^T. C. Prouty, U. S. P. 1,453,726, May 1. 1923; Chem. Aba., 1923, 17, 2335 

"^German P. 585,6157, 1938, to Presswerk Komgstein G. m. b. H.; Chem. Abs., 1934 , 28, 1560. 

7*P. Meyer, Canadian P. 272,199, 1927; Chem. Aba., 1927, 21, 3728. 

'»A. Krieger, German P. 508,859, 1927; Chem. Aba., 1931, 25, 791. 

F. Walton, U. S. P. 1,781,204, Nov. 11, 1930, to Exolon Co.; Chem Aba., 1931, 25, 177. 

^ G. Bia and J. E. D. de Granville de Bielixe, Bntish P. 275,448, 1926; Chem Abs , 1928, 22, 2254. 
British P. 834,804, 1928, to Bois Bakelise and La Bakehte; Chem. Aba, 1931, 25, 1401 French P 
665,398, 1928; Chem. Aba., 1930, 24, 930. British P. 278,440, 1926, to Products Protection Corp.; Chem. 
Aba., 1928, 22, 2445. H. Swan and S. Higgins, U. S. P. 1,973,548. Sept. 11, 1934; Chem. Abs, 1934, 28. 
6958. Pulverised birch wood is suggested by J. R. Kdhler, Swedish P. 65,096, 1928; Chem Abs.. 1930, 
24, 1476. 

™ T. Syono, Japanese P. 90,944, 1931; Chem. Aba., 1932, 26, 1460. 

M. Omansky, U. S. P. 1,969,146, Aug. 7, 1934, to E. W. Colledge, General Sales Agent, Inc.; 
Chem. Aba., 1934, 28. 6257. 

®^R. Qreenbalgh, British P. 877,979, 1932, to Imperial Chem. Ind., Ltd.; Chem. Aba, 1933, 27, 
4042. See also H. Kline, British P. 847,788, 1930, to Bakelite Corp.; Bnt. Chem. Aba. B, 1931, 729. 
M. M. Allen (Brkiah Plaatica, 1984, 6, 206; Chem. Aba., 1935, 29, 3068) states that cradcs, caused by 
uneven shrinkage or expansion, can be avoided by using fabric tillers instead of wood flour. 

«H. Herper, Kunatatofe, 1928, 18. 127; Chem. Abs., 1928, 22, 8268. 

“Wood fibers ocmtainmg a large percentage of a-oellulose are mentioned by G. E. Wightman, 
British P. 845,382, 1928, to fiakoUte, Cbrp.; Chem. Aba., 1983, 27, 485. See also Bntish P. 858.120. 
1929; Chem. Aba., 1932, 26, 4488. French P. 686,772, 1929; Chem. Aba., 1931. 25, 886. _ ^ 

^ ®*I. S. Mellanoff, U. S. P. 1,857.690, May 10, 1982, to Kemikal, Inc.; Chem. Aba., 1932, 26, 3885. 
Cf. R. Armenault and J. Malet, French P. 679,842, 1928, to Fabriques de prod, de chim. org. de Laire 
(S. a.); Chem. Aba., 1980, 24, 8867. 
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prevents uniform admixture of dry resin, and in the wet method of operation 
a lumpy product is obtained which must be ground, with resultant destruction 
of the fiber length. Kempton®" stated that this difficulty could be overcome by 
impregnation of cloth, which after drying was chopped, shredded or ground to 
a loose fluffy mass of long fibers. Chamberlin" suggested that the impregnated 
fabric be cut into pieces and not shredded. In this way impact molding material” 
is made and bridges the gap between the usual molding compositions and the 
laminated (see Fig. 76). Like the former it is shaped in a mold and does not 
require machining, whereas like the latter it possesses a high impact strength 
(30 foot-pounds per inch square is possible as compared to 3.5 for wood-flour- 
filled). The strongest impact material requires about 5000 pounds per square 
inch to shape it but,. nevertheless, it has found use in the manufacture of gears," 
handles for tools, pump rotors and other articles which require considerable re¬ 
sistance to shock." 



Fig. 76. 

Bakelite Impact-Resisting Housing for an 
Electric Vibrator. 


Courtesy Bnkehte CorpOrntum 


When the usual organic fillers are employed, a considerable amount of resin 
is used in saturating the fibers. According to Hurst," this assumed loss of binding 
material can be diminished by using cottonseed hulls. Thus, a mixture of 78 
parts of cottonseed hulls, 20 parts of phenolic resin and 2 parts of dye molded 
satisfactorily at a pressure of 800 pounds per square inch and a temperature of 
150 ^* 0 . 

A number of other organic fillers have been suggested. Ground phenol-resin 

*W. H. Kempton, U. S. P. 1,513.323, Oct. 28, 1324, to Westinghouse Electric & Mfg. Co.; Chem. 
Abs., 1925, 19, 156. General Elec. Co., Bntish P. 198,910, 1922, to Brit. Thomson-Houston Co., Ltd.; 

1923, 42, 728A. See also R. Schroeder, Bntish P. 278,038, 1926, to Jarosdaw’s erste Glimmer- 
waren-Fabr.; Brit. Chem. Abe. B, 1928 , 48. Cf the use of threads or cords as a filler, Bntish P. 
353,070, 1930, to Bakelite Corp.; Brit. Chem. Abe. B, 1931, 936. Chejn. Met. Eng., 1932, 39, 522. 

••C. L. Chamberlin, British P. 316.275, 1928, to Bakelite Corp.; Bnt. Chem. Abe. B, 1030, 157. 
Molded objects have been reinforced with canvas by J. A. Crabtree and J. R. Dolphin, British P. 322,434, 
1928; Chem. Abe., 1930, 24, 2816. 

•'The name “impact molding material" refers to the fact that articles molded from such com¬ 
positions are especially resistant to impact. 

^Plaetxce, 1928, 2, 155. See also L. T. Frederick, U. S. P. 1,831,063, Nov. 10, 1931. to Continental 
Diamond Fibre Co.; Chem. Abe., 1932 , 26, 815. H. L. Johnston (U. S. P. 1,482,847, Feb. 5, 1924, 
to Hobart Mfg. Co.; Chem. Abe., 1924, 18, 1037^ has used small pieces of sponge in molduig silent 
gears. 

^Cf. the preparation of hammers from impact material and from laminated stock. Allgem. Elek- 
tricitats-Qea., British P. 311,418, 1928, to International (jleneral Elec. Go.; Chem. Abe., 1930, 24, 930. 

••I. A. Hurst, U. 8. P. 1368,540, June 14, 1932, to General Elec. Co.; Chem. Abe., 1932 . 26, 4192. 
German P. 598,193, 1934, to Allgem. ElektricitSts-Ges.; Chem. Abe., 1984 , 28, 5094. British P. 386,782, 
19^, to Brit. Thomson-Houston Co.; Chem. Abe., lOM, 27, 5996. 
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scrap is stated to give a uniform molding.” Ebonite," sulphite waste," ground 
cork," hydrocellulose," cellulose acetate" and cellulosic materials which had previ¬ 
ously been treated with an oxidizing agent” have all been mentioned. Vegetable 
ivory bound with the product of permanganate oxidation of a phenol-formaldehyde 
resin has been used as a heat-insulating material for handles of cooking vessels." 
Bormans" molded billiard balls from a phenolic resin filled with ivory scrap. The in¬ 
corporation of soap as a lubricant in phonograph records of the phenol type has 
been suggested by Whyte.^" 


Molding of Phenolic Resins 


The molds“* employed must withstand working pressures of over 1000 pounds 
per square inch and, in order to permit the temperature to be increased and 
decreased as rapidly as possible, they must contain a minimum of metal. The 
result is that the molds are usually made of a good grade of hardened steel. 
If the finished article is to have a smooth surface, the mold is highly polished, 
chromium plating being occasionally employed. Further, the molds have to 
be designed with sufficient head capacity to accommodate the molding composi¬ 
tion which often occupies 3-4 times the volume of the finished piece. Hydraulic 
jiresses are employed which have capacities ranging from 6 tons upward and 
platens heated by steam, gas or electricity. The molds are heated either directly or 
by conduction from the platens. 

The cliarge of powder is placed in the mold while the latter is at a tempera¬ 
ture of about 90°C. The filled mold is placed immediately in the press, the 
platons of which are at 150-250°C. depending on the mixture used.'" The press 
IS closed and a pressure of 2000-3000 pounds per square inch is applied. The 
time required before the molded article may be removed depends on the molding 
])owder and on the size and shape of the object. This period has been steadily 
decreased and for small pieces 0.5-1.0 minute is approximately the present re¬ 
quirement, whereas larger bodies may take 5-10 minutes. At one time, the 
moldings were finally baked in an oven to complete the condensation, remove any 
water formed in the reaction and to increase the dielectric strength.'" Another 
former custom was to refrain from removing the article until the temperature 

J. W. Aylsworth, U S. P. 1,102,631, July 7, 1914, to Condensite 0>. of \mer.; Chem. Ab»., 1914, 
8. 3127. See also H. Mens, British P. 335,219, 1929, addn. to 335,194, 1929, to Chemie A Technik 
J M. S., G.m.bH.; Bnt. Chem, Abs. B, 1930 1120. E. Noack (British P. 290.801, 1927; Chem. Abe, 

1929, 23, 943) employed powdered phenolic resin as a filler for asphalt. 

••F. J. Crosley, British P. 365,341, 1930, to India-Rubber Gutta-Percha & Teleprraph Works Co, 
Ltd.; Brit. Chem. Abi. B, 1931, 984. Sec also J. Poberejsky, French P. 656,760, 1927; Chenu. Abx., 1929, 
23, 4307. 

••F. J. Wallace, British P. 370,752, 1931, to Robeson Process Co.\ BrU. Chem. Ab*. B, 1932, 614 
French P. 719,894, 1931; Chem. Abe., 1932, 26, 3945. 

•♦French P. 771,759, 1934, to Bond Mfg. Co.; Chem. Abe., 1935. 29, 1541. 

•*G. 8. Petrov, Russian P. 360, 1920; Chem. Ah$., 1933, 27. 4362. 

•• A. J. Weith and O. Holiman, U S, P. 1,720,192. Julv 9. 1929, to Bakelite Corp.; Chem. Abe., 1929, 
23. 4357. British P. 326,840, 1928; Brit. Chem. Abe. B, 1930, 624. French P. 670,761, 1929; Chem. Abs.. 

1930, 24. 1996. See also M. Melamid. French P. 6n,854. 1929; Chem. Ab»., 1930, 24, 3332. 

•^British P. 322,158, 1928, and 331,851, 1929, to Magnasco, Roggero A Co.; Brit. Chem. Abs. B, 
1930, 111, 872. 

••C. Schmidt, British P. 326,255, 1928; Brit. Chem. Abs. B. 1930, 469. German P. 461,009, 1926: 
Brit. Chem. Abs., B, 19^, 469. Vegetable ivory together with magnesian cement has been emploved 
an a filler for artificial stone. British P. 301,893, 1928, to E. Teltschik A Co.; Brit. Chem. Abs. B, 1929, 
853 

‘••E. Bormans. British P. 869.253, 1930; Chem. Abe., 1938, 27, 2321. French P. 711,629, 1930; Chem. 
Abs., 1982, 26, 2025. 

'<»8. Whyte, British P. 362,445, 1980, to Gramophone Co., Ltd.; Chem. Abs., 1983, 27, 1117. 

^•'See Chapters 07 and 68 for descriptions of molding equipment and general methods of molding. 

'••Wall tiles having one surface policed and the other porous have been obtained by hra^ting one 
press platen to a higher temperature than the other, A. V. Kdler, Briti^ P. 844,276, 1980; Chem. Abs., 
1W2. 26, 2880 _ 

^ '»G. L. Peakes (U. 8. P. 1,602J49, Oct. 5, 1926. to Bakelite Corp.; Chem. Abs., 1926, 20. 8786. 
British P. 275,011, 1928; Brit. Chem. Abs. B, 1927. 756) mentions heating at 125-185*0. for 70-80 hours, 
increasing the dirieotrio strength in tome cases 70-80 per cent. 
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had been reduced to 95°C. Both of these practices have to a great extent been 
eliminated by the use of improved molding powders. 

Some investigators have employed condensation products which were no longer 
truly fusible, but which softened enough at an elevated temperature to enable 
molding to take place. Aylsworth prepared phonograph records^®* and printing 
plates'” from blanks which had previously been baked until almost complete 
hardening had taken place. Such blanks could be removed more rapidly from 
the expensive record mold than could those made using fusible compositions. It 
has been further stated that adhesion to the mold and blemishes due to the evolu¬ 
tion of gases do not appear when relatively infusible condensation products are 
used.'” Die pressing has been employed as a means of making troughs from 
sheets of phenolic resin in the C stage.'” 

Hollow balls containing compressed air have been made by Aylsworth and 
Smith'” through welding together two hemispherical shells of partially reacted 
resin. The top half of the ball was placed m the plunger of a press which, as it 
moved downward, drove the enclosed air into the center. Hollow cylinders have 
been produced by using rotating molds, centrifugal force holding the contents 
in place during hardening.'®^ Novotny"® inserted pieces of solid carbon dioxide 
within the mass of material to be molded. As the temperature was raised, the 
solid volatilized, driving the plastic composition to the walls of the mold and 
forming a hollow object. Since very reactive resins can be controlled at the 
temperature of ^'dry ice” the addition of the latter was stated to enable the 
molding time to be cut down.'" Stream-line tail pieces for airplane motor-genera¬ 
tor sets have been formed by compacting paper pulp around a core, drying and 
impregnating with phenolic condensation products. The latter were finally cured 
under heat and pressure."^ 

The molding of dental plates differs from that of most articles in that a large 
number of identical objects is not required. Therefore, methods have been de¬ 
vised for using plaster of Paris molds which can be economically prepared. For 
example, porcelain teeth"^ are inserted in a denture made of wax. This is then 
surrounded with plaster of Pans and the wax n ^ed out leaving the teeth in 
The mold is painted with linseed oil to keep the molding from sticking 
to the plaster and the phenolic resin is added in the plastic state. The two 
halves of the mold are clamped together and heated in an autoclave (containing 
methylated spirits) to 121-149°C."® The finished article can be filed, sandpapered 

W4J. w. Aylsworth, U. S. P 1,146,388, July 13, 1915; Chem. Ahs., 1915, 9, 2432. Cf T A. Edison, 
U. S. P 1.411,425, Apr. 4, 1922, to New Jeisey Patent Co.; Chem. Abs., 1922, 16, 2014. 

106 j Aylsworth, U. S. P. 1,098,610, June 2, 1914, to Condensite Co. of Amer.; Chem. Abs., 1914, 
8 2782 

' Cf E. E. Novotny, U. S. P. 1,398,149, Nov. 22, 1921, and 1,451,783, Apr. 17, 1923, to J. S. Stokes; 
Chem. Abs, 1922, 16, 802. 

10^ British P. 371,344, Apr 18, 1932, to "Herold" A.-G.; Chem. Abs., 1933. 27, 3629. 
i^J. W. Aylsworth and D. Smith, U. S. P. 1,134,433, Apr. 6, 1915, to Condensite Co. of Amer. 

»o®F. Poliak, British P. 14,490, 1915; J S.C.I., 1916, 35, 1226. See also N. E. Dufty, British P. 136.862, 

to Vickers, Ltd.; Kunststoffe, 1925, 15, 44. Similar rotating molds have been used in the fashioning of 
both cylindrical and disc phonograph records. J, W. Aylsworth, U. S. P. 1,146,384, 1,148,385 and 
1,146.389, July 13, 1915, to Condensite Co of Amer.; Chem. Abs., 1915, 9, 2432. 

w®E E. Novotny, U. S. P 1,776,366, Sept. 23, 1930, to J. S. Stokes; Chem. Abs., 1930, 24, 5518 

iiiE. E. Novotny (U. S. P. 1,901,324, Mar. 14, 1933, to J. S. Stokes; Chem. Abs., 1933 , 27 , 3053) has 

also used solid carbon dioxide to keep abrasive grains coated with a sticky resin temporarily free-flowing. 
T. Frederick, IJ. S P. 1,475,784, Nov. 27, 191:3; Chem. Abs., 1924, 18, 574. 

Teeth have been made from phenol-aldehyde resins. Pure tin was used for the mold. A. F. 
van Renterghem, German P. 508,820, 1928; Chem. Abs., 1931, 25, 787. 

H. Warden (U. S. P. 1,742,430, Jan. 7, 1930, to Ohio Chemical & Mfg. Co.; Chem. Abs., 1930, 
24, 1189. British P. 275,541, 1926; Chem. Al^s., 1928, 22, 2254) suggests coating the teeth with a yielding 
material to prevent breakage. See also H. J. Grainge and S. W. Wilding, tJ. S. P. 1,669,557, May 15, 
1928; Chem. Abs., 1928, 22, 2446. British P. 258,674, 1925, to Amalgamated Dental Go., Ltd.; Chem. 
Abs., 1927, 21, 3109. 

i»B. Wieland (U. S. P. 1,639,475, Aug. 1^ 1927; Chem. Abs., 1927, 21, 3276) suggested that the 
temperature be raised slowly to not above 80"C, 
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and polished.’^® It was also suggested that a similar procedure could be used 
to face ebonite dentures with a phenol-aldehyde resin.^^ Noyes'“ reinforced dental 
plates molded from phenolic resins with strips of fabric. 

Since the mold in which a denture is formed need not be used again, Mom- 
bach^“ recommended that a metal powder be added to the plaster. When the 
molding was to be removed, the investment could be treated with acid, liberating 
hydrogen and decomposing the mold. In this way, the shaped structure could 
be freed. Lebach and Wirth“® state that articles can be readily separated from 
metal molds providing the latter are first coated with a celluloid lacquer. If 
fiat objects are being formed, newsprint impregnated with sodium bisulphate can 
be used. The celluloid and the impregnated paper are both destroyed at the 
temperature at which the resin is plastic. 

In case the condensation of the phenol and the aldehyde is allowed to go too 
far, the product may still be partially thermoplastic, but not enough to give a good 
molding. Weber^^ has described such a resin which was made by refluxing 100 
parts of phenol, 100 parts of formaldehyde (40 per cent solution) and 12.5 parts 
of concentrated ammonia until the product was a rubbery semi-solid mass. The 
aqueous solution was separated from the resulting resin, the latter was allowed to 
cool and was then crushed to a fine powder. On molding at 160°C., the full 1000 
pounds pressure could be applied within 30 seconds of closing the mold. At the 
end of 5 minutes’ time the article was removed and found to be opaque and to 
have only a fair surface. Weber found, however, that the addition of hexamethyl- 
enetetramine-triphenol in the ratio of 2 parts to 10 caused the overcured resin to 
flow easily in the mold, giving a translucent article with a good surface. The hexa- 
methylenetetramine-triphenol was prepared by refluxing 48 parts of hexamethylene¬ 
tetramine with 94 parts of phenol in a solvent composed of 60 parts of ethyl alcohol 
and 40 parts of water. On cooling the solution, the compound crystallized out. A 
second crop of crystals was obtained by concentrating the mother liquor. The prod¬ 
uct could be purified by recrystallization from hot alcohol. The use of chlorinated 
naphthalene and chlorinated phenols as solid solvents assisting in the molding of 
phenolic resins was early suggested by Aylsworth;^ and benzyl alcohol,naphtha¬ 
lene, anthracene and cumarone resin^* have also been proposed. 

A loud-speaker diaphragm has been made by hot pressing at about 800 kg 
per sq. cm. a mixture of solid polymer of formaldehyde and powdered phenol.’* 
Burmeister’* reports that, using resorcinol in this operation, 2-5 minutes at 
120-1^5°C. is sufficient time for most articles. 

A number of investigators have suggested that metal reinforcements be in¬ 
cluded within the phenol-aldehyde molding to increase its strength. Thus, Lay¬ 
man”" made handles for various articles by shaping the resin about a wire which 
carried at each end devices for attaching to the body. Wires have also been 

M. Hick and N. G. Hick, U. S. P. 1,586,348, May 18, 1926. Chem Abs , 1926. 20. 2233 Britiuh 
P. 249,223, 1924 and 269,037, 1926; Chem, Abe., 1927, 21, 996; 1928, 22. 1447 See also F. Raschig chem. 
Fabr., British P. 363,870, 1930, to F. Raschig G.mb.H.; Bnt, Chem. Abe. B, 1931, 896. L. Ober- 
laender, British P. 238,446, 1024; Chem. Abe, 1926, 20, 2053. 

iiTSee also M. L. Axelrod. British P. 262,410. 1925; Chem Abs, 1927, 21. 3719. Cf S. W. Wilding, 
British P. 260,319, 1925, to Amalgamated Dental Co., Ltd.; Chem Abe., 1927, 21, 3432. 

S. E. Noyes, U. S P. 1,784,260, Dec. 9, 1930, to Harnson-Noyes Cliem Corp., Ltd. 

i«G. Mombach, U. S. P. 1,724,501, Aug. 13, 1929; Chem. Abs, 1929, 23, 4784 See also M. L. Axel¬ 
rod, British P. 260,287, 1925; Chem. Abe., 1927, 21, 3432. 

“OH. Lebach and J. K. Wirth, U. S. P. 1,917,451, July 11, 1933, to Saureschuts G.m.b.H.; Chem. 
Abe., 1933, 27 , 4701. 

^«H. M. Weber, U. 8. P. 1,720,406, July 9, 1929, to Ellis-Foster Co.; Chem. Abe., 1929. 23, 4367. 

“aj. W. Aylsworth, U. S. P. 1,046,137, Dec. 3, 1912, and 1,087.422, Feb 17. 1914; Chem. Aba, 1913, 
7, 712; 1914, 8, 1364. U. S. Reissues 1,630 and 1,631, Oct. 8, 1918; Chem. Abs., 1919, 13, 80. British 
P. 9,659, 1911; Chem. Abe., 19i2, 6, 2865. See also the use of pine tar mentioned above in connection 
With wood flour as a filler. 

“»A. Dormoy and G. Tanqueray, British P. 361,879, 1980; Chem. Abe., 1933, 27. 1117. 

»»*L. H. Baekeland, U. S. P. 1,259.472, Mar, 19, 1918; Chem. Abe, 1918, 12, 1502. 

British P. 406,827, 1934, to Lohusda Elektro-Akuatik G.m b.H ; Chem. Abe . 1934, 28, 4852 

“OR. Burmelatcr, British P. 276,678, 1926; Chem. Abe., 1928, 22, 2445. German P. 480,832, 1924; 
Chem. Abe., 1929, 28, 5018. 

F. E. Layman, U. S. P. 1,626,822, Apr. 19, 1927, to Cutler-Hammer Mfg. Co. 
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used to reinforce abrasive wheels.*^*® Moldings which were to be screwed on ob- 
jects have been strengthened by metal inserts'®' at the point of attachment.^ 
Kasch'*^ stated that leSs material was required and that a more thorough and uni¬ 
form fusion of the resin was obtained, if knobs and balls were molded around 
a hollow metal center. Laminated genrs/''" phonograph records^'** and panels’"*' 
all have been streiigtliened with sheet^ of metal or wire gauze. Frederick'*" made 
:i light telephone diaphragm by inseitmg a thin sheet of steel between layers 
of synthetic resin. 

Numerous types of electrical apparatus have been molded from phenol resins, 
including distributor caps, spark coils,commutators’^ and containers for primary 
batteries.’” Groff’** suggested that the metal parts of such apparatus be coated 


Fig. 77. — Bakelite Attachment Plug with 
Cartridge Fuse.s. 


C(mrte'<y Bokehte Corporation 


with a layer of oil-modified phenolic resin’^® before placing in the mold. The 
bulk of the article was formed of an unmodified condensation product. This 
procedure was stated to result m a better insulation.’"’ 

Rubber inserts have been utilized as tires for castor wheels’” and as protecting 
rings around electrical attachment plugs.’” On the other hand phenolic portions 
were included by Brown’"" in rubber articles. Being more rigid than the latter, 

they aided in screwing the objects to supports. Fibrous inlays have been molded 

into articles which it was desired subsequently to glue to wooden backings.'” Oving- 

^J. R. Gammeter, U. S. P. 1,792,083, Feb. 10, 1931, to G. W. Perks Co.; Chem. Abs , 1931, 25, 1968. 

i»The term "insert" is usually not applied to inlays or to forms around which the plastic composi¬ 
tion is molded. It refers rather t-o relatively small sockets and projectuig pieces, e g , binding posts 
and electrical contacts, which are molded in situ 

i*»F. S. Kochendorfer, U. S P. 1,720,681, July 16, 1929, to Western Electric Co., Inc ; Chem, Aha., 
1029, 23, 4308. W. A. Schmittgen, U. S. P. 1,728,218, Sept. 17, 1929, to General Industries Co.; Chem. 
Aba., 1929, 23, 5283. 

H J. Kasch, U. S. P. 1,811,086, Juiie 23, 1931, to Kurs-Kasch Co. See also L. J. Norton and 
C. J. Willett, British P. 351,165, 1930; Chem. Abs., 1932, 26, 4426. Cf. the molding of irregulaily shaped 
objects around fibrous inserts. K. Brown, U. S. P. 1,308,330, July 1, 1919. 

J»*L. H. Baekeland, U. 8. P. 1,160,364, Nov. 16, 1915; Chem. Aba, 1916. 10, 257. 

>«E. E. Novotny, U. S. P. 1,398,145, Nov. 22, 1921, to J. S. Stokes; Chem. Aba., 1922, 16, 803. 

See also J. P. Wright, U. S. P. 1,438,078, Dec. 5, 1922; Chem. Aba., 1923, 17, 860. 

“*D. N. Davies, British P. 327,728, 1929, to Bakelite, Ltd.; Chem. Aba., 1930, 24, 5120. 

L. T. Frederick, U. 8. P. 1.6^,410, July 19, 1927, to Fibroc Insulation Co. 

»*»V. O. Apple, U. S. P. 1.132,297, Mar 16, 1915, to Apple EIw. Co. 

C. Zenk, U. S. P. 1,046,928, Dec. 10, 1912. C. Zenk, U. S. P. 1,255,681, Feb. 5, 1918, to Diehl Mfg. 
Co. L. T. Fr^erick and L. McCulloch, U. S. P. 1,231,588, July 3, 1917, to Westinghouse Elec. A Mfg. 
Co. H. M. Scheibe, U. 8. P. 1,241,559, Oct. 2, 1917, to Westinghouse Elec. A Mfg. Co. E. A. Halbleib 
and T. L. Lee, U. 8. P. 1,274,411, Aug. 6, 1918; Chem. Aba., 1918, 12, 1950. 

^J. A. McKee, R. S. Scott and R. A. McKee, British P. 421,053, 1933; Bnt. Chem. Aba. B, 1935, 
158. 

“•F. Groff, U. 8. P. 1,977,876, Oct. 23, 1984, to Bakelite Corp.; Chem. Aba., 1935, 29, 252. British 
P. 367,045, 1980; Brit. Chem. Aba. B, 1932, 437. 

Chapter 19. 

i^^See also Chapter 68. 

*«Le Bonsieur, U. 8. P. 1,686,142, Oct 2, 1928; Chem. Aba., 1928, 22. 4739. 

C. Ballman, U. 8. P. 1,636,798, July 26. 1927; Pfaatica, 1928, 4, 188. 

^ K. Brown, U. 8. P. 1,250,959, Dec. 25, 1917, to Condensite Co. of Amer. 

^8. Brown, U. S. P. 1,524,^, Jan. 27, 19615, to Bakelite Corp.; Chem. Aba., 1925, 19, 1086. 
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ton’*® proposed making a bearing for chromium-plated steel shafts from hardened 
phenol-formaldehyde resins faced witli glass. 

Castable Resins. The materials made by the early investigators of the 
phenolic resins left much to be desired in the matter of color and what is called 
tooling or machining. Therefore, much work was done in order to secure a 
roiidensation product that would not change in color with time and that could 
be machined or cut with the tools that were satisfactory on horn, vegetable ivory 
and related law materials. The production of an article capable of being worked 
on a lathe or automatic screw-machine was fraught with difliculties because of 
the inherent brittleness and hardness of the resins. So great has been the prog¬ 
ress in this direction that today we have a group of resins which are known as 
the turnery stock and which are available in a wide range of colors and shades. 
Such articles as chess pieces, checker men, buttons, bracelets, anklets, bases for 
lamps, door knobs, automobile gear-shift knobs and beads are made in a con¬ 
siderable annual tonnage. One advantage of casting is that it is the only recog¬ 
nized method which permits of the preparation of transparent objects from phenolic 
condensation products. In hot molding, cloudy products result due partly to in¬ 
complete fusion of the particles composing the powder. 

Even with casting, transparency is an elusive proj^erty. Absolute control 
during the condensing operation is most difficult; and, although a seeming uni¬ 
formity is obtained by mixing batches, it was and is a great problem to make light- 
colored resins. Removing water during or after the preliminary condensation stage 
IS also a serious obstacle and it is often necessary to check the reaction by dilution 
with organic solvents when dehydration nears completion. This frequently brings 
about incomplete reaction, and in consequence uncombined reagents are present 
in the finished product. Chief among these are water, alkali catalyst, phenol and 
aldehyde, all of which are to a degree destructive of transparency and usually 
render the material worthless for casting glass-clear masses. 

A number of different means have been employed to obtain translucent and 
tough bodies. For example, condensation in the presence of salicylic acid followed 
by neutralization with a volatile amine and distillation in vacuo has been sug¬ 
gested.’^ Wennagel’^** proposed to use alkali soaps in proportions greater than 
one-fifth the molecular equivalent of the phenol as condensing agents. Deutsch 
and Thorn carried the reaction out in the presence of sodium carbonate and added 
salts of boric’” or phosphoric acid’'” to render harmless the impurities which dis¬ 
colored the product. Acidification with acetic acid was stated to make the clari¬ 
fication more permanent. The same investigators report that, if salts of aromatic 
acids are added, the removal of water need not be as complete as it must other¬ 
wise be in order to obtain transparent resins.”^ The addition of sodium glycerate 
to toughen the product was advocated by Heinemann.’" 

The material known as ‘^Catalin”’"” is of the cast phenol-formaldehyde type. 

1*«E. J. Ovington, U. S. P. 1,980,081 and 1,980,082, Nov. 6, 1934, one-half to C. L. Dawes; Chem, 
Abi., 1935, 29, 256 

D. A. Spencer and H D. Muirav, J.S.C 1927, 46, 637. Cf. the preparation of daylight filters 
colored with metal salts. H. Weiss, British P. 215,753, 1924; J.S.C.1., 1924, 43, 665B. . 

Austrian P. 102,677, 1921, to Resan Kunstharzerseugungs-Q. m. b. H.; Brit. Chem. Abe. B, 1926, 
890 

‘«»T. 8. Wennagel, U. S. P. 1,107,003. Aug. 11. 1914; Chem. Abe., 1914, 8, 3877. Cf. U. 8. P. 1.197,816, 
Sept. 5, 1916; Chem. Aba., 1916, 10, 2969. 

Deutsch and I. Tliorn. U, S. P. 1,678.107. July 24, 1928, to Selden Co.; Chem. Aba., 1928, 22. 
8498. British P. 207,792, 1923, to “Amalith’* chem. Ind. G.m.b.H.; J.S.C.I., 1925, 44, 216B. 

«aL. Deutsch and I. Thom, U. 8. P. 1.710,045, April 28. 1929, to Selden Co.; Chem. Aba., 1929, 
23. 2793. British P. 207,792, 1928, to ‘*Amalith’* diem. Ind. G.m.b.H.; J.S.C.I., 1925. 44. 216B. 

“•L. Deutsch and I. Thom, U. S. P. 1,710,019, Apr. 23, 1929, to Selden Co.; Chem. Aba., 1929, 23. 
2841. British P. 207,791, 1928, to '*Amalith*' chem. Ind. G.m.b.H.; J S C.f., 1925. 44. 216B. 

u*A. Heinemann, U. 8. P. 1,441,981, Jan. 9, 1928; Chem. Aba., 1928, 17. 1157. British P. 184,984. 
1921; Chem. Aba., 1928. 17, 218. 

^ Oatalin Corp. of America, New York, N. Y. For litigation, see Chem. /nd., 1984. 34, 442. 
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Pantke”* has prepared clear masses in accordance with the following general 
procedure: 

Phenol is mixed with commercial formaldehyde, and either caustic potash or soda 
is used as a catalyst. Extreme care is taken to select very pure raw materials if light 
shades are to be produced. The mixture is heated in an aluminum or nickel vessel 
under non-refluxing conditions at a relatively low temperature (not in excess of 80°C.) 
until water separates. Then the water is removed under vacuum and lactic acid“* 
(U. S. P. quality) is added together with a small amount of glycerolThe latter 
serves as a plasticizer as well as a modifier. Further heating at a low temperature car¬ 
ries the resinification to the desired point, as evidenced by drawing a sample and 
dropping a small portion into a beaker of water at 15°C. When it chills to a pasty 
mass just kneadable between the fingers, the resin is ready for casting mto molds, 
which have been previously made by dipping hard steel arbors into molten lead (an 
antimonial lead) and then withdrawing the arbor by a slight shock. These molds are 
kept warm and when resin and mold are in proper condition the former is withdrawn 
from the kettle in hand-dippers and poured into the molds which have previously 
been racked on a truck. Extreme care is used in pouring in order that air bubbles 
are not left in the material. The truck is now wheeled into heated chambers (erro¬ 
neously called “vulcanizers”) and the casting is allowed to cure. After 2 or 3 days 
depending on the desired hardness, the truck is removed and the resin is punched 
out of the molds with air-hammers. The lead molds are scrapped and remelted. 

The above procedure 3delds a nearly colorless resin capable of being machined 
with ordinary tools. It can be sanded, polished and in general compares to 
brass and the hard woods in workabilityVariations are accomplished by leav¬ 
ing in a percentage of water, addition of pigments, dyestuffs or inert fillers. The 
simulation of precious stones that is possible with this material is quite re¬ 
markable. 

A number of modifications of the general procedure given above have been 
proposed. Poliak and Ostersetzer“® stated that care should be taken lest the resin 
separate from the water. According to them, it was desirable to have the product 
in the form of a gel. A large proportion (about 2^/^ mols to 1 of phenol) of 
formaldehyde was also used."" If transparent resins were to be made, acids which 
would give soluble salts with the bases used in the initial condensation were em¬ 
ployed.'" On the other hand, Loos“* produced cloudy effects resembling marble 
by precipitating potassium acid tartrate throughout the mass. The addition of 
phenol in several portions during the course of the reaction has been reported 
to assist in keeping the resin in solution'** and to result in a body which does not 
contain any free formaldehyde.'** The latter end can also be attained by adding 

“CO. Pantk®, U. 8. P. 1,909.786, May 16, 1933, to Catalin Corp. of Am.; Chem. Abs., 1988, 27, 8837. 
See also W. Peterson and E. V. Qark, British P. 179,586, 1921; Chem. Ahs., 1922, 16, 8531. 

«»0. Pantke (U. S. P. 1,909,788, May 16, 1933, to Catalin Corp. of Am.; Chem. Abs., 1933, 27, 

3837) states that an imitation ivory can be obtained using technical lactic acid. Cf. the preparation 
of a resin (to be used m dentures) in which oxalic acid is added, British P. 359,424, 1930, to Bakehte 
Corp.; Chem. Abs., 1933, 27, 434. 

Omitting the glycerol produces a material resembling marble. O. Pantke, U. S. P. 1,909,789, 
May 16, 1^, to Catalin ^rp, of Am.; Chem. Abs., 1933, 27, 3837. If 0.25-0.35 part of glycerol to 
1 part of phmol and 0.8 part of formaldehyde are used, the product is transparent. O. Pantke, U. S. 

P. 1,909,787, May 16, 1933, to Catalin Corp. of Am.; Chem. Abs., 1933, 27, 3837. 

However, K. Raschig and M. Koebner (U. S. P. 1,934,817, Nov. 14, 1933, to F. Raschig G. m. 
b. H.; Chem. Abs., 1934, 28, 664) recommend casting the resin on a block of wood which can be firmly 
clamped in cutting machines 

«®F. Poliak and A. Ostersetzer, U. 8. P. 1,854,800, April 19, 1932, to Pollopas, Ltd.; Chem. Abs.. 
1932, 26, 3344. British P. 267,901, 1927, to Kunstharzfabr. F. Poliak G.m.b.H.; Bnt. Chem. Abs. B, 
1928, 720. 

British P. 357,276, 1930, to Kunstharzfabr. F. Poliak G.m.b.H.; Bnt. Chem. Abs. B, 1931, 

1107. 

«»A. Ostersetzer and F. Riesenfeld, U S. P. 1,858,168, May 10, 1932, to Pollopas, Ltd.; Chem. Abs.. 
1932, 26, 8945. British P. 290,963, 1927, to Knnstharzfabr F. Poliak G.m.b.H.; Chem. Abs., 1929, 23, 
1294. French P. 653,354, 1928; Chem. Abs., 1929, 23. 3822. 

^K. Loos, U. 8. P. 1,960,116, May 22, 1934; Chent. Abs. 1934 , 28, 4548. 

French P. 703,281, 1930, to “Herold” A.-G.; Chem. Abs., 1931, 25, 4422. 

^^A. Ostersetzer and F. Riesenfeld, U. S. P. 1,892,848, Jan. 3, 1983, to Pollopas, Ltd.; Chem. Abs., 
1983, 27, 2259. 
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urea at the end of the condensation Jager'” employed sodium stearate and 
sodium sebacate as initial condensing agents. He also states that colorless products 
are obtained by adding such salts of strong organic bases as piperidine pentamethyl- 
enedithiocarbamate to a phenol-formaldehyde-aramonia reaction-mixture before or 
after condensation 

In accordance with the methods outlined, artificial jewelry, handles for knives 
and umbrellas, cabinets, high-tension insulators^®* and a large number of similar 
objects have been manufactured. The purification of clear transparent resins 
has also attracted attention. Surfaces which have become matt or discolored by 
exposure to light or air may be rendered glossy by treatment with nitrogen-free 
carbocyclic or heterocyclic liquids such as dioxane, cyclohexanone or cyclohexanol.^®* 

A proposed application of such transparent bodies is the construction of models 
to be used in photo-elasticity tests.”® When the models are viewed with polarized 
light, they appear to be differently colored depending on the degree of stress. In 
this way, quantitative measurements of the distribution of load in such structures 
as the frame of a dirigible may be made. A vtewing-polariscope for selection of 
material free from initial strains may be made as follows. It can be used of course 
on any transparent object (lamp shades, castings, films or composite sheets of 
safety glass) as well as on material for model const met ion. 

A suitable light source for a viewing-polariscope may be a board about a foot 
square on which a number of electric light bulbs have been mounted. Directly below 
this IS a sheet of glass having both sides sanded or a ground glass surface. This 
acts as a source of diffused light so that the filaments of the bulbs are not really visible 
through it. A piece of black glass about 12 inches x 18 inches is set directly below 
the ground glass surface so that it is inclined to the vertical rays of light from the 
ground glass surface at an angle of about 45° and arranged to reflect the light hori¬ 
zontally toward the left. This polarizes the light coming from the ground glass sur¬ 
face by reflection in a given plane. 

A second piece of black glass is then placed so that it is at an angle of 45® to the 
light reflected from the first black reflecting surface and so that the reflected light will 
come directly out horizontally toward the observer and at right angles to the rays 
coming from the first reflecting surface. Two black sheets of laminated phenolic 
rpaterial will work very nicely as these two reflecting surfaces instead of the black 
glass. Highly polished metal surfaces would also be satisfactory, but ordmaiy^ mirrors 
with silvered surfaces cannot be used on account of reflection from both the front and 
back of the glass. The reflecting surfaces would function best if they were arranged 
so as' to be at the critical angle with respect to the incident light beam, but the 45° 
arrangement will function quite satisfactorily and is much easier to set up and use. 

The sheet of material to be studied is placed with its plane at right angles to the 
light beam upon its reflection from the first reflecting surface and before the light 
falls upon the second reflecting surface. The observer looks into the second reflecting 
surface, getting in the line of the reflected rays from that surface. By rotating the 
sheet of material with its plane perpendicular to the incident polarized rays around 
the line of the incident rays as an axis, the positions of strains in the sheet can be 
readily located as they will cause colored bands to appear during the rotation. 

It has been stated above that accurate shapes cannot be made by casting. 
However, in some cases where hot molding is impracticable or where accuracy of 

'«8H. L. Bender, U. S. P. 1,944,143, Jan. 16, 1934, to Bakehte Corp.; Chem. Ahs., 1934 , 28, 2137. 
British P. 349,521, 1930; Bnt. Chevi. Ahg. B, 1931, 729 

i«»A. Jager, British P. 281,537, 1927, to “Herold" A.-G ; Bnt. Chem. Ahs. B. 1928, 101. French 
P. 666,184, 1928; Chem Abs , 1930, 24, 1476 

A. Jager, British P. 341,083, 1929, to “Herold” A.-G ; Bnt. Chem. Abs. B, 1931, 405. German P. 
496,730, 1927; Chem. Abs., 1930, 24, 3662. 

British P. 303,883, 1928, to Rheinisch-Westfalische-Sprengstoff-A.-G. vorm W. Laymeyer A Co.; 
Chem. Abs., 1929, 23, 4515. 

German P. 550,552, 1929, to “Herold” A.-G ; Chem. Abs.. 1932, 26, 4970. See also A. Ostersetser 
and F. Riesenfeld, German P. 549,886, 1929, to Rheinisch-Westfalische-Sprengstoflf-A.-G.; Chem. Ahs., 
1932 2 6 4925 

ho z. Tuai, Sci. Papers Inst. Phys. Chem. Research (Tokyo), 1927, 7, 79. I. Arakawa, Proc. Phys • 
Math. Soc. Japan, 1925, (8) 7. 160. R. V. Baud, /. Optical Soc. Am., 1929, 18. 411, 422. R. B. Cadeton, 
'*v. Sci. Instruments, 1934, 5, 30. J. H. A. Brahti, ibtd., 1934, 5, 80. India Rubber J., 1938, 86, 32. 
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detail is not needed,”^ casting has been employed as a means of shaping. Thus, 
Wirth'” formed pasty masses of phenolic resins filled with acid-resistant materials, 
e.g., asbestos, in open molds similar to those used with concrete. Hardening was 
then effected by applying heat. Objects manufactured in this way were somewhat 
porous and the surface was covered with a dense crust. The latter had to be re¬ 
moved by grinding or sand-blasting before the temperature was raised above 130°C. 
or blistering would occur. The articles were finally heated to 200°C. or more. 
With large pieces, the heating took at least 30-70 hours. Cylinders measuring 
2 m. high, 2 m. in diameter and 4 cm. in thickness and other types of castings 
have been made in this way.’” 

Tubes may be pressed from phenol-formaldehyde resins both in the cold’” 
and at elevated temperatures.’” In the former case, the hardening of the resin 
is accomplished by passing hot air through the tube, producing a dense inner sur¬ 
face. Rods can be made in similar manner. 

A phenolic composition which can be cold molded has been prepared by Ellis.’” 
One hundred parts of o-cresol, 50* parts of paraform and 4 parts of aqueous caustic 
soda solution (30 per cent) were heated for 3% hours on a vigorously boiling water 
bath. A reddish turbid solid resin was obtained which was soft at first but on 
standing a few hours became brittle. Asbestos fiber (75 parts) was impregnated 
with an acetone solution of the resin (20 parts) and tung oil (2 parts). The 
mass was spread in thin layers and dried at 70°C. for about 1 hour. It could 
then be shap)ed in a press at a pressure of 15,000 pounds per square inch and 
hardened by baking in an oven. The temperature was raised slowly from 60°C. 
to above 100°C. and then more rapidly to 140°C. Disks made in this way had 
a breaking-strength of 7 pounds per mm. of thickness. 

Ariente and Flick’” applied drops of liquid phenolic resins to fabric and com¬ 
pleted the condensation by heating. It is stated that this method of decorating 
is better than similar ones used previously in that the globules’” were neither 
soluble nor thermoplastic. Articles can also be made by electrodepositing the 
resin from aqueous dispersion on a mold surroiinding the anode, followed, as in 
the other cases where the shaping is done in the cold, by baking.’” 

Laminated Materials 

In the electrical field, it was formerly common practice to coat paper with 
varnish or solutions of natural resins and to compact the sheets into a solid 
block by hot pressing. Shellac, copal and other natural resins have all been used. 
Copal and shellac yield pressboard which passesses good mechanical and electrical 
properties when cold but which softens when heated to 70-90°C. Therefore, the 

^ Cy. the manufacture of grinding wheels by shaping abrasive grains coated with a resin followed 
by baking while still in the mold. A. J. Doermann, U. S. P. 1.7^,487, Dec. 10» 1930; Chetn. Abu., 
1081, 25, 578. U. S. Reissue 18,872, June 20, 1938; Chem. Aba., 1988, 27. 4360. W. L. Howe and R. H. 
Martin (U. 8. P. 1,983,082, Dec. 4, ]»84, to Norton Co.; Chem. Abs., 1985, 29. 570) proposed to allow 
for shrii^age by adjusting the proportions of ingredients in the mixture to give predetermined volume 
percentages of abrasive, bonding agent and pores. 

w*J. K. Wirth, U. 8. P. 1,917,418. July 11, 1938; Chem. Abe., 1933, 27, 4702. German P 477,836. 
1926, to S&uresehuts Gm.b.H.; Chem. Abe., 1929, 23, 4357. Cf. E, Elbel, German P. 533,289. 1927. 
to Bakelite G.m.b.H.; Chem. Abe., 1932 25. 611. 

Mention is made above (in connection with the use of asbestos as a filler) of several other types 
of apparatus made of Haveg (see page 458). 

French P. 707,214, 1930, to I. O. Farbenind. A.-Q.; Chem. Abe., 1932, 26, 815. 

C. Egerton, U. 8. P. 1,870.800, Mar. 8, 1921; Chem. Abe., 1921, 15. 1789. 

»wOarleton Ellis, U. 8. P. 1,645,693, Oct. 18, 1927; Chem. Abe., im, 22, 174. Bee also French P. 
715,028, 1931, to Bakelite Cbrp.; Chem. Abe., 1982, 26, 1781. Cf. French P. 691,896, 1930, to Com- 
pagnie francaise Thomson-Houston; Chem. Abe., 1981, 25, 1400. 

J. Ariente and L. Flick, U. 8. P. 1,495,146,vMay 27, 1924, to Sayles Finishing Plants, Inc.; 
Chem, Abs., 1924, 18. 2255. 

^’**Cf. the formation of small spheres by a pair of rotating spindles, Austrian P. 95,867, 1924, to 
8ehidtetans A Oo.; Ktmetetoffe, 1921^15, 45. 

2«R. C. Davies, British P. 291,477, 1986, to Dunlop Rubber Co., Ltd.; BrU. Chem. Abe. B, 1928, 614. 
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mechanical and (to a large extent) the electrical strength are lost when a tem¬ 
perature of 80®C. is reached. Such temperature conditions are of course not un¬ 
likely under service conditions in many types of electrical apparatus. As soon 
as the manufacture of phenol-formaldehyde resins became developed commercially, 
they were employed for the manufacture of laminated pressboard.“® The mechani¬ 
cal strength of such pressboard does not decrease with increase in temperature td 
nearly as great an extent as does that of material made from natural resins. 

Phenol-formaldehyde resins have also found wide use as a coating or impreg- 
nant for canvas and fiber. As a dielectric, dry fiber is ideal in many ways, but 
its tendency to absorb water affects its properties. Impregnating and binding 
together the fibers with a resin greatly reduces this tendencyHowever, the 
reaction taking place when phenol-fonnaldehyde resins undergo hardening develops 
water and the presence of this reduces the dielectric strength. Great progress 
has, however, been made in the production of such pressboard and it is now being 
used for purposes where only the best insulators can be employed, e.g., wire¬ 
less apparatus and electric railway track insulation.'* Impregnated canvas is 
used more for mechanical than electrical purposes. It finds employment in the 
manufacture of noiseless gears, airplane propellers and in numerous other ways.''® 
The usual method of impregnating fabric is to use a solution of resin (in the 
A stage) through which a web of the material is passed continuously. The var¬ 
nish-laden sheet then goes to a drier (usually of the tower type) where the 
solvent is evaporated.'** If 1.5-3 per cent (based on the solid content) of tung 
oil is added to the solution, the resulting film will be more coherent.'" A further 
modification involves washing the partially dried fabric with water or dilute 
alkali to effect removal of any compounds which produce objectionable odors.'" 
However, other means similar to those which were mentioned for preparing mold¬ 
ing compositions can be employed. That is, a liquid condensation product may 

Cf. the uao of phenolic condensation products as adhesives in uniting wood and paper. R. W. 
Seabury, U. S P. 1,625,749, April 19, 1927; Chem. Aba, 1927, 21, 2054. 

For discussions of the hygroscopic tendencies of phenol-foimaldehyde resins, see W. Qnann, 
Z. Phmk, 1930, 66, 436; Chem. Aba., 1931, 25, 2037. H. G Leopold and J. Johnston, J. Phya. Chem., 

1928, 32, 876; Chem. Aba., 1928, 22, 3080. 

Studies on the electrical properties of phenolic-resin laminated material have been carried out by 
C. Hecker and E H. Ott, Rato McUenal, 1921, 4, 449; Chem. Aba., 1922, 16, 977. H. Clnrk, Phya. Rev., 
1924, 23, 552; Chem. Aba., 1925, 19, 3214. L. Kumlik, Elektnzitatawurtachaft, 1928, 27, 423; Chem. Aba., 

1929, 23, 1575. S. G. Brown and P. A. Sporing, Electrician, 1929, 102, 443; Chem. Aba., 1929, 23, 3032. 
J. Inat. Elec. Eng. (London), 1929, 67, 968, 985 . 990: Chem. Aba., 1929, 23, 4981. K. Atsuki and K. Mat- 
suoka, J 8.C.I., (Japan), 1930, 33, 387B; Bnt. Chem. Aba. B, 1931, 479. A. BiUtemann, Kvnatatoffe, 
1922, 12, 66, 76. For the British standard specification on synthetic-resin varnish-paper boards and 
tubes for general electrical purposes excluding tubes molded after being rolled, see Bnt. Eng. Standarda 
Aaaoc., 1929, 316; Chem. Aba., 1929, 23. 3522. 

Laminated products employing a phenol-formaldehyde-resin binder are prepared in a number of 
grades by the following companies: 

Company Trade Name Base 

Continental Fibre Co.“Bakelite Dilecto” Paper or Fiber 

"Continental Bakelite** Canvas 

Diamond State Fibre Co."Condensite Celoron’* Fiber and Canvas 

Formica Insulation Co. .. "Formica" Paper and Canvas 

General Electric Co. .. "Textolite** 

Mica Insulator Co."Lamicoid" 

National Vulcanized Fibre Co. ."Phenolite" 

Panelyte Coro ."Panelyte" 

Spaulding Fibre Co ."Spauldite** 

Synthane Corp. ... .. "Synthane" 

Westinghouse Elec, and Mfg. Co.**Bakelite Micarta'* Paper and Canvas 

In Chapter 65» some of the methods which are generally applicable to the preparation of laminated 
material are described. The methods of testing such products are discussed in ^apter 69. 

i»*J. P. Wright. U. S. P. 1,803,753. May 13, 1919; Chem. Aba., 1919, 13. 1910 H. V. Potter 
(British P. 220,048, 1923. to Damard Lacquer Co., Ltd.; Chem. Aba., 1925, 19, 739) employed as solvent 
methylated spirit containing 5-10 per cent of acetone. See also French P. 654,411, 1928, to I. G. 
Farbenind. A.-G.; Chem. Aba.. 1929, 23, 8808. 

“•Q. H. Mains, U, S. P. 1,730.857, Oct. 8. 1929, and 1,841,188. Jan, 12, 1982, to Westinghouse Elec. 
A Mfg. Co.; Chem. Aba., 1929. 23, 5600; Chem. Aba., 1932 , 26. 1731. 

^Q. H. Mains. U. 8. P. 1.987,694. Jan. 15, 1935. to Westinghouse Elec. A Mfg. Cb.; Chem. Aba., 
1935, 29, 1540. 
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be used in place of a solution^ or the binder may be prepared among the fibers 
of the material itself.^ Weber'®® parchmentized paper with sodium hydroxide 
which later acted as a catalyst in the formation of the resin.'®® As with molding 
compositions, this procedure was stated to produce a more uniform and thorough 
impregnation. Another method which has been suggested is to sprinkle dry 
resin on a sheet of fibrous material which is then twisted into yarn and woven.'®® 
If a resorcinol condensation product is employed, the hardening of the pressboard 



Fig. 78 —L a m i ii a t c d 
Parts Fabricated with a 
Phenolic Type of Binder 


Courtesy General Electric Co 


will be more rapid. However, up to 50 per cent of this phenol may be replaced 
without unduly prolonging the process.'®' 

There are three principal types of phenol-formaldehyde laminated sheets de¬ 
pending on the kind of fabric used in their manufacture. Paper is commonly used 
for electrical insulation,'” but if greater strength is required linen and canvas 
are employed. Where high insulation value and resistance to moisture are of 
special importance, rag paper with about 50 per cent impregnation has been 
suggested. Hoey'®® proposed to use sheets which were alternately impervious and 
absorbent. Graduation in the dielectric constants of multiple cable insulation has 

J. R. Wright, loc. cit. See also British P. 3}8,490, 1928, to H. Rommler, A.-G.; Chem. Ahs., 
1930, 24, 2217. British P. 357,204, 1930, to Bakelite Corp.; Chem, Abs„ 1933 , 27, 1727. 

^ k. L. Brown, U. S. P. 1,695,912, Deo. 18, 1928, to Westmghouse Elec, k Mfg. Co.; Chem, Abs,, 
1929, 23, 1002. 

i«8H. C. P. Weber, U. 8. P. 1,630,365, May 81, 1927, to Westinghouse Elec. A Mfg. Co.; Chem. 
Abs., 1927, 21, 2363. H. C. P. Weber. U, S. 1,871,041, Aug. 16, 1932; Chem. Aba., 1932, 26, 6081. British 
P. 169,451, 1921, to Metropolitan-Vickers Electrical Co., Ltd.; J.8.C.L, 1922, 41, 978A. 

Cotton cloth has been rendered creaseless by impregnating in this manner after mercerization. 
R. P. Foulds, J. T. Marsh and F. C. Wood, British P. 291,474, 1927, to Tootal Broadhurst Lee Co.; 
Brit. Chem. Aba. B, 1928, 636. Formaldehyde-urea resins have also been suggested as anticrease impreg- 
nants. See Chapter 30. 

“®S. Brown and S. Higgins, U. 8. P. 1,608,165, Nov. 23, 1926, to Bakelite Corp.; Chem. Aba., 1927, 
21, 307. Cf. the formation of clutch disks from previously impregnated asbestos yam. H. Frood and 
W. H. Sydee, U. S. P. 1,004,985, Nov. 2, 1926. See also A. Winkler, British P. 394,495, 1932, to E. Esser 
A Co. G.m.b.H.; Bnt. Chem. Aba. B, 1933, 722. 

Allgem. Elektricit&ts-Qes,, Briti^ P, 346,411, 1929, to Internal. General Elec. Co., Inc.; Brit. 
Chem. Aba. B, 1931, 627. 

>^For examples of the use in electrical insulation, see B. H. F. Richards and A. H. Haroldson, 
U. S. P. 1,897,651, Feb. 14, 1933, to Continental Diamond Fibre Co.; Chem. Aba., 1938, 27, 2742. 
British P. ^,899, 1929, to Sprague Specialties Co.; Chem. Aba., 1931, 2S, 463. 

»»S. C. Hoey, U. S. P. 1.477,351, Dec. 11, 1923; Chem. Aba., 1924. 18, 859. 
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been obtained by impregnating with solutions of different strengths .“* Kraft 
paper'“ produces a stock which is resilient enough to be fashioned by punching. 
Further uses to which laminated paper has been applied are the manufacture of 
phonograph records^*® and damping-members for telephone diaphragms.^” Mc¬ 
Intosh'®® stated that a hard, tough waterproof product could be obtained from vul¬ 
canized fiber stock. A proposed wood substitute was built up from layers of 
pulp board.'®® 

Phenol-formaldehyde linen-laminated sheet, because of the closely woven and 
uniform structure of the fabric layers, is especially adapted to the preparation of 
punched parts and the cutting of gears of small face dimension. It is stronger 
than paper and gives clean-cut, smooth edges. Canvas as a reinforcing material 
results in a sheet of maximum strength which can be used for the large gears 


P'lG 79 —A Bakelite Lami¬ 
nated Gear in an Automo¬ 
bile Timing Mechanism. 


Courtesy Bakehte Corporatioii 



found in industrial machinery.^ Such gears are more silent than metal ones and 
have demonstrated their ability to outlast metal in surroundings where corrosive 
solutions and abrasive dusts are encountered. In use, the laminated gears are 
arranged meshing with metal ones of at least equal width of face (see Fig, 79). 

Conrad*®' simply cut gears from laminated stock. On the other hand, Bastian** 
punched the required shapes from impregnated sheets and then molded them to¬ 
gether. The addition of graphite to self-lubricating gears has already been men¬ 
tioned.*®® Another method impregnates the fabric with a non-drying oil previous 
to imbedding in the synthetic resin.*®* Metallic centers may also be included in 

1®* British P. 251,931, 1926, to Felten & Guilleaume Carlswerk A -G.: Chem. Aba., 1927, 21, 1505. 

1®® H. L. Watson, British P. 284,232, 1928, to British Thomson-Houston Co.; Bnt. Chem. Ab». B, 
1929 219 

1®® C.* Bancarel, British P. 295,228, 1927; Chem. Aba., 1929, 23, 2258 

F. Fruth, U. S. P. 1,833,642, Nov. 24, 1931, to Western Elec Co.; Chem. Aba., 1932, 26, 1080. 

^®®J. McIntosh, U. S. P. 1,236,460, Aug. 14, 1917, to Diamond State Fibre Co.; Chem. Aba, 1917, 
11, 2949. See also E. E. Novotny and C. J. Romieux, U. S. P. 1,616,062, Feb. *1, 1927; Chem. Aba, 
1927, 21, 1010. Cf. F. F. Lucas, U. S. P. 1,470,990, Oct. 16, 1923; Chem. Aba., 1924, 18, 137. G. E 
Wightman, U. S. P. 1.996,314, Apr. 2, 1935 

1®® British P. 291,633, 1927, to Agasote Millboard Co.; Chem. Aba., 1929, 23, 1241. 

®®® Reviews on laminated gears have been contributed by J. Rossman, PlaaUca, 1928, 4, 249, 268, 312, 
332, 342 , 433, 438; Chem. Aba., 1928, 22, 3963. 

»iF. Conrad, U. S. P. 1,167,742, and 1,167,743, Jan. 11, 1916. to Westmghouse Elec. & Mfg. Co.; 
Chem. Aba., 1916, 10, 812. The Conrad patents were held void for lack of invention. United States 
District Court, Southern District of Ohio, Westmghouse Elec A Mfg. Co. vs Formica Insulating Co., 
270 Fed., 632; Chem. Met. Eng., 1921, 25* 795. 

»«A. J. Bastian. U. S. P. 1,223,348, Apr. 17, 1917, to Westmghouse Elec. A Mfg. Co. 

*»L. T. Frederick, U. S. P. 1,564,774, Dec. 8, 1925; Chem. Aba., 1926, 20, 484. See also section on 
graphite molding compositions. 

®WT. Sachs, British P. 400,172, 1933; Chem. Aba., 1934 , 28, 2483. 
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both gears®” and abrasive wheels.*” Sprenger*” suggested that the teeth be formed 
of spirally wound cloth. Such a procedure would eliminate the waste inherent in 
cutting circular objects.** 

Airplane propellers possessing a number of useful properties, including uni¬ 
formity of texture, elasticity and absence of warping, have been made from 
laminated duck. Five or six sheets were formed together into a board, which was 
then shaped with a saw and finally molded under pressure at ITS^C.** Woven 
fabrics have also been suggested for use in the manufacture of acoustic dia¬ 
phragms,”® billiard balls,trays,”* rayon-spinning pots”* (see Fig. 80) and acid- 
proof receptacles.”* 

Stevenson”* has recommended that the laminated sheet be built up of un¬ 
treated cloth, then stitched or quilted together and finally impregnated. Ac¬ 
cording to him, this procedure eliminated air pockets between the sheets and so 
resulted in a stronger body. The preparation of a non-laminated article by treat¬ 
ing a specially woven fabric with a phenol-formaldehyde varnish has also been 
prop)osed.”* 

Asbestos sheets”^ have been used to make valve disks, gaskets and brake blocks.”* 
According to Achtmeyer,”® the employment of asbestos webbing in clutch facings 
is inconvenient since it tends to pucker when bent in a circle. On the other hand, 
sheets obtained by laying fibrous material in a paper machine are liable to break 
parallel with the fibers. The latter difficulty can be avoided by orienting the 
superimposed laminae at right angles to each other. Robertson**® built up a fric¬ 
tion material for use in brakes and clutches from alternate layers of asbestos fabric 
and granulated cork. Superposition of paper and layers of powdered glass is 
said to produce a body which is relatively bullet-proof.*” Another form of lami¬ 
nated sheet has been made from flakes of mica bound with a phenol-urea-formalde- 

»» S. H. Thompson, U. S. P. 1 610,635, Dec. 14, 1926, to Westinghouse Elec & Mfg. Co 

»«B. Sanford, U. S. P. 1,C81,970, Nov. 27, 1934, to Norton Co. ; Chem. Abs., 1936, 29, 570. Cf the 
bonding of abrasive disks to a phenolic hub, D. E. Webster, U. S. 1,832,515, Nov. 17, 1931, to Norton Co.; 
Chem. Aba., 1932, 26. 1088. 

^ R. Sprenger, U. S. P. 1,643,185, Sept, 20, 1927, to General Electric Co. 

Various schemes for cutting gears and wheels with a minimum of waite have been suggested. 
L. T. Frederick, U. 8. 1,636,411, July 19, 1927 and 1,663,477, Mar. 20, 1928. to Fibroc Insulation Co ; 
Chem. Aba., 1927, 21, 2965; 1928, 22, 1659. A J Bastian, U S. P. 1,700,605. Jan. 29, 1929, to Westing- 
house Elec. A Mfg. Co.; Plaattca, 1929, 3. 391. E. J. Guay, U. S P. 1.501,026, 1,501,027 and 1,501,028, 
July 8, 1924, to General Elec. Co. British P. 245,458, 1924, to Int. General Electric Co.; Chem. Abn., 
1027, 21, 307 See also S. Burgess. British P. 26b,873, 1926; Chem. Aba., 1928, 22, 1447. W. H. Adams, 
U. S. P. 1,708,166, Apr. 9, 1929; Chem. Aba., 1929, 23, 2541. 

^J.S.C.I., 1920, 39, 338R. Cf. L. G. Nilson. IJ. S. P. 1,308,527. Jiilv 1, 1919 H H Semmes (U S P 
1,843,886, Feb. 2, 1932, to American Propeller Co.) cast phenolic propellers within reinforcing metal shells. 

J. H. Butcher and E. G. Ciossling, Bnti.sh P. 255,582, 1925, to Brit. Thomson-Houston Oo , Ltd ; 
Chem. Aba., 1927, 21, 2965. See also W. K, Webster, British R 302,459, 1927; Chem. Aba., 1929, 23, 
4309. Cf. British P 316,203, 1928, to N. V. Philips’ Gloeilampenfabneken; Chem. Aba., 1930. 24, 1711. 

Allgem. Elektncitats Ges. British P. 312,178, 1928, to Intemat. Geneial Elec. Co.; Chem. Aba., 
1930 24 929. 

British P. 346,412, 1929, to H. Rdmmler A.-O.; Chem. Aha., 1933, 27, 384. 

*«H. Jantgen. Kunataeide, 1926, 8, 295, 383; Chem. Aba., 1927, 21, 648. A P. Young, H. W. H. 
Warren and R. J. CSiapman, British P. 293,060, 1927, to Brit. Thomson-Houston Co , Ltd.; Chem Aba., 
1929, 23, 1505. F. Honda, British P. 361,064, 1930; Chem. Aba., 1933, 27, 1171. See also E. Svatek, 
British P. 361.612, 1930; Bnt, Chem. Aba. B, 1932, 97. 

British P. 276,697, 1926, to I. G. Farbenind. A.-G.; Chem. Aba., 1928, 22, 2476. See also G. A. E. 
Trombert, French P. 590,756, 1925; Chem. Zentr., 1926, 1, 273. 

«»W. D. Stevenson, U. S. P. 1,295,230, Feb. 25, 1919; Chem. Aba., 1919, 13, 1248. 

•WW. D. Stevenson, U. S. P. 1,392,535, Oct, 4, 1921; Chem Aba., 1922, 16, 502. 

«»C. A. Nash, British P. 341,941, 1928, to Bakelite Corp.; Chem. Aba., r32 , 26, 2880. W. A. Jones, 
British P. 350,931, 1930, to Symentis Products, Ltd.; Chem. Aba., 1933 , 27 , 576. 

“•W. Achtmeyer, U. S. P. 1,429,267, Sept. <9, 1922; Chem. Aba., 1922, 16, 4023. 

•«W. Achtmeyer, U. S. P. 1,429,266. Sept. 19, 1922; Chem. Aba., 1922, 16, 4023. 

••®J. H. Robertson, J. Robertson, Jr., and L. Gutteridge, British P. 368,765, 1930; Chem. Aba., 
1933, 27, 3048. See also W. C. Fisher, U. 8. B, 1,486,158, Nov. 21, 1922; Chem. Aba., 1923, 17, 618. Cf. 

the artificial leather made from layers of duck and cork, L T. Frederick, U. S. P 1,430,541, Oct 3, 1922, 

to Westinghouse Elec. A Mfg. Co. British P. 309,856, 1933, to Behr-Manning Corp.; Chem. Aba., 1934, 
28, 1823. 

British P. 396,405, 1933, to General Elee. Co.; Chem. Aba., 1934, 28» 1156. 
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hyde varnish."* McIntosh*** proposed to make noiseless gears from layers of 
leather impregnated with a phenolic resin. 

Wood-base Micarta is produced by saturating plywood and compacting a num¬ 
ber of plies under a pressure of 1500 pounds per square inch and at a temperature 
of 140®C. One and a half hours is required for each inch of thickness and the 
material is allowed to cool to room temperature before removing from the 
press."* Oil-switch lift-rods constructed of such material are .said by Read"^ 
to have breaking strengths superior to those made from natural materials. 

Rods and Tubes. The u.sual method of making rods of iaimnated material 
is to machine them from sheet stock. Frederick"^ suggested that, if the condensa¬ 
tion of the resin has not been carried to its final stage, rods can be molded from 
.strips cut from a sheet. A method of making tubes is to wind laminated sheets 
around a core, remove the core, and cure the objects in a heated mold. Tubes 
are known as rolled or molded depending on whether heat and pressure are applied 



CcurteMv Bakeliu Carp, 80.—Fuselage and Wings of this Plane 

Are Made of Laminated Wood Bonded 
with a Phenolic Resin. 

during the rolling*" or afterwards in steel molds. In the latter case, the pressure 
may be applied either axially"* or from the sides.*" Kempton**® has described a 
type of expanding mandrel which will apply the pressure from the inside of the 
tube. Standard sizes of such tubes include inside diameters of 3/16 inch to 72 
inches and wall-thicknesses of 1/32 inch to 1% inches. 

«« A. Lloyd, U. S. P. 1,784.737, Dec. 9, 1930, to Bakehte, Ltd ; Chcm. Abi^ , 1931, 25, 389 British P. 
302,612, 1927; Chem. Abs., 1929, 23, 4308. German P. 542,194, 1928; Chem. Abi^., 1932, 26, 2287. 

*®J. McIntosh. U. S. P. 1,269,292, June U, 1918, to Diamond State Fibre Co.; Chem. Abs., 1918, 
12 1843 

’ R. Bros.‘»mann, U. S. P 1,834,895, Dec. I, 1931, to General Elec. Co ; Chem Abs, 1932, 26, 

1092. J. R. Brosstnann, British P. 387,183, 1933, to British Thomson-Houston Co ; Chem. Abs., 1933, 
27, 5446. See also J. R. Brossmann, British P 402.677, 1933, to Brit. Thom.son-Houston Co., Ltd., 
Brit. Chem. Abt. B, 1934, 99. R, P Jackson, G. C. Kent and E. J. Casselman, U. S. P. 1,628,886, May 
17, 1927, to Westinghouse Elec, d Mfg. Co 

** E. N. Read, Power, 1929, 70, 646; Chem. Aba., 1930, 24, 208. For a discussion of the various 
glues us^ in wood-working, see T. R. Truax, Trana. Am. Soc. Mcch. Ertgrs {Wood Indwtnea), 1932, 
54 (4), 1; Chem. Aba., 1932, 26, 2616. A. Bresser, Syn. and Appl. Firuahea, 1933, 4, 62; Chem. Aha., 
1934, 28, 3533. One of the proposed types of adhesive consists oLcloth or paper sheets impregnated 
with phenolic resins. J. R. McClain. U. S. P. 1,299,747, Apr. 8, 1919, to Westinghouse Elec, d Mfg. 
Co. E. C. Loetscher, U. S. P 1,891,430, Dec. 20, 1932; Chetn. Aba., 1933, 27, 2012. 

»®L. T. Frederick, U. S. P. 1,284,296, Nov. 12, 1918; to Westinghouse Elec, d Mfg. Co.; Chem. 
Aba., 1919, 13, 169. 

E B.oyle U. S. P 1,979,444, Nov. 6, 1934, to Spaulding Fibre Co.; Chem. Aha., 1935, 29, 
252. A. Aichele (U. S. P. 1,296,781, Mar. 11, 1919, to A.-G. Brown, Boverie d Cie) prepared an 
electrically insulating sleeve from laminated paper tubing. 

“®L. T. Frederick, U. S. P. 1,284,297, Nov. 12, 1918, to Weetinghouse Elec, d Mfg. Co.; Chem. 
Aba., 1919, 13, 169. W. N. Briggs, U. S. P, 1,631,668, Jan. 7, 1927, to General Elec. Co. British P. 
263,878. 1926; Chem. Aba., 1928, 22, 146. 

“•L. T. Frederick, U. S. P. 1,284,298, Nov. 12, 1918, to Westinghouse Elec, d Mfg. Co.; Chem. Aba., 
1919, 13, 169. 

“®W. H. Kempton, U. S. P. 1,284,363, Nov. IS 1918, to Westinghouse Elec, d Mfg. Co.; Chem. 
Aba., 1919, 13, 170. 
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In one method of making insulating tubes for coils of wire, a sheet of im¬ 
pregnated material is folded into a series of sharp parallel ribs and then cured in 
a mold of the same shapeTubes of desired size are made by cutting the sheets 
in proper widths and bending them into cylinders. The nhs give as little contact 
as possible between the tube and the wire wound on it. 

Veneers. In some cases, it has been desirable to prepare articles in which 
the surfaces are different in composition from the body. Phenol-aldehyde insulators 
char when a spark passes over their surface with a resultant loss in resistance. 
Such is not the case with alkyd resins,and so Barringer®” has coated both 
moldings and laminated sheets with the latter substances to minimiz'^ the effect. 
Barrier rings for alternating-current motors have been made from a sheet of 
impregnated asbestos fabric between two rings of a wood-flour-filled molding com¬ 
position. The former resisted flash-overs although the latter had a larger dielec¬ 
tric strength.®” Valve disks having outside layers of asbestos fabric covering an 
inside mass of asbestos fibers have also been iirepared.®” Whitohouse®” faced 
buttons of phenolic resin with celluloid. Nitrocellulose (additionally waterproofed 
by inclusion of a wax) and phenol-aldehyde condensation products were cast to¬ 
gether on a cellulose acetate film”’ to form a duplex waterproof foil. The use 
of phenolic-resin impregnated veneers on a shellac-bonded sheet is stated by Cox®” 
to avoid certain difficulties laid to the adhesive character of the shellac. 

To cause cellulose-acetate-impregnated sheets to adhere to fibrous sheets im¬ 
pregnated with phenol resin, Worrell and Gruber”” employed a middle sheet im¬ 
pregnated with a mixture of phenol resin and cellulose acetate. 

Phonograph records®” were originally made from shellac and for many years 
this was the principal substance used. Its hardness and toughness and the sim¬ 
plicity of molding records containing it presented a hard problem to the synthetic- 
resin chemist seeking to ])roduce a substitute. Aylsworth®*^ devised a number of 
means of preparing a smooth hard layer of pure phenol-formaldehyde condensa¬ 
tion product or one in which there was only a small quantity of filler and of 
affixing it on a supporting blank containing a larger amount of diluent. Usually 
the resin in the surface was relatively infusible, but contained some plasticizing 
agent.®*' The same investigator suggested that the body of a cylindrical record 

E E Novotny and F W. CSary, U. S. P. 1,616,063. Feb 1, 1927, to J. S Stokes See also 
B H F. Richards and A. H Haroldson, U. S P 1,897,651, Feb. 14, 1933, to Continental Diamond 
Fibre Co.; Chem. Ab»., 1933, 27, 2742. 

2*2 See Chapter 69. 

L. E Barringer, U. S. P. 1,915,969, June 27, 1933, to General Elec. Co.; Chem Ah« , 1933, 27, 
4605. British P 387,066, 1931, to Brit Thomson-Houston Co., Ltd.; Bnt Chem. Ahs. B, 1933 , 273 See 
also Chem Age {London), 1930, 23, 607. 

•WW. H. Kempton, U S. P 1,309,758, Jnlv 15, 1919, to Westinghouse Elec. A Mfg Co 

*»C. A Nash, U. S. P 1,888,179. Nov. 15, 1932, to Bakelite Ooip.: Chem. Abs., 1933 , 27, 1465. 

•“J. N. Whitehouse, U S P. 1,881,038, Oct. 4, 1933; Chem. Abs., 1933, 27, 575 Cf the production 
of a composite electncal insulation from phenolic plastic and cellulose acetate, R. Rurn.s, U. S. P. 
1,911,803, May 30. 1983, to Bell Telephone Laboratories. Inc ; Chem Abg , 1933, 27 , 4000 

G A. Staley, British P. 356,146, 193i», to Non-Inflammable Film Co, Ltd.; Bnt. Chem Abs. B. 
1931, 1045. 

•»G. R. Cox, U. 8. P. 1.487,094, Nov 28, 1922; Chem. Aba., 1923, 17, 842. Cf. H W. H. Wairen 
R. I. Martin and A. E. Smith, Bntish P 299,906, 1927, to Bnt. Thomson-Houston Co ; Chem. Abs , 
1929. 23, 8524 

W. P. W^orrell and F. E. Gruber, U. S. P. 1.998,827, Apr. 23, 1935, to Western Electric Co. 

“•For a review on the use of synthetic resins in phonograph records, see C. W. Rivise, Plasttca, 
1980, 6, 187. 

•“J. W. Avlswort-h, U. S. P. 1,146,387, 1,146,890 and 1,146,391, July 18. 1915, to New .Tei.sev Patent 
Oo, Chem. Aba., 1915, 9, 2432. J. W. Avlsworth and E. L. Aiken. U. S. P 1,151,849. Aug. ?1, 1915. 
to T. A. Edison. Inc.; Chem^ Aba., 1915, 9, 2799. J. W. Aylsworth, U. S. P. 1,167,468, Jan. 11, 1916, 
to New Jeisev Patent Co.; Chem. Aba., 1916. 10, 812. J. W. Aylsworth and E. L. Aiken, U. S. P. 
1,170.391, Feb 1, 1916, to New Jersey Patent Co.; Chem. Aba., 1916, 10, 958. J. W. Aylsworth, U. S. 
P. 1,2^,810, June 19, 1917, and 1,283,450, Nov. 5, 1918,k.to New Jersey Patent Co.; Chem. Aba., 1919, 13, 
170. 

Several plasticisers are mentioned above in connection with the work of Weber on hexamethyl- 
enetetramine-triphenol. See also Chapter 20 on modifled phenol-formaldehyde resins. 
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be made of a composition which contained an excess of polymerized formaldehyde. 
On molding, this would be evolved in gaseous form producing a porous structure.*** 
Sound records were made by Novotn}^*® from a fusible phenol-acetaldehyde 
resin. The condensation product was dissolved in alcohol to form a thin solution 
and hexamethylenetetramine was added. Sheets of fiber were impregnated and 
subsequently heated to remove solvents and partially react the resin, thus largely 
preventing side-flow during hot pressing. A plurality of sheets were cemented to¬ 
gether with the resin solution and subjected to heavy pressure to insure firm adhe¬ 
sion. The product was coated with a thick paint composed of barium sulphate*** 
and resin solution. Such blanks were heated at 120®C. for about 1 hour, coated 
a second time with the resin, dried to remove solvent and hot pressed in a record 
mold. Edison**® recommended that a blank be coated with several layers of 
varnish instead of the two which previous workers had used. 

A related material which can be employed for printing surfaces and stereotype 
matrices is made from a fibrous sheet which has been impregnated with a phenol- 
aldehyde condensation product. The sheet is heated until it is dry and crisp and 
the surfaces are then coated with several layers of phenol resin. Each layer is set 
by heating before the next is applied. The filler in the coatings is lampblack 
and the quantity used decreases progressively towards the surface.**® 

Playing cards have been similarly made by covering both sides of an impreg¬ 
nated linen sheet with phenol-formaldehyde resins. Such cards are reported as 
durable and possessing the requisite flexibility and finish.**^ A composite plate 
having veneers of impregnated parchmentized paper and a center of plain parch- 
mentized stock is said to be less expensive than one uniformly saturated.®*® 
Loetscher**® coated fiber board with a phenol-formaldehyde varnish and covered 
both sides with impregnated sheets of kraft paper. On the top surface a laver 
of powdered quartz coated*with phenol resin was spread and the whole body was 
compressed under 50-100 pounds per square inch at a temperature high enough 
to fuse the binder. The finished product was used as a floor covering. 

Table tops and similar articles of furniture were also made by pressing im¬ 
pregnated wood veneers around fibrous cores.*® Such veneers are said not to be 
scorched by contact with matches or cigarettes.*®^ Plywood reinforced with cloth 
can be molded over irregular surfaces.*®* Fire-resisting paneling having one or more 

"2J W. Aylsworth, U. S P 1,043,389, Nov 5, 1912, to T. A. Edison, Inc 

E. Novotny, U. S. P. 1,440,097, Dec. 2fi, 1922, and 1,451,783, Apr. 17, 1923; Chem. Abs., 1923, 

17, 2035. 

The hard layer of barium-sulphate-filled plastic serves to prevent absorption of sound by the 
body of the record. E. E. Novotny, U. S. P. 1,398,144, Nov. 22, 1921, to J. A Stokes; Chem. Abs., 
1922, 16, 803. 

A. Edison, U. S. P 1,690.159. Nov. 6, 1928, to T. A. Edison, Inc.; Chem. Abs., 1929, 23, 
490. See also A. E. Alexander, British P. 176,828, 1920; Chem. Abe., 1922, 16, 3177. 

^ A. E. Alexander, British P. 163,552, 1920; Chem. Abe., 1922, 16, 146. See also E. E. Novotny, 
U. S. P. 1,398,142, and 1,398,143, Nov. 22, 1921, to J. S. Stokes; Chem. Abs, 1922, 16, 803, 802. 

H L. Pohs, U. S. P 1,794,866, Mar 3, 1931; Chem. Abs., 1931, 25. 2255. M. R. Howard (U. S. 
P. 1,88^672, Nov. 22, 1932; Chem. Abs., 1933, 27, 1511) employed paper stocJc in a similar card. 

a«J. M. Taylor, U. S P. 1,441,133, Jan. 2, 1923, to Diamond State Fibre Co.; Chem. Abs., 1923, 17, 
1115. 

“»E. C. Loetscher, U. S. P. 1,825,877, Oct. 6, 1931; Chem. Abs., 1932, 26, 577. See also H. C. 
Harvey and H. L. Becher, U. S. P. 1,763,653, June 17, 1930, 1,776,790, Sept. 30, 1930, and 1,851,177, 
Mar. 29, 1932, to Agasote Millboard Co.; Chem. Abs., 1930, 24. 3903, 6016; 1932, 26, 3112. H. C. 
Fisher, U. S. P. 1,924,601, Aug. 29, 1933, to Richardson Co. 

«»E. C. Loetscher, U. S. P. 1,876,330, Sept. 6. 1932. See also F. H. Tupper, U. S. P. 1,637,382. 
Aug. 2, 1927, to Westinghouse Elec. & Mfg. Co.; Plastics, 1928, 4, 138. G. W. Bulley (U. S. P. 
1,566,815, Dec. 22, 1925; Chem. Abs., 1926, 20. 520i) covered a hard rubber box with an impregnated wood 
veneer. Cf. the fibrous veneer on a metal-reinforced hard-rubber centrifuge bucket. J. R. Hiltner, 
U. S P. 1.922,914, Feb. 26, 1935, to General Elec, Oo. 

awE. C. Loetscher, U. S. P. 1,887,691, Nov, 15. 1933; Chem. Abs., 1933 , 27. 1480. 

“aa H. Mains, U. S P. 1,959,762, May 22, 1934, to Westinghouse Elec. Sc Mfg. Oo.; Chem. Abs., 
1934, 28, 4564. • See also the preparation of paper tubes having wood veneers. G. H, Gardner, British 
P. 413,684, 1934, to Bushing Co., Ltd.; Chem. Ahs., 1935, 29. 344. To obtain good results in noiking 
plywood, using thermosetting resins as binders, the moisture content of the wood should be about 7-12 
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layers of asbestos between layers of wood was suggested by Gardner** (see Fig. 
81 ), Other composite sheets which Loetscher has proposed consist of cellulose- 
fiber pulp covered with wood flour** and of interior layers of kraft paper, inter¬ 
mediate ones of wood flour and outer surfaces of thinner paper."* 

Abrahams*®* covered phenol-aldehyde moldings with an insulating coating of 
mica bound with shellac. Like the alkyd resins mentioned above, shellac is not 
liable to tracking."^ In the manufacture of laminated board containing layers of a 



C(mtrte$y Afodfm PInMic* 

Fig. 81. —Blowtorch Test Comparing Ordinary Plywood (right) and a Synthetic Resin 
Product. The center of the ordinary veneered door panel was completely destroyed after 
30 minutes exposure. The other panel consists of a thin surface of wood backed with 
asbestos sheet impregnated with Durez resin. Exposure to the torch for 1% hours 
merely charred the surface, 

phenol-aldehyde resin-asbestos composition, rosin has also been included in the outer 
layers.*** Vessels having a body of phenolic condensation product between metal 
shells are reported as minimizing temperature changes within the contents.*" 

per cent end the pressure should be released gradually in the pressing operation, according to C. B. 
Norns. U. S. P. 1.999.253. Apr. 30, 1935, to Reconstruction Finance Corp. 

>nQ. H. Gardner, British P. 413,727, 1984, to Bushing Co.. Ltd.; Chem, Abs , 1935, 29. 531. Cf. 
the use of a surface layer impregnated with sodium silicate in a composite asbestos sheet. R. H. 
Cunningham, U. S. P. 1,960,180, May 22, 1984, to Bryant Elec. Co.; Chem. Abs., 1934, 28, 4506. 

C. Loetscher, U. S. P. 1375,054, Aug. 30, 1932; Chem. Abs., 1932, 26, 6167. 

»£. C. Loetscher, U. 8. P. 1,938,917, Dec. 12. 1933; Chem. Ab»., 1934, 28. 1428. 

»*8. L. Abrahams, U. S. P. 1,698,827, Nov. 27, 1929, to General Elec. Co.; Chem. Abs., 1929, 23, 
678. Cf. the laminated material containing shellac in the outer layers. , H. W. H. Warren, R. I. 
Martin and A. B. Smith, British P. 299,906, 1927, ta.Bntiirfi Thomson-Houston Co., Ltd.; Chem. Ab«., 
1929, 28, 8524. 

»»W. Nagel, MMaUbdrte, 1980, 20, 2188, 2190; Chem. Abn., 1931, 25. 1107. 

•*8. O. Sinkov, Russian P. 8,868, 1929; Chem. Zentr.^ IMI, 1, 1976. 

"•J. L. LesUe, U. 8. P. 1,662,860, Mar. 20, 1938; Chem. Aha., 1928, 22, 1686. 
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Thin sheets of metal,”® onion-skin paper”*^ or regenerated cellulose”* have been 
used to face laminated stereotype matrices. Swan and Higgins** state that the 
insertion of a layer of vulcanized rubber cuts down the sound-transmission and 
increases the flexibility. Such material has been suggested for airplane cabins 
and cafeteria table tops. A backing of rubber has been used on printing plates 
of phenolic resin to minimize the danger of breaking.”* Freeman and Catt*“ 
joined the fabric jacket of a rubber tube to the interior with phenolic cement. 
Asbestos sheets containing barium sulphate and bound with rubber or ‘'Thio- 
lite'^ have been used as impervious layers on the outside of an asbestos-metal 
fabric gasket impregnated with a phenol condensation product.*" 

Adhesives for Metals and Glass. Phenolic resins have also been em¬ 
ployed as adhesives for such substances as metals and glass which, of course, 
differ from the fabrics discussed above in that they possess relatively impervious 
structures. Investigations carried out by the Adhesive Research Committee** 
demonstrate that when saligenin is heated at about 130®C., the strength of the 
resulting adhesive increases progressively. After one hour, a phenol-formaldehyde 
type resin was obtained which was almost 7 times stronger than the original com¬ 
pound. The increase in strength was attributed to the disorderly structure which 
was assumed to be formed in resinification. A cement has been suggested in 
which neutral metallic oxides, aromatic sulphonyl chlorides or alkyl sulphates 
were added to a liquid phenol-formaldehyde condensation product to catalyze the 
hardening.*” A resin for cementing glass and metals has been prepared by heating 
benzoic or cinnamic acid with glycerol, phenol and formaldehyde. The reaction 
product was dehydrated by vacuum distillation.*'® Warming a mixture of 40 
parts of phenol, 100 parts of formaldehyde solution and 1.2 parts of sodium 
hydroxide for about 2.5 hours at 62®C. followed by treating with 3.3 parts of lactic 
acid and keeping at 60®C. until the mass is syrupy is said to produce a waterproof 
adhesive.*'^ Aylsworth*” dissolved 100 parts of fusible phenol resin in 100 parts 
of alcohol containing 20-50 parts of a nonvolatile solvent (monochloronaphthalene, 
glycerol or castor oil). Seven to eleven parts of hexamethylenetetramine and 
50-300 parts of finely divided filler were also added. The material was intended 
to be used in sealing the joints of metal pipes. Veneers of paper and wood have 
been joined under heat and pressure to metal with water-soluble phenolic con¬ 
densation products.*” In electrical condensers the adliesive acts as a dielectric 
also.*** 


H. Swan, U. S. P. l,6C7,447, Apr. 24, 1928, to Bakelite Corp. See also W. Forstmann, P. K. 
Mensel and O. Boll, British P. 859.018. 1980; Chem. Abf., 1932, 26. 4145. 

S. Williamson, U. 8. P. 1.173,907. Feb. 29, 1916; Chem, Abi., 1916, 10. 1084. See also L. H 
Baekeland. U. 8 P. 1,233.298, July 17. 1917, to Gen Bakelite Co ; Chem. Abt, 1917, H, 2604. 

»«H. Swan and S. Higgins, U. S. P. 1,960,602, May 29, 1934, to Bakelite Corp.; Chem. Ab»., 1934, 
28. 4561. 

«aH. Swan and S. Higgins, U S. P. 1,973,124, Sept. 11, 1934, to Bakelite Cbrp.; Chem. Abs., 1934, 
28, 6958. 

»*H, Swan and S. Higgins, U. S. P. 1,871,568, Aug. 16, 1932, to Bakelite Corp.; Chem. Abe., 1932, 
26. 6081. 

*«»L. M. Freeman and H. W. Catt, U. S. P. 1,974,211, Sept. 18, 1934, to B. F. Goodrich Co.; 
Chem. Abe , 1934 , 28. 7072. 

Chapter 59. 

*«H. Reins, U. 8. P. 1,756,881, Apr. 29, 1930; Chem. Abe., 1930, 24, 8092. 

^Chem. Age (London). 1932, 27. 167. 

••French P. 728,008, 1981, to I. G. Farbenind, A.-O.; Chem. Abe., 1982, 26. 4142. 

•^H. Rdsgtti, German P. 533.245, 1929; Chem. Abe., 1932, 26. 611. 

•^L. C. F. Pechin, French P. 722,128, 1981; Chem. Ab$., 1982, 26, 4191. 

•^J. W. Aylsworth, U. S. P. 1,665,495, June 24, 1918, to Condenaite Co. of Amer.; Chem. Abe., 
1918, 7, 2887. Cf. the inclusion of tnphenyl or tritolyl phosphate. Patent-Treuhand-Ges. fUr 
elektr. GlUhlampen, British P. 849,244, 1980, to General Eleo. Co., Ltd.; Brit. Chem. Abe. B. 
1981, 728. 

«*E. C. Loetscher, U. S. P. 1,972.807, Sept. 4, 1984; Chem. Abe., 1934. 28. 6582. Another cement 
for veneers contains an aqueous suspension of phenol-aldehyde resin to which urotropine and fillers 
have been added. A. L. EidUn, Russian P. 84,740, 1984; Chem. Abe., 1985, 29, 8075. 

H. Suva, British P. 859,549, 1980; Brit. Chem. Abe. B, 1982, 28. 
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On the other hand some lack of success is encountered in affixing large sheets 
of phenol-formaldehyde resin to metal plates. Due probably to the differences in 
thermal expansion the two layers separate in time. A number of rubber cements”* 
have been proposed to obviate this difficulty. Another method fastens an inter¬ 
mediate sheet of felt to a steel backing with a low-melting alloy.”® Loetscher”^ 
reportvS that interposing a layer of paper saturated with phenol-formaldehyde- 
carbohydrate resin will also prevent separation.”® 

Double window panes have been formed by placing two sheets of glass at a 
slight distance apart and interposing along their edges an elastic filler, the sur¬ 
face of which had been previously coated with a phenolic condensation product. 
The latter was subsequently fused by raising the temperature.”® Safety glass is 
made by uniting sheets of cellulose nitrate or acetate to exterior layers of glass.®®® 
In one way of using phenol-formaldehyde adhesives, glass is first polished with 
emery. A thick solution of the resin in acetone or alcohol is spread on at 30-40°C. 
with a spatula, and the temperature is raised to 80°C. to drive off the solvent. 
The sheets are then laid on top of each other and united by heating under about 
5 atmospheres pressure.®” To save solvent a melted resin can also be used.®®® 
It has been suggested to omit the layer of cellulose ester, but such products have 
not proven entirely satisfactory since the inclusion of the ester greatly strengthens 
the material. Long*®* reports that the union between glass surfaces has, if the 
resin layer is thin enough, a greater tensile strength than the glass itself. A fur¬ 
ther proposal reinforces glass objects with exterior coatings of phenolic resins.®” 
One ffisadvantage which such condensation products have and which limits their 
use in safety glass is the tendency to darken on exposure to light. 

, Unbreakable transparent sheets to be used as a substitute for glass have been 
made by uniting two layers of celluloid with phenol-aldehyde resins.®*® Another 
glass substitute consists of gauze coated with an amount of phenolic resin insuf¬ 
ficient to close the reticulations*®* and then with cellulose acetate filling the open¬ 
ings.*” Keay*®® proposed to use a cement made of sand, phenol-formaldehyde resin 

»7SH. Gray, U. S, P. l,732,88(J, Oct. 22, 1929, to B. F. Goodnch Co ; Chem, Aba, 1930, 24, 265. 
German P. 432,485, 1923, to H. Traun A. Sohne; Brit, Chem. Aba. B, 1927, 197. R. P. Courtney, U. S. 
P. 1,946,932, Feb. 13, 1934, to Bakehte Corp ; Chem. Aba., 1934 , 28, 2496 British P 356,769, 1930; 
Brit. Chem. Aba. B, 1931, 1062. French P. 696,754, 1930; Chem. Aba., 1931, 25, 2866. W B. Wescott, 
U. S. P. 1,852,728, Apr. 5, 1932, to Rubber Latex Research Corp., Chem. Aba., 1932, 26, 3143. 

*"P. W. Jenkins and A. W. Coffman, Plaatic Products, 1933 , 9, 183, Chem. Aba., 1933, 27, 4941. 

*"E. C. Loetscher, U. S. P. 1,972,307, Sept. 4, 1934, Chem. Aba, 1934 , 28, 6582. 

^ Similar sheets of paper impregnated with reactive synthetic re.sins have also been used to join 
aurfaces of phenol-formaldehyde condensation products. Austrian P. 113,524, 1928, to Anibrasit-Werke 
Kunstharx-fabrik G.m.b.H.; Chem. Aba., 1929, 23, 4357. 

*^E. Unmack, British P. 202,926, 1923; Chem. Aha., 1924, 18, 314 

Numerous synthetic resins have been suggested for this purpose; the index gives a complete 
list of those mentioned elsewhere in this book. For the application of phenolic resms, see H. Dreyfus, 
British P. 826,520, 1928; Chem. Aba., 1930, 24, 4910. French P. 683,075, 1929; Chem. Aba., 1930, 24, 
4598. British P. 341,89^', 1929, to British Celanese, Ltd.; Chem. Aba., 1931, 25, 4997. French P 
681,507, 1929, to New O. and 8. Processes Syndicate, Ltd.; Chem. Aba., 1930, 24, 4369. C. H. Field 
and D. Haslett, Biitish P. 321,178, 1928; Chem. Aba., 1930, 24, 2567. A review on safety glass has been 
contnbuted by H. Schmidt, Metailbbrae, 1932, 22, 1373; Chem. Age {Loudon), 1932, 27, 472. 

Plaatica, 1934, 10, 131. French P. 673,668, 1928, to Soc. aiion. des manufactures des gluces et 
produits chim. de Saint-Gobain, Chauny et Cirey; Chem. Aba., 1930, 24, 2568 Cf. the union ol 
metal sheets with solutions of phenol-formaldehyde condensation products, French P. 644,333, 1927, to 
Aluminum-Walzwerke Singen, Lauber. Neher Co. G.m.b.H.; Chem. Aha., 1929, 23, 1752. 

»>J. E. Alcock, British P. 319,873, 1928; Chem. Aha., 1930, 24, 2568. 

^B. Long, U. S. P. 1,668,853, May 8, 1928, to Soc. anon, des manufactures des glaces et produits 
chim. de Saint-Gobain, Chauny et Cirey; Chem. Aba., 1928, 22, 2248. 

British P. 'MB,758, 1929, to Bntish Celanese, Ltd.; Chem. Aha., 1932. 26, 574. 

••L. C. P. Pechin, French P. 698,411, July 5, 1930; Chem. Aba., 1931, 25. 3137. See also Bntish P. 
364,280, 1029, to British Celanese, Ltd.; Chem. Aba., 1988, 27, 388. 

***E. J. Sweetland, P. W. Manning and W. 8. Hilpert, (U. S. P. 1,292,585, Jan. 28, 1919; J.S.C.L, 
1919, 38, 276A) used a similar product as an acid-resistant filter cloth. 

W, H. Moss, XT. 8. P. 1,860,6^, May 81, 1W2, to Celanese Corp. of Amer.; Chem. Aba., 1932, 26, 
3888. British P. 307.462, 1929, to British Celan^. Ltd.; Brit. Chem. Aba. B, 1930, 205. 

»»H. 0. Keay. U. S. P. 1,655,371, Jan. 3, 1928, to laurentide Co., Ltd.; Chem. Aba., 1928, 22. 1024. 
See also L. H. Baekeland, U. 8. P. 1,019,407, Mar. 5, 1912. to Gen. Bakelite Co.; Chem. Aba., 1912, 6, 
1377. Cf, the preparation of waterproof sandpaper, R. P. Carlton. U. 8. P. 1,775,631, Sept. 16, 1980, 
to Minnesota Mining A Mfg. Co.; Chem. Aba., 1930, 24, 5452. British P. 267.516, 1926; Chem. Aba., 
ins, 22, 1244. 



22 . USES OF PHENOL-ALDEHYDE RESINS 


481 


and furfural to unite pulp-grinding stones. Porcelain insulators have been joined 
together by similar compositionsMerritt”® spread a dry powder of phenolic 
resin over a sheet of mineral board, placed a veneer on top and united the sheets 
by subjecting to heat and pressure. 


Various Impregnated Bodies 

Phenol-aldehyde condensation products are used as impregnants for wood, con¬ 
crete, asbestos millboard and electrical coils. The products differ from those 
described under laminated materials in that the former are in nearly their final 
shape before impregnation. However, the resin serves in approximately the same 
ways, i.e., as a binder and to increase the resistance to water, chemicals and the 
weather. As with laminated materials and molding compositions, it has been 
proposed to prepare the impregnant in situ, Aylsworth”^ saturated the object 
to be indurated with a solution of hexamethylenetetramine, dried and then treated 
at 76-99®C. with a solution of a fusible phenolic resin. The body was finally heated 
to transform the impregnant into the mfusible form. Another method of prepar¬ 
ing the resin in situ employs aldehyde-ammonia in place of hexamethylenetetra¬ 
mine.”* The use of furfural with a condensation product which liberates ammonia 
during transformation to the infusible state will prevent the formation of bub¬ 
bles.”* 

Studies on the properties of impregnated wood have been made by Schmidt,*** 
Brajnikoff”® and Klinov.”® It was noted that the tensile and compressive strengths 
parallel to the grain could be doubled and the amount of water absorbed after a 
month’s soaking was decreased by about 95 per cent.”’ The natural color of the 
wood was changed very little and the material could he easily worked and ma¬ 
chined. Beech wood was made practically impervious to steam and had its 
resistance toward various acids (80 per cent acetic, 36.9 per cent hydrochloric and 
concentrated phosphoric), 5 per cent sodium hydroxide solution and the halogens 
greatly improved. Methyl and ethyl alcohols, acetone, ether, benzene and benzine 
liad no effect at room temperature whereas chloroform and hot (90®C.) trans¬ 
former oil had a swelling action. Concentrated sulphuric and nitric acids and cold 
20 {ler cent caustic potash solution were the only reagents which attacked the 
material seriously. Such* impregnated wood has been suggested for flooring, furni¬ 
ture,”* machine bearings,”® battery-wells”® and golf-club heads.*®’ 

Brown*®* molded electrical insulators from portland cement and treated them 

British P. 361,852, 1930, to Porzollanfabnk Ph. Rosenthal 4 Co., A.-G.; Chem, Abs , 1933, 27, 
1129. Hemp is the filler used m British P. 362,233, 1931, to Hermsdorf-Schombur^-Isolatoren G.m.b.H.: 
Chem. Abs., 1933, 27, 1129. Cf German P. 512,804, 1928, to Elektncitats A.-G, vonn. W. Lahmeyer 4 
Co.; Chem. Abs., 1931, 25, 1304. 

2®® E. H. Merritt, U. S. P. 1,978,807, Oct 30, 1934, to Laminatmg Patents Corp.; Chem Abs., 1935, 
29, 257. 

2*1 J. W. Aylsworth, U. S P. 1,111,286, Sept. 22, 1914, to Condensite Co. of Amer.; Chem. Abs., 
1914, 8, 3624. See also U. S P. 1,047,484, Dec. 17, 1912; Chem. Abs., 1913, 7, 712. 

A. Kanzok, Swiss P. 141,109, Jan. 2, 1928; Chem. Abs., 1931, 25, 2311. 

British P. 322,789, 1928, to Bakehte Corp.; Chem. Abs., 1930, 24, 2905. French P. 664,869, 1928; 
Chem. Abs., 1930, 24, 942. 

»*H. Schmidt. Kunstsioffe, 1931, 21, 251; Chem. Abs., 1932, 26, 823. 

«»B. J. Brajmkoff, Ind. Chemist, 1930, 6, 502; 1931, 7, 32, 53, 115, 157; Chem. Abs., 1932, 26, 284'' 

•»I. Klinov, Khimstro%,\m, 5, 2310; Chem. Abs., 1933, 27, 5219. 

J. Kessler (U. S. P. 1,638,342, Aug. 9, 1927; Chem. Abs., 1927, 21, 3432) proposed to further in¬ 
crease the water-resistance of impregnated objects with a coat of oil varnish. 

W. Aylsworth, U. S. P. 1,111,286, Sept. 22, 1914, to Condensite Co. of Amer ; Chem. Abs., 
1914, 8, 3624. 

British P. 284,654 and 286,305, 1927, to Manufacture de machines auxiliares pour I’electncite et 
Tindustrie; Chem. Abs., 1928, 22, 4739; 1929, 23, 248. 

»»F. L. Dyer, U. 8. P. 994,067, May 30, 1911, to T. A. Edison, Inc.; Chem. Abs., 1911, 5, 2470, 

*®iN. A. Rose, U. S. P. 1,588,617, June 15, 1926. 

*®*A. H. Brown, British P. 259,505, 1925. to Siluminite Insulator Co., Ltd.; Chem. Abs., 1927, 21, 
3405. Bee also A. Zivy, British P. 381,694, 1931; Bnt. Chem. Abs. B. 1938, 81. CJ. the inclusion of 
resin in the original molding composition, A. H. Brpwn, British P. 260,653, 1925, to Siluminite Insulator 
Co., Ltd.; Chem. Abs., 1927, 21, 3405. 
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with a liquid phenolic resin at 60-80®C. The latter was then hardened at 100- 
130®C. The addition of a phenol-aldehyde condensation product in alkaline solu¬ 
tion to the mixing water of cement has also been suggested.*^ Silicate grinding 
wheels may be similarly strengthened by indurating with phenolic resins.*^ 
Howes’^ investigated the effect of continued heating on the electrical properties of 
held coils** impregnated with a phenol-formaldehyde condensation product. A 
continuous increase in resistance and decrease in power factor were noted. Except 
for mechanical deterioration, which was considerable at 150®C., the coils showed 
signs of lasting indefinitely. 

Although asbestos sheets saturated with phenolic resins have been proposed as 
shields for the dies used in molding electrical insulators*'’ and as spacers in heat- 
insolations,** a more important use has been as clutch facings and brake bands. Ac¬ 
cording to Novak,** impregnation has the advantage over molding in that curved 
molds are not required since the treated strip can be shajied on a roll before 
hardening the resin. It has been suggested to use rosin along with the phenolic 
binder for the purpose of increasing friction. Thus, Fisher*'® used an alcoholic 
solution of soluble condensation product and rosin (not more than 10 per cent 
of the weight of the asbestos) to saturate asbestos rings which were then dried 
and heated to 150-200‘‘C, Since both rosin and certain of the phenol-formaldehyde 
resins will dissolve in alkali, Novak*" has employed alkaline solutions as impreg- 
nants. The saturated material was dipped into a bath of 10 per cent sulphuric 
acid to preci])itate the binder and rosin. Castor oil has also been included to act 
both as a solvent during the impregnation and as an agent for increasing flexi¬ 
bility.”^ When the solvent used is a drying oil, it serves as an additional binder.*'* 
Frood*'* formed friction-elements, stair-treads, and soles and heels for shoes from 
fibrous materials held together with a mixture of rubber and dammar gum. He 
reports that a phenol-aldehyde condensation product can be included if desired.*'* 
Other asbestos objects have been made which were impregnated with i>oth as])halt 
and phenolic resins. The material could be saturated first with the asphalt*^® or 

K. Trammel, GfUiu)!) P 524,796 mid 537,505, 1930, to Kti^p. Winkler A 0>. G in 1>.H , ('hern. 
Ab^., 1931, 25. 4329; 1032, 26, 1412 

K. King, U. S P. 1.208,330, Dec. 12, 1916, to Noitou Co.; J.S.C.l , 1017. 36. 85 Cf. the 
addition of Bakelite to a lioron-nitiide iiiHulutor bound with silicic acid, S. .lust, Hntisli P. 357,510, 
1.^30; Bnt. Chem. Abs, B, 1931, 1104. 

D. K Howes, Tratu. Am, Blectrochem. Sor,, 1923, 44, 57; Chrm. Ahn,, 1023, 17, 3614 

For the impregnation of such coils see L. H. Baekeland, U. S. P. 1,213,144 and 1,213,726, .Inn. 23, 
1917, to Geiieial Bakelite Co.; Chem Aba, 1917, 11, 878, 919. See al.so .1 J Ke.s.slei, V S, P. 
1,591,534, July 6. 1926; Chem. Aha, 1926, 20, 3242 K P. Jiiek.son. V. S P 1,323 284, Dee 2. 1919; 
Chem. Aba., 19^, 14, 359. Allgem Elektncitats-Ges., British P. 379,918, 1932, to liiteiniitunuil Gencial 
Elec. Co., Inc.; Chem. Aba., 1933, 27, 3543. C/. the nianufuctiire of magnetle Htimtmes hoiii stupa of 

nickel-iron alloy spaced apart with a phenol condensation pioduct, British P. 241,384, 1924, to Weateru 
Electric Co., Ltd.; Bnt. Chem. Aha B, 1926, 61. 

J. A. Crabtree and J. R. Dolphin. British P. 306,24'), 1028; Chem. Aha . 1929, 23 . 4983. 

»*S. H. H Banatt, British P 222,719, 1923, to Bell's United Asbestos Co., Ltd ; Chem. Aba., 1925, 

19. 1171. 

«•!. J Novak, U. S P. 1.561,740, Nov. 17, 1925, to Raybestos Co ; Chem. Aba, 1926, 20, 268. 
See also T. M. Russell, U. S P. 1,785,391, Dec. 16, 1930, to Ruaaell Mfg Co.; Chem. Aha, 1031, 25, 
W7. Cf. British P. 284,268 and 284,269, 1927, to Kiichbach'sehc’Werke Kirchbach & Co. ; Chem. Aba,. 
1928, 22. 4740 

W. C. Fisher, U. S. P. 1,436,158, Nov. 21, 1922, to Russell Mfg. Co. 

I. J. Novak, U. 8. P. 1,519,322, Dec. 16, 1924, and 1,672,538, June 6, 1928, to Raybestos Co ; 

Chem. Aba., 1925, 19. 565; 1928, 22. 2645 

»»*W. Achemeyer, U. S, P. 1.599,627, Sept. 14, 1926, to Russell Mfg. Co.; Chem. Aba, 1926, 20, 3544. 
See also I. G. Novak, U. S. P. 1,766,^4, June 24, 1930, to Raybestos-Manhattan, Inc.; Chem. Aha., 
1930, 24, 4365. 

I. J Novak, U. 8. P 1,766,932, June 24, 1930, to Raybestos-Manhattan, Inc.; Chem. Aha., 1930, 
24. 4365. See also U. S. P. 1,790.944. Feb. 3, 1931; Chem. Aha., 1931, 25, 1646. British P. 357,420. 1930; 
Chem. Aba., 1932, 26. 4144. French P. 710.213, 1930; Chem. Aba., 1932, 26, 1080 R. £. Spokes, U. 8. 
P. 1,961,177, June 5, 1934, to American Brakeblok Corp.; Chem. Aha., 1934 , 28, 4850. 

Frood, British P. 176,404, P'20, and 191,089. 1921; Chem. Aba,, 1922, 16, 2304; 1923, 17, 2941. 

*^Cf. the preta^ration of slice lasts from paper pulp impregnated with a ^'carboloid" compound, 
E. I. Aiken. U. S. P. 1 550,232, Aug. 18, 1025: Chem. Aha., 1925, 19, 3578. 

•«R. C. Neville, Frencli P. 701,389, 1980; Chem. Aba., 1931, 25, 4097, British P. 336,731, 1929; 
Che^, Aba., 1931, 25. 1926. 
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with the synthetic binder*^^ or the latter could be formed in situ (phenol included 
with the bituminous material and then treated with formaldehyde after the im¬ 
pregnation) 


Decoration of Molded and Laminated Objects 

A number of workers have attempted to prepare more attractive objects by 
various methods of decorating. One of the simplest is to mix molding powders 
of different colors. These will flow in the mold, resulting in a grained or mottled 
appearance.*^ Frederick*" suggested that a similar effect could be obtained in 
laminated material by using differently colored sheets. Embossed designs have 
also been applied to partially cured articles and then hardened in place.**^ Carter*** 


Fig. 82.— 

Piling Sheets of Paper 
Impregnated with Phe¬ 
nolic Resin. 


Courte$v Bakelite Corp, 


proposed to form laniiiated sheets having a surface layer carrying a design. This 
was impregnated with a clear binder and backed with an opaque coating of titanium 
oxide or zinc sulphide. Carbon transfers and dccalcomanias have been similarly 
applied to the surfaces of molded article? and then covered with a liquid resin 
which was finally hardened in place.*** A thin imitation wood veneer was made 
by McIntosh*®* from an impregnated sheet of paper which had been laid on a thict 
body of fibrous material. After the binder had set, the sheet was removed ^.ith 
an adhering portion of fibrous material. 



L. Kirschbraun, U S. P. 1,498,386, June 17, 1924, to Raybestos Co.; Chem. Abs., 1924, ’u, jO. 
British P. 186,809, 1921: J S.C.I , 1922, 41, 867A 

«»L. Kirschbraun, U. S. P. 1,466.907. Sept. 4, 1923; Chem. Abe., 1928, 17, 3759. 

F. P Brock. V. S. P. 1.747,574, Feb. 18, 1930, to Bakelite Corp.; Chem. Ab$, 1930, 24, 1711. 
British P 336,264, 1929; Chem Abs.. 1931. 25, 2012. H. N. Copeland. U. S. P. 1.598.525, July 20, 1926, 
and 1,785,674, Nov. 12, 1930. to Kun8-Ka>rh Co.; Chem. Abt., 1926, 20, 3216; 1930, 24. 699. 

»>L. T. Fredenclc. U. S. P. 1,284,644, Nov. 12, 1918, to Westinghouae Elec, d Mfg. Oo.; Chem. 

Abt, 1919, 13. 170 

s^H. P. Mills, U S. P. 1.742,516, Jan. 7, 1930, to Bakelite Corp.; Chem. Abt., 1930, 24. 1189. 
British P. 836.265, 1929; Chem. Ab»., 1931, 25, 2012. See also J. W. Aylsworth, U. S. P. 1,994,828, 
Apr. 28, 1914, to Condensite Co. of Amer ; Chewi. Ads., 1914, 8 , 2S^. 

W. W. Carter, Jr., U S. P. 1,956,814, April 24, 1934, to Formica Insulation Co.; Chem. Ab»., 
1934 , 28, 4202. See also A. V. Keller, Bntiah P. 338,768, 1929; Chem. Ab»., 1931, 25, 610. C. M. Har- 

Rrave, U. S. P. 1,684,880, July 5, 1927; Chem. Ab$., 1927, 21, 2993. G. H. Mams. U. S. P. 1,809,984, 

June 16, 1981, to Westinghouse Elec. & Mfg. Co.; Chem. Abi., 1*^31, 25, 4674. 

O. Byek and O. L. Peakes, U. S. P. 1,815,284, July 21, 1931, to Bakelite Corp.; Chem. Ab$.» 
1931, 25, 6585. Reissue 19,549, Apr. 30, 1935. _ 

J. McIntosh, U. S. P. 1,661,901, March 6, 1928, to Diamond State Fibre Oo.; Chem. Ab$., 1928, 
22. 1487. 
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Several methods of coating molded articles with metals have been suggested. 
Eaton**® sprinkled finely divided copper or aluminum over the surface of the mold. 
Powdered carbon has been added to a molding composition to make it electrically 
conductive. A coating of metal could then be electrodeposited on the finished 
molding.**® Other processes form a thin film of an easily reduced metal salt on 
the surface. On reduction, the layer formed is conductive, permitting subsequent 
electroplating with additional metal.*” 

Petrov*** reports that articles obtained from phenol-aldehyde condensation prod¬ 
ucts can be colored or rendered resistant to attack by the atmosphere through 
immersing them in solutions of dyes and protective agents, e.g., quiaol, ammo- 
phenols, tannin, shellac and cellulose ethers. The dyes are fixed by treatment with 
dichromate solution. Another suggestion was to treat the articles with aqueous 
solutions of phenols or sulphonic acids before placing in the coloring bath.**® The 
manufacture of artificial pearls has been attempted by Paisseau**® through the use 
of shiny particles (obtained from fish scales or from swimming bladders) as fillers. 
Similar results are also stated to be obtained by using barium thiosulphate and 
various precipitates, e.g., fatty acids from soaps, uric acid from sodium urate, tin 
sulphate and cadmium iodide.**^ According to Parkert,*** a more successful result 
IS obtained if the decorative material is present in a layer and is covered with a 
number of thin coatings of celluloid and phenolic resin. 


M ISCELLAN EOUS A CPU < JATIO N S 


The i)henol-aldeh\tle condensation products are coiniiatible with (luite a number 
of other binders. The mixtures in some cases have found application since the prop¬ 
erties differ from those of either ingredient.*** Moss and Crutchfield*'*^ proposed 
to use an adhesive containing cellulose acetate and a urea-phenol-formalde- 
hyde resin in making safety glass. According to Gardner;**’’ an electrically insulat¬ 
ing thread may be made by extruding an acetone solution of 5 g. of phenol-formal¬ 
dehyde resin, 5 g, of shellac and 100 g. of cellulose acetate containing 10 g. of 
finely divided mica. If desired, viscose*** can be employed in place of the ester. 
Films and filaments have also been formed from colloidal suspensions of phenol- 
formaldehyde condensation products containing dissolved alkyl celluloses.*** 
Rubber has been included in a phenol-aldehyde adhesive to join elastic sheets to 

Eaton, Biitish P. 301,432, 1927, to But. Thomson-Houston Co, Lid , Chrm Ahs., 1929, 23, 

40?0 

'“®L. J. Glostcr, British P. 363,432, 1930, io J. Closter, Inr . Clum Ahs , 1933, 27. 1579 

A. I. Gatea-Warren, British P. 280,651 and 284,786, 1926, to Precious Metal Industries, Ltd ; 
('hem. Abs., 1928, 22, 3129, 4740. A. I. Gates-Waiien and E. L. Gates-Wanen, British P. 299,903, 
1927, to Precious Metal Industries, Ltd.; Chem. Abs., 1929. 23, 3548. 

®»G. Petrov, U. 8. P. 1,865,586, July 5, 1932; Chem. Abs, 1932, 26, 4425. British P. 292,636, 
1927; Bnt. Chem. Abs. B, 1928, 648. 

«»G. Petrov, British P. 292,637, 1927, addn. to 292,636, 1927; Bnt. Chem. Abs. B, 1928, 648. 
French P. 33,532, 1927, addn. to 629,251; Chem. Abs, 1929, 23, 2540. 

»»J. Paisseau, U. 8. P. 1,525,317, Feb. 3, 1925; Che^n. Abs., 1925, 19, 1036 British P. 183,774, 
1921, and 229,585, 1924; J.S.C.L, 1923, 42, 55A; 1925, 44, 316B. 

«ttj. Paisseau, U. 8. P. 1,546,309, July 14, 1925; Chem. Abs., 1925, 19, 2867. J. Paisseau and R. 
WarcoHier, British P. 222,881, 1924; J 8.C.I., 1925, 44, 957B. 

•*®0. Parkert, Kimststoffe, 1925, 15, 98. 

^In Chapter 20, there is a further account of a number of related modified phenol-formaldehyde 
resins. 

W. H. Moss and K. H. Crutchfield, Canadian P. 323,574, 1932, to C. Dreyfus; Chem. Abs., 
1932, 26, 4432. See also W. H. Moss, Canadian P. 317.919, 1931, to C. Dreyfus; Chem. Abs., 1932, 26. 
1409. British P. 347,445 and 365,0M, 1930, to Brit. Celanese, Ltd.; Bnt. Chem. Abs. B, 1931, 687; 
1932, 357. 

•»H. A. Gardner, U. 8. P. 1,730,417, Oct. 8. 19S9; Chem. Abs., 1929, 23. 5520. See also U. Drey¬ 
fus, French P 39,028, 1930, addn. to 703,174, 1930; Chem. Abs, 1933, 26, 1784. 

•••A modified viscose silk had been previously made by B. Bronnert, U. S. P. 1,374,718, April 12, 
1921; Chem. Abs., 1921, IS, 2730. 

**^0. Balle and K. Spoilt, German P. 527,197, 1925, to I. Q. Farbenind. A.-G.; Chem. Abs., 1931, 
25, 4705. British P. 808,234, 1927; Chem. Abs., 1930, 24. 339. 
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metalTrist“* reports that a packing composed of textile material in a matrix 
of rubber can be treated so that it is resistant to oil, acid and alkali by immersing 
it in a mixture of solvents, one constituent of which softens the rubber and the 
other IS a solvent for the resistant substance. Shellac and bitumen are used to 
give oil- and acid-resisting packings respectively. Synthetic resins of the phenol 
class can also be employed. The addition of a phenolic condensation product to 
a rubber-bound abrasive wheel is said to render the product less affected by heat 
changes.Benjamin*” states that a substitute for leather can be made from the 
reaction product of cresol ami formaldehyde. He proposed the following composi¬ 
tion: rubber (23.8 per cent), synthetic resin (2.6 per cent), sulphur (1.1 per cent), 
asbestos (6.1 per cent), mica (42 per cent), cotton shoddy (17.5 per cent), lamp¬ 
black (1.7 per cent) and litharge (5.2 per cent). Separators for electrical accu¬ 
mulators have been produced from diatomaceous earth held together with a binder 
consisting of rubber and a phenolic resin.*^ 

Coleman and Groten**^ report that compositions which contain mixtures of 
drying oils, asphaltic material, copal and rapid-hardening plastics (phenol-formalde¬ 
hyde) as binders can be removed from the mold after less time than can the usual 
types of hot-molding powder.**** The articles are baked at a gradually rising tem¬ 
perature for 8-40 hours to complete the hardening. The products have a good 
])olish and adequate strength. Sandpaper has been prepared using linseed oil to 
waterproof the backing and also as a component of the adhesive.***^ Laminated 
stock made from sheets of paper impregnated alternately with drying oils and 
phenolic resins are said to have considerable mechanioal strength and elasticity."*** 
The condensation jiroducts w4iich are obtained from the action of formaldehyde 
on jihenols precipitate albuminoids, e.g., glue and gelatin, from their solutions. 
However, Arnot’**^ reports that, if the glue is partially hydrolyzed before adding 
the condensation product, no coagulation takes place. 

For example, 500 parts of 40 per cent formaldehyde were run into 1000 parts of 
dark cresylic acid (97 per cent) and then 20 parts of finely powdered bleaching powder 
were added. The temperature was held at 90*^0. for about 30 minutes after which 
the mixture is allowed to stand for an hour. The oily layer was run w'hile still hot 
into liquid glue. The latter w’as prepared by heating 1200 parts of ground hideglue, 
24 parts of sodium bicarbonate and 2i000 parts of water in an autoclave at 130®C. for 
2.5-3 hours. The adhesive formed by mixing the two liquids is stated to be applicable 

»»0. A Thompson, U. S. P. 1,931,309, Oct. 17, 1933, to B F Goodrich ( o , Chem Abs , 1934, 28, 
374. French P 723,088, 1931. Chem Abn , 1932 , 26. 4207 

*»A. R. Trist, British P 405,987, 1934, Chem. Abs, 1934 , 28. 4850 

»*0D. E. Webster, U. S. P. 1,655,396, Jan 3, 1C28, Chem Abs., 1928, 22, 1024. See also British P. 
403,698, 1933, to Carborundum Co., Ltd.; Chem. Abs., 1934, 28, 3850. R. C Benner and G H. Porter 
(U. S. P. 1,825,771, Oct. 6, 1931, to Carborundum Co.; Chem. Abs., 1932, 26, 574) have used a number 
of rubber derivatives with phenol resins in abrasive wheels. ('/ the addition of phenol-foimaldehyde 
to a brake block from asbestos fiber held together with rubber. D. Repony, U. S. P. 1,980,227, Nov. 13, 
1934, to Raybestos-Manhattan, Inc ; Chem. Abs., 1935, 29, 252. 

O. Benjamin, U. S. P. 1,493,062, May 6. 1924; Chem. Abs, 1924, 18, 2088. 

British P. 377,257, 1931, to Chloride Electrical Storage Co., Ltd.; Bnt. Chem. Abs. B, 1932, 944 
^ R. E. Coleman and F. J. Qroten, U. S. P. 1,808,^9, June 2, 1931, to Monowatt Elec. Corp.; 
Chem. Abs., 1931, 25, 4370. See also J. M. de Bell, British P. 345.489, 1929, to British Thomson-Houston 
Co., Ltd.; Chem. Abs., 1932, 26, 2073. French P 691,896, 1930, to Compagnie francaise Thomson- 
Houston; Chem. Abs., 1931, 25, 1400. Cf. German P. 561,656, 1929, to Bakelite G m b.H.; Chem. Abs, 
1933, 27, 1221. 

A ««iinilar mixture of stable and unstable thermoplastic bodies has been used as a box toe 
stiffener. L. P. Mellerio and W. J. Lund, U. S. P. 1,846,346, Feb. 23, 1932, to Ihiited Shoe Macluncry 
Corp.; Chem. Abs., 1932 , 26, 2562. 

A. Klein and R. S. Brown, U. S. P. 1,687,453, Oct. 9, 1928; Chem. Abs., 1928 . 22. 4751. Cf. 
the flexible and waterproof sandpaper made by F. G. Okie (British P. 226,803, 1923, Chem. Abs, 1925, 
19, 2114) using linseed oil as binder and phenolic resins in a sising. 

*** E. Elbel and F. Seebaoh, German P. 589,071, 19^, to Bakelite G.mb.H.; Chem. Ab.s., 1934 
28, 1427. Cf. the manufacture of loom pickers from a similar material in ^^lllch the alternate lavers* 
consist of fabric impregnated with raw rubber. Allgem. Elektricitkts-Qes., British P. 352,522. 1929, to 
International General Elec. Co.; Chem. Abs., 1933, 27, 611. 

•*TR. Amot, U. 8. P. 1,771,653, July 29, 1980; Chem. Abs., 1980, 24. 4597. British P. 225.958, 1923; 
Chem. Abs., 1925, 19, 1619. Cf. British P. 883,194, 1929; Chem. Abs., 1931, 25. 566. 
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to the uniting of wood veneers. At a pressure of 300 pounds per Muare inch and a 
temperature of 110-120*C., the gluing was effected in 8-10 minutes. 

An adhesive of greater elasticity was obtained by adding rubber or factice*** 
to the cresol before condensation. Impermeable plastic masses are said to result 
when dried blood is incorporated with phenol before or after the condensing with 
formaldehyde,*® A suggested leather substitute consists of leather scrap bound 
together by a phenol-formaldehyde condensation product mixed with albumin 
or keratinous substances.** Jeschke** heated glue with glycerol and then added 
a phenolic resin and continued heating until a tough viscous mass resulted. This 
was proposed as a binder in linoleum.** 

Shellac and Manila copal have been included in plastic compositions,** ce¬ 
ments*"* and impregnants** prepared from phenol-formaldehyde condensation prod¬ 
ucts. In each case, the toughness of the material was said to be increased. Field 
and Haslett**" mixed equal parts of a solution of Canada balsam in xylene and a 
solution of glycerol-phenol-formaldehyde resin in 40 per cent aqueous alcohol. 
Both liquids were of the consistency of syrup. The mixture was suggested as an 
adhesive in making safety glass. 

A composition containing abrasive grains, phenols, aldehydes, hardening agent 
and an alkyd resin produced in situ has been used by Novotny*” in the production 
of grinding wheels. Layers of fabric impregnated with glycerol-phthalic-anhydnde- 
type resins have been bonded into laminated sheets with phenolic condensation 
products.*"* Such material is stated to be applicable m making machine parts which 
are required to resist shock. The use of small proportions of chloronaphthalene 
waxes as plasticizers for the phenol type of resins has already been mentioned. 
Aylsworth employed larger proportions in producing fireproof roofing** and furni¬ 
ture polish.** The latter consisted of cresol-formaldehyde condensation product 
(40-55 parts), chloronaphthalene wax (75 parts), acetylene tetrachloride (55-65 
parts) and benzene (80-120 parts). A bearing for high-speed machinery has been 
made from sericite schist and pulverized lead held together with wax and a 
phenolic binder.*** 

Since impregnations with solutions usually possess a more or less porous struc¬ 
ture after the solvent has evaporated, it has been suggested that the pores be par- 

*^A similar product has been employed in the manufacture of sandpaper. C. Khngapor, U. S. P. 
1333,716, Nov. 24, 1931; Chem. Abt., 1932, 26, 1088. British P. 293,232 and 302,430, 1927; Chem. Abs , 
1929, 23, 1624, 4316. 

•••For a description of factice, see Chapter 60. 

•••German P. 4M,063, 1926, to Pfenning-Schumacher-Werke 0.m.b.H.; Chem. Abt., 1929, 23, 1729. 
Sss also L. £. Barringer, British P. 346,390, 1930, to Brit. Thomson-Houston Co., Ltd.; Bnt. Chem. 
Abi. B, 1931, 698. Cf. the inclusion of casein, K. I. Tarasov, Russian Applications 24, 198 and 29,211, 
1938, addns. to Patent 10398; Chem, Abs., 1981, 25, 2631. 

kiK. 1. Tarasov, Russian P. 14,6n and 26,166, 1928; Chem. Abi., 1033 , 27. 1644. 

•WR. Jeschke, U. 8. P. 1,421,(IW, June 27, 1922, to Phenoleum G.m.b H.; Chem. A6s., 1922, 16. 3004. 

••• Concerning the possibilities for employing synthetic resins in the linoleum industry, see A. B. 
Miller and F. D. Snell, Ind. Eng. Chem., 1933, 25, 1307. 

•M French P. 663,007, 1928, to Worldecho, Ltd.; Chem. Abi., 1929, 23, 3782. British P. 308,660, 
1928; Chem. Abt., 1930, 24, 263. 

•»F. A. Upper, U. 6. P. 1,960,641. March 13, 1934, to Bakelite Corp.; Chem. Abi., 1934, 28, 3652. 
B, R. Schmid, U. S. P. 1,626,700, May 3, 1927; Chem. Abi., 1927, 21, 2174. L. E, Frost, U. S. P. 
1,676,737, Mar. 16, 1926, to Westinghouae Elec. A Mfg. Co.; Chem. Abi., 1026, 20, 1696. 

J. Kessler has used Manila gum, hexamethylenetetramine and phenol in both two-stage (U. 8. 
P. 1,693,679, July 27, 1926; Chem. Abi., 1926, 20, 3242) and one-stage impregnations (U. S. P. 1,613,894, 
Jan. 11, 1927; Chem. Abt., 1927. 21, 806). 

•wC. H. Field and D. Haslett, British P. 821,189, 1928; Chem. Abi., 1930, 24, 2668. 

•WE. E. Novotny, U. 8. P. 1,907,088, May 2, 1983, to J. S. Stokes; Chem. Abt., 1933, 27, 8677. 

•••British P. 3M,886, 1928, to Bakelite Corp.; Chem. Abt., 1929, 23, 4090. German P. 643,442, 
1928; Chem. Abt., 1932, 2(L 2661. Cf. the electrical insulation formed by binding together asphalt- 
impregnated ^eets, O. A. Burr, J, R. McClain and L. E. Frost, U. 8. P. 1,448,386, Mar. 13, 19^, to 
Westinghouse Elee. A Mfg. Co.; Chem. Abt., 1928, 17, 1868. 

^4. W. Aylsworth, U. 8. P. 1,077,113, Oct. 28, 1913, to Condensite Co. of Amer.; Chem. Abt., 
1914, 8, 231. 

•wj. W. Avlsworth. U. 8. P. 1.090,440, Mar. 17. 1914; Chem. Abt., 1914, 8, 1647. 

•WO. F. Noftsger, U. B. P. 1,988,184, Dee, 4, 1984; Chem. Abt., 1985, 29, 688. 
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tially filled with sulphur previouslyIn order to improve the molding properties, 
Nash*^ included in phenol resins 10 per cent of stearin pitch and 3 per cent of 
sulphur. The residues from the distillation of natural resins and tall oil*“ have been 
heated with sulphur and the vulcanized products incorporated with phenol-alde¬ 
hyde binders."* A further industrial by-product with which phenol resins can 
be admixed is the gummy precipitate obtained by acidifying black liquor."' 

For certain purposes objects with a porous structure are desired. One way 
in which these may be obtained is by using a filler which can be easily removed. 
Thus, dissolving out metal wires from a plate of phenol resin forms a series of 
orifices through which artificial silk may be extnided.*" Porous bearings have 
been similarly made by the action of acid on a filler consisting of powdered metal.*" 



Courtcay Bakchle Corp. 

Fig. 83.—Kadio Insulation Being Punched from Laminated Stock. 


In making abrasive wheels having definite predetermined interstices, the mold is 
first packed with lumps of sugar, naphthalene or cork which are later removed by 
dissolution or volatilization. In this case the openings provide fresh cutting- 
edges and cooling spaces.*" Turkington*'' proposed to make noiseless gears by 
molding pieces of cloth having a reticulated structure. The latter was obtained 
by including water in the composition. The setting of the resin is accelerated 


•••F. A. Bumingham, G. A. Rachter, W. B. Van Arsdel and D. H. W^hite, U. S. P. 1,396,021, Nov. 8, 
1021, to Brown Co ; Ch^. Aba., 1922, 16, 647. 

^C. A. Naah, U. 8. P. 1,574,842, March 2, 1926; CAem. Aba., 1926, 20, 1530. 

■“8« Chapter 86. 

German P. 471,835, 1924, addn. to 455.551, to Sinit A.-G ; Chem. Aba., 1929, 33, 2540. 

•»»J. T. Collins, U. SrP. 1,716,623, June 11, 1929; Chem. Aba., 1929, 23, 3782. T. M. Vinson, Ger¬ 
man P. 538,799, 1929; Chem. Aba, 1932, 26, 2318. Blank liquor is a by-product of the soda process 
for making wo<^ pulp. See Chapter 36. 

•*£. Schiilke and W. Eisner, British P. 161,526, 1921, to Sudenburger Masohinenfabr. A Eisengieserei 
A.-G.; 1922, 41. 367A. 

■•J. BrincU, U. 8. P. 1.771,615, July 29, 1930; Chem. Aba., 1986, 24, 4648. 

•»®T. Pohl and J. Schneider. U. 8. P. 1,986,850, Jan. 8, 1935, to Deutsche Gold- A SUber-Scheidean- 
stalt vorm. Roeesler; Chew. Aba., 1935, 29, 1^4. British P. 411,498, 1982; Brrt. Chew. B» 19M, 
718. C/. the preparation of porous filter plates by the volatilisation of paraffin. British P. 251,984, 

1925, to Schuma^er'sche Fabrik G.m.b.H.; Chem. Aba., 1927, 21, 1531. 

V. H. Turkington, U. S. P. 1,958,452, May 15, 1984, to Bakelite Corp.; Chem. Aba., 1934, 28, 4551. 
British P. 845,228, 1929; Brit. Chem. Aba. B, 1031, 687. See also the preparation of powdered pnen^c 
resin by grinding the porous body obtained by letting a volatile solvent escape after hardening. J. W. 
Aylsworth, U. S. P. l,0n,512, Apr. 7, 1914, to Condensite Co. of Amcr.; Chem. Aba., 1914, S, 1878, 
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(to avoid allowing the water to escape too soon) by the addition of a polymeriz- 
ing-catalyst A further porous material consists of a fibrous mass in which there 
is not enough phenolic binder to completely fill the interstices.*’* 

Fuller*’* stated that difficulty is sometimes encountered in determining by in¬ 
spection whether molded articles have been heated to the right temperature. He 
suggested that a dye be included which would fade out when the material was 
hot enough. Malachite green and methyl violet were mentioned, since they are 
decomposed at about 180® and 220°C. respectively. The presence of 3-5 per cent 
of water in molding compositions was reported as preventing deformation due to 
further absorption.*’*’ Employment of a resin which will absorb not less than 18 
per cent of water at 25®C. was also stated to give a laminated sheet with improved 
bending and splitting strength.*’* 

Water-soluble salts of phenol-formaldehyde resins may be dissolved in less than 
the equivalent amount of alkali and then salted out of solution. When using an 
equivalent or greater quantity of alkali, the material cannot be salted out. The 
substances obtained are soluble in water, but when heated or treated with carl^on 
dioxide the solutions are decomposed with partial precipitation of the condensa¬ 
tion product. The products were said to find application in the textile industry.*” 

The suggestion has been made that free phenol (1 per cent) be left in molding 
compositions which were desired to have antiseptic properties.®’" Curley*’" recom¬ 
mended that a thin strip of phenolic resin be included in the frame of a tennis 
racket. Being tough and impervious to moisture, the insert helps to prevent warp¬ 
ing. The difficulty which arises in attaching sheets of phenol-formaldehyde con¬ 
densation products to metals has already been mentioned. This difference in 
thermal expansion was put to use by Aylsworth®"* who made molds for cylindrical 
metallic phonograph records from phenol resin. On warming the matrix, it ex¬ 
panded, freeing the record. Albrecht*®‘ proposed lo fill teeth with a solution con¬ 
taining glycerol, a phenol condensation product and a condensing agent. 

When heated to 800-9(X)®C., phenolic resins are carbonized. The resulting 
material has been used as an absorbent charcoal*®* and in variable-resistance units 
of telephone transmitters.*®* In the latter case, a fusible condensation product 
was granulated and melted. The molten particles were allowed to assume a 
spherical shape and then hardened by slow heating to 270“C. previous to carboniz¬ 
ing. Mixtures of graphite and phenol-furfuraldehyde binders have been molded 
and then coked to form dynamo brushes.*®^ If a small quantity of a rubber-vul¬ 
canization accelerator is included, the molded brush is said to be harder and more 
durable.*® A similar procedure applies a layer of synthetic resin filled with col¬ 
loidal charcoal to a ceramic carrier. After carbonization, the product was used 
in potentiometers.*"® 

British P. 37®,675, 1932, addn. to 346,228, 1929, to Bakelite Corp.; Chem Abs , 1933, 27. 4106. 

British P. 419,629, 1933, to International Latex Processes, Ltd.; Brit. Chem. Aha. B, 1935 , 98 
T. Fuller, U. S. P. 1,560,346, Nov. 3, 1925, to General Elec. Co ; Chem. i4b«., 1926, 20, 267. 

French P. 691,295, 1930, to Bakelite Corp.; Chem. Aha, 1931, 25. 1048. 

British P. 417,011, 1938, to Dynamit-A.-G. vorm. A. Nobel A Co.; Brit. Chem. Aha. B, 1934, 
1071. French P. 764,240, 1934; Chem. Ab»., 1934, 28, 5612. 

^H. Bucherer, German P. 350,043, 1918; J.S.C.L, 1922. 41. 728A. 

»"'®F. 8. aifford, British P. 331,157. 1929; Chem. Aba., 1930, 24, 6042. 

a^J. J. Curley, U. S. P. 1,094,705, Apr. 28, 1914. 

»»J. W. Aylsworth, U. S. P. 1,060,577, May 6, 1913, to T. A. Edison. Inc. 

A. Albrecht, U. 8. P. 1,205,957, Nov. 28, 1916; J.S.C.I., 1917. 36, 91. 

»«L. Wallerstcin, U. 8. P. 1,442,372, Jan. 16, 1923; Chem. Aba., 1923, 17. 1115. 

•MR. 8. Howard, U. 8. P. 1,828,046, Oct. 20, 1931, to Western Elec. Co.; Chem Aba., 1932, 26, 
813. Western Elec. Co., Inc., British P. 329,652, 1129, to Standard Telephones & Cables, Ltd.; Brit. 
Chem. Aba. B, 1930, 851. 

•mH. M. Williams and A. L. Boegehold, U. 8. P. 1,856,680, May 3, 1932, to Gen. Motors Res. 
Corp.; Brit. Chem. Aba. B, 1933, 273. 

•WN. R. Haas, U. 8. P. 1,703,191, Feb 26, 1929, to Delco-Remy Corp.; Chem. Aba., 1929, 23. 2002. 
Sea also U. 8. P. 1,729,343, Sept. 24. 1929, and 1,804,052. May 5, 1931; Chem. Aba., 1929, 23. 5285; 
BrU. Chem. Aba. B, 1931, 1)45. 

•M British P. 409.740, 1934, to Steatit-Magnesia A..G.; Chem. Aba., 1934, 28. 6258. 



Chapter 23 
Aldehyde Resins 

Acetaldehyde (CH-,CHO) is a compound from which various kinds of resins may 
be made. By self- or auto-condensation, acetaldehyde undergoes two quite dif¬ 
ferent series of reactions, one a carbon-oxygen-carbon, the other, a carbon-carbon 
union. 

By treating acetaldehyde with a small amount of concentrated sulphuric acid, 
paraldehyde is formed.' This substance is readily decomposed by warming with 
dilute sulphuric acid. 
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Mild alkaline reagents cau.se acetaldehyde to undergo a simultaneous inter- 
molecular oxidation-reduction; the a-hydrogen of one aldehyde reduces the car¬ 
bonyl in the adjacent molecule with the result that a carbon-carbon bond is formed 
and the compound so obtained is known variously as /^i-hydroxybutyraldehyde, 
acetaldol or simply aldol The reaction is likewise reversible. More easily, how¬ 
ever, a loss of water occurs in acetaldol and crotonic aldehyde results. 

2CH3—CHO CHr-CHO —CH,-CH=CH—CHO-f HjO 

Less strenuous acid conditions than used in the formation of paraldehyde also 
bring about aldolization. 

Another type of simultaneous oxidation-reduction can take place, that is, where 
the aldehyde groujnngs undergo compensating changes, the so-called Cannizzaro 
reaction. 
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CIL—CHO-f CH,CH() + CHaCOOH 

This reaction takes place in concentrated alkaline solution. 

Consideration will first be given to the various means by which acetaldehyde 
may be resinified and subsequently to the conditions under which aldolization may 
take place. Acetaldehyde resins are obtained principally in alkaline solution. 
There are cases, however, where resinous substances have been formed under acid 

^ Metaldehyde is formed from acetaldehyde and acids at low temp^’atures, i.e., below 0*C. Other 
re&g&ats for the transformation of acetaldehyde to metaldehyde include ammonium bromide, hydrasine 
hydrochloride, pyridine hydrobromide and perborate, halogenated pyndines, urea hydrochlonde. diphe¬ 
nyl thiourea hydrobromide, the hydrohalides of alkjdamines and hexamethylenetetramine, tetraethyl 
ammonium trichloride together with a strong inorganic acid. See British P. 2S5,867, 1924, to £lek- 
tricithtswerk Ivonsa; Chem. Ab$.» 1920, 20, 917. 
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conditions and to a slight extent by the action of light and under the influence 
of atomic hydrogen and enzymes. 

Alkaline Resinification 

Acetaldehyde and its derivatives, aldol and crotonaldehyde all undergo resinifica¬ 
tion in alkaline solution.* The earliest observations of the resinification of acetalde¬ 
hyde were made by Liebig* and Dobereiner.* Dobereiner noted that an alcoholic 
solution of potassium hydroxide when warmed with acetaldehyde furnished a yel¬ 
lowish or brown resin-like substance. Liebig observed that an aqueous solution 
of aldehyde, warmed with potassium hydroxide immediately became yellowish and 
turbid and quickly separated a reddish-brown substance which could be drawn 
out into long threads. He named the product aldehyde resin and noticed that it 
had a penetrating odor. According to Weidenbusch,* this odor is due to a volatile 
oil, which is oxidized by air to a resinous body. When dried at room temperature 
and subsequently over a water bath the resin was reported by Liebig to ignite 
spontaneously. Weidenbusch did not observe any such ignition. 

Barium hydroxide may be used to bring about the condensation and the barium 
removed as carbonate by carbon dioxide. Filtration and concentration of the 
aqueous solution leaves a gummy syrup.® The resin can also be formed from 
alcoholic potash if air or some oxidizing agent is present.'' Ekecrantz® prepared 
acetaldehyde resin as follows: 

A mixture of acetaldehyde and alcohol is cooled to —20®C., and a 10 per cent 
alcoholic sodium hydroxide solution is added, the temperature of the mixture being 
kept below 10®C. The mixture is kept cold for some time, allowed to stand at room 
temperature for 24 hours and finally heated under a reflux condenser until the alde- 
hydic odor has disappeared. The alcohol is removed by vacuum evaporation at ap¬ 
proximately 30®C. A thick reddish-brown residue is obtained which when treated 
repeatedly with hot 5 per cent caustic soda solution sets to a brittle resin. Purifica¬ 
tion may be effected by dissolving in glacial acetic acid and precipitating with water. 
The acidic portion of the aldehyde resin which remains in solution with the caustic 
soda is obtained by neutralizing the alkali and extracting with ether. A yellowish- 
brown viscous residue is obtained. 

Some elementary analyses of acetaldehyde resin by various early observers are 
given in Table 29. 

Table 29 .—Elementary Analyses of Acetaldehyde Resins. 

Liebig Weidenbusch Ekecrantz* 


Carbon. 73 34 76 40 70.07 

Hydrogen. 7.76 7 97 7.83 

Oxygen. 18.90 21 63 22 1 


* Ekacrants ascribes the variation in the analytical results to a fluctuatinji: water content. 

•These three substances are to be treated separately, but it should he borne in mmd thnt many 
investigators use all three interchangeably and many of the references to acetaldehyde refer or apply to 
aldol and crotonaldehyde its well. 

•J. Liebig, Aim., 1835, 14, 140. See L. Gmelin, “Handbook of Chemistry,” translated by H. Watts 
for the Cavendish ftadety, London, 1860, 17, 486. 

*J. W. DObereiner, Ann., 1835, 14. 140. Cf. Gmetin, loc. ctt. 

•Weidenbusch, Aim., 1848, 66, 153; L. GmeUn, loc ctt., 1866, 17, 466. 

•B. ToUens, Ber., 1884. 17. 660. 

Alcohol which contains pyridine and aldehyde, when burned in lamps, forms resinous substances, 
presumably* from the condensation of aldehydes formed. See J. Dehnike and W. Kilp, Z. tpiritunnd., 
19M, 40, Chem. Aos., 1037, 21. 167. In Dilbereiner’s vinegar lamp, alcohol may oxidised to acetic 
add in the presence of air. In a de6cien<^ of air, aldehyde is formed; if this is absorbed by caustic 
potads, a ydtow r^n is obtained; J. S. udbeteiner, Schw^gg. Jcnir., 1831, 63, 323. Sea L. Gmelin, 
loe. eU., lftS3, 8, 207; also A. Mittaach and E. Thais, “Von Davy und Ddbereiner bis Deacon,” Verlag 
Chemia Qjh.o.u., Berlin, 1932, 79. 

•T. Ekeeninis, Arkiv fdr Kemi, 4, 37, 1; Chem. Zentr., 1913, 2, 1193. See M Bottler, “Kunstharsen” 
I. F. Lehmanns Verlag, MUnchen, 1919, 42. 
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By means of the varying solubilities in benzene, Ekecrantz was able to separate 
aldehyde resin into two components, a and p; the a-resin is soluble in this solvent, 
the other very much less so. Both resins may be represented by the formula, 
C^HaaO.or [12(CH,CHO) 

Hammarsten® allowed aqueous solutions of acetaldehyde to remain for 5-6 days 
at ordinary temperatures with an equal volume of 10 per cent aqueous potassium 
hydroxide solution. A red-colored resin was obtained by neutralizing the solution 
with acid. Further addition of concentrated hydrochloric acid to the filtrate 
caused the separation of a very pale straw-yellow resin which had a melting point 
of 120-130®C.; decomposition occurred above 200*0. Analyses revealed a molecular 
weight of 396-412. Hammarsten was uncertain whether the red resin was formed 
independently or through the yellow variety. An alkaline solution of the yellow 
resin did not become turbid when preserved. This suggests that the red resin 
is formed through a different series of reactions. 

Some of the properties of acetaldehyde resin are given by Weidenbusch." He 
stated that the resin is a bright orange-yellow powder becoming lighter in color 
on long drying at lOO^C. It is soluble in ether and slightly soluble in water. 
Ekecrantz'^ noted that acetaldehyde resin is soluble in chloroform, alcohol and 
acetone, only partially soluble in benzene and ether, and insoluble in petroleum 
ether. At 105*C. the resin sinters and at 130-140*C. melts and intumesces. 

The jirocesses described by Liebig, Dobereiner and Ekercrantz remain to this 
day fundamental for the production of acetaldehyde resin. These resins, as such, 
have found little place in commerce and many efforts have been made to alter their 
properties in order that they might be used. 

An appreciable quantity of aldehyde resin was obtained by Pauly and Feuerstein'* 
by the following procedure: To 1.5 1. of 6 per cent acetaldehyde solution on the water 
bath at 70*C. were added 40 cc. of 5 per cent caustic potash solution with shaking. As 
the alkali disappeared, further portions were added, 6 cc. at a time, the total quantity 
amounting to 65 cc. The mixture was held for 6 hours at 66*C. and a yellowish-red 
oil subsequently isolated by cooling, neutralizing with acetic acid and salting out with 
sodium chloride. The product was repeatedly extracted with benzene and the solu¬ 
tion in the latter dried with calcium chloride; vacuum distillation yielded 26 g. of 
resin. In the distillate were detected two unsaturated aldehydes v»ith the formulas, 
and CwHj^O,. 

According to Herrmann and Deutsch,“ acetaldehyde resin is acted upon by 
water to form a muddy material. To eliminate this tendency, 100 parts of acetalde¬ 
hyde condensation product (produced in the presence of caustic soda) were ground 
mth 200 parts of a 3 per cent aqueous solution of acetic acid. The swollen resin 
particles were filtered from the resulting suspension and remelted, yielding a body 
which was no longer acted upon by water. Similar results may be obtained also 
by dissolving the resinous products in alcohol or acetone and precipitating the dis¬ 
solved resins from the solution with water. 

The degree of hardness of acetaldehyde resins increases, according to Herrmann 
and Deutsch,^* with the duration and intensity of treatment with alkali. In a 
[irocess given by them, 500 parts of acetaldehyde are slowly introduced into a 
container with 300 parts of 20 per cent sodium hydroxide solution, the latter 
being cooled and vigorously stirred. The fluid products which are first formed 
soon become viscous and finally solid upon continued action of the alkali. Depend- 

•H. HBmraarsten, Ann., 1920, 421, 298; 1920, 118 (1), 818. 

Weidenbiiich, ioc. cit. 

T. Ekecrant*, loc, cit, 

« H. Pauly and K. Faueretein. Bar., 1929, 82, 889. 

W. 0. Herrmann and H. Dautach, U. S. P. 1,896,971, Auk. 24, 1926; Ch^. Ah*., 1926, 20. 8854. 

W. O. Herrmann and H. Deutsch, U. 8. P. 1,767,759, June 24, 1930, to Conaort. fOr elektroohenL 
Ind. G.m.b.H. ; Chmn, Aba., 1980, 24, 4409. Sea Qannan P. 879.882. 1920; /.S.C./., 1924, 42. 141B. 
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ing on the duration and manner of treatment, the resins are transparent or nearly 
opaque and may vary from a light yellow to a dark reddish brown. The melting 
point of the resins may be raised to above 200^0. by continued action of alkali, 
yielding materials soluble in alcohol, acetone, anhydrous acetic acid, linseed oil 
and turpentine oil. Solutions of the resins may be used for varnishing and polish¬ 
ing purposes and are reported useful for first-coating and impregnation of wood, 
cardboard and textiles. The solid resinous mass may be made into shaped articles 
under the application of heat and pressure. If the resin is dissolved in anhydrous 
acetic acid and mineral acid added, precipitation with water yields a yellow sub¬ 
stance which will not fuse below 300®C. 

Acetaldehyde resins are soluble in many organic solvents, but they are not 
soluble in aqueous solutions of borax and soda which is a characteristic of shellac 
that permits it to be employed in the manufacture of leather dressings. To make 
acetaldehyde resins soluble in alkaline soluiions, Herrmann and Deutsch“ sub¬ 
jected them to an oxidation treatment.^ For instance, to 60 parts of 4 per cent 
aqueous caustic soda are added 200 parts of acetaldehyde. The temperature is 
kept for some time between 40-100°C- and the volatile components are distilled 
off. Further heating is continued at temperatures above 1()0‘*C. Ten parts of 
the resulting resin are dissolved in 100 parts of glacial acetic acid and ozonized 
oxygen is passed through the solution. When the oxidation has reached the degree 
desired, water is added which precipitates the resin. The oxidation may also be 
carried out with the resin in a molten state or when finely divided and suspended 
in water. Paquin, Voss and Wohlers^^ likewise gave related resins an oxidation 
treatment. They suspended or dissolved resinous products obtained by condensa¬ 
tion of acetaldehyde, crotonaldehyde and aldol in inert media (alcohol or water) 
and oxidized them with chlorine or potassium chlorate and hydrochloric acid. 

Heat treatment of acetaldehyde resins is said to raise the softening point and 
to increase the hardness, luster, elasticity and utility as varnish resins.^* The 
method involves heating the resin at above 100®C. for several hours. Some in¬ 
organic metallic compounds'® are also helpful; by stirring with aluminum hydroxide 
at 200°C. the softening point may be raised from 110°C. to 150®C, 

By the addition of substances containing carboxyl and carbonyl groups,®^ 
acetaldehyde resins are said to have a better elasticity, solubility in alcohol and 
a lighter color; appropriate substances include dihydroxystearic acid, ricinoleic 
acid, dihydroxyabietic acid, mesityl oxide and salicylic acid. One method recom¬ 
mended IS as Allows: The resinous product obtained on condensing 500 parts of 
acetaldehyde by 300 parts of 20 per cent caustic soda solution is melted with 
30 per cent of its weight of ricinoleic acid and kept in the molten state at 150®C. 
for a short time. It is rolled out in a milling apparatus to shellac-like sheets. The 
modif 3 dng agents may also be introduced during the resinification process. The 
resin thus prepared can also be melted with castor oil and further admixed with 
an alcohol-soluble polymerized vinyl acetate.” 

“ W. O. Herrmann and H. Deutach, U. S. P. 1,489,218, Apr. I, 1924, to Consort, fiir elektrochein. 
Ind. G.m.b.H.; Chem. Abt., 1924, 18. 1917. Canadian P. 240.753, 1924; Chem. Abs, 1024, 18, 2817. 

i*See Chem. Met. Eng., 1924, 30. 522. 

M. Paqum, A. Vosa and H. Wohlers, German P. 448,427,* 1924, to I. O. Farbenind. A.-G.; 
Bnt. Chem. Abe. B, 1928, 887. 

^ H. Deutach and W. O. Herrmann, German P. 381,720, 1920, to Consort. fUr elektrochem. Ind. 
Q.m.b.H. Canadian P. 285,173, 1926; Chem. Abe.. 1927, 21, 1021. 

^H. Deutach and W. O. Herrmann, German P. 394,946, 1921, to Consort. fUr elektrochem. Ind. 
Q.m.b.H.; JE.C.J., 1924, 43, 840B. 

*vW. O. Herrmann and H. Deutach, German P. 422,538 and 433,853, 1922, to Consort. fUr elektro> 
chem. Ind. G.m.b.H.; BrU. Chem. Abe. B, 1927, 228. See W. O. Herrmann, H. Deutach and W. 
Haehnel, U. S. P. 1,643,498, Sept. 27, 1927; Chem. Abe., 1927, 21. 3907. Canadian P. 249,338, 1925; 
Chem. Abe., 1925, 19. 3881. British P. 201.916. 1923; /.S.C.I., 1925, 44, 45B. 

aw. O. Herrmann, H. Deutach and W. Haehnel, U. S. P. 1,985,993, Jan. 1, 1935, to Chemische 
Foraehungages. m.b.H. 
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According to Herrmann and Deutschacetaldehyde resins mixed with organic 
substances containing carboxyl groups may be utilized in the manufacture of 
linoleum. A resin having a softening point of 40-50°C. can be prepared by the 
partial condensation of acetaldehyde with sodium hydroxide. One hundred parts 
of such a resin were melted with 85 parts of castor oil and heated for 16 hours 
at 200°C. whereupon 100 parts of the resulting mix were kneaded thoroughly at 
120-130°C. with 30 parts of ground ocher and 15 parts of cork flour. The plastic 
was calendered in the usual manner on a burlap base. By mixing with various 
other fillers together with synthetic and natural resins substitutes for cork, horn 
and ivory may be made. 

Resins prepared from acetaldehyde and alkali are said to be improved by 
heating to llO^C. with polyvinyl acetate or other polyvinyl compounds.” Pow¬ 
dered alkali and resin when mixed and heating so arranged as to allow the greatest 
amount of hydrogen to be split off yielded salts of carboxylic acids.” 

Acetaldehyde resins may be made soluble in fatty oils by heating them with 
oil-soluble natural resins (rosin) or by heating at 150-3(X)®C. mixtures of the resins 
with fatty oils (linseed oil), until a sample remains homogeneous on cooling.*^ 
The products can be diluted with turpentine. Haehnel and Herrmann” rendered 
acetaldehyde resins soluble in weak alkalies by treatment with strong alkalies in 
the presence of fatty oils or hydroxy fatty acids derived from them. The treat¬ 
ment may be carried on at ordinary or elevated temperatures. Voss” heated the 
resins prepared by condensation of acetaldehyde with other natural or synthetic 
resins (rosin or cumarone) until the end product exhibited the solubility prop¬ 
erties of the second component. Further hardening of aldehyde resins, after heat 
treatment, may be effected by esterification with glycerol.” 

Herrmann, Deutsch and HaehneP produce resins directly from acetylene by 
causing it to react upon catalyzers in the presence of water and continuing the 
reaction beyond the intermediate formation of acetaldehyde. An acetaldehyde 
condensation product is made by Shaw,” who reacts the aldehyde at 10-15°C. 
w'ith 2.2 g. of alkali condensing agent per kg. of finished product (the condensing 
agent being an aqueous 10 per cent solution) and then treating the resulting 
mass at 20-45®C. with approximately double the amount of the same condensing 
agent in a solution of concentration of 20 per cent. 

Acid Resinification 

Wurtz” observed the resinification of acetaldehyde by hydrochloric acid. Herr¬ 
mann and Deutsch” have prepared an aldehyde resin by using* 25 per cent sul- 
j)huric acid. The temperature is kept at 40°C. for several hours; then raised 

*2 W. O. Herrmann and H Doiitsrh, U S P 1,625,852. Apr 26, 1927. to Consort fiir elektrochem 
Ind ; Chem. Ahs., 1927 21, 2072 Canadian P. 259,177 1926* Chem Abu., 1926 , 20. 3580 

H. Deutsch, W. Haehnel and W. O. Herrmann, German P. 534.936, 1926, to Consort, fur elektro¬ 
chem. Ind. G.m.b.H.; Chem Abe., 1932, 26 1143, 

** W. Haehnel and W. O. Herrmann, German P. 588,762, 1933, to Consort, fiir elektrochem. Ind 
G m.b.H.; Chem. Aba , 1934 . 28, 2018. 

German P. 372,103. 1923. to Elektrieitnt.swerk Lonsa A -G ; 7 S.C 1923 , 42, 73tA 
W. Haehnel and W. O. Herrmann, German P, 502,432, 1927, to Consort. fUr elektrochem. Ind.; 
Chem. Aba , 1930, 24, 4^45. 

^ A. Voss. German P 477,226, 1925, to I. G Farbenmd. A-G.; Chem Aba., 1929, 23, 4090 

® Briti.sh P, 187 619, 1922, to Consoit filr elektrochem Tnd GmbH * Chem. Aba, 1924, 18. 594 

**W. 0. Herrmann, H. Deutsch and W. Haehnel, Canadian P. 256.556, 1925; Chem. Aba, 1926, 
20, 2333 

’ *>G’ S. Shaw, Canadian P. 281,951, 1928, to Can. Electro Products Co, Ltd.; Chem. Aba., 1928, 
22, 3498. 

A. WurtK, "Dictionnaire de Chimie,** Librairie Hachette et Cie, Paris, Supplement I, 87. Rev. 
gen. chim., 1907, 10, 51. . , , 

“W. 0 Herrmann and H Deutsch. U, S, P. 1,600,118, Sept. 14. 1926, to Consort, fiir elektrochem. 
Ind. G.m.b.H.; Chem. Ab«.. 1926, 20, 8581. British P. 187,619. 1922, to Oonaort. fUr elektrochem Ind.; 
J.S.C.I., 1923, 42. 780A. 
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to 100*C. The toughness and hardness of the product depends upon the duration 
of the heating. The resin obtained is said to be suitable for varnishes. 

Various Other Means op Rbsinipication 

Berthelot and Qaudechon” from a study of the photolysis of acetaldehyde vapor 
found that resinification results only slowly by the action of long ultraviolet rays. 
Continuing the work, Leighton and Blacet** determined that the absorption bands 
lie between 2730-3400 A with a maximum at about 3100 A and produce two 
reactions, one a decomposition giving principally carbon monoxide and the corre¬ 
sponding hydrocarbon,*® R-CHO->*^11 + CO, and the other a polymerization 

into complex products. The nature of the polymerization products is not 
stated, presumably they are a mixture of para- and metaldehyde. Other satu¬ 
rated aliphatic aldehydes when exposed to the rays of a quartz mercury lamp 
exhibited a certain degree of condensation or polymerization to resins” Car¬ 
bon monoxide was also evolved, a reaction which appears to apply only to 
this type of aldehyde since no gas was detected on irradiating crotonaldehyde, 
benzaldehyde and cinnamaldehyde. 

Schweizer and Geilinger” suspect the existence in yeast of an enzyme aldehydase 
which brings about transformation of substances of the aldehyde group according 
to the Cannizzaro reaction. Experiments, in which the masking effect of oxygen 
was eliminated by means of alkaline pyrogallate, lent support to their view. 
Bodnar and Bemauer” found that pea meal converted acetaldehyde into acetaldol 
and aldehyde resins. 

Slight resinification of acetaldehyde is reported by Urey and Lavin** in a 
study of the reactions of atomic hydrogen. The main reaction, however, is that 
of paraldehyde formation. 

When mercuric nitrate acidified with nitric acid is added either to acetylene or 
to an alcoholic solution of acetaldehyde, a compound of the formula CjHNOiHg,, is 
obtained. On warming this mercury derivative with caustic soda or with potassium 
cyanide solution, a considerable amount of aldehyde resin is formed.” 

Cyanamide dissolves in acetaldehyde and in 24 hours the resulting solution 
changes to a resinous body insoluble in water but soluble in alcohol. Ether pre¬ 
cipitates the resin from alcohol.*' Cyanamide reacts violently with chloral form¬ 
ing a sticky resin which hardens in air. This is moderately soluble in alcohol, 
eiher and chloroform but becomes brown on heating and decomposes at 210®C.” 

Vacuum distillation of the products of the reaction between cinnamic aldehyde 
and acetaldehyde, in the presence of sodium hydroxide, yields a black tar-like 
residue. Moreover, the reaction product of acetaldehyde and 5-phenyl-2,4-penta- 
dienal-1, that is, 7-phenyl-2,4,6-heptatrienal-l, when oxidized with ammoniacal silver 

**D. Berthelot and H. Oaudechon, Compt. rend,, 1010, 151, 478; 1913, 233, 68: Chem. Ab«., 1911, 
5, 2629; 1913, 7, 1484. See Carleton Ellw and A. A. Wells, "Chemical Action of Ultraviolet Rays," 
C%em. Catalog Co., New York, 1925, 155. 

wp. A. Leighton and F. E. Blacet, J.A.C.S,, 1933, 55, 1766. 

*A study of the thermal decomposition of gaseous acetaldehyde by C. N. Hinshelwood and W. K. 
Hutchison (Proc. Hop, 8oc., 1926, 11 lA, 380; Chem. Ab$., 1926, 20, 2774) revealed a smooth conversion 
at S00*C. into methane and carbon monoxide. 

••A. Franke and E. PoUitxer, Monaieh., 1913, 34, 797; Chem. Abe., 1918, 7, 2543. 

*^C. Schweiser and H. Qeilinger, Mitt. Lehentm. Hyg., 1924, 15, 41; Chem. Abs., 1924, 18, 2938. 

**.T. Bodnar and C. Bemauer, Biochem. Z., 1929, 209, 458. 

••H. C. Urey and O. I. Lavin, J.A.C.B., 1929, 51. 3286. 

« K. A. Hofmann, Ber., 1898. 31, 2213. 2784. 

*^Kiiop, Ann., 18M, 131, 253; **Beil8t4io*e Handbuch der organischen Cheroie," 4th Ed., 1921, 
III, 79. 

^M. Fileti and R. Schiff, Bar., 1877, 10, 426. O. Heim, (Bull. toe. ehim. Belg., 1982, 41. 320; 
Chem. Abs.p 1983, 27, 267) reports that the condensation of cyanoaeetio add in the preeenoe of pyridine 
reeuHt in the produeiion of 60 per cent of tarry material. 
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oxide to the corresponding acid, becomes partly resinified.** According to Rieche,** 
the reaction product of acetaldehyde and hydrogen peroxide is converted by 
phosphorus pentoxide in ether into a polymeric ethylidene peroxide. 

Voss** has prepared a water-soluble viscous material by gently heating under 
reduced pressure the condensate of formaldehyde with acetaldehyde. Poly¬ 
merized vinyl alcohol-acetaldehyde condensation products are obtained** by treat¬ 
ing polymerized vinyl alcohols with aliphatic aldehydes such as formaldehyde or 
acetaldehyde in the presence of acid catalysts. The materials are said to be rubber¬ 
like, plastic and elastic or hard and brittle depending on the proportion of aldehyde. 

In a study of condensation reactions of acetaldehyde over oxide catalysts at 
pressures of 1-500 atmospheres of hydrogen, Adkins, Kinsey and Folkers*^ report 
the production of some tar-like substance. In one experiment in which ethanol 
and acetaldehyde reacted under high pressure over a zinc chromite catalyst there 
was about 9 per cent of residue, after distillation of products up to 160®C. at 
2 mm. pressure. Manganese chromite catalysts performed in about the same way 
as the zinc chromite. Copper chromite produced very little tar. 

Bodendorf*® has investigated the reaction of aliphatic aldehydes (1 mol) with 
a suspension of aluminum chloride (1.2 mols) in benzene saturated with dry 
hydrogen chloride. Fifty per cent yields of the corresponding diaryl paraffins were 
obtained. The by-products were alkylbenzenes and resinous materials. * 

Uses of Acetaldehyde Resins 

In addition to the uses for these resins already indicated, Osborn** suggests 
their use as dental impression compositions. Further uses are as agglutinants in 
the manufacture of micanite and other electrical insulating materials" and for 
photographic filters. A bright yellow light filter may be formed from cellulose 
ethyl ether and acetaldehyde resin Bradshaw** made a casein glue by the addi¬ 
tion of polymerized acetaldehyde to a dry glue base containing casein, hydrated 
lime and alkali salts. 


Acetals 


Acetal, when kept out of contact with air, does not react with alkali at ordinary 
or at higher temperatures." In the presence of air, however, or in alcoholic potash 
solution, acetal readily darkens with the formation of a dark resin." Acetylene, 
which functions as anhydrous acetaldehyde, may be hydrated to acetaldehyde by 
means of a catalyst consisting of mercuric sulphate and sulphuric acid. Similarly, 
alcoholation yields acetals, i.e., diethyl acetal is formed in the case of ethyl alcohol. 
On continued passage of acetylene, however, crotonaldehyde appears as an inter¬ 
mediary and the final product is a black resin. Fusel oil, when treated in the same 


«*D. Vorlander, £. Fischer and K. Kiinse, Ber., 1925, 58, 1284. 

«« A. Rteche, Ber., 1981, 64, 2328. 

A. Voss, U. S. P. 1.878.040, Sept. 20, 1932, to I. G. Farbenind. A.-G.; CAam. A6t., 1938, 27. 381. 
French P. 690,688, 1980; Chem, A6s., 1981, 25, 1845. 

^British P. 837,806, 1929, to 1. G. Farbenind. A.-Q.; Chem. Abx., 1931, 25, 2253. 

^ H. Adkins. M. £. Kinsey and K. Folkers, /fid. Sng. Chem., 1930, 22, 1046. 

<*K. Bodendorf, J. praU. Chem., IMl, 129. 217; Chem. Abt., 1931, 2S. 2W8. 

^H. Osborn, British P. 368,622, 1981, to Associated Products, Ltd.; Bnt. Chem. Ab«. B, 1982, 475. 
^ British P. 220,949, 1924, to Consort. fUr elektrochem. Ind.; 1925, 44, 689B. 

u British P. 298A50, 1927, to I. Q. Farbenind. A.-G.; Chem. Ab«., 1929, 23, 1750. 

«L. Bradshaw, U. 6. P. Jan. 24, 1968; Chem. Ab$., 1983, 27, 2542. 

•etas, Ann. chim. pAys.. 1820-4, 19. 146. /. prakt. Chem., 1846, 40, 340. 

•J. Liebig, Ann., 1882, 5, 25; 1835, 14, 156; Annaiee der Phytik u. Chemie, von Poggendorf, 1833, 
27, 605. L. OmeUii, "Handbook of Chemistry,** Cavendish Society, London, 1855, 9, ^ 
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manner, quickly thickens into a jelly-like mass which hardens into a solid body 
resembling hard rubber.” 

Methylal is produced in 97 per cent of the calculated yield by reacting 2 mols of 
methanol with 1 mol of trioxymethylene in the presence of ferric chloride. The 
latter is the most effective of the many catalysts examined. All the catalytically 
active salts examined were capable of forming alcoholates. The catalysts did not 
induce polymerization of the aldehyde during the usual time involved in the acetal 
reaction.” 


Manufacturii; of Acetaldehyde 

Much difficulty is experienced in the synthesis of acetaldehyde from acetylene" 
inasmuch as the reaction is carried out in acid solution which is an appropriate 
medium for the formation of aldehyde resins. 

Formation of resinous matter when working at temjieratures of 70-90°C. is 
avoided by using as catalyst for the conversion, an aqueous solution of an alkali 
hydrogen sulphate, containing a mercury compouncl and a compound of a metal 
of group I or VIIL“ 

In another method, resinification is avoided by (continuously circulating the 
liquid between the reaction chamber and another chamber where the aldehyde 
formed is isolated by vacuum distillation.” 

Continuous and regular formation of acetaldehyde was effected by Ledru and 
Baehmann” using a mercury salt as a catalyst in the oxidation of acetylene. A 
mixture of acetylene and 2-20 per cent of oxygen was allowed to stream through 
a stirring apparatus containing 4.3 kg. of 100 per cent sulphuric acid, 1 kg. of fer¬ 
rous sulphate, 0.300 kg. of mercury, 0.150 kg. of crystalline copper sulphate and 
16 1. of water. Acetic acid is also produced. 

Snow and Keyes" investigated the influence of about 150 substances upon the 
jiartial oxidation of liquid ethyl alcohol both at atmospheric pressure (72®C.) 
and at 170 pounds per square inch (100°C.). Compared with vapor-phase oxida¬ 
tion, better temperature control is possible in the liquid phase owing to the high 
specific heat. Alcohol containing a catalyst in suspension or solution was placed 
above the porous plate of a Schott filter funnel kept at 70-75°C. by steam heat, 
and oxygen was forced through the plate. No acetic acid was formed at atmos- 


Group of the 
Periodic Table 
I 

II 

III 

IV 

V 

VI 

VII 

VIII 


Table 30 .—List of Substances Having Catalytic Activity. 

Substances Which Catalyze the Oxidation of Alcohol to Aldehyde. 
Copper and copper-zinc couple. 

Soluble salts of mercury, zinc and cadmium. 

Soluble salts of aluminum and metallic boron, aluminum and indium. 
Soluble salts of lead, tin and titanium, also the corresponding metals. 
Vanadium pentoxide and acetate, phosphotungstic and phosphomolybdic 
acids, ato phosphorus pentoxide. 

Chromous acetate, potassium dichromate, chrome alum and selenious acid. 
Manganese acetate, sulphate, oxide and metallic manganese. 

Soluble salts of iron, cobalt and nickel, also metallic palladium, iron, 
cobalt and nickel. 


".J. S. Reichert, J. H. Bailey and J. A. Nieuwlard, J.A.C.8., 1923, 45, 1552. 

« E W. Adams and H. Adkins, J.A.C.8., 1925, 47, 1358. 

Carleton EIIis, "The Chemistry of Petroleum Derivatives," The Chemical Catalog Co., Inc., 
New York, 1934, 665, 667, 885. 

"British P. 312,716, 1928, to I. G. Farbenind. A.-G.; Brit. Chem. Aba. B, 1929, 670. 

" Alais, Froges and Osmargur Co., Chem. Age {London), 1925, 13, 279; Cf. ibid., 1923, 9, 230. 

M. J. L. Ledru and E. J. Baumann, U. 8. P. 1,532.190, Apr. 7, 1925, to See. chim. usmes du 
Rhone; J.8.C.L, 1925, 44, 525B. 

«iR. D. 8now and D. B. Keyes, Ind. Eng. Chem., 1931, 23, 561. 
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pheric pressure and acetaldehyde represented the limit of oxidation except in one 
instance. Cerium oxide in the presence of alkali led to formation of acetic acid, 
formic acid, acetaldehyde resin and carbon dioxide. A list of some of the other 
substances which exhibited catalytic activity is given in Table 30 (on page 496). 
Rare earths were ineffective but hopcalite (a combination of manganese, copper, 
silver and cobalt) was quite active. Good results were obtained with hopcalite 
and cerous hydroxide in sodium carbonate solution. 

Acetaldol and Crotonaldehyde 

One of the chief drawbacks in aldolization, according to Kyriakides,*® is the 
fact that both aldehydes and aldols” are sensitive to alkalies so that there is more 
or less resinification during the reaction.®* The older investigators circumvented 
the difficulty by using very mild alkaline reagents to effect the condensation; the 
later methods are to use strong alkali in the presence of organic solvents. Through 
this means the aldol is continually extracted from the sphere of further action 
of the alkali. Gngnard and Rief®® used sodium sulphite and large amounts of 
ether. Hibbert®® dissolved acetaldehyde m gasoline and treated the solu¬ 
tion, after cooling to —10®C., with sodium or potassium hydroxide. The 
end-point of the condensation may be judged by the light yellow color in the aldol 
liquid. This color is a sign of the formation of higher condensation products. For 
maximum yield of the aldol, the liquid should be colorless at the end of the reaction. 

Griinstein®^ effected aldolization without using a solvent. Acetic acid in the 
aldehyde was first neutralized with sodium hydroxide and an alkaline catalyst 
was introduced with cooling. A small amount of water appeared to be essential. 
To prevent the condensation from going too far, acid was added and the products 
distilled in vacuo. 

To produce acetaldol, Matheson*® added 1.3 cc. of a 10 per cent caustic soda 
solution slowly with stirring and cooling to 200 g. of acetaldehyde which had 
been previously cooled to about —25®C. The initial reaction was very vigorous 
and the material had to be kept below 10-20®C. in order to prevent resinification. 
After 30 minutes, the material was a thick colorless product fiom which the re¬ 
maining aldehyde and water were distilled. The aldol could be distilled in vacuo. 
Other investigators aldolize aqueous acetaldehyde in the presence of alkali, keeping 
the temperature at 15®C.®® or below, or pass the acetaldehyde and condensing 
agent through reaction chambers provided with cooling coils 

Herrly’" stated that the reaction is more easily controlled when the alkali 
concentration is low and the temperature is high. According to his directions, 
the acidity of the acetaldehyde, which is due to organic acid impurities, is first 

L. P. Xyriakides, J.A.C.S., 1914, 36, 362. 

Aldola form a complex with “dimedon” (dimethyldihydjo-resorcinol) which can be differentiated 
from the analogous acetaldehyde complex by its insolubility m light petroleum. See R. Fricke, 
Z. Phvtiol. Chem., 1931, 116, 129; 1922, 41. 268A. 

•*M. a Reed (U. S. P. 1,763,826, June 10, 1930, to B. F. Goodrich Co.; Chem. Ab»., 1930, 24, 
3799) has found that the addition of a small amount of secondary aromatic amine (phenyl-^-naphthyl 
amine) effects the^stabilisation of butyraldehyde. Resinification may be avoided in the preparation of 
cyanohydrins of aliphatic or aromatic aldehydes or ketones, or of alkylene oxides, when the reaction 
takes place in the presence of an organic base of a concentration of 0.1-1.0 per cent of the hydrogen 
cyanide. See British P. 869,262, 1980, to I. Q. Farbenind. A.-G.; Brit, Chem. Ab$, B, 1932, 173. 

«'• V. Gngnard and J. Rief, BuU. boc. chim., 1907 (4) 1, 114; Chem. Ab»., 1907, 1, 1389. 

««H. Hibbert, U. 8. P. 1,068.048, Feb. 8, 1914; Chem. A6t., 1914, 8, 1190. 

‘"N. Griinstein, British P. 147,119, 1920; J.S.C.L, 1922, 41. 78A. British P. 101,636, 1916; J.S.CJ., 
1917, 36, 1064. 

“H. W. Matheson, U. S. P. 1,460.984, Apr. 10. 1928, to Ckn. Electro Products Co., Ltd.; Chem. 
AbB., 1928, 17, 1969. Omadian P. 228,441, 1923; Chem. Abs., 1923, 17, 1241. 

British P. 274,488, 1927, to Distilleries des Deux-F^vres; Bnt. Che^ Abi. B. 1928, 921. 

^British P. 298,849, 102L to I. G. Farbenind. A.-Q.; Chem. A6t., 1929, 28, 2726. 

”C. J. Herrly, U. 8. P. 1,698,622, Aug. 81, 1926, to Carbide A Carbon Chemicals Oorp.; Chem. 
Abn., 1926, 20, 8461. 
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neutralized by the addition of dilute sodium hydroxide. The cold, neutral alde¬ 
hyde is next made slightly alkaline to phenolphthalein by the addition of 0.05 
per cent by weight of caustic alkali in dilute aqueous solution. The temperature 
is allowed to rise not higher than 40®C. The condensation proceeds smoothly; 
the period of the reaction approximating 9 hours. Horsley^* condensed aqueous 
acetaldehyde to acetaldol at 30®C. in the absence of oxygen and in the presence 
of a buffer salt such as sodium acetate. 

By treating liquid or vaporized acetaldehyde under pressure with neutral or 
amphoteric metal oxides or hydroxides (aluminum, ferric or antimony hydroxides 
or zinc oxide) at about 30°C., resinilication of the aldehyde is said to be almost en¬ 
tirely avoided.^* Jaeger’* aldolized acetaldehyde by means of the so-called *^permu- 
togenetic contact mass,” which consists of mixtures of base-exchange bodies 
(sodium berylate or sodium zincate) together with pulverized unglazed porcelain. 
The vapors of acetaldehyde were passed over the contact mass in a converter at 
80-200°C. Silberrad” carried out the aldolization by adding acetaldehyde slowly 
to a stirred suspension of barium hydroxide. The temperature was kept below 
10°C. A catalyst for the aldol condensation between aldehydes and ketones is 
stated by Johansson’* to consist of a small amount of dissolved alkali with a salt¬ 
forming very weak acid such as an amino acid or a phenol. An apparatus for con¬ 
tinuous operation of the process consists of a series of cells containing the catalyz¬ 
ing liquid through which the reactants are passed.” The reaction may also be 
carried out in a boiling solution, utilizing aldehydes and ketones of low boiling 
points and a catalyst.’® 


Polymerization of Aldol 


On standing, acetaldol becomes viscous and forms paraldol, a dimer, (CiHgOa)!’* 
which reverts to the monomeric form on distillation at low pressures. Dialdan, 
CsHmOs, is obtained from acetaldehyde by long standing in the presence of water 
and hydrochloric acid. The structure** of this compound is tentatively considered 
to be 

O 

On heating to 125®C., acetaldol by loss of water and condensation changes 
to tetraldan, also known as isodialdan, CwHaaOe.” Lobry de Bruyn®* obtained this 
same derivative by treating acetaldol with hydrogen cyanide under anhydrous 
conditions. Tetraldan is crystalline and is soluble in benzene, ether or alcohol. It 
gives no reactions for alcohol, for aldehyde or for unsaturation. More recently 
Herrly*® has been able to prepare dialdan and tetraldan, by using mineral acids. 
These compounds may be used as frothing agents. 

^Q. F. Horsley, British P. 313,404, 1928, to Imperial Chem. .Ind., Ltd.; Chem, Abt., 1^, 24, 
1125. French P. 66^235, 1920; Chem. Abt, 1930, 24, 1052. 

^H. ^sshard, H. Rdhler and D. Strauss, German P. 400,310, 1921, to Elektrochem. JVerke G.m.b.H.; 
/J3.C.I., 1920, 44, 329B. 

A. O. Jaeger, U. 8. P. 1,804,908, June 28, 1932, to the Selden Co.; Chem. Abt., 1932, 26, 4343. 

T»0. SUberrad, British P. 273.770. 1920; Brit. Chem. Abt. B, 1927, 009. 

Johansaon, Swedish P. 05,029, 1923; Chem. Abt., 1924, 18, 1072. 

Johansaon, Swedish P. 00,030, 1923; Chem. Abt., 1924, 18, 1073. 

^Swedish P. 08,008, 1020, to Aktieoolaget Skattefne Sprit.; Chem. Abt., 1920, 19, 1430. 

^A. Wurts, Compt. rend., 1873, 76, 1105; Chem. Zentr., 1873, 403. Compt. rend., 1870, 83, 200; 
Chem. Zentr., 1876, ^0. M. Bergmann and,£. Kano, Ann., 1924, 438, 278; Chem. Abt., 1924, 18, 3308. 

MA. Wurts, Compt. rmd., 1881, 92, 1373; Chem. Zentr., 1881, 030. 

«A. Wurts, Compt. rmd., 1883, 97, 1002; Chem. Zentr., l$$4, 137. 

*C. A. Lobry de Bnty% BuU. toe. ehim., 1884, (2) 42, 104; Chem. Zentr., 1884, 022. 

«0. J. Hei^, V. 8. P. 1,049,833, Aug. 18, tW, to Carbide A Carbon Chemicals Corp.; Chem. 

Abt., 1920, 19, 3490. 
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By heating dialdan with aqueous ammonia under pressure at 100®C., a resinous 
body IS obtained which is crystallizable and which possesses the formula, C,«H«N,0*. 
It is soluble in ether, alcohol and water. Its aqueous solution is alkaline, how¬ 
ever, and long standing in water causes an amorphous body to settle out.** 

Hammersten" observed that aldol does not disappear during resin formation 
even at higher temperatures or at longer reaction times. The first condensation 
product is changed in part to higher aldols, of which 3,5,7-trihydroxy-l-octanal, 
CHa—CHOH—CH2~CHOH~-CHr“CHOH~-CHr-CHO, 

has been isolated. In no experiment, under the conditions reported, was less than 
40 per cent of aldol obtained from 0.5 N acetaldehyde solution. This may be 
taken to mean that the higher aldols do not form aldehyde resins. With higher 
concentrations of alkali the Cannizzaro conversion was more pronounced tlian 
with lower concentrations; this was the case with potassium hydroxide. With 
barium hydroxide, the concentration was not so important. Lead hydroxide had 
a specific action since noticeable aldol formation took place, but neither the Can¬ 
nizzaro effect nor resin formation occurred. 

An instructive condensation in this connection has been worked out by Zeisel 
and Neuwirth** for the autocondensation of acetaldehyde in the presence of sodium 
acetate. The action is shown as follows: 

CHa—CHOH—CH,—CHO + CHaCHO — 

and CH,—CHOH—CHj—CHOH—CHr~CHO 

-2H,0 

CH,—CH=CH—CH==CH—CHO 


Both a-vinyl crotonaldehyde (2-vinyl-2-butenal-l) and sorbaldehyde (2,4-hexa- 
dienal-1) were isolated and their boiling points at 24 mm. are 55-60®C. and 75-80®C., 
respectively. Both substances resinify easily. 

Aldol can be polymierized in the presence of either calcium or magnesium oxide 
without the formation of insoluble resins if the temperature is maintained under 
70®.*^ Resins are obtained, however, when the mixture remains alkaline to phe- 
nolphthalein during the reaction. Under these conditions a compound of approxi¬ 
mately twelve carbon atoms to the molecule is formed." 

Treatment of acetaldol with cold acetic anhydride in presence of pyridine was 
found by Bergmann and Kann" to lead to formation of acetylcycloaldol or paral- 
dol diacetate (b.p. 166-158®C. at 12 mm.), 

CH,—CH---CHr~CH—CHa. 


0 - 

It yields a colorless viscous oxime boiling at 120-122®C. at 12 mm. In the same 
way, aldol-dimethylacetal yields acetylaldoldimethylacetal (b.p. 84-86®C. at 13 
mm.), 

CH,—CH—CHr--CH=={CW:;H,), 

(!>—CO—CH, 

^ A. Wurts, Coffivt, Ttnd.f 1880, 91, 1030; Chtfit. Ztntr., 1881, 00; Jaht^benchtf 1880, 524. 

•H. Hunmeraten, Ann,, 1920, 421, 298. 

**S. Zeisel and M. Neuwirth, Anru, 1923, 433, 111; Chem. Ah$, 1924. 18. 58. 

V. Eyre and H. Langwell, Bntish P. 416,734, 1930, to The Distillers Co., Ltd.; Chem. Ab*., 
1935, 29, 1102. French P. 770,210, 1984; Chem, Abe,, 1935, 29, 476. 

*'J. V. Eyre and H. Langwell, British P. 411,483, 1982, to The Distillers Co.. Ltd.; Brit. Chem. 
Abi. B, 1984, 726. French P. 768,784, 1984; Chem, Abe., 1984, 28, 5698. 

** M. Bergmann and E. Kann. Ann., 1924, 438, 278; Chem, Abt., 1924, 18, 3858. 



CH,—CHOH—CH— Clio 
^ (tjHOH—CH, 
CH,—CH=C—CHO 
(!:H=cn, 
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This substance is hydrolyzed to 3-acetoxybutanol, which forms the same oxime 
as the above acetylcycloaldoL The tendency to polymerization of the aldolcyclo- 
acetates was ascribed to the unsaturated affinity of the bridge oxygen and is more 
pronounced the shorter the space between the two carbon atoms thereby linked. 

The action of hydrochloric acid on acetaldol produced resinification as well. 
Glassy solids have been prepared in this manner." In studying methods for 
preparing 1,2-dimethylcyclopropanes, Baudrenghien®' obtained solely resinous prod¬ 
ucts on treating aldol with hydrochloric acid. 


Crotonaldehyde 


Crotonaldehyde, which, as has been previously indicated, is a dehydration 
product of acetaldol, is formed when the aldol is acidified with a weak mineral 
acid." It can also be produced by means of catalysts. Thus, aldol may be 
converted to crotonaldehyde in alkaline solution by heating with salts of organic 
acids.” Herrly®* introduced aldol into a heated zone in a current of nitrogen, steam 
or other inert gaseous medium in order to prepare crotonaldehyde. Acetaldehyde 
vapor may be passed over catalysts such as charcoal coated with titanium oxide or 
masses of aluminum hydroxide to produce crotonaldehyde.” Brus” produced 
crotonaldehyde from alcohol by the action of anhydrous zinc sulphate, the alcohol 
being dehydrogenated to the aldehyde, condensed to aldol and dehydrated to 
crotonaldehyde.®^ 

Crotonaldehyde forms a resin in both alkali and acid.” When dissolved in 
ether and treated with ethereal hydrogen bromide at —5®C., crotonaldehyde forms 
highly polymerized products.” Treatment of this aldehyde with sodium amalgam 
also causes resinification.^” A resinous product is produced from crotonaldehyde 
and an aromatic amine.^®^ For example, to 56 parts by weight of crotonaldehyde, 
60 parts by weight of aniline are gradually added with stirring. The tempera¬ 
ture during the process is not allowed to exceed 50®C. When all the aniline has 
been added, the reaction mass is further stirred for 3 hours at this temperature 
whereupon it is allowed to stand over night. The residue obtained by vacuum dis¬ 
tillation of the volatile constituents is a brittle resin. 

On passing oxygen through crotonaldehyde at 70®C. for several days, crotonic 
acid may be obtained together with acetic acid and a resinous condensation prod¬ 
uct.'" Resin formation as a result of oxidation of crotonaldehyde with gaseous 
oxygen has also been recorded by Young'” who agitated the reaction mixture in a 
closed system at a temperature reaching 50-90®C., for 10-15 minutes. By main¬ 
taining the temperature below 30®C., resin formation was largely avoided. 

A. Wurtz, “Diet, de chinue.” Supplement I, 87; Rev gen. chtm., 1907, 10, 51 

J. Baudrenghicn, Bull, aci. acad. roy. Belg., 1929, 15, 53; Chem. Abs., 1929, 23, 4196 

F Horsley, British P 313,466, 1928, to Imperial Chem. Ind , Ltd.; Bnt. Chem. Aba. B, 
1929, 672. British P. 274,488, 1927, to Distilleries des Deux-Sevres; Bnt. Chem. Aba. B, 1928, 921. 

wj. Sieb, British P. 320,210, 1928, to Holzverkohlungs-Ind. A.-G.; Bnt. Chem. Aba. B, 1930, 315. 
See E. Luscher, U. S. P. 1,693.907, Dec. 4, 1929, to Electrizitatswerke Lonzs; Chem. Aba., 1929, 23, 
850; Bnt Chem. Aba. B. 1929, 47. British P 270,764, 1926; Chem. Aba., 1928, 22, 1596. 

C .1 Herrly, U. 8. P. 1,585,096, Mav 18, 1928. to Carbide & C'aibon Chem. Corp. British P. 
242,521. 1925; Chem. Aba., 1926, 20, 2167. 

’^'German P. 349,915, to Consort. fUr elektiochem Ind. G.rn.b.H.; Chem. Aba., 1923, 17, 1249. 

•«G. Brus, Bull. aoc. chim., 1923, 33, 1433 

X H .lohansson (British P. 185,126, 1922; Chem. Aba., 1923, 17, 179) suggests crotonaldehyde thus 
prepared be used as an alcohol denaturant. 

“A. Wurtz, Biill. aoc. chtm., 1880, (2) 34, 486; Compt. rnid., 1872, 74, 1361; Chem. Zentr., 1872, 
483. 

••R. Lespieau and R. L. Wakeman, Bull. aoc. chim., 1932 . 51, 384. 

A. Liebeti and Zeisel, Monatah., 1880, ,1, 823; rf “BeilHtein's Handbuch der organischen Chemie," 
4th Ed.. 1918, I. 729. 

«aW. Kropp, U. 8. P. 1,640.899, Aug. 30, 1927, to I G. Farbcnind. A.-G.; Chem. Aba., 1927, 21, 
3474. See German P. 372.855. 1920, to K. Daimler: J.S.C.L, 1923, 42, 1140A. 

JO* A Duchesne and M. Delepine, Bull. aoc. chtm., 1924 , 35, 1311. 

J0» W. G. Young, J.A.C.S., 1982, 54, 2498. 
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Tricrotonylidenetetramine, CMHa 4 N 4 /“ is made by heating crotonaldehyde or 
acetaldoi with ammonia. On heating the amine with hydrochloric acid, a resin 
is formed together with ammonium chloride."" Crotonaldehyde phenylhydrazone 
is decomposed by glacial acetic acid into a resin and acetylphenylhydrazine."" The 
reaction of crotonaldehyde with sodamide in ether produces resinous material.*®’ 

Acrolein 

Acrolein, or acraldehyde, H 2 C=CH—CHO, is usually made from glycerol.’"* Like 
many aldehydes it forms a number of polymerization products, but little is known 
concerning their structure. The polymers are ordinarily white and amorphous, 
although a powder and a gel have been prepared. 

Acrolein changes easily to a white amorphous product, known as “disacryl,’’ 
which is insoluble in water, acids, alkalies or alcohol. The effect of light, oxygen 
and inhibitors on the transformation of acrolein to disacryl has been studied by 
Moureu, Dufraisse anil as.sociates’®® in connection with their work on anti-oxygenes 
and negative catalysis Acrolein is stable in the absence of oxygen and light 
Upon exposure to light, however, disacryl is produced immediately, the change 
being detectable by cloudiness. The speed of the condensation can be increased 
about 500,000 times by bright sunlight; the variation in rate is not proportional 
to that of the illumination. Of the portions of the visible spectrum, indigo pro¬ 
duced the most ra])id condensation to disacryl; violet somewhat less Disacryl 
is also produced when acrolein is exposed to oxygen even in complete darkness: 
v'ery small amounts of oxvgen are said to be effective (1 T,000,00()). According 
to Moureu and Dufraisse the catalysis is due to a compound formed by acrolein 
with oxygen. When light and oxygen act together their action is not mutually 
complementary but rather inhibitory. Many phenols such as quinol and pyro- 
gallol prevent the condensation, shielding acrolein from the effect of both light 
and oxygen. 

McLeod^^® found that alkaline substances greatly accelerated the polymeriza¬ 
tion of acrolein. One of his experiments is as follows: to 23.5 g. of acrolem dissolved 
in 184 cc. of cold water was added 01 g. of potassium carbonate in 2 g. of water. An 
immediate turbidity occurred and a voluminous white substance soon separated wuth 
marked evolution of heat. After 18 hours, the odor of acrolein had disappeared; fur¬ 
ther addition of 0.1 g. of potassium carbonate was made and after 24 hours standing 
the products of polymerization were found to weigh 22.5 g The polymer .softened at 
S3°C. and decomposed with gas evolution at 94-95®C. A strong odor of acrolein 
was observed on warming with dilute acids or alkalies or on heating alone to 100®C. 
Like disacryl, McLeod’s polymer is insoluble in water and glacial acetic acid; it is 
also insoluble in carbon bisulphide, benzene, ether and petroleum ether, but dissolves 
m warm 95 per cent alcohol. The polymer is insoluble in aqueous sodium carbonate; 
in 10 per cent aqueous sodium hydroxide a red-colored solution results. Digestion of 
this solution for a short time at 100®C. and subsequent neutralization with hydrochloric 
acid precipitates an amorphous substance of a very high melting point, the w^eight 
of which is about one-half of that of the polymer in solution, 

Delepme, Compt. rend,, 1907, 144, 853; Chem. Abs., 1907, 1. 2087. 

Wurta, Comj>t, rend., 1897, 88, 1154; Chem. Zentr., 1879, 521. 

i«»R. Wegscheider and E. Spath, Monatsh., 1910, 31, 997; Chem Abff., 1911. 5, 1773. 

F. Q. Fisher and K. Lowenberg, Ann,, 1932, 494, 263 ; Chem, Abn , 1932, 26, 3498. 

Hanjru and T. Yanagibaahi (/. Soc. Chem. Ind., Japan, 1934, 37, 538B; Chem. . 1935, 
29, 727) have investigated the efficacy of ferric phosphate impregnated in pumice stone together with 
^Japanese clay as dehydrating catalysts in the manufacture of acrolein from glycerol. 

Commercial acrolein can be shipped and stored without resinifying and is therefore a recommended 
raw material both for soluble varnish resins and insoluble hard resins. See KvnsUtoffe, 1924, 14, 184. 

Moureu and C. Dufraisse, Bud toe. chim., 1922, (4) 31, 1152; 1924, (4) 35, 1564, 1572, 1591; 
Chem. Abt., 1923, 17, 2105; 1925, 19, 1126. C, Moureu, C. Dufraisse and B, Badoche, Compt. rend, 
1924. 179, 1229: Chem. Abt., 1925, 19, 1125. 

'«>A. F. McLeod, Am. Chem. 1907, 37. 20; Chem. Abt., 1907, 1, 717. 
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NeP** obtained from acrolein in the presence of barium hydrate a polymer 
which softened at 115®C. and decomposed at 128-130°C. When dissolved in 10 
per cent sodium hydroxide solution and heated, Nef's polymer gave rise to the 
same end product as that obtained by McLeod. None of the products obtained 
by McLeod or by Nef could be crystallized. 

Moureu and Dufraisse"* further investigated the resinification of acrolein 
in the presence of aqueous alkali and other catalytic agents. Instead of allowing 
the reactants to stand for a time (McLeod's procedure) they immediately filtered, 
washed and dried in vacuo the voluminous precipitate which is formed when 
a resinif 3 dng agent is added to an aqueous solution of acrolein. They obtained 
a white powder which is insoluble in water and hydrocarbons, but very soluble 
in the cold in many organic solvents, particularly alcohols, ketones and acids. 
The products formed by this method are said to have better solubility than those 
of McLeod. The resin in powdered form agglomerates to a viscous mass at tem¬ 
peratures between 80-1 lO^C. 

Other reagents which bring about the polymerization of acrolein to resin are 
potash, soda, lime, lead hydroxide, ammonia, methylamine, aniline, ferric chloride, 
lead acetate and hexamethylenetetramine-triphenol.^“ 

Moureu and Dufraisse"* state that pure acrolein, which at ordinary tempera¬ 
tures is a mobile liquid, changes under the influence of certain alkaline reagents 
into a viscous liquid which slowly passes into a solid resinous substance. This 
process, which has been referred to as a gelation, has been studied by Tampier 
and Gailliot,“® who find that a large number of substances, but especially free 
alkalies and carbonates, catalyze the reaction. During the gelation the volume 
decreases about 25 per cent and heat is evolved. The change in density takes 
place rapidly during the first 10-15 days and continues slowly for months. It 
was also found that the electrical resistance of the gel increases linearly with its 
age. 

No one, so far as is known, has investigated the structural relations”® between 
disacryl, the polymer obtained in aqueous alkaline solution and the gelation prod¬ 
uct. Moureu and Dufraisse”^ state that disacryl formation and the conversion 
of pure liquid acrolein are two distinct reactions and take place concurrently. They 
also state that while oxygen has a catalytic effect on the formation of disacryl it 
has no effect at all on the other reaction. 

An examination of the regular series of lines resembling furrows produced on 
the cut surface of an acrolein gel indicated that the greater part of the incident 
light is diffracted. It is believed that these furrows are present in the gel before 
fracture and consist of fine fissures (less than 0.5 m long).^“ In common with 
other amorphous substances, acrolein resin exhibits the phenomenon of “amor¬ 
phous expansion.” This is due to an increase in the coefficient of expansion and 
not to the change of dimensions at the transition point; the latter phenomenon 
is typical of allotropic transformations.*" 

U. Nef, Ann., 1904, 335, 220; J.C.S . 1905, 88 (1). 3. 

u«C. Moumi and C. Dufraieee, Bntish P. 141,058, 1020; /uS.C./.. 1921, 40, 858A. Compt. rend., 
1919, 169, 621; Chem. Ab*., 1920, 14, 401. 

^T. Hanyu Mid T. Yanagihaabi, Reeearehe* Slectro-tech. Lab., Tokyo, Japan, 1930, (287), 18; 
Chem. Ab9., 1930, 24. 5515. 

^C. Moureu and C. Dufraisse, J.8.C.L, 1928, 47, 819, 848; 1929 48, 736. 

^L. Tampier and P. Qailbot, /. phy$. radium, 19M, 5, I6I; Chem. Abe., 1924, 18, 3305. 

Hagglunc (CelluloBechemie, 1925^ 6,^ 29; Chem. Abt., 1925, 19, 2327) believes that an acrolein 
residue may exist in a-lignin. For a review 'of the chemistry of lignin, see M. Phillips, Chem. Reviews, 

1134 14, 103 

hf C. Mcmmi and C. Dufraisse, J.8.C.L, 1928, 47. 819 848: 1929, 48, 786. 

^C. Dufraisse and P. QaiUiot, Compt. rend., 1926, 183, 967; Chem. Abs., 1927, 21, 1044, 

O. Samsoen, Atm. phys., 1928, 9, 15; Chem. Abs., 1928, 22, 1881. 
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Acrylidene Glycerol 


Hibbert and Whelen**" have brought evidence to show that the non-poly- 
merizable product of reaction between glycerol and acrolein without a catalyst 
under low pressure (repetition of Nef's work)'" possesses the following structure: 

CH,—OH 

in—o 

^CH—CH==CH, 

CHs— 

A second isomer is possibly formed as required by Michael's partition principle 
but no doubt undergoes spontaneous polymerization and remains in the viscous 
undistillable residue which is always left in large proportion. In the monomeric 
form It would possess the structure: 

CHj^ 

II-C—OH ^CH—CH=CH, 

^CH,— 

The methyl ether of 1,2-acrylidene-glycerol is described as a mobile liquid, mono- 
molecular in the freshly prepared condition but changing after several months 
into a viscous product (probably a dimer). Polymerization with subsequent ring 
closure is mentioned as one possible cause of the change. Distillation of 1,2-acryl- 
idene-glycerol results in the formation of a large amount of unidentifiable caramel- 
like, dark brown residue. Attempts to polymerize 1,2-dihydroxypropylidene- 
glycerol 

O—CH» 

/ 

HQ—CH,—CHOH--C 

^O—CH—CHiOH 


were unsuccessful. Hibbert and Whelen subjected the compound for several 
weeks to a temperature of 110°C. in the presence of various non-acid catalysts. 
No polymerization was observed. Negative results also followed prolonged heating 
in the absence of a catalyst or exposure to sunlight in a quartz glass tube. Nor 
was any tendency to polymerization observed in the case of the methyl ether. 
These facts are interesting on account of the relationship of the substances to 
cellulose and other polysaccharides. 

Aqueous or alcoholic potash or silver oxide redct with acrolein to form a 
yellow amorphous substance insoluble in water and soluble in alkalies, alcohol 
and ether.'" A brown resin is formed when acrolein is heated for several days 
with 2-4 volumes of water at 100®C.'* The product is somewhat soluble in 
water and easily soluble in alcohol or ether. Acraldehyde reacts with ammonia 
to form a red amorphous substance easily soluble in water and acids."* By the 


^H. Hibbert and M. S. Whelen, /.d.aS.. 1929. 51. 8115. 

^ J. U. Nef, Ann,, 1904, 335, 224. ^ „ 

^A. Claua. Ann., 1854, Spl. 2, 120. Beilstein, **Handbuch der organisohen Chenue. 4th 
1918, I, 725. . ^ . 

^A. Qeuther. Chrtmell. Ann,, 1859, 112. 10. Beilstein, *‘Hnndbuoh der orgamschen Chenue,' 
£d., 1918. 1. 725. 

'^A. Claua. Ann.. 1854. 130. 185. Beilatein. **Handbuch der organischen Cbemie,** 4th 
1918, X, 727. 
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action of water, lead oxide and silver carbonate on the cyclopropene dibromide, 
acrolein and polymers are formed. With water, above 150®C. a hard dark resin 
containing oxygen resulted.^ 

Auwers and Kreuder^ mixed phenylhydrazine and acrolein and obtained a high 
proportion of resinous bodies. Tighc aldehyde (a,/i?-dimethylacraldehyde) and 
phenylhydrazine when heated in the presence of acetic acid also yielded a resin. 
Lankelma and Sharnoff,^’ in a study of the reactions of 2«amino-4-chlorothio- 
phenol with aldehydes, obtained only resinous products with unsaturated aldehydes 

Complete transformation, that is, in 100 per cent yield to a resin suitable as 
an ingredient of varnishes, is obtained by Moureu and Dufraisse'^ by condensing 
phenol and anhydrous acrolein in the presence of a very small proportion of an 
alkali catalyst. On bringing into contact, for example, 10 parts of commercial 
phenol and 90 parts of anhydrous acrolein in the presence of 1 part caustic soda, 
spontaneous resinification takes place at ordinary temperature, but is accelerated 
by heating at a temperature not exceeding lOO^'C. The reaction may also be 
carried out in a solvent and the proportion of acrolein can be varied as desired 
from 90 per cent (as in the above examine) down to 20 per cent. Hydroxy- 
phenylacroleins readily resinify in the presence of alkali hydroxide.^ The resm- 
forming tendency can be suppressed by transformation of the hydroxyl group into 
the methoxy-methoxy-residue, CHs — 0 — CHa —0—. 

Ushakov and Obriadina'*^ used either mercuric or copper sulphate as catalysts 
in the formation of aldehydic resins from glycerolThese resins, when used in 
conjunction with phenol resins, are said to impart elastic properties to the latter. 

Polymerization of glycerol or other higher polyhydric alcohols with aqueous 
mercuric chloride or sulphate, cuprous chloride or ferric chloride leads to the 
formation of substances which may be used as exjilosion-proof lubricants for 
oxygen cylinders.^* 


Uses of Acrolein Resins 

The polymers made by Moureu and Dufraisse'** when dissolved in organic 
.solvents can be used as varnishes. Acrolein resins possess good insulating prop¬ 
erties. One sample gave volume re.sistance (23°C.) 6 x 10^* ohms cm., sur¬ 

face resistance (humidity 90 per cent) 10^® "^10* ohms, dielectric constant 
4.06^4.32.^“ Work on the insulating power of acrolein gels has also been con¬ 
ducted by Tampier and Gailliot.^® The so-called “Orca'' resins of industry are 
formed from glycerol and are probably acrolein condensation products.*®* 

Acrolein derivatives which act as accelerators of rubber vulcanization and as 


N. Ya. D«n’yanov and M. N. Doyarenko, Bull. acad. sn unum rep. soviet social., Classe sci. 
phys. math., 1929, (7), 653; Chem. Abs., 1930, 24, 1848. 

^ K V. Auwers and A. Krouder, Ber , 1925, 58, 1974 

127 H. P. Lankelma and P. X. Sharnoff, J.A C.8., 1932, 54, 379. 

128 C. Moureu and C. Dufraisse. V S. P 1,807,293, Nov. 16, 1926; Bnt. Chem. Abs. B, 1927, 85 
British P. 141,058, 1920; J.8.C.I., 1921, 40, 858A. 

Pauly and K. Waacher, Ber., 1823, 56, 603; J.C.8., 1923, 124 (1), 342. 

i*>S. N. Ushakov and E M. Obriadina, Ind. Eng. Chem., 1933. 25, 997 

^ E. V. Zappi and R. A Labriola (Anaies asoc. qwm. Argentina, 1980, 18, 243; Chem. Abs., 1932, 
26, 585) were unable to estimate the yield of acrolein from glycerol by the usual aldehyde reactions 
owing to the instantaneous polymeniation of acrolein. Formation of the bisulphite compound followed 
by determination of excess of bisulphite by titration with iodine (Ivanov’s method) proved satisfactory. 

i»K. Noack, British P. 398,474, 1932; Bnt. Chem. Abs. B. 1933, 955. 

*** C. Moureu and C. Dufraisse, loc. cit. 

Hanyu and T Yanagibashi, loc. cit, 

** L. Tampier and P. Oallliot, loc. cit. , 

i»W. F. Darke and E. Lewis, J.8.CJ., 1928, 47. 1085; Ind. Eng. Chem., News Ed., 1925, 3, 5. 
Acrolein resins are said to have certain advantages over phenol-forxxudddiyde resins when they are 
made by reacting phenol and glycerol in the presence of a catalyst. The glycerol cannot be replac^ by 
glycol. See G. 8. Petrov and Y, A. Shmidt, Ptastieheskie Massvi, 1931 (1-2), 27; Chem. Abs., 1982, 
26, 3890. 
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anti-agers for rubber goods are obtained by condensation with aromatic bases. 
In one exapaple, 39 parts of a-ethyl-zS-propylacrolein dissolved in 60 volumes of 
benzene are heated with 21 parts of aniline in 25 volumes of benzene for 3-4 
hours on the water bath under reflux. Benzene and water of reaction are driven 
off and the residue heated for several hours*at 130®C. under 12 mrn. The liquid 
residue is difficultly soluble in water and dilute acetic acid but easily soluble m 
organic solvents. The following is regarded as the probable chemical consti¬ 
tution 


C 3 H 7 —CH=C-CH=N—CeHa 
I 

Saturated Aliphatic Aldehydes 

A very interesting study of polymerization of aldehydes under high pressures 
was made by Conant and Peterson^ who prepared the polymers of normal and 
isobutyraldehyde, 11 -valeric aldehyde and n-heptaldehyde. From their experi¬ 
ments, it was concluded that a very small trace of a peroxide is essential for the 
change. A series of chain reactions in the liquid initiated from time to time by 
spontaneous decomposition of the peroxide are held to be responsible for poly¬ 
merization. High jiressure accelerates the reaction by arranging the molecules 
of aldehyde into a more compact mass in which longer reaction chains are de¬ 
veloped on decomposition of a single molecule of peroxide. With increasing pre>- 
sure and consequent diminution in the volume of liquid, the molecules begin to 
assume a definite orientation which is regarded iis closely resembling that of the 
polymer itself. The fact that the polymer is more dense than the original mate¬ 
rial supports this contention. The fonnation of long reaction chains is probably 
encouraged by the spontaneous decomposition of peroxide molecules, each molecule 
in turn becoming activated by the decomposition energy of the peroxide and 
consequently joining up with an adjacent molecule. Pressure polymerization is 
thus visualized as a chain reaction in which a chain-like transmission of energy 
occurs and the increased rate of polymerization at high temperature is regarded 
as due to the increased frequency of peroxide decomposition and consequently 
the formation of more numerous reaction chains. 

Freshly distilled acetaldehyde containing 6 per cent benzoyl peroxide poly¬ 
merized to a hard solid under the usual conditions (see below) but failed 
to polymerize after heating out of contact with air for 115 hours. The presence of 
other liquids also diminished the rate of polymerization owing presumably to the 
hindrance which prevents the production of long reaction chains. On adding, for 
example, 10 per cent by volume of absolute ethyl alcohol to butyraldehyde which 
had absorbed considerable oxygen, a paste instead of a solid was obtained after 
24 hours at 12,000 atmospheres; 15 per cent of alcohol completely prevented poly¬ 
merization for 24 hours at 12,000 atmospheres while 28 per cent of n-butyric acid 
produced a similar effect. 

As prepared at 12,000 atmospheres, the aldehyde polymers are hard trans¬ 
parent solids but at 40(X)-6000 atmospheres using benzoyl peroxide as the catalyst, 
the polymer is white. Completely polymerized butyraldehyde is insoluble in all 
common solvents and swells like rubber in benzene and toluene without dissolving. 
It does not possess any melting point, increase in temperature merely accelerating 
decomposition to n-butryraldehyde. Complete depolymerization is strongly 

»»^w, Kropp, U. S. P. 1,845,756, Feb. 16, 1082, to I. G. Farbenind. A.-G.; Chem, Ad*., 1932, 26. 
2347. 

“•J. B. Oonant and W. R. Peteraon, J,A.C.S., 1932, 54, 628. 
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catalyzed by aqueous acids or alkalies which bring about the change at atmos¬ 
pheric pressure in a few minutes at 25®C. 

Aldehyde Resins from Petroleum 

James** describes a method for the production of resins by condensation of 
aldehyde-acids obtained by the partial oxidation of petroleum hydrocarbons. The 
aldehyde-acids were prepared by partial combustion of Pennsylvania gas oil and 
contained some unconverted hydrocarbons. Potash soaps were formed from the 
aldehyde fatty acids and separated from the reaction mixture. The soaps were 
then treated cold with a slight excess of 4 per cent hydrochloric acid and resmi- 
fication took place immediately. The resinified acids were washed with water and 
dried. The color of the resin-acid mixture was light brown; it was brittle at room 
temperature, softened at 72®C. and melted at 100-120°C. The mixture of resin 
acids dissolved readily in benzene. The solvent evaporated rapidly, .leaving a dark 
brown varnish coating which was tough and hard and possessed a gloss. Various 
other resins were obtained by change of conditions such as acid concentration and 
heat treatment and the use of a different crude oil. Another means of treatment of 
the partially oxidized hydrocarbons is with liquid sulphur dioxide to remove the un¬ 
saturated hydrocarbons. Subsequent boiling with 40 per cent aqueous formal¬ 
dehyde yields a resin which may be used as a shellac substitute.*" 

Halogenated Aldehydes 

In the preparation of l,2-ethoxy-5-methoxy-3-pentyne by the action of chloro- 
acetaldehyde on a mixture of ethyl magnesium bromide and methyl propargyl 
ether, the polymerization products of the aldehyde were resinified by potassium 
hydroxide.*^* 

Bromoacetaldehyde may be obtained by the bromination of paraldehyde at low 
temperature. The compound is a lachrymator and very quickly becomes viscous 
and forms a white solid polymer. Acetaldehyde retards the polymerization.*" 
Dichloroacetaldehyde assumes a dense form and finally becomes a white amorphous 
mass with an outward semblance of porcelain. On warming to 120°C., it is recon¬ 
verted to the liquid.*" /3-Bromobutyraldehyde likewise polymerizes rapidly.*" 
Benzylbromoacetaldehyde*" is an unstable oil readily resinifying and polymerizing 
on standing; it yields a crystalline monohydrate. 

Acraldehyde on halogenation in dilute aqueous solution gives the a-mono- 
halogenated aldehydes. The a-iodoacraldehyde {2-iodo-2-propenal-l) quickly be¬ 
comes viscous.*" 


Hydroxy Aldehydes 


Levene and Watti*" prepared several a-hydroxyaldehydes, namely; 2-hydroxy- 
propanal-1, 2-hydroxybutanal-l and 2-hydrox)q)entanal-l. These were mobile 
liquids when freshly distilled but polymerized rapidly at room temperature to 

H. Jame#, U. S. P. 1,894,352, Jan. 17, 1982, to C. P, Byrnea; Chem. A6t.. 1933 , 27, 2571. See 
Oftrleton Ellie, **The Chefniatiy of Petroleum Derivatives,’* The Chemical Catalog Co., Inc., New 
York, 1934, 889, 887. 

B. Day, U. S. P. 1,983,719, Nov. 7. 1983, to Universal Oil Products Co.; Chem. Ah»., 1984, 
28, 994. See Chapter 24 for use of other ald^ydes. 

^L. Lespieau, Compt. rend., 1923, 176. 1098; /.C.5., 1923, 124 (1), 531. 

^A. Stepanov, N. Preobrashenski and M. Shchukina,^ Ber., 1925, 58, 1718; Chem. Abi., 1929, 20. 

M8* 

J. Musenden, Chem. Age. (London). 1922. 7, 78, 

^L. Leepieau and R. L. Wakeman, Compt. rend., 1931, 192, 1572. 

“•8. Danilov and E. Venus-Danilova, Ber., 1980, 63, 2795; J. Hint. Phyt.^Chem. Soe., 1980, 62. 
1997; Chem. Abe., 1981, 25. 1819. 

^A. Berlande, BvU. $oc. chim., 1926, (4) 37, 1885; Brit. Chem. Abt. A, 1929, 47. 

M^P. A. Levene and A. Watti, J. Biol Chem., 1931, 94, 358; Chem. Ab»., 1982, 26, 1900. 
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viscous liquids. /3-Hydroxvpropionaldehyde (3-hydroxy-l-propannl) polymerized 
at 90®C. under 18 mm. pressure.'^ d-4-Methylhexan-l-ol-6-al is a viscous amor¬ 
phous substance 

Gelation is recorded by Evans and Hass^ as taking place under appropriate 
temperature conditions during the preparation of glyceric aldehyde acetal. The 
procedure consists of the oxidation of acrolein-acetal with potassium perman¬ 
ganate. 

Dry hydrogen chloride when passed into isobutyraldehyde gives a heavy-bodied 
oil which resinifies with alkaliesThe condensation of isobutanal in the presence 
of potassium hydroxide produces an aldol which thickens on aging. 

Dialdehydes 

Glyoxal (CHO-CHO) when evaporated on a steam bath from an aqueous 
solution produces a water-containing amorphous solid. After drying in a vacuum 
at 110-r20°C., the product polymerizes easilyA yellowish-green vapor was 
noticed in the preparation of monomeric glyoxal; the color disappeared at room 
temperature, however, and a white mist was formed, an indication of rapid 
polymerization.'** 

Methyl glyoxal polymerized with the evolution of heat. Depolymerization could 
be effected by distillation.'" Fischer and Taube'" state that this liquid is green 
and that polymerization (as noticeable by a thickening of the liquid) seta in a few 
minutes after distillation. After a lapse of several hours, the product is a brittle, 
resin-1 ike mass. Polymeric acetaldehyde on oxidation with aqueous nitric acid 
or analogous oxidizing agents leads to a glyoxal type of resin 

Casein and other albuminous substances may be hardened by means of 
glyoxal or a condensation product. Electrical insulating and glass-like materials 
are said to be obtained.'” 

Mucono-dialdehyde (2,4-hexadien-l,6-dial) is very sensitive toward alkalies, 
the smallest trace of which turns the solution dark brown. Reduction of the 
aldehyde gives dark polymerization products, whereas oxidation, water-insoluble 
dark brown tars.'” 1,10-Decandial, OHC—(CH*)g—CHO, also known as sebacic 
aldehyde, is a colorless oily liquid of pleasant odor. When freshly distilled and 
in the absence of a diluent, the aldehyde readily polymerizes to a glassy modi¬ 
fication which does not give the typical aldehyde reactions.'” Similarly, acetone- 
(lihydroxysuccinic dialdehyde (acetone-1-tartaric dialdehyde) is a liquid which 
solidifies to a glassy mass,'" 

Benzaldbhyde and Other Aromatic Aldehydes 

Benzaldehyde has somewhat less tendency to polymerize than formaldehyde 
and acetaldehyde. Its auto-reaction, that is, the formation of carbon-carbon 

*** a. V. Stepanov and M. Shchukina, /. Butt. Phyt.-Chem. Soc., 1926, 58, 840; Chem. Aht., 1927, 
21. 1094. 

Helferich and G. Sparmberg, Bar., 1931, 64, 1151. 

W. L. Evans and H. B. Haas, JA.C.S., 1926, 48, 2703. 

^^S. Oeconomid^a, Bull. toe. chitn., 1881, (2) 36, 209; Chem. Zentr., 1881, 723. 

V. Gngnard and T. N. Iliesco, Compt. rend., 1980, 190, 556. 

de Forcrand, Bull. toe. chtm., 1884, 41 (2). 242; Chem. Zentr., 1884. 439. 

H. L. Riley and N. A. a Friend. /.C.S., 1931, 2343. 

H. L. Riley. J. H. Moriey and N. A. C. Pnend, J.C.S., 1932, 1875. 

H. O. L. Fischer and C. Taube, Bor., 1984, 57, 1502. 

M. Mugdau and J. Sixt, Ctorman P. 573,721, 1933, to Conaort. fUr elektrochem. Ind. G.m.b.H.; 
Ohem. Abt., 1933, 27, 4258. 

Sponaei and 0. Emeet, German P. 580.934, 1927, 485.189, 1926, to I. G. Farbenind. A.-G.; 
Chem. Abt., 1932, 26, 569; 1980. 24, 980. Britiah P. 279.863, 1926; Chem. Abt., 1928, 22, 3085. 

“•F. G, Fiachar and K. Lfiwanberg, Ber., 1988, 66, 665. 

K. W. Roaenmund. F. Zetache and F. Rncierlin, Ber„ 1922. 55. 609. 

O. L. Fiacher and H. Appel, Belv. Chim. Acta, 1934, 17. 1574; Chem. Abt., 1985, 29, 1781. 
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bonds such as the benzoin condensation, takes place only under the influence 
of catalysts or by the action of light. A compound similar to the paraldehyde 
of acetaldehyde, where carbon-oxygen-carbon bonds are formed, does not exist 
It is not surprising therefore that the resinification of benzaldehyde is al¬ 
most unknown. In alkaline solution the Cannizzaro reaction predominates. In 
acid solution, with sulphuric acid or with sulphuric-nitric acid, sulphonation and 
nitration take place. Ciamician and Silber,'®* however, obtained resins by the action 
of light on benzaldehyde. In one series of experiments they used pure benzal¬ 
dehyde; in another they dissolved the aldehyde in alcohol. In both cases the 
samples were exposed to sunlight for three or four months at a time and resinous 
products were obtained. In one of a senes of experiments 35 g. of benzalde¬ 
hyde were utilized and after exposure the product was partially purified by steam 
distillation in order to remove unchanged benzaldehyde to yield 26 g. of solid 
resinous substance. When dissolved in ether, washed with sodium carbonate 
solution and evaporated to dryness, it was again taken up into solution, this time 
in benzene. Precipitation with petroleum ether gave a whit? pulverulent sub¬ 
stance of melting point of 125-130°C. and which had the same elementary com¬ 
position as benzaldehyde. In benzene the molecular formula was found to be 
represented by (CrHaO)*. 

The alcoholic-benzaldeh 3 ^de solution, after exposure to light, was washed with 
benzene. This solution yielded both benzoin and hydrobenzoin on purification 
The resin could be obtained from the benzene solution by the same means, pre¬ 
cipitation with petroleum ether. This product has a molecailar weight which 
corresponds to (Ci 4 Hi 402 ) 4 , or four hydrobenzoin molecules. 

When benzaldehyde (3 mols) is added to magnesium (1 at. wt.) and magnesium 
iodide in ether and benzene, and the resulting solution hydrolyzed with dilute acid, 
unchanged aldehyde, benzyl alcohol, benzoin and resinous material are obtained. 
If an excess of magnesium is used, benzyl alcohol and resinous material are the 
only products.'®" A mixture of benzaldehyde and acetic anhydride allowed to 
stand exposed to light reacts, yielding as one product a yellow resin.'” 

The reaction of benzaldehyde and metallic sodium forms in addition to other 
products a gummy residue part of which was identified as benzoin.'®® According to 
Kuhn and Ishikawa,'®' the attempts to condense benzaldehyde with crotonic acid 
resulted in the formation of resinous substances. 

Benzaldehyde and dehydrocholic acid react in caustic soda solution to yield 
a solid soap-like mass which, on acidification with acetic acid, is obtained as an 
amorphous body that cannot be crystallized.'®® The substance sinters at 195®C. 
and on further heating gradually melts. The reaction of benzaldehyde, deoxy- 
benzoin and aniline produces a resin.’®* Ciamician and Silber'^ obtained resinous 
products from the reaction of benzaldehyde, safrol and isosafrol under the in¬ 
fluence of light. 

GentLsaldehyde, m-hydroxybenzaldehyde. when treated with potassium persul¬ 
phate in alkaline solution and strongly acidified furnishes a dark brown amorphous 
substance, which chars above 330®C. and is almost insoluble in all organic sol- 

^ In the Cannixsaro reaction with benzaldehyde a carbon*oxygen-carbon bond is formed; it is 
poaeible that the carbon-oxvgen-curbon polymerization product is the inteimediute of this reaction. 

**»G. Ciamician and P. Silber, Ber„ 1901, 34, 1538; 1903, 36, 1575. 

^ M. Gomberg and W. £. Bachmann, J.A.C.S., 1930, 52. 4967. 

i«J. U. Nef, Ann,, 1897, 298, 282. 

F. Blicke, /.A.C.8., 1924, 46, 2560. 

Kuhn and S. Ishikawa, Ber., 1931, 64, 2347. 

»» W. Boracbe and R. Prank. Ber„ 1924, 57, 1373. 

“•W. Dilthey and H. Steinbom, J. prakt. Chem., 1932, (2) 133, 219; 1931, 130, 147. 

G. Ciamician and P. Htiber, B(r., 1909, 42. 1391. 
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vents except boiling glacial acetic acid.”^ Benzaldehyde cyanohydrin on standing 
yields resinous products which are probably polymers of benzoin.'” 

Raiford and Talbot,'” in a study of the effect of substituents in certain con¬ 
densations of benzaldehyde, treated 3,4-dimethoxybenzaldehyde and 5-bromo-3,4- 
dimethoxybenzaldehyde with potassium cyanide. In each case a viscous poly¬ 
merization product was obtained as a residue, which was assumed to be a polymer 
of the benzoin of the corresponding substituted benzaldehyde. Secareanu,'” in 
a study of the lability of nitro groups in the benzaldehyde nucleus, boiled solu¬ 
tions of o-nitrobenzaldehyde, 2,4-dinitrobenzaIdehyde or 2,4,6-trinitrobenzaldehyde 
with benzyl chloride. Hydrogen chloride and nitrogen oxides were evolved and 
resinous products obtained. Anisaldehyde and dehydrocholic acid yield a dark 
yellow resin.'” Benzylidenepynivic acid (obtained by condensation of benzalde¬ 
hyde with pyruvic acid in the presence of hydrochloric acid), when dried in vacuum 
at 26®C., becomes an amorphous solid, which softens at 80®C. and on further 
heating decomposes.'” Ciamician and Silber'” found a mixture of anisaldehyde, 
benzoin, benzophenone and formic acid to become partially resinified on exposure 
to light. Benzil dissolved in ethyl alcohol also yielded a resin when similarly 
treated. 

The action of a mixture of acetic acid and acetic anhydride containing sul¬ 
phuric acid on piperonal and vanillin produces dark-colored condensation prod¬ 
ucts.'” 4,6-Dinitro-m-xylene, when reacted with aldehydes in the presence of 
sodium alcoholate, forms resinous substances.'” Resinification also occurs when 
l)-dimethylaminobenzaldehyde and cinnamaldehyde, or its bromine derivative, are 
condensed with 4,6-dinitro-m-xylene. Konig, Schramek and Rosch"*® report the 
copious formation of acetaldehyde resin when p-dimethylaminobenzaldehyde re¬ 
acted with paraldehyde or acetaldehyde in the presence of concentrated sulphuric 
acid. Resins are obtained from benzoylacetone with pyridine as the condensing 
agent, in benzene-ligroin solution, with the following aldehydes: anisaldehyde, 
piperonal and m-nitrobenzaldehyde. Reaction of aniline, formaldehyde and desoxy- 
benzoin yields a resin.'*' Phenyl-o-amsylacetaldehyde, phenyl-m-anisylacetalde- 
hyde and 2,4'-dimethyoxydiphenylacetaldehyde are easily resinified on distillation 
even under reduced pressure.'®* When carrying out the reaction between isovaleric 
aldehyde and salicylic amide, it is necessary to keep the temperature below 70®C. 
otherwise the aldehyde is largely resinified.'®* Several attempts were made by Curtis 
and co-workers'** to condense isovaleric aldehyde with cyanoacetamide, but only a 
small amount of sticky solid was obtained. 

Two hundred grams of cinnamaldehyde and 50 g. of potassium hydroxide in 
1700 cc. of water were heated 8 hours at lOO^C.; after steam distillation of the 
residue 120 g. of resin were found.**** Formaldehyde reacts with cinnamic aldehyde 
in the presence of calcium or barium hydrates, at temperatures above 50®C., to 
yield a resin.**® The action of chloroform and sodium hydroxide on salicylic acid 


H. H. Hodgson and H. G, Beard, 1927. 2339 

G. Bumming, Arch. Pharm.t 1928, 266, 231. 

L. C. Raiford and W. F. Talbot, J.A.C.8., 1932, 54, 1092. 

174 s. Secareanu. Bar., 1931, 64, 887. 

17B W. Borsche and R. Frank, Ber., 1924, 57, 1373. 

17* L. Musajo, Oazt, chim. ital., 1932, 62, 901; Bnt. Chem. Abz. A, 1983, 84. 
177 O. Ciamician and P. Silber, loc. cit. 


i7« H. Frieae, Ber., 1980, 63. 1902. 

17® P. Ruggli, A. Zimmermann and R. Thonvay, Helv. Chim. Acta, 1931, 14, 1250; Chem. Abz., 1932, 
26, 2177. 


1“ W. Kdnig, W. Schramek and G. RSsch, Ber., 1928, 61, 2074. 
i«i W Dilthey and H. Stemborn, /. prakt. Chem., 1932, (2) 133, 219. 

1** J. Levy and R. Peruot, Btdl. soc. chim., IWl, (4) 49, 1780; BrU. Chem. Abs. A, 1932, 390, 
1“ V. Moucka and C. Rdgl. Ber., 1928, 59, 758. 

i**R. H. Ojrtis, J. N. E. Day and L. G. Kimnina. J.C.S., 1928, 123, 3131. 

.M ,1. Vinid, Pnrhnnz He France, 1924, 15. 103; Chem. Ab»., 1924, 18, 2335. 

1*^ C. M. van Marie and B. Tollena, Ber., 1903, 36, 1347. 



510 


THE CHEMISTRY OF SYNTHETIC RESINS 


is accompanied by the production of some tarry matterSalicylaldehyde forms 
a resinous substance when warmed with aniline and methyl phenyl diketone 

CH,—C—C—C.Hs 

i! & 

in alcohol. In the making of protocatechuic aldehyde from catechol, choloroform 
and caustic soda, a black lesin is formed The preparation of tetrahydro- 
naphthalene aldehyde takes place with much resinification.“® Piperonylmethyl- 
propylene glycol undergoes resinification with concentrated sulphuric acid (sp. gr. 
1.84) even at One hundred grams of cinnamaldehyde and IOC g. of amylene 

were exposed to sunlight in a glass tube for 3 months by Alujevich.^"® The product 
is described as a tarry residue. 1,3-Diphenylpropene (CbHs—CH j—CH=i 
CH—CeHs) on oxidation with permanganate yields a glycol which resinifies on 
the addition of ammoniacal silver solution. This is ascribed by Stoermer and 
Thier"^ to the formation of l,2-diphenylpropionaldehyde.^“ 7-Phenyl-2,4,6-hep- 
tatrienal-1 (CeHs—(CH=*=CH)a“"CHO) reacts with p-anisidine and with p-phenet- 
idine to form crystalline derivatives, which on treatment with ammonical silver 
nitrate, yield acids which resinify quickly.^ The phenylhydrazone of a-bromo- 
cinnamaldehyde is resinified by hot acetic acid.^®* The phenylhydrazone of 2,4,6- 
octatrienal-1 (CHa—(CH=CH)a~CIIO) polymerizes in an inert atmosphere in a 
few hours.“® 

Hodgson and Jenkinson^*® conducted the Reimer-Tiemann reaction on a solution 
of resorcinol monomethyl ether. A considerable amount of resinous material 
was formed. On shaking a cold saturated solution of benzoin in pyridine with 
solid sodium cyanide, Lachmann^®^ observed gradual gel formation. Two grams of 
finely crystallized sodium cyanide were added to a cold solution of 10 g. of ben¬ 
zoin in 60 cc. of pyridine dried over sodium and the mixture gently shaken. Gel 
formation took place slowly and the product, upon standing overnight, did not 
dissolve when warmed to 35-40°C. It is considered to be an addition product 
of benzoin and sodium cyanide, but the benzoin content was subject to wide 
variations, analysis revealing figures ranging from 23-43 per cent. An equimolecular 
addition product would call for a benzoin content of 81 per cent. The gel is 
readily hydrolyzed by water or ethyl alcohol. Potassium cyanide fails to give gel 
formation. 

a-Naphthaldehyde when heated with succinic anhydride and anhydrous sodium 
acetate above 122°C. results in the formation of tar which renders difficult the 
purification of a-naphthylparaconic acid.^®* The semicarbazone of dicyclohexyl- 
acetaldehyde was resinified by heating with 55 per cent sulphuric acid.“® a-Cam- 
pholenic aldehyde, 

»“E. J. Wayne and J. B. Cohen, J.CS , 1922, 121, 1022. 

F, Tiemann and P. Koppe, Ber , 1881, 14, 2015. 

**H. Weil and H, Oatermeier, Ber , 1921. 54B, 3217. 

Tiffcneau and J. Levy, Bull, sor ch\m , 1931, (4) 49, 173^; Brit. Chem. Abs. A, 1932, 390. 

«0N. Alujevich, Atti. accad. Lincei, 1923 , 32 (2), 292; Gazz. chtm. ital., 1924, 54, 191; Chem. Abs., 
1924 18. 8184. 

R. Stoenner and C. Thier, Ber., 1925, 58, 2607. 

Similar tranaformationa involving phenyl groups have been described by M. Tiffeneau, Compt 
rend., 1906, 142, 1537; J.C.8., 1906, 90 (1), 662; M Tiffeneau and Dorlencourt, Compt. rend., 1906, 143, 
126; Chem. Zentr., 1906, 2, 670; M. Tiffeneau and Dorlencourt, Ann. chtm. phvs., 1909, (8) 16. M7; 
Chenu Zentr., 1909, 1, 1335 ' 
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“*K. U. Auwera and B. Ottena, Ber., 1925, 58. 2060. 

^ R. Kuhn and M. floffer, Ber., 1931, 64, 1977. 

^•H. H. Hodgson and T. A. Jenkinson, J.C.S,, 1929. 1641. 

^•’A. Lachmann, /.A.C.8., 1924, 46, 708. 

B. Sboeamith and A. Guthrie, J.C.8., 1928, 2332. 

E. Venua-Danilova, Ber., 1928, 61, 1954. 
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is easily resinified by alkalies.*" a-Homoheliotropin*'^ is a light yellow oil which 
resinifies easily by the action of heat, air and alkali. 

Reduction of 2-nitro-2-(hydroxymethyl)-l,4-butandiolone with sodium amalgam 
in aluminum sulphate solution yielded the hydroxylamine derivative as a clear 
brownish-yellow uncrystallizable gum.*® 

Preparation and Properties op Formaldehyde 


Commercial ''formalin,^’ a 40 per cent by volume (37 per cent by weight) 
aqueous solution of formaldehyde, is generally prepared by the oxidation of 
methyl alcohol. Methyl alcohol vapor mixed with appropriate quantity of air 
is carefully led over a contact catalyst and the resulting product condensed. 
The excess of methyl alcohol is removed by distillation. 

Formaldehyde is a gas which can be condensed to a liquid boiling at —21®C.; 
the liquid aldehyde polymerizes at its boiling point. Evaporation of a solution 
of formaldehyde results in the production of paraform, a pol 5 rmer of formaldehyde. 

The commercial formalin contains not only the simple formaldehyde but also 
polymeric forms; the latter being insoluble in water, tend to precipitate. To main¬ 
tain the polymers in solution, methyl alcohol is not entirely removed and a 
definite quantity, from 6-14 per cent, is allowed to remain. Due to temperature 
differences between summer and winter, the methyl alcohol content is varied 
slightly to prevent any precipitation occurring. In addition to the methyl alcohol, 
there are small amounts of formic acid and also some methylal which arises from 
the reaction between methyl alcohol and formaldehyde. 

One of the largest sources of methyl alcohol for the manufacture of formal¬ 
dehyde has been the wood distilleries. With the advent of synthetic methanol, 
the natural source has been curtailed. The greatly increased production of 
gaseous hydrocarbons (coal gas, natural gas, cracking gas) has led to many in¬ 
vestigations to use these substances as raw materials for the preparation of formal¬ 
dehyde by partial oxidation.** Natural gas or gases from the distillation of coal, 
petroleum or shale when mixed with air, oxygen or carbon dioxide and allowed to 
react at 425-485®C. with a catalyst (platinum, palladium, gold, silver, copper, 
chromium, manganese, iron, nickel or their oxides), gave rise to alcohols and alde¬ 
hydes. By appropriate variation of conditions and catalysts, it was possible to 
carry out the reaction in stages; methane could be oxidized to methanol and in 
another step to formaldehyde.** 


Reactions of Formaldehyde 

Formaldehyde can combine with itself to form compounds of higher molecular 
weight in two general reactions. The first of these forms a carbon-carbon bond 

Lipp and F. Lauaberg, Ann., 1924 , 436, 274; Chem. Ab», 1924, 18. 1827. For constitution of 
a>campholenaldehyde see Q. Ciamician and P. Silber, Ber., 1910, 43, 1340; Chem. Abe., 1910, 4, 2481. 

Nagai, /. Chem. Ind., Japan, 1922, 25, 1409; J.8.C.I., 1923, 42, 291 A. 

W. Charlton and J. Kenner. J.C.8., 1932, 754. 

^ For further review, see Oarleton Ellis, '*The Chemistry of Petroleum Derivatives," The Chemical 
Catalog Co., New York, 1934. 

C. Waiker, British P. 290,618, 1927 and 295.856, 1927, to Empire Gas and Fuel Co.; Chem* 
Abe., 1929, 23, 846, 2186. Canadian P. 300,567, 1980; Chem, Abe,, 1930, 24. 3516. 
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and produces a carbohytlrate type of molecule; the second proceeds with the elimi¬ 
nation of water from molecules of methylene glycol, HaC(OH)8, or polymethylene 
glycols, HO—(CH,0)—CHaOH.^ 

The formation of carbohydrates, first observed by Butlerow,*®® has been studied 
by Loew,*" Fischer,"*® H. and A. Euler,*® Schmalfuss*"® and others. Various con¬ 
densing agents have been used: calcium hydroxide,*®-*" magnesium hydroxide,®"® 
lead oxide,*" calcium carbonate*® and the acetates of lead, calcium and magnesium,**" 
both at room temperature and at 100°C. Products of the general formula of 
(HaCO)n are obtained, along with both acetic acid and methyl alcohol, that is, the 
Cannizzaro-reaction products of formaldehyde. Further polymerization of the 
sugar results in the formation of a browm dye but no resinous products. 

The products of the second type of polymerization in which carbon-oxygen- 
carbon bonds are formed are usually white powders which in contrast to the carbo¬ 
hydrate type are rather easily depolymerized by sodium sulphite, alkali or water. 
Water is needed to promote this second type of polymerization.®"" 

Numerous polymers of formaldehyde are known and they have been studied 
extensively especially by Staudinger®*® in an attempt to elucidate the structure of 
cellulose.*"® On the basis of the structures of other linear polymers*"* the formula 
assigned to the formaldehyde polymers*"® is 

-CHs—O—CH2—O—CH2—O—CH2—O—CH2- 


Paraform*"® is a mixture of polymer homologs where the number of mono¬ 
meric units varies from 6 to 50 and is ordinarily prepared by the simple evapora¬ 
tion of aqueous formaldehyde solutions.*"" a-Polyoxymethylene*“ is also a mixture 
of polymers but the number of monomer units is 100 or greater; it is formed by 
the action of dehydrating agents upon formaldehyde. /?-Polyoxymethylene®“ is 
obtained by using a higher concentration of sulphuric acid than is necessary to 
form the a-compound. The constitution of this polymer is not known exactly; it 
is similar in most of its physical properties to the a-derivative and may be a sul¬ 
phuric-acid derivative of it. 


O 

\ 

0^ 


-CHr-O—(CH,—0)„- 


O 

-CHj—O—S—OH 

\ 


*• For a review of formaldehyde with respect to industrial uses and occurrence, see J. Coulouma, 
Rev. gen. mat, plctstiquea, 1928, 4, 3, 73, 152, 203, 329, Chem Abs , 1928, 22, 4105. 

** A. Butlerow, Compt. rend., 1861, 53, 145 

«"0. Loew, J. prakt. Chem., 1886, (2), 33, 321; Her, 1888, 21. 272; 1889, 22, 470; 1906, 39. 1592. 

»*E. Fischer, Ber , 1883, 21, 988 
a» H. and A. Euler, Ber., 1906, 39, 45 

*^®H. Schmalfuss and K Kalle, Ber, 1924 , 57, 2102; Chem. Abs., 1925, 19, 1403. 

SOI F. Walker, J.A C.8 , 1933, 55, 2821. 

H. Staudinger, "Die hochmolekularen organischen Verbindungen," Julius Springer,. Berlin, 1932. 
»>See H. Staudinger and K. Hess, Ber., 1934, 67, 475; Chem. Abs., 1934 , 28, 3059. 

*1* See Chapter 4. 

Staudinger and M. Ltithy, Heiv. Chim, Acta, 1925, 8, 41, 65, 67; Chem. Abs., 19, 1245, 1246. 

H. Staudinger, R. Signer, H. Johner, M. Liithy, W. Kem, D Russidas and O. Schweitzer, 
Ann., 1929, 474, 241; Chem. Abs., 1930, 24, 3754. See F. Walker, Ind. Eng. Chem., 1981, 23, 1220. 

Polyoxymethylenee can be prepared in the presence of alkaline catalysts (ammonia, ammonium 
Balts, hexamethylenetetramine, amines, ethanol amines, urea, pyrones and quartemary ammonium 
bases). See O. Pirlet, French P. 765,540, 1934; Chem. Abs.j 1934 , 28, 6724. Cf. the inclusion of « 
protective colloid (egg albumin) L. Nasch, British P. 420,998, 1933; Brtt. Chem. Abs. B, 1985, 139. E. 
Riets (U. S. P. 1,218,261, Jan. 23, 1917, to Synthetic Patents Co.; Chem. Abs., 1917, 11, 872) obtained a 
product for therapeutic purposes from cholic^acid and paraformaldehyde 

«»H. SUudinger, R. Signer, H. Johner, M. LUthy, W. Kem, D. Russidas and O. Schweitzer, Ann., 
1929, 474, 241; Chem. Abs., 1980, 24, 3754. See F. Walker, Ind. Eng. Chem., 1981, 23. 1220. F. 
Poliak, U. S. P. 1,230,600, June 17, 1917; Chem. Abs., 1917, 11. 2266. 
fl* ti. Staudinger, et. ah, Ann., 1929, 474, 245. 
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7- and ^-Polyoxymethylenes“° are not true polymers of formaldehyde. 7 -Poly- 
oxyipiethylene appears to be dimethyl ether of the higher polyoxymethylene 
glycols 


( :H3—O—CH 2 —O—fCH2—O) CHj—0~CHa 

It IS precipitated along with a-polyoxymethylene when concentrated sulphuric 
acid is added to a formaldehyde solution containing methyl alcohol. «-Polyoxy- 
methylene is formed when the 7 -polymer is heated with water. 

Trioxy-**^ and tetraoxymethylene, made up of three and four molecule.s of 
formaldehyde, respectively, have been isolated. e-Polyoxymethylene,®“ a white 
amorphous non-crystalline paper-like substance, is left behind when a-trioxymethy- 
lene is sublimed. Its molecular species is unknown. 

It is to be emphasized that all the previously mentioned oxymethylene polymers 
with the exception of c-polyoxymethylene are crystalline substances and while they 
may be prepared having the consistency of a grease,*®* they are never resinous. 
Staudinger and Kern*“* have prepared a poljmier of formaldehyde which has the 
properties of a resin (see Fig. 84). This substance is called eu-polyoxymethylene 



Fig. 84.— Glasfe, Film and Fiber Forms of Polyoxymethylene Prepared b\ H. Staudinger 

and is formed by the spontaneous polymerization of pure monomolecular liquid 
formaldehyde at low temperatures. 

The polymerization, when carried out at —80°C., especially in oxygen, leads 
to a clear transparent somewhat brittle glass; at —20®C. an opaque solid is formed. 
The eu-polymers formed at lower temperatures (—S0°C.) become plastic and 
elastic when heated to 160-200‘’C. In this condition they are very viscous and 
tenacious and can be formed and kneaded. These properties distinguish them 
very sharply from a- or /3-polyoxymethylene. The polymers,formed at —20° 
can be drawn out into threads 1 meter or more in length and may be pressed 
into films. The threads can be stretched to about 10 per cent of their length. 
Films may also be produced by distillation of monomolecular formaldehyde in 
vacuum, the receiver being at —80®C. If cooled with liquid air solid monomolecular 
formaldehyde is produced which shows no tendency to polymerize. The specific 
gravity of the glass-clear polymer at 20°C. is 1.407. The products show no defi- 

H. Staudinger, et. al., Arm , 1929, 474, 218, 232. 

F. Auerbach and H. Barschall, Arb.kms.Oesundh., 1905, 22, 584; Chem. Zentr., 1905, 2, 1081. 
D. L. Hammick and A. R. Boeree, J.C.S., 1923, 121, 2738. H. Staudinger and M. LUthy, H^v, Chtm. 
Acta, 1925, 8, 65. Trioxymethylene changes in vacuo to what appears to be a chain pol 3 aner. The 
reaction occurs at the solid-gas interface and may be due to a change in molecular configuration when 
the solid trioxymethylene vaporises Neit'ier molten trioxymethylene or tetraoxymethylime undergoes 
the reaction. See H. W. Kohlschiitter and L. Sprenger, Z, jthysik. Chem, 1932, B16, 284; Chem. Abs., 
1032, 26. 3480. , 

*®D. L. Hammick and A. R. Boeree, loc. cit, 

British P. 280,908, 1925, to I. G. Farbcnind. A.-G.; Bnt. Chem. Abs. B, 1927, 59. 

Staudinger, “Die hochmolekularen organischen Verbindungen,“ Berlin, 1932. W. Kern, 
Kolloid-Z., 1932, 61, 308; Bnt. Chem. Aba. A, 1933, 14. 
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nite melting point; at high temperatures they sinter with the evolution of formalde* 
hyde. 






Courtevy JuUus Sp /er, Berlin 

Fig. 84a.—X-J y Diagram of High-molecular Polyoxymethylene Diriethylcther * 

(H Staudinger) 

* A discussion of x-rav studies is found in Chapter 4. 

Staudinger®* considers the difference between eu-polyoxymethylene and the 
oxymethylene-polymers, obtained from aqueous solution, to be due to the much 





Courteay JuUua Springer, Berlin 


Fig. 84b.—Diagram of 7 -Polyoxymethylene. (H. Staudinger) 

larger molecular weight of the eu-polymer, and that this difference is caused by 
the different reaction mechanism in the two cases. Eu-polyoxymethylene forma- 


Fig. 84d 

Courtesy Julius Springer, Berlin 

Fig. 84c.— Diagram of Polyoxymethylene Dihydrate Gel Immediately after Formation. 

(H. Staudinger) 

Fig. 84d.—Gel of Fig. 84c after Two Days. (H. Staudinger) 

tion he says is a chain reaction, while the solution reaction is simply a condensa¬ 
tion of methylene glycols. Sauter*” on the other hand measured the molecular 
diffraction pattern of eu-polyoxymethylene and also and 3-polyoxymethylene and 

O’H. Staudinger, lot, eit. H. Staudinger and W. Kern, Ber., 1033, 66, 1863. 

«•£. Sauter, Zeits. phystk. Chem., 1033, B21, 161, 186; Chem. Abs., 1033, 27, 3867. 
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came to the conclusion that the eu-polyox 3 'methylene has a different molecular 
structure. Walker*" says that his powder-like polymer dissolved in alkali but does 
not mention whether it reverted to monomolecular formaldehyde or not. 

The study of the magnetic susceptibilities'"" of the four polyoxymethylenes indi¬ 
cates that these derivatives are mixtures of substances having the general formula, 
CHa—(0—CHa)„—0—CHO. Moreover, the kinetics of the polymerization reac¬ 
tions of aqueous solutions of formaldehyde denote that the oxygen linkings in 
polymeric formaldehyde are the same as in amides, esters and semi-acetals and 
that the mechanism of polymerization and depolymerization of formaldehyde in 






Fig. 84e — X-Ray Diagram 
of a eu-Polvoxymethylene 
Fiber. (H. Staudinger) 


Courtesy Julius Springer, Berlin 

) 

L 

water is similar to that of formation and rupture of these linkages. In dilute 
solution the following equilibria are assumed: 

CH2(0H)2 CH 2 +—OH-h (OH)- 

CH2(0H)2 CH2'^>-0--f -f OH- 

CH2(0H)2 HO—CH 2 —O--f 

whereas in concentrated solution: 

CHjCO—CH 2 —()H )2 HO—CH 2 —O—CH 2 —O—cm.'-hOH- 

CH2(0—CH 2 — 0 H )2 HO—CH 2 —O—C^Hi—O—CH 2 O- 4 * H^ 

CH 2 ^ 0 —CH 2 ~ 0 H )2 ^CH 2 —O—CH 2 —O—CH 2 ~ 0 —CH 2 —O- -f H»^ -f OH--^« 

On jiyrex-glass the polymerization of formaldehytle is imimolecular at high 
pressures."® , 

Reactions of Formaldehyde with Certain Other Substances 

Water-insoluble products are formed by treating water-soluble cellulose alkyl 
ethers with aldehydes in the presence of catalj'sts."^ For example, methylcellulose 
foil is treated with formaldehyde in potassium hydroxide at 95®C. It is not stated 
whether the products are resinous. 

Bornyl and isobornyl chlorides condense with formaldehyde in the presence of 
ferric chloride and form black resinous products which are soluble in benzene, ether 

F. Walker, loc. rit 

*»W. Good, /. Boy. Tech. Call. Glasgow, 1931, 2, 401; Brit. Chem. Ab«. A. 1931, 411 
*»M. Wadano, C. Tiogus and K. Hess, Ber., 1934, 67, 174: Bnt. Chem. Abs. A, 1934, 493. For 
the acidic nnlure of aqueous fonnaldehyde solution see M. Wadano, Ber., 1934, 67, 191; Brit. Chem. 
Abs. A. 1934 , 393. 

R. Spense, J.C.S , 1933. 1193. 

**iK. Sponsel and G. Balle, German P. 338,686, 1925, to I. G. Farbenmd. A.-G.; Chem. Abs., 
1932, 26, 2316. 
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and gasoline.*** Hydrochloric acid is evolved in the process. When the condensa¬ 
tion is carried out in sulphuric acid, however, the resinous products are found to 
be soluble in benzene but insoluble in ether and gasoline. 

When sulphuric acid and acetic acid are slowly added to benzoyl chloride and 
trioxymethylene, a derivative is formed of the structure 

Cl—CHj—^CHs—Cl. 

Treatment with silver nitrate yields the dinitrate, which with alkali gives rise to 
a viscous polymer, (CHa—CaH*—CHa—C«H 4 —CHaOH)„.*‘‘* The condensation of 
anethol (p-propenylanisol) with formaldehyde gave the methylene etner of p- 
methoxyphenylbutyl glycol which resinified when attempts were made to saponify 
it.**" 

Condensation of 1-borneol with formaldehyde yields resinous products if the reac¬ 
tion is carried out in the cold and in the presence of concentrated sulphuric 
acid.*** An oil is obtained if the condensation is carried out with heating and 
concentrated acids. The oil, when distilled in the presence of sulphuric acid, yields 
pitches which are soluble in benzene and might be utilized as lacquers. 

Solutions of paraformaldehyde when heated in alcohol with zinc oxide or 
alumina give rise to a formaldehyde polymer which is soluble in organic solvents 
and which may be used for production of formaldehyde-phenol resins.*** The 
acetal prepared from ethyl alcohol and formaldehyde when treated with an excess 
of magnesium oxide yielded a starch-like substance 

Although the reaction of formaldehyde with tri- and tetra-chloroethylene in 
the presence of concentrated sulphuric acid produces identifiable products, the 
reaction of this aldehyde with dichloroethylene, H 2 C=CCl 8 , gives only resinous 
substances,*** 

The hardening of lac from ^Hhus vernicifera''~^'' can be accelerated by pre-boiling 
in water which may contain a condensing agent such as formaldehyde.*" 

'•*32 s. N. Ushakov and A. D. Sokolov, / Appl. Chem , Rubi^ta, 1030 , 3 , 47; Bnt, Chem. Abs. B, 
1030, 1120 

23® E. Conneradr, Bull. x(i< rhnn. Belq , 1932. 41, 337, Chew Ahs , 1933 27, 716 
H .1 PiiiivS, Proc Atad So Amsterdam, 1919 22, 51; Chem Abs, 1920, 14, 1662 

23‘'’IS, N. Ushakov and A. I) Sokolov, J. Appl Chew, Russia, 1930 , 3, 47: Bril Chem. Abs. B, 
1030, 1120. 

2*® R Gebauer, German P. 434,830, 1923, to Chem. Fabr. von Heyden A.-G ; Bnt. Chem. Abs. B, 
1027, 348. 

2*^ A. Barreto, Rev. chim. ind. {Rio dc Janeiro), 1933, 2, 455; Chem Abs, 1934, 28, 3384. See 
Carleton Ellis, U S. P. 1.003,809, Apr. 18, 1933, to Ellis-Fostor Co , Bnt. Chem. Abs. B, 1933, 1021. 
Cirleion Ellis, U. S P. 1,891,271, Nov. 13, 1928, Bnt. Chem Abs B, 1029, 560. H. M. Weber, U. S. 
P. 1,692,524, Nov. 26, 1928, to Ellis-Foster Oo.; Bnt. Chem. Abs. B, 1929, 256. 

2* H J. Pnns, Rec. trav. chim., 1982, 51, 469; Bnt. Chem. Abs. A, 1932, 721. 

*3® Japan lac is a lactiferous secretion from *'Rhus vernicifera.** For constitution see R. Majima, 
Ber., 1922 , 55, 191. and previous papers. See also Chapter 2, page 25 

"OX. Winter, British P. 390,377, 1932; Bril. Chem Abs B, 1933, 479 
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Furfural Resins 


F\irf\iral (fural, fiirfwrol, fiirfiiraldehyde) is a heterocyclic aldehyde of the fnran 
series 
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that exhibits many resin-forming reactions. DdbereineF first obtained this alde¬ 
hyde as a by-product in the preparation of formic acid by the action of sulphuric 
acid and manganese dioxide on sugar.® Commercially, furfural is obtained by 
acid hydrolysis of pentosans occurring naturally in vegetable materials such as 
bran, corncobs, oat hulls, rice hulls and kapok.® Oat hulls are employed principally 
in the large-scale production of furfural (see Fig. 85). The hulls are moistened 
with dilute sulphuric acid and the mixture heated to 145®C. under pressure. Simul¬ 
taneously steam is passed through the hot mass, and furfural is separated from 
the condensed vapors by distillation.* 

The pure compound is a colorless liquid (sp. gr. 1.16) which boils at 161.7®C., 
freezes at 38°C. and becomes brown on exposure to air. It dissolves in water, 
alcohol and ether.® Because of its heterocyclic structure (i.e., the presence of the 
furan ring) furfural exhibits chemical properties markedly different from those 

1 J W Dobereiner, Ann., 1832, 3. 141. 

2 For work of other early investigators, see L. V Babo, Ann, 1853, 85, 100 A Cahours, Ann, 
1849, 69. 82. Emmet, J. prakt Chem., 1^7, 12, 120. Gudkow, J3er , 1870, 3, 425. For reviews on 
properties and preparation, see F. Hardy, Trop. Agr., 1924, 1, 158; Chem. Abs , 1925, 19, 76. Van Os, 
Chem. Weekblad, 1925, 22. A J. Hammei, J SC.L, 1933 , 52, 608. 

•Other methods of prepaiing furfural fiom these materials are described by G Mains, Chem. 
Met Eng., 1922, 26, 779, 841. V. V. Chelintzev and A. F. Vorob'eve, J. Chem. {Moscow), 1933, 2, 27; 
Chem Abs., 1933, 27, 4231. F. B. LaForge. Ind. Eng. Chem., 1923, 15, 499. G. Mams and F. B. 

i.,aForge, Ind. Eng. Chem., 1924, 16, 356; 1923, 15, 823, 1057. K. P. Monroe, Ind. Eng. Chem., 1921, 

13, 133. K. P. Monroe, U. S. P. 1,357,467, Nov. 2. 1920 ; J S.C I., 1921, 40, 27A. F. B. LaFoige. 

O. W. Tooke, G. Mams and W. Clarke, Britisli P 207,116, 1923; J.S.C.I., 1924, 43. 76B, O R 

.Sweeney, Iowa State Coll. Eng. Erpt. Sta. Bxdl , 1924, 73, 7; Chem. Abs., 1925, 19, 3353. E. L. Hlt^t 
and D R Morrison, J.C.S , 1923, 123, 3226 H Ulaku, Eep. Osaka. Ind. Res. Lab.. 1925, 5 (16) 1. 
(hem. Abs., 1925, 19, 2336 O. D. Lucu.s, Biitish P 298,800, 1926, to Vickpr.«». Ltd ; Chem. Abs, 1929 
23 . 3098 A. Classen, French P. 727,335. 1931, Chem. Abs., 1932. 26. 5106 F W Klmgstedt, Zelhti>jf 

u. Papier, 1928, 8, 471; Bnt. Chem. Abs. A, 1928, 992 E. Heuser and W Schott, CeUulosethemH. 

1923, 4. 85; Chem. Aba, 1924, 18, 391 A. K Arbuzov and B P Lugovkin, J. Appl. Chem , 

1934, 7, 550; Bnt. Chem. Abs. B, 1935, 56. l>. 1. Mirhs and 1. B Dranovskii, Leaokhimteheskaya 

Prom , 1933. 2 (6), 23; Chem. Abs., 1935 , 29, 1813. B S, Giolh and G U. Blomqvist, Gennan P. 
604.018. 1934; Chem. Abs. 1935, 29, 820. U S P 1.960.812, Mav 29, 1934; Chhn. Aba., 1934 , 28, 4436 

* C. S. Miner and H J. Brownlee, U S. P. 1.735,084, Nov. 12 1929, to Quaker Oats Co.; Chem 
Abs., 1930, 24, 630. British P. 203,691, 1923; Chem Abs, 1924. 18. 692. C. S. Miner, J. P. Tnekev 
and H. .). Brownlee, Chem. Met. Eng., 1922, 27, 299, 362. D. H. Killeffer, Ind. Eng. Chem., 1926, 18, 
1217. H. J. Brownlee, ibid., 1927, 19. 422. 

®W V. Evans and M. B. Aylesworth, Ind. Eng. Chem., 1926, 18, 24 The addition of 10 per cent 

of sodium chloride increases the extraction of furfural from aqueou.s solutions 1.5-2 times. Ether, 

amyl acetate, iso-amyl alcohol and benzene ere some of the solvents which can be used as extractant.s 
V. I. Sharkov and I. Belvaevskii, Ijeeokhimtcheskaya Prom., 1933 , 2 (3), 15; Chem. Abs., 1935, 29, 1813 
Furfural is itself a solvent. See: J. P. Trickey, Ind. Eng. Chem., 1927. 19, 643. G. Meunier, French 

P. 472,423, 1913; J.S.C.I., 1915, 34, 500. G. Bonnwitt, British P. 138.078, 1920; J.S.C.L, 1920, 39. 
541 A. The analytical reactions of furfural are discussed by; K. Suminokura and Z. Nakahara, Trans 
Totteri Soc Agn. Sri., 1928, 1, 158; Chem, Abs., 1929, 23. 2908 W. J Powell and H. Whittakei, 
J S.C.L, 1924, 43, 35T 
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of the simpler aldehydes. In its reactions, according to Miner, Trickey and Brown¬ 
lee,* furfural resembles formaldehyde on the one hand and benzaldehyde on the 
other. It should be noted that cumarone (see Chapter 5), a substance readily 

H 

C 

^0-CH 

Hi i 

V V 

H 

polymerised to a resin by concentrated sulphuric acid or aluminum chloride, is 
a furan derivative (benzofuran). 

The combination of furan ring and aldehyde group in the structure of furfural 
permits it to behave chemically as an aldehyde or as an olefin oxide, or to exhibit 
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Fk;. 85.—Flow Sheet for the Preparation of Furfural from Oat Hulls. 


simultaneously the properties of both types of compounds. Like formaldehyde, 
it reacts with phenols, ketones and amines to give resins; like cumarone, it poly¬ 
merizes readily. As a consequence, the reactions of furfural are many and diverse. 

Furfural is the initial material in the synthesis of a senes of compounds con¬ 
taining the furan ring.’ Thus, furoic acid and furyl alcohol, which have some 
value as solvents, can be.derived from the aldehyde by a Cannizzaro reaction.* 
Kaufmann* reduced furfural to furyl alcohol with hydrogen under a pressure of 2 

• C. 8. Miner, J. P. Trickey and H. J. Brownlee, Chem. Met. Eng., 1922, 27, 299. 

A discussion of the properties and uses of furfural is given by C. S. Miner, J. P. Trickey and 
H. Brownlee, Chem. Met Eng., 1922, 27, 362. For the use of furfural in adhesive compositions, see: 

U. P. Banks, U. S. P. 1,813,377, July 7, 1931; Chem. Ab$., 1931, 25, 5258. F. B. LaForge, Ind. Eng. 

Chem., 1924, 16, 130. F. B. LaForge, C. W. Tooke, O. H. Mams and W. F. Clarke, British P. 

207,116, 1923; Chem. Abe., 1924, 18, 1199. B. P. Taylor, U. 8. P. 1,566,566, Dec. 22, 1925, to Taylorall, 

Inc.; Chem. Abt., 1^, 20, 520. Other uses of furfural are given by C. £. Soane, British P. 2167, 
1915, to Usher-Walker, Ltd.; Chem. Abe., 1916, 10, 2032. British P. 169,003, 1920; J S.C.I., 1021, 40, 
780A. German P. 352,521, 1920, to Plausons Forachungsinstitut O.ni.b.H.; J.S.C.I., 1922, 41, 720A. 

•H. Scbiff, Ann., 1891, 261. 254. H Lampricht, Ann., 1873, 165. 254. 

• W. E. Kaufmann, J.A.C.S., 1923, 45. 3029. 
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atmospheres in the presence of a platinum oxide catalyst. Furfural diacetate was 
isolated by Scheibler, Sotscheck and Friese'® from a reaction mixture containing 
furfural, acetic anhydride and glacial acetic acid. Furfural combines with chloral- 
ammonia.“ It reacts vigorously with nitrous acid to give resinous products. When 
the aldehyde is dissolved in ether, however, it is apparently unaffected by this 
acid.'^ 

Mahood and Harris'* condensed m-tolylene-diamine sulphate with furfural in 
alcoholic solution and obtained tetra-amino-ditolyl-fury 1-methane sulphate which 
could be hydrolyzed by 6 N hydrochloric acid at 140“C. to diamino-dimethyl-furyl- 
dihydro-acridine. Acetaldehyde and furfural, m the presence of magnesium meth- 
oxide or aluminum ethoxide, give isoamyl pyromiicate.'* Substitution of isobutyral- 
dehyde for acetaldehyde furnishes furyl isobutyrate. IHienoI and furfural in 
boiling dilute acid solutions give a 71 per cent yield of a mixture of o- and p-hydro- 
phenyl-furyl-carbinol.'* In an alkaline solution of sodium sulphite the yield is cut 
down to 5 jier cent. 

The resin-forming properties of furfural were noted b}' Stenhouse'* in 1840 
and Fownes'^ in 1845. Both these workers called attention to the development 
of resinous bodies when furfural was boiled with acids or alkalies. Persoz'^ and 
Stenhouse’® obtained gummy and tarry substances while investigating the action 
of furfural on aromatic amines and phenols. Claisen,*" a few years later, produced 
a brown resin of indefinite composition by treating furfural with /3-naphthol in 
glacial acetic acid solution, using hydrochloric acid as a condensing agent. In 
none of these cases was any study reported either of the reliction or of the resinous 
product aside from a superficial examination of its physical properties. 

Resin and tar formation is observed in the preparation and reactions of many 
derivatives of furfural, and this may be taken as an indication of the ease with 
which compounds of the class undergo condensation and pol\merization. Thus, 
Beaucourt*' obtained a dark resin on heating furfural and formainide in a stream 
of carbon dioxide. Hydrogenating furfural in acetic acid, with a zinc-copper 
coujile, gave a little furyl alcohol and a large proportion of resins.** Diphenyl- 
furylmethane, prepared by Mahood and Aldrich,*® changed into a gum when kept 
for a few days. Tetrahydro-furfural, in acetic acid solution, combines with phenyl- 
hydrazine to form a hydra zone, the latter being an oily substance which easily 
resinifies.‘“ The reaction of methylmagnesium iodide or iihenylmagnesium bromide, 
as well as analogous organo-metalhc compounds, with furylacetone WcOs found 
to yield resinous substances.* Yet another example is the oxidation of furan with 
6-10 per cent peracetic acid in acetic acid, which gives a resin of the formula 
(aH50.)„.* 

wH. Scheibler. F. Sotscheck and H. Friese, Ber., 1924, 57, 1443; Chem. Abs., 1925, 19, 278. H. 
Fnese, Ber., 1931, 64, 2109; Brit. Clvem Abs. A. 1931, 1289. 

“ R. Schiff and G. Tassinari. Ber., 1877, 10, 1787. 

^ A. Wurtt, “Diet, de Chiin. Suppl.," I, 845. 

“S. A. Mahood and C. R. Harris, J.A.C.S , 1924 , 46. 2810 

'«R. Nakai, Biochem. Z., 1924, 152, 258; Chem. Aba., 1925, 19, 2807. 

A. E Porai-Kochitz, N. A. Kudijavtzev and B. E. Mu>chkilcizon. J. Appl. Chem Buis , 1033, 6, 
685; Brit. Chem, Aba. A, 1933, 1166. 

Stenhouse Ann., 1840, 35, 301. 

Fownes, Ann., 1845, 54, 52. 

Persoz, Wagner’s Jahreabenchte, 1860, 487. 
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» Claisen, Arm,, 1887, 237, 272. 

.»K. Beauoourt, Monatah., 1928. 49. 1; Chem. Ab$., 1928 . 22, 3409. 

«J. Wiemann, Compt. rend., 1934, 198. 2263; Chem. Aba., 1934, 28, 6104. 

» S. A. Mahood and H. Aldrich, J.A.C.8., 1930, 52, 4477. 
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The action of potassium amide, in liquid ammonia solution, on furine 
C4H,0CH—NH 

^CC,HaO 

(;<H,OCH-N 

results in the formation of tar and hydrogen" Peters and Fischer"* prepared a 
series of alkylfurylcarbinols and found that all such compounds resinified on treat¬ 
ment with phosphorus pentachloride, acetyl chloride, benzoyl chloride, concentrated 
hydrochloric acid or on exposure to light and air. Nitrogen substituted /3-fury]- 
valeramides have been hydrolyzed to the corresponding acids with 20 per cent 
alcoholic potassium hydroxide. With concentrated' hydrochloric acid, on the other 
hand, hydrolysis was accompanied with resin formation A sulphur derivative 
of furan, 2-furylthiol, sealed in a glass tube and kept lor a year, changed into a 
viscous oil and a white solid, (C8H60S)„. Pure biran compounds appear to be 
less likely to change on keeping than impure samples.*' Kirner"^ reported that 
on adding thionyl chloride to a mixture of furyl alcohol and pyridine, and heating, 
a black tar was formed. 

This reactivity of furan derivatives is also in evidence in the case of halogenated 
compounds, as, for example, the transformation of 2-bromomethylfuran into a 
resin in the cold.** Furylbromoethylene resinifies in the air, and furylethylene poly¬ 
merizes rapidly especially in the presence of oxygen and light." The resinous 
substance obtained from furan by treatment with acid is converted into humic 
acids by molten caustic potash.®* Carter" recorded the formation of tars during 
the preparation of furylangelic acid. 

General Properties of Several Species of Furfural Resins 

Synthetic resins from furfural possess several properties that limit their use. 
In general, they are dark in color and do not harden as rapidly with hexamethylene¬ 
tetramine as the phenol-formaldehyde type. Preparative details also present prob¬ 
lems, since acid catalysts give insoluble, infusible resins as the result of fast, dif¬ 
ficultly-controlled reactions. 

Mains and Phillips" investigated some of the properties of furfural-amine and 
furfural-ketone resins. They reported that the products did not have sharp fusion 
points but softened gradually until fluid. The softening points ranged between 
25-100®C., but could be raised by increasing the reaction temperatures or heating 
the reaction mixture for longer periods of time. All of the resins were practically 
insoluble in water, somewhat soluble in turpentine, quite soluble in benzene, acetone 
and alcohol, and very soluble in furfural." The acetone, benzene and furfural 
solutions gave varnish stains which ranged in color from golden brown to black, 
depending on the resin type, the concentration of the solution and the number of 
coats applied. The surfaces thus coated have a glossy appearance. 

*TH. H. strain, J.A.C.S., 1930, 52. 1216. 

«F. N. Peters and R. Fischer, J.A.C.8., 1930, 52, 2079. 

*®N. Maxim and I. Zugraveacu, Bull. toe. chtm., 1934, (6) 1, 1087; Chem. Abs., 1935, 29, 1415. 

*H. Gilman and A Hewlett, louia State Coll. J, Scu, 1930, 5, 19; Chem. Aba., 1931, 25, 4263. 

»W. R. Kirncr, J.A.C.S., 1928, 50. 1955. 

«H. Gilman and C. Vernon, J.A.C.8., 1924,, 46. 2577. 

»»C. Moureu, C. Dufraisse and J. R. Johnson, Ann. Chim., 1927, 7, 14; Chem. Aba., 1927, 21, 2896. 

J. Marcuaaon, Mitt. Materialpriif., 1922, 40, 245; J.S.C.I., 1923, 42, 327A. 

»A. S. Carter, J.A.C.8., 1928, 50, 2299. 

»G. H. Mains and M. Phillips, Chem. Met. Kuf/., 1921, 24, 661. 

»^Tetralin is recommended as a solvent for furfural lesins (J 8.C.I., 1922", 41, 568R). 
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Polymerization op Furfural and Reactions with Other Aldehydes 

Furfural, like many other aldehydes, undergoes polymerization on standing. 
Transformation is slow but can be greatly accelerated by heat or the presence of 
catalysts. Trickey and Miner" treated the aldehyde at 100®C. with ferric chloride, 
aluminum chloride, lead acetate or iron pyromucate (1 per cent of the weight of 
furfural). As the reaction proceeded, a soft viscous resin formed first and 
changed into a fusible, semi-solid mass which was soluble in acetone. On further 
heating, an infusible solid resulted. Reaction was accelerated by heating under 
]')ressure and at higher temperatures. 

Metallic iron, nickel, lead, magnesium, zinc or tin in the absence" or the pres¬ 
ence^" of an acid also catalyzed polymerization. Thus, 100 parts (by weight) of 
furfural are mixed with 500 parts of 18 per cent hydrochloric acid, 200 parts of 
water and 250 parts of iron powder. The mixture is allowed to stand until hydro¬ 
gen is no longer evolved. The resin is obtained by extraction with alcohol. 

When furfural is treated with one-fifth of its weight of concentrated sulphuric 
acid, it is transformed into a gelatinous material which becomes dense and hard 
and is characterized by a glossy finish and lustrous fracture.*^ Acids in general 
cause a similar resinification. Porous products, stated to be nonresinous, are ob¬ 
tained according to Snelling^® by treating 60 parts of furfural with 15 parts of 
hydrochloric acid and 25 jiarts of water for a period of 7 days at room temperature. 
The soluble components are removed by washing with water, and the residue is 
>uggested for use as an absorbent and in the preparation of artists’ crayons. 

Alkaline catalysts also effect the resinification of furfural. Meunier^"* refluxed 
7 ])arts of a 17 per cent solution of sodium hydroxide and 1 part by weight of 
furfural. The solution became dark brown. After heating for an hour, it was 
acidified with hydrochloric acid which jirecipitated a black, alcohol-soluble resin. 
Alcoholic solutions of the latter may be employed for coating purposes, giving a 
firm glossy surface on drying. Better yields of resin are secured by heating the 
alkali and aldehyde in an autoclave at 140-150°C. A similar procedure was fol¬ 
lowed by Mains and Phillips"* employing a 25 per cent solution of sodium hydroxide 
and concentrated hydrochloric acid (sp. gr. 1.19). 

Resins may be prepared by condensing furfural with acetaldehyde," formalde¬ 
hyde, benzaldehyde or crotonaldehyde in the presence of hydrochloric acid." As 
an example, 20 parts (by volume) of technical furfural are mixed with 10 parts 
of acetaldehyde and 5 parts of concentrated hydrochloric acid and poured into a 
mold maintained at about 20*0. The mixture turns brownish black and solidifies 
in 2 days giving a homogeneous solid mass. The cast pieces, which resemble 
ebonite, are washed free of acid and dried gradually. The final material is insoluble 
in the common solvents and is resistant to the action of acids and alkalies. 

®®J. P. Trickey and C H. Miner, U. S. P. 1,665,233, Apr. 10, 1928, to Quaker Oats Co.; Chem. 
Abs., 1028, 22. 1863. 

••C. S. Miner ond .1, P. Trickey, U. R. P. 1,665,234, Apr. 10, 1928, to Quaker Oats Go,; Chetn. Ahn,, 
1928, 22. 1863. 

^K. LUdecke and L. Mamlock, German P. 307,622, 1919, to Vereinigte Cliem. Werke A.-Q.; 
J.S.C.L, 1920 39, 273A. 

T. Richardson, U. S. P. 1,682,984, Sept. 4, 1928, to Cutler-Hammer Mfg. Co.; Chem. Aba., 
1028 22 3999 

«W. 0. Snelling, U. S. P. 1,716,606, June 11. 1929; Chem. Abe., 1929, 23. 3783. 

^G. Meunier, Lea matierea grasaea, 1916, 9, 4516; Chem. Aba., 1916, 10, 2805. 

**G. Mains, and H. Phillips, Chem. Met. Eng., 1921, 24, 661. 

On exposure to light, the reaction products of fuHural and acetaldehyde (vis., furylacrolein and 
its homologues) tend to form resins which are insoluble in alcohol (W. Kdnig, Ber., 1925, 58, 2566). 
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Resins from Various Furfural Derivatives 

Like furfural, furyl alcohol resinifies when heated alone or with a catalyst. In 
the absence of a catalyst, a temperature of ITO^C. is necessary; but with 0.1 per 
cent of hydrocliloric acid polymerization takes place at 80®C.*’ Houtz and Adkins'® 
reported that a mixture of the ozonides of two octylenes known as ‘"diisobutylene" 
act as catalysts in the polymerization of furyl alcphol. The furyl alcohol resins 
are stated to be useful for the impregnation of fibrous materials, incorporation in 
varnishes or as binders for hot and cold.molding operations. 

By dissolving furyl alcohol in an equal proportion of furfural with C.l per cent 
of.hydrochloric acid and heating to 80°C., Miner and Trickey"”* procured a viscous, 
tacky resin that could be admixed with fillers. The speed of the reaction and the 
extent to which it proceeds depends on the temperature employed, which should 
not exceed 110®C. A related composite resin is also prepared by dissolving a fur¬ 
fural resin in an equal amount of furyl alcohol and heating. 

A lacquer composition containing a solution of cellulose nitrate in amyl acetate, 
a plasticizer (castor oil or shellac), sulphuric or hydrochloric acid and furyl alcohol 
is described by Fawkes" As the lacquer dries, furyl alcohol is converted into a 
jet-black material with a glossy finish. Trickey®® obtained a black color on wood 
or molded articles by treating with furfural and allowing hydrochloric acid to act 
on the latter. 

Furylethylene may be polymerized by heating for 6 hours at 180-190®C. with 
catalysts such as benzoyl peroxide, potassium chlorate, ozone or linseed oil acids.** 
Dissolved in toluene together with tricresyl phosphate and nitrocellulose, the resin 
is used as a coating composition. 

Furfural and Phenols 

The reaction between furfural and phenols in the presence of acid catalysts 
yields infusible insoluble resins that frequently have a rubbery nature. The mate¬ 
rials exhibit elasticity under compression but possess no tensile strength, thus re¬ 
sembling factice (see Chapter 60), The color of the acid-catalyzed reaction products 
ranges from brown to black. If aqueous hydrochloric acid is added to a mixture 
of about equal parts of furfural and phenol, a violent reaction ensues, resulting in 
the formation of an elastic jelly-like substance or a hard, brittle and infusible resin. 
The nature of the final material depends upon the proportion of hydrochloric acid 
employed, temperature and other conditions. Phenol-furfural condensation in 
the presence of acids is complicated by the fact, already noted, that furfural itself 
readily polymerizes under these reaction conditions. Inasmuch as the utility of a 
resin, either in varnishes or plastic compositions, depends upon its being soluble 
or fusible, the products of the phenol-furfural condensation have only a limited 
use unless the reaction is carefully controlled. Beckmann and Dehn®* found, 
however, that rigid, infusible articles could be made by casting the acid-catalyzed 

«C. S. Miner and J. P. Tnckey, U. S. P. 1,665,235, Apr. 10, 1928, to Quaker Oats Co.; Chem. 
Abi., 1928, 26,. 1868. 

«K. C. Hout* and H. Adkins, J.A.C.S., 1931, 53, 1058. 

J. P. Trirkey and C. S. Mmer, U. S. P. 1,665,^7, Apr. 10, 1928, to Quaker Oats Co.; Brit, Chem. 
Ah$. a 1928, 419. 

^C. E. Fawkes, U. 8. P. 1,782,124, Oct. 15, 1929, to Quaker Oats Co,; Chem. Abe., 1980, 24, 252. 

»J. P. Trickey, U. S. P. 1,627,939, May 10, 1927; Chern. Abe., 1927, 21, 2174, See also British P. 
284,868, 1924, to Quaker Oats Co ; Chem. Abe., 1926, 20, 997. 

®B. E. Sorenson, U. S. P. 1,911,722, May 30, 1933, to E. I, du Pont de Nemours & Co.; Chem. 
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1931, 728. See also Cliapter 11. 

E. Beckmann and E. Dehn, Bitzber. preuee. Akad. Wiea., Berlin, 1918, 1201; Chem, Abe., 1920, 14, 
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products of the phenol-furfural reaction. The procedure is limited in application, 
as the hydrochloric acid present attacks the moldwalls and causes the casting to 
stick. 

The problem, then, is to make the primary furfural condensate in a fusible, 
soluble form so that it may find application in solution or in molding compositions 
with substances that will effect the final curing on subjection to heat and pressure. 
When an acid catalyst is used, a phenol-furfural resin having these properties is 
obtainable only if a large excess of phenol is used initially. Thus, if ten times as 
much phenol as furfural is employed (with a hydrochloric acid catalyst), a liquid 
is obtained from which the excess jihenol may be removed by steam distillation 
leaving a black, fusible resin. Beckmann and Dehn“ found that equal parts of 
furfural and phenol represent the combining proportions for resmification. The 
addition of strong acid to such a mixture, however, gives an infusible product. 
Although dilution with phenol results in the formation of soluble, fusible resins, 
such IS not the case with many other organic liquids used as diluents. The action 
appears to be a specific one for phenol and a few other substances. The large 
proportion of phenol required materially increases the cost of production. 

As furfural may be obtained almost water-free, phenol-furfural resins in con¬ 
trast to the phenol-formaldehyde types can be prepared in the absence of water, 
save that formed during condensation. Because of their dark color, the resins can 
be applied in insulation without the addition of pigments which might tend to 
impair their electrical properties. 

Beckmann and Delin'"'*' added concentrated Inalrochlonc acid to a solution of 
phenol and furfural and noted that a reddish-violei color changing to dark blue 
appeared. The mixture becomes hot and finally solidifies to a hard black mass 
insoluble in acids, alkalies, chloroform, acetone or benzene and unaffected by boil¬ 
ing. The product is scratched slightly by gypsum and strongly by calcite and thus 
corresponds in hardness to Bakehte C. It possesses some elasticity, breaking with 
difficulty. The fracture is conchoidal. The resin can be turned on a lathe but 
attacks metals because of the phenol and acid present. This defect is overcome 
by heating, which makes the material harder but more brittle. 

Beckmann and Dehn studied various mixtures of furfural and phenol to deter¬ 
mine the most reactive proportions. The results of these observations are shown 
111 Table 31. It was noticed that after addition of the acid solidification took place 
first along the walls of the vessel and the surface of the liquid. As a result of a 
series of experiments it was concluded (as already noted) that the best resin-forra- 
ing jiroportions were equal parts of furfural and phenol. A study of a solution 
of this composition showed that the speed of reaction increased rapidly as the 
concentration of the acid was raised over a small range. Other reactions of fur¬ 
fural in the presence of hydrochloric acid with hydroxyl-containing aromatic com¬ 
pounds and terpenes were determined by Beckmann and Dehn, and the results 
were as follows: 

1. o-(’rr.so/ The solution becomes blue-violet and heats spontaneously, soon solidi¬ 
fying to a black product. 

2. m-Cresol. This likewise heats but becomes dark blue and condenses to a black 
solid. 

3. p-Cresol. The solution becomes green, then blue and finally black. It remains 
liquid longer than the two other cresols but condenses to a solid substance. It does 
not heat spontaneously. 

4. Crude CretfoL (From tar oil.) The solution heats strongly, becoming reddish- 
violet; and after about an hour becomes hard and black. 

M £. Beckmann and £. Dehn, loe. cit, 

E. Beckmann and E. Dehn, loc. cU. 
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5. Thymol. The solution changes from blue to black and soon thickens to a solid. 
There is no spontaneous heating. 

6. Fyrocatechol. The .solution turns gradually with spontaneous heating from a 
reddish-violet to blue and then to black. The separated solid condensation product 
is lustrous and shows a slighdj^eparation of pyrocatechol. 

7. Resorcinol. The solutionS’eacts immediately and violently with ebullition on 
the addition of hydrochloric acid. A solid substance, full of bubbles, separates. 

8. Hydroquinone. One part of hydroquinone dissolves completely in an equal 
amount of furfural on heating. Hydrochloric acid is added to the warm solution 
and after cooling, a solid black substance is found, to the surface of which some 
separated hydroquinone is clinging. 

9. Guaiacol. At the beginning the solution is brown but becomes black, remain¬ 
ing liquid for a long time and finally .solidifying. The solution does not heat sponta¬ 
neously. 

10. Pyrogallol. Reaction takes place violently with blackening and the rapid forma¬ 
tion of a vesiculated mass. 

11. Phloroglucinol. It dissolves in furfural only on heating. The addition of 
hydrochloric acid to the hot solution brings about a violent reaction with ebullition 
and the separation of a vesiculated brittle substance. 

12. m~Chlorophenol. The solution becomes dark green and reacts slowly, condens¬ 
ing finally to a hard lustrous solid. There is no heating. 

13 p-Chlorophenol. The solution becomes dirty gray and eventually black, with 
the .‘reparation of a soft and friable substance. 

14. o-Nitrophenol. A yellowish-green oil separates, which remains liquid and shows 
only slight indications of black particles. There is no evolution of heat. 

15. p-Nitrophenol. The solution becomes brown and then black without the evolu¬ 
tion of heat. It remains liquid for a long time but finally .solidifies to a product which 
is not homogeneous. It is admixed with unchanged nitpophenol and is friable. 

16. Picnc Acid. There is no vi.sible reaction even on warming. The dark green 
mixture remains liquid. 

17. p-Amidophenol. This dissolves in furfural only on heating and reacts without 
the addition of acid. 

18. Menthol. A green solution which becomes darker on warming and then black 
is produced. Finally a black spongy mass separates which does not become solid. 

19. Terpineol. The solution becomes brown without spontaneous heating. Later 
Its color turns red and a solid is formed. 

20. Carvacrol. A reddish-violet solution is yielded which soon heats spontaneously 
and after 2 hours becomes solid. The product is fairly hard. 

21. Camphor. The solution reacts very slowly with a reddish-violet coloration, 
gradually becoming brownish. 

22. Borneol. Borneol (1 part) dissolves completely in the cold in 2 parts of fur¬ 
fural. The solution is colored violet on the addition of hydrochloric acid, then 
brownish-black while a solid substance separates. There is no self-heating, and un¬ 
changed borneol remains. 

23. a-Naphthol. The solution immediately become.^ red, turning to violet; and 
with a violent, almost explosive reaction, changes to a black solid. It is unu.sually 
hard but vesiculated. 

24. (i-Naphthol. It reacts immediately with the appearance of a dark blue colora¬ 
tion, but the reaction is less violent than in the case of a-naphthol. However, there 
IS a strong evolution of heat. The reaction product is hard and lustrous 

In certain instances, substitution in the para position with respect to the hydroxvl 
group appears to be unfavorable for condensation. 

Of the foregoing jirodiicts the most promising ones were from phenol, crude 
cresol, guaiacol, carvacrol and /3-naphthol. All were made in the proportion of 
10 parts furfural, 10 parts of the phenolic substance and 1 part of concentrated 
hydrochloric acid. In manufacturing these resins on a large scale, probably only 
the products from phenol and crude cresol (or possibly naphthol) can be consid¬ 
ered because of the cost. 

In place of aqueous acid, alcoholic hydrochloric acid may be used to produce 
firm black bodies. These have a conchoidal fracture and machine well, but differ 
from those made in aqueous acid by having a lustrous surface of fracture through- 
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out the mass instead of in the outer zone only. Other inorganic acids may be 
employed, but organic acids as acetic, tartaric and benzoic acid (with the 
possible exception of oxalic acid), exhibit little catalytic action, and the solution 
of reactants remains liquid even after heating for a long time. Reaction mixtures 
treated with acetic and benzoic acid did not show a black coloration. 

It was noticed in 1872 by Baeyer®* that an indigo-blue substance, soluble in 
water, precipitated from mixtures of furfural and phenol, resorcinol and pyrogallic 
acid on the addition of hydrochloric acid. Steinitzer” obtained a hard-rubber sub¬ 
stitute by heating 100 g. of furfural, 50-100 g of phenol and 3 g. of concentrated 
sulphuric acid in a closed mold at 150®C. 

Trickey, Miner and Brownlee” found oxalic acid to be less active as a catalyst 
than sulphuric or hydrochloric acids. External heat was necessary to cause reac¬ 
tion. The results of their observations on hydrochloric acid as a catalyst are sum¬ 
marized as follows: 

1. In order to obtain an infusible, insoluble resin the proportions should be 
preferably slightly in excess of 1 mol furfural to 1 mol phenol. 

2. The resin obtained with an excess of phenol was soluble in acetone and alcohol, 
and remained jelly-like when cooled, even after it had been heated for a number of 
days. 

3. The resins obtained with vaiying amounts of acid as a condensing agent were 
similar, but the time necessary to complete the reaction varied from 2 weeks in the 
case of 0.2 per cent to 10 hours in the case of 0 6 per cent acid, indicating that the 
acid catalyst is most effective within a very narrow range of concentration. 

Tzonev and Yavnel” reported that condensation products of better quality 
were prepared by substituting cresols for phenol. The reaction velocity of furfural 
with phenols increases in the order: quinol, catechol, /3-naphthol, phenol, p-cresol, 
o-cresol, m-cresol, a-naphthol, resorcinol. These investigators also stated that the 
hardest resins were formed from the least symmetrical molecules. 

Sweeney” produced resms by treating corncobs (ground to pa.ss a quarter-inch 
mesh) with cresol in the presence of 10 jier cent of hydrochloric acid. The weight 
of cresol was about 60 per cent that of the pentosan-containing corncobs. After 
heating for 3 hours at 100i®C., the mixture yields a black sticky mass which sets 
to a brittle solid in 48 hours and is then molded. The water-solubility of the resin 
is decreased by heating at 100®C. for several days. 

Jet-black resins, which may be used either alone or with filling materials, are 
made by developing a small quantity of coloring matter in the phenolic reagent 
(through condensation with a limited portion of furfural) before formaldehyde 
treatment.” Thus, 1 mol of phenol or cresol is mixed with 0.05 mol of furfural and 
1 per cent of hydrochloric, sulphuric or oxalic acid. The mixture is boiled until it 
blackens, 0.6 mol of formaldehyde is added and the heating is continued to complete 
the reaction. The black resin is soluble in organic solvents and may be used in 
varnishes. Hexamethylenetetramine may be substituted for formaldehyde as the 
hardening agent. 

As a means of preparing stable resin solutions that would set at a controllable 
rate on the addition of an acid catalyst, Knapj)” suggested the use of a mixture 
of phenol and phenol-formaldehyde condensates with furfural. A composition of 

M A. Baeyer, Ber., 1872, 5, 25. 

F. Steinitzer, German P. 305,624, 1917; Chem. Zentr,, 1920, 2, 495. 

®®J. P. Trickey, C. S Miner and H. .1. Brownlee, Ind. Eng. Chem., 1923, 15, 65. 

N. Tzonev and N. Yavnel, Maslobotno Zhtrovoe Delo, 1932 (9), 38; Chem. Abs., 1933, 27, 3471. 

“O, R. Sweeney, U S. P. 1,797,55'!, Mar. 24, 1931, to Iowa State Ck)llege of Agriculture; Chem. 
Ab»., 1931, 25. 2822 Cf. N. Tzonev and N. Vavnel, Maatobcnno Zhtrovoe Delo, 1931 (11), 22; Chem. 
Abs., 1932 , 26, 4403 

»C. A. Nash, U. S. P. 1,524.995. Feb. 3. 1925 to Bakelite (3orp.; Chem Abs., 1925, 19. 1061. 

«>P. Knapp, U. S. P. 1,884,747, Oct. 25, 1932, to E. I. du Pont de Nemours A Co.; Chem. Abs., 
1933, 27. 1221. 
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this sort is made by first refluxing 25-175 parts of fonnaldehyde and 210 parts of 
phenol in the presence of hydrochloric acid, cooling, removing water and neutraliz¬ 
ing the residue. Then, 140 parts of furfural together with 20-30 per cent of a filler 
(asbestos) are incorporated giving a stable paste. When the composition is to be 
ased, a small proportion of a catalyst consisting of 70 parts of concentrated sul¬ 
phuric acid and 30 parts of ethyl alcohol is added; and the mass gradually stiffens, 
remaining workable for about an hour. 

Novotny and Kendall®^ also prepared fusible phenolic condensation products by 
reacting 100 parts of phenol with 15-40 parts of furfural and 5-10 parts of 39 
per cent hydrochloric acid under pressure. Considerable heat is developed and 
cooling IS necessary to maintain a tem]>erature of about 93'’C. The mixture is 
agitated for one hour, and is then heated to 166°C. to remove hydrochloric acid 
and the water formed by the condensation. Unreacted phenol is eliminated by 
steam or vacuum distillation. Alkali is added to neutralize any traces of acid 
remaining. The fusible product is mixed with 8-40 per cent of furfuramide; and, 
after hardening, the resin may be used in powder form or in alcohol or acetone 
solution. The dry composition becomes rigid and infusible when subjected to 
pressure at temperatures of 93-177°C. 

Cracked jietroleum distillates, having a relatively high content of unsaturated 
hydrocarbons, may be combined'^" with furfural to give synthetic resins. A cracked 
gasoline fraction (250 parts by volume) refluxed with 150 parts by volume of 
technical furfural in the presence of 1 per cent by weight of sulphuric acid fur¬ 
nishes a jet-black jelly-like mass that can be mixed w’lth wood flour and molded. 
Cracked oils pre-treated with air or other oxidizing gases similarly react with 
furfural yielding resins, the properties of wdiich depend to some extent on the 
kind and duration of pre-oxidation. By extracting the cracked distillates with 
liquid sulphur dioxide the more highly unsaturated portion is isolated and may be 
freed of solvent by evaporation. After mild oxidation, this extract will form a 
hard resin with furfural. Catalysts suggested for the resin-forming reaction are 
sulphuric acid, hydrochloric acid, sodium hydroxide and ammonia. 

Chlorides as Condensing Agents. In view of the activity of hydrochloric 
acid as a condensing catalyst for the phenol-furfural reaction, other chlorides w^ere 
investigated by Beckmann and Dehn.“ Sodium or potassium chloride had no 
effect even after prolonged boiling; but ammonium chloride and amine hydrochlo¬ 
rides, on the contrary, catalyzed condensation. A black coloration on heating was 
noted when 10 per cent of ammonium chloride was added to mixtures of furfural 
and phenol, crude cresol or a-naphthol. Compositions containing this type of 
agent, however, remain liquid in spite of prolonged boiling. A phenol-furfural 
solution to which 10 per cent of hydroxylamine hydrochloride is added undergoes 
a violent reaction with the formation of a black solid. Aniline hydrochloride is 
a less effective catalyst. Metallic chlorides of an acidic nature (zinc, aluminum 
and cuprous chlorides) behave like the amine hydrochlorides. Epichlorohydrin, 
acetylene tetrachloride and carbon tetrachloride have been suggested also as con¬ 
densing agents.** 

Basic Condensing Agents. As noted earlier in the chapter, acid catalysts 
cause the phenol-furfural reaction to proceed rapidly to the formation of infusible 
products and thus limit their commercial utilization. Basic catalysts, however, 

«E. Novotny and D. S. Kendall, U. S. P. 1,398,146. Nov. 22, 1921; Chem. Abn, 1922, 16. 843. 

•• R. B. Day, U. S. P. 1,933,716, NoV. 7, 1933, to Universal Oil Product^ Co.; Chem. Aba., 1934, 28, 
664. The use of other aldehydes with petroleum distillates (R. B. Day, U. S. P. 1,9^,716, Nov. 7, 
1933. to Universal Oil Products Co.; Chem. Aba., 1934, 28, 664) is discussed in Chapter 23. 

** E. Beckmann and E. Dehn, loc. cit. See also A. Hutin and P. Dauplin, French P. 491.264, 1919. 

Swiss P. 85.076 and 86.308, 1920, to Bakelite G.m.b.H.; Kunatatoffe, 1921, 11, 62. F. Steinitser, 
Austrian P. 86,764, 1921, to Bakelite G.m.b.H.; Chem. Zentr., 1922, 4, 714. 
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produce a slower, more controllable action by means of which stable intermediate 
condensates of a fusible and potentially hardenable nature are obtainable. Resins 
prepared with basic catalysts, therefore, have a greater practical significance. 

When equal parts of phenol and furfural are heated with sodium hydroxide, 
or sodium carbonate solutions, a brown oil forms." The oil thickens on heating 
for 8 hours at 180®C. in a sealed tube. Under the same conditions a solution of 
ammonia gives a plastic mass which is soluble in hot alcohol, acetone and chloro¬ 
form, and is resistant to acids and alkalies. Materials of a similar nature are 
obtained by heating phenol-furfural mixtures at 100®C. for 3-4 hours with solid 
alkali hydroxides or carbonates. The brown gummy masses dissolve in organic 
liquids and, in alcohol and benzjene, give clear brown varnishes. They melt easily 
and at high temperatures become insoluble and infusible, resembling the substances 
obtained with acids or chlorides. 

Trickey, Miner and Brownlee"*' also report fusible furfural resins could be pre¬ 
pared readily by employing alkaline catalysts. Their observations are summarized 
as follows: 

1. In order to obtain an insoluble resin the proportions should be about 1.25 mols 
of furfural to 1 mol of phenol. With these resins cold-molded products were produced 
on a commercial scale. 

2. The resins formed in an excess of phenol were solid and brittle when hot, melted 
easily and were readily soluble m acetone, alcohol and furfural. 

These investigators stated that sodium hydroxide or the monohydrate of sodium 
carbonate (1 per cent of the mixture) gave a solution in which the reaction was 
easily controlled. 

Equimolocular proportions of the two reactants in the presence of 4: N sodium 
hydroxide, 3.6 iV potassium hydroxide or 18 per cent of calcium oxide appeared to 
give the best yield of a soluble black resin, according to Routala and Kuula.®^ 
The time required for condensation varied from 2.5 to 4 hours. It was found that 
furfural resins could be bleached to a considerable degree by halogens. 

Nash, Trickey and Miner" suggested that a solid catalyst be employed. Thus, 
a mixture of 94 parts of phenol, 104 parts of furfural and 1 per cent (of the total 
weight) of sodium carbonate was heated until a stiff plastic mass was formed. 
When cooled, it could be thinned with additional furfural, admixed with asbestos, 
molded and finally hardened at 180-230°C. 

Two per cent of potassium carbonate (on the basis of the weight of phenol) 
as. a catalyst in the reaction of phenol (100 parts) and furfural (75 parts) were 
recommended by Novotny and Kendall." The reactants are heated for 2 hours 
at 130-150°C., water and excess phenol are then removed, and the product 
is ])ulverized. The rate of formation of the resin was increased by the addition 
of about 1 per cent of p-phenylenediamine, the solubility of the resin at the same 
time being decreased. Incorporation of 8 per cent of furfuramide with the pow¬ 
dered resin accelerated its hardening during hot molding."" If the reaction mixture 
is rapidly chilled, condensation is checked and syrupy products are obtained.'^ 

^ E. Beckmann and E. Dehn, loc, at. 

®®J. P. Trickey, C. S. Miner and H. J. Brownlee, Ind. Eng. Chem., 1923, IS, 65. G. Meunier 
(French P. 23,^1, addn. to French P. 472,384; Kunstetoffe, 1922, 12, 164) also obtained resinous products 
from the reaction of phenol and furfural in the presence of bases or basic salts. The products could 
bo used in varnishes. 

Routala and O. Kuula, i4c/o Chem. Fennica, 1931, 4, 50; Chem. Abe., 1931, 25, 5047. 

•0. A. Nash, J. P. Trickey and C. 8. Miner, U, 8. P. 1,736,047, Nov. 19, 1929, to Quaker Oats Co.; 
Chem. Abe., 1930, 24, 698. 

•B. E. Novotny and D. 8. Kendall, U. 8. P. 1,705,495, Mar. 19, 1929, to J. 8. 8toke8; Chem. Abe., 
1929, 23, 2309. 

'>®E. E. Novotny and D. 8. Kendall, U. 8. P. 1,705,496, Mar. 19, 1929, to J. 8. 8tokes; Chem. Abe., 
1929, 23. 2309. 8ee also British P. 243,470, 1924, to J. 8. Stokes; Chem. Abe., 1926, 20, 3827. 

’IE. E. Novotny, U. 8. P. 1,737,121, Nov. 26, 1929, to J. 8. Stokes; Chem. Abe., 1930, 24, 740. 
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These may be stored and resinified as required with hardening agents and filling 
materials. A golden-brown, alcohol-soluble resin, designed for use in varnishes, is 
prepared by refluxing for 1.5-2.5 hours a composition containing (by weight) 
2600 parts of commercial cresol, 1300 parts of furfural, 1240 parts of formaldehyde 
and 13 parts of potassium carbonate.” 

Ellis” prepared fusible, alcohol-soluble resins by condensing furfural and 
phenol in the presence of carbonates. 

As an example, 10 parts (by weight) of phenol, 7.5 parts of furfural and 0.5-1 
part of sodium or potassium carbonate are mixed and refluxed for 2-3 hours at 150®C. 
Residual phenol and furfural are then removed by heating to 160-170®C. and blow¬ 
ing steam through the mixture, which also deodorizes the product. During this treat¬ 
ment the resin becomes more viscous and when cool may be powdered. To prepare 
a molding composition from the resin, 100 parts by weight are dissolved in alcohol 
and 3-10 parts of hexamethylenetetramine and 100 parts of wood flour are added. The 
dry mixture may be molded at 160-180®C. under a pressure of 1000-2000 lb. per 
square inch. An insoluble and infusible resin can be obtained directly by using a larger 
proportion of furfpral and heating for longer periods. 

Kurath” made a quick-setting resin by permitting phenol to react with fur¬ 
fural in the presence of sodium hydroxide. The mixture is maintained at such a 
temperature that the water formed during the reaction is continuously removed. 
In this manner, lowering of the boiling point due to the accumulation of water 
is avoided and the reaction is quickened. 

Interaction of cresol and furfural may be carried out in two stages.” In the 
first, the aldehyde (100 parts by weight) and cresol (100 parts) are refluxed at 
llO^C. with calcium hydroxide (12 parts) for an hour. This product does not 
solidify on cooling. In the second stage the hot resin is mixed with an additional 
20 parts of calcium hydroxide and the heating is continued at 160°C. for 15 
minutes or until a sample forms a hard brittle mass on cooling. Stearic acid, or 
a non-hardening resin, may be incorporated in the mixture during the second stage. 

A reactive phenol-furfural resin may be added to a mixture of calcium oxide 
and hexamethylenetetramine to form a mass which is said to cure quickly.” For 
example, 100 parts (by weight) of furfural, 100 parts of phenol and 2 parts of 
sodium carbonate are heated under reflux for 2 hours and then heated in an 
open vessel to drive off water. The dehydrated resin is mixed with 8 parts of 
lime and 1-4 parts of hexamethylenetetramine and heated at 140®C. until a 
viscous fusible resin is produced. 

According to Mains” commercial coal-tar acid containing about 75 per cent 
of m- and ])-cresol, 20-25 per cent of xylenol and a small proportion of o-cresol 
is superior to cresylic acid for condensation with furfural in the presence of 
sodium carbonate. A furfural-formaldehyde mixture can be used in place of 
furfural. 

The plasticity and molding quality of phenol-formaldehyde resins may be im¬ 
proved by the incorporation of furfural.” Furfural-phenol resins do not show the 
same reactivity when incorporated with hexamethylenetetramine as do formal- 

E. Novotny, U. S. P. 1,771,508, July 20, 1930, to J. S. Stokes; Chem. Abs., 1030, 24. 4648. 

T«Carleton Elhs, U. S. P. 1,771,033, July 22, 1930; Chem, Aba., 1930, 24, 4648. 

F. Kureth, U. S. P. 1,969,800, Aug. 14, 1934, to Economy Fuse & Mfg. Co.; Chem, Aba., 1934, 28, 

6330. 

7BQ. W. Miller, U. S. P. 1,717,614, June 18, 1929, to Bakelite Oorp.; Chem. A&«., 1929, 23, 4090. 
See also British P. 826,884, 1028, to Bakelite Corp.; Chem, Aba,, 1930, 24, 4945. German P. 525,092, 
1928; Chem. Aba,. 1931, 25. 4139. French P. 669,865. 1929; Chem. Aba., 1930, 24. 1997. 

British .?. 359,047, 1980, to Bakelite Corp.; Brit. Chem. Aba. B, 1982, 32. French P. 697,753, 
1930: Chem. Aba,, 1981, 25, 8186. 

Mains, U. S. P. 1,885,510, Dec. 8, 1931, to Westinghouse Elec. A Mfg. Co.; Chem. Aba., 1932, 

26, 1144. 

7«F. P. Brock, U. S. P. 1,609,506, Deo. 7, 1926, to Bakelite Corp.; Chem. Aba., 1927, 21, 883. 
Canadian P. 261,958, 1926; Chem. Aba., 1926, 20. 8544. 
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flehyde-phenol products, hence hardening does not take place rapidly in the 
iTiold^ Sticking presents another difficulty. Furfural resins hav^e been used in 
the manufacture of printing plates and matrices, but in these applications it is 
customary to interpose a thin sheet of tinfoil between the mold and the molded 
piece to avoid sticking. 

The following procedure is suggested by Thompson***' for securing adhesion be¬ 
tween rubber uiul smooth metal surfaces. A heat-reactive resin (foimed by con¬ 
densing 50 parts by weight of furfural and 50 parts of phenol in the presence of 
10 parts of sodium carbonate for 3 hours at 100°C.) is ground and incorporated 
with powdered rubber. The dry mixture is apjilied to a metal surface, a layer of 
vulcanized rubber is added and the whole is vulcanized under pressure. 

Alkaline Salts. Beckmann and Dehn^" reported that, in general, alkaline 
salts did not bring about condensation between phenol and furfural. Numerous 
tests were made with sodium perchlorate, perborate, thiosulphate and sulphite with¬ 
out obtaining positive results. The solutions of reactants became darker in 
color on heating but remained liquid. Sodium peroxide ignited the mixture. 

Condensation Without Catalysts. In the absence of an added catalyst, 
mixtures of phenol, crude cresol or a-naphthol and furfural resinify. Beckmann 
and Dehn“ heated equal parts of phenol and furfural m a sealed tube for 8 hours 
at 220°C. The mixture became dark brown, but remained liquid, and was com¬ 
pletely soluble in alcohol, acetone and chloroform. A solution composed of equal 
parts of crude cresol and furfural, heated under the same conditions, gave a thick 
brownish-black oil containing water globules. The oil was only partly soluble 
in alcohol but dissolved completely in acetone, chloroform and benzene. When 
equal parts of a-naphthol and furfural are heated in a sealed tube for 9 hours 
at 150°C., a solid product containing bubbles is obtained. This softens without 
melting and is insoluble in alcohol, acetone, chloroform and benzene. 

Novotny” also prepared a resin from phenol and furfural without the addition 
of a catalyst. Equal parts of the reactants give an infusible and insoluble con¬ 
densation product when heated more than 2 hours at 200-230®C. A fusible 
material that may be hardened with hexamethylenetetramine is obtained by re¬ 
ducing the heating time to 1 hour and maintaining the same temperature, which 
is decidedly higher than that (usually not greater than 150°C.) employed with 
catalysts. Xylenol condenses readily with a mixture of furfural and formaldehyde 
on refluxing. The temperature in the latter instance is 182-193°C., and water 
is removed continuously from the condensed vapors by a gravity separator, the re¬ 
active ingredients being returned to the digester. The product is admixed with a 
hardening agent (formaldehyde).” 

Modified Furfural Resins. Extending Agents. A resin designed for 
u.<?e in varnish, molding and insulating compositions is obtained by incorporating 
phenol-furfural resins with glycerol-phthalic anhydride products.” A composition 
containing a phenol-furfural or aniline-furfural resin, benzene and hydrochloric 
acid can be used as a protective layer on surfaces coated with cellulose acetate, 
cellulose nitrate or methyl cellulose.” Further condensation of the phenol-furfural 
resin in sunlight or by baking forms an insoluble, infusible finish that preserves 

P. Trickey, C. S. Miner and H J. Brownlee, Ind. Eng. Chem., 1923, IS, 65. 

«»0. A. Thompson, U. 8. P. 1,931,309, Oct 17, 1933, to B F. Goodnch Co.; Chem. Ahs., 1934 , 28, 
374. British P. 388,776, 1033; Chem. Abs., 1933, 27, 6900. French P. 723,088, 1031; Chem. Abe., 1032, 

26. 4207. 

E. Beckmann and E. Oehn, he. cit. 

•• E. Beckmann and E. Dehn, he. cit. 

^E. E, Novotny, U. 8 P. 1,705,403, Mar. 19, 1929, to J. S. Stokes; Chem. Aht., 1029, 23. 2310. 

•*E. B. Novotny, U. 8. P. 1,793,715, Feb. 24, 1931, to J. S. Stokes; Chem. Abe.. 1931, 25. 2312. 

»H. Weber, U. 8. P. 1,715,688, June 4, 1929, to Westinghouse Elect. & Mfg. Co. ; Chem. Abe., 1929, 
23. 3832. 

••C. Dreyfus. U. 8. P. 1.964,039, June 26, 1934; Chem. Abe., 1C34. 28. 5238. 
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the cellulose compound from the action of acids, alkalies and heat. A coating 
composition containing resorcinol dissolved in furfural, tolyl phosphate and cellu¬ 
lose acetate may be resinified on the surface by treatment with hydrogen chloride."’ 

Beckmann and Dehn“ added 1 part of hydrochloric acid to a cooled solution 
containing 4 parts of phenol, 4 parts of furfural and 1 part of coal tar. A solid 
mass similar in properties to the acid-catalyzed resins from phenol and furfural 
previously described was obtained. A black substance which retained its elas¬ 
ticity up to 100°C. resulted when 5 per cent of lanolin was substituted for the 
coal-tar. Glycol, glycerol, vaseline, cumarone resin and pyroxylin lacquer could 
not be used as extending agents because separation occurred during condensation. 
Sulphur additions gave no beneficial effects. 

Phenol, Furfural and Other Aldehydes. When equal weights of phenol, 
formaldehyde and furfural are boiled with 10 per cent of concentrated ammonium 
hydroxide, a dark liquid separates.*® Using 10 per cent of aniline hydrochloride, 
in place of ammonia, somewhat better products are formed. A mixture of phenol, 
furfural, benzaldehyde and concentrated hydrochloric acid becomes violet and 
heats spontaneously, gradually becoming black and viscous. The condensate is 
not solid and yields a soft spongy mass which is partially soluble in organic solvents. 
A similar but somewhat more solid body is obtained when cresol is substituted for 
phenol. 

Turkington®* proposed the addition of furfural and a filler to phenol-formalde¬ 
hyde condensation products in the production of cold-molding compositions. A 
typical mixture of this sort consists of 40 lb. of finely ground asbestos, 4 lb. of 
furfural and 8 lb. of phenol-formaldehyde resin. The resin and furfural are first 
mixed to form a liquid of molasses-like consistency to which the filling material 
is added. 

Incorporation of furfural in phenol-formaldehyde resin varnishes was sug¬ 
gested hv Cheetham.®’ As an example, 50 lb. of the resin are dissolved in 100 lb. 
of alcohol and 20 lb. of furfural. The furfural imparts increased fluidity and 
penetrating quality to the varnish. The aldehyde also tends to absorb part of 
the ammonia liberated from hexamethylenetetramine during the setting of the 
varnish, thus partially preventing the formation of bubbles. 

Phenol (50 parts by weight) and formaldehyde (12.5 parts) may be con¬ 
densed in the presence of hydrochloric acid and treated with furfural ( 12.5 parts) 
after removal of water. On heating for 10-12 hours at 80°C., an insoluble resin is 
obtained.®* As an alternative, a mixture of phenol, formaldehyde, furfural and 
catalyst may be stirred together without external heating and allowed to stand. 
The aqueous layer which settles is separated mechanically, and the mass is heated 
at 100°C. for a long period. An insoluble resin free from bubble cavities is 
formed.®* By allowing a mixture of 50 parts by weight of phenol, 40-60 parts 
of furfural and 1 part of p-aminophenol to stand and by heating the product 
(after removing water) for a long period at 7()-100°C., an insoluble infusible resin 
is obtained which may be used in insulation.®* 

A. T. Ward and G. Bray, British P. 320,649, 1928, to Biit Thomeon*Houston Co , Ltd ; Brft Chem 
Ahs. B, 1929, 1023. Cf. the addition of fiiifund-phenol resins to cellulose-acetate lacquers, Biitish P. 
307,291, 1929, to Brit. Celanese, Ltd.; Bnt. Chem. Ab$. B, 1930, 469. 

E. Beckmann and E. Dehn, loe. at. 

*• E. Beckmann and E. Dehn, loc. cii. 

WV. Turkington, U. S. P. 1,508,392, July 29, 1924, to Bakclite Corp.; Chem. Abe., 1924, 18. 2949. 
Cf. E. NovotnV and D. S. Kendall, U. S. P. 1,398,146, Nov. 22, 1921; Chem. Abe., 1922, 16, 843. 

«H. C. Cheetham, U. S. P. 1,528,006, Mar. 8, 1925, to Bakelite Corp.; Cher^u Abe., 1925, 19, 
1502. British P. 276,417, 1926; Chem. Abe., 1928, 22. 2476. See also L. V. Redman and H. C. 
Qieetham. U. 8. P. 1,693,939, Dec. 4, 1928, to Bakelite Corp.; Chem. Abe., 1926, 20, 97 

« German P. 363,917, 1922, to Felten & Gudleauroe Carlswerk A.-G.; J.8.C.I., 1923, 42. 275A. 

German P. 365,626, 1922, to Felten & Guilleaume Carlswerk A.-G. ; J.S.C.I., 1923, 42, 615A. 

** German P. 358,195, 1922, to Felten & Guilleaume Carlswerk A.-Q.I J.S.C.I., 1922 , 41, 948A. 
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Ellis** suggested modifying phenol-butyraldehyde** resins by heating them at 
150®C. with furfural in the presence of potassium carbonate. He also condensed 
phenol-acetaldehyde resins (containing excess phenol) with furfural, using alkali 
carbonates as catalysts.*^ If the condensation of phenol, acetaldehyde and furfural 
is prolonged until the resinous product when cold can be crushed between the 
fingers to a non'tacky powder, hexamethylenetetramine may be incorporated and 
the resultant mixture used for molding."* In another process a phenol-formaldehyde 
resin is heated at 130-150®C. with furfural, calcium oxide, a small amount of hexa¬ 
methylenetetramine and stearic acid until a brittle, fusible product forms on 
cooling."* 

Phenol-furfural resins exhibit a strong tendency to gelatinize before condensa¬ 
tion is completed. Hence, the product is likely to be incompletely dehydrated and 
thus inferior for electrical purposes. To avoid this difficulty, Groff'"® suggested 
reacting phenol and furfural in the presence of sodium hydroxide at 110-160°C. 
Then, 30-80 per cent of a phenol-formaldehyde or natural resin is added and 
heating continued at 150®C. with hexamethylenetetramine as a hardening agent. 
Varnishes for electrical insulation are prepared from the resulting dehydrated resins 
by dissolving them in alcohol or butyl acetate. Alternatively, 200 lb. of phenol- 
or cresol-formaldehyde resin are heated to 140-150°C. and to the fluid resin are 
added 6 lb. of stearic acid and 16 lb. of calcium hydroxide.'"' The mixture is 
stirred for 15-30 minutes at 130-150*C. and then 30 lb. of furfural are incor¬ 
porated. Reaction is continued until a test-sample is brittle when cold. Molding 
compositions are prepared by mixing the product with hexamethylenetetramine 
and fillers. 

Furfural, even in relatively small proportions, exerts considerable influence 
on the flowing qualities of the final compositions. By using this aldehyde, it 
is possible to raise the ratio- of filler to resin without affecting the molding prop¬ 
erties. Thus, a molding mixture containing 25 per cent of a formaldehyde resin, 
20 per cent of furfural and 55 per cent of wood flour exhibits substantially the 
same flowing qualities as a composition containing equal amounts of resin and 
filler.'*" 

Melhus'** employed a composition containing a fungicide (e.g., mercuric cya¬ 
nide), a solution of furfural and a furfural-cresol condensation product for the 
treatment of plant wounds. Furfural is used in abrasive cements, a typical com¬ 
position containing 90 parts by weight of sand, 10 parts of phenol-formaldehyde 
resin, 3.3 parts of furfural and 2.5 parts of alcohol.'"* Phenol-furfural resins, 
like a numl^r of other types, have been suggested for use in brake linings.'** Thin 
sheets of asbestos are treated with graphite or talc and bonded with the resin. 

«Cftrleton Ellie, U. S. P. 1.477,870, Dec. 18, 1923; Chem. Abs., 1924, 18, 760. 

•• For the preparation of phenol-aldehyde resms, other than formaldehyde, see Chapter 18. 

wCarleton Ellis, U. 8. P. 1,692,296, July 18, 1926; Chem. Aba., 1926 , 20, 3242. 

••Carleton Elhs, U. S. P. 1,692,778, July 13, 1926; Chem. Ab$., 1926, 20. 3242. 

^Bntish P. 326,646, 1928, to Bakelite Corp.; Bnt. Chem. Aba. B, 1930, 572. British P. 330,968. 
1929; Brit. Chem. Aba. B, 1930, 828. Q. W. Miller, Canadian P. 298,814, 1930, to Bakelite Corp.; 
Chem. Aba., 1980, 24, 2906. French P. 671,273, 1929; Chem. Aba., 1930, 24, 2317. French P. 670,152, 
1929; Chem.sAba., 1980, 24, 1996. 

Mop. Groff, U. 8. P. 1,6‘^,112, Nov. 27, 1928, to Bakelite Corp.; Chem. Aba., 1929, 23. 722. British 
P. 828,086, 1928; Chem. Aba., 1980, 24, 2906. 

i»P. Groff and G. W. Miller, U. 8. P. 1,720,896, July 16, 1929, to Bakelite Corp.; Chem. Aba., 
1929, 23, 4866. British P. 826,646, 1929; Bnt. Chem. Aba. B. 1930, 672. 

'“L. V. Redman and V. H. Turkinjirton, U. 8. P. 1,716,666, June 11, 1929, to Bakelite Corp.; Chem. 
Aba. 1929 23 3822. 

«•!. E. Melhus, U. 8. P. 1,786.641, Dec. 16, 1930; Chem. Abe., 1981, 25, 5541. 

O. Keay, U. S. P. 1,660,188, Nov. 22, 1927, to Laurentide Co., Ltd.; Chem. Aba., 1928, 22, 
486. Canadian P. 260,884, 1926; Chem. Aha,, 1926, 20, 8548. See also British P. 816,189, 1929. to 
Oarborundum Co., Ltd.; Brit, Chem. Aba. B, 1981, 66. E. E. Novotny, U. 8. P. 1,909,784, May 16, 
1988, to J. 8. Stokes I Chem. Aba.. 1988, 27, 8796. 

’ >»R. J. Norton, U. 8 . P. 1,960,262, Mar. 6, 1934, to Bendix Brake Co.; Chem. Aba., 1934, 28, 3198. 
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Impregnation of Paper Moldings. Beckmann and Dehn“* obtained a 
hardened waterproof sheet with good insulating properties by impregnating paper 
with phenol, furfural and 1-2 per cent of hydrochloric acid. The acid did not 
cause the paper to become brittle. Solutions of the resin in organic solvents 
may also be employed. 

Furfural resins were used by Novotny in the manufacture of printing plates, 
phonograph records^* and in the production of a moldable composite body.^®® 
In each case, the furfural and phenol condensation products are used to im¬ 
pregnate paper, cloth or other fibrous materials. The resulting material is molded 
in sheet form. Mains“° prepared an impregnant by allowing a phenol-furfural 
resin to react with a solution of furfural in tung oil. Further, phenol-furfural 
binders may be introduced into paper in the course of manufacture. A proposed 
application of the resultant sheet is the production of bottle closures. A piece 
of the material is placed over the bottle, crimped down around the lip and heated 
to harden the resin, thus making a permanent seal.“^ 

Punching and shearing of paper treated with furfural condensates is facilitated 
by incorporating 0.5-2 per cent of paraffin, beeswax or lanolin in the composition, 
according to Novotny and Romieux.^“ The impregnation of wood with resins de¬ 
rived from phenolic tars and formaldehyde is assisted by the addition of 2-8 
per cent of furfural-chloronaphthalene resins.“* 

Amines and Furfural 

Meunier^^ obtained a resin by heating equal parts of aniline and furfural in a 
closed vessel for 48 hours at 70-80°C. or for 3 hours at 140-150®C. The product 
was soluble in benzene and alcohol. A 15-20 per cent solution of the resin in 
benzene, applied as a varnish, gives a brilliant black coating. When spread over 
a surface and heated at 50-60®C. an insoluble black enamel is formed. Enamel 
formation can be accelerated by adding zinc chloride as a dehydrating agent.“* 

Mains and Phillips”® made a more extended examination of the conditions 
under which the resins described by Meunier are formed, and studied the prepara¬ 
tion of soluble resins by the condensation of furfural with a number of amines. 
The method of attack was to determine first the optimum concentrations of 
amine and furfural for the formation of a resin at room temperature, i.e., ap¬ 
proximately 25°C. When no resins were obtainable at this temperature the 
optimum concentrations were determined at 100°C. Using the concentrations 
that gave the best results in the previous experiments, resins were made at 25®C., 
100®C. and 150-200°C. Having determined the optimum temperature, the length 
of time necessary under the given conditions to yield the most satisfactory resin 
was similarly investigated. The resins of course were not pure compounds, but 
products of indefinite and varying compositions, and substances exhibiting the 
same consistency were procured over a rather broad range of temperature by 

E. Beckmann and E. Dehn, loc. eit. 

w"E. E. Novotny, U. S. P. 1,377,519, May 10, 1921; Chem. Ab*., 1921, IS, 3188. 

W8E. E. Novotny, U. 8. P. 1,398,148, Nov. 22, 1921; Chem. Aba., 1922, 16. 808. 

10* E. E. Novotny, U. S. P. 1,898,147, Nov. 22, 1921; Chem. Aba., 1922, 16, 802. 

110 O. Mains, U. 8. P. 1,841,138, Jan. 12, 1932, to Westinghouse Elect. A Mfg. Co.; Chem. Aba., 1932. 
26, 1731. 

111 C. W. Tooke and F. B. La Forge, U. 8. P. 1,508,261, 8ept. 9, 1924. 

11^ E. E. Novotny and C. J. Romieux, U. S. P. 1,557,818, Oct. 18, 1925, to J. 8. Stokes; Chem. 
Aba., 1926, 20. 97. 

USB. J. Brajnikoif, Ind. Chemiat, 1930, fr. 502; 1981, 7, 82, 53, 115, 157; Chem. Aba., 1932, 26, 2842. 

11^ G. Meunier, Lea matidrea graaaea, 1916, 9, 4516; Chem. Aba., 1916, 10, 2805. Amine-furfural 
resins are also discussed in Chapter 38. 

i“C/. G. Meunier. French P. 472,384, 1913; J.8.C.I., 1915, 34. 485. 

uoQ. Mains and M. Phillips, Chem. Met. Eng., 1921, 24. 661. U. S. P. 1,441,598, Jan. 9, 1928; 
Chem. Aba., 1C28, 17, 1724. 
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varying the heating period. The criterion of the quality of the resin was simply 
that it should be hard and fairly brittle when cooled to room temperature, and 
yet not be noticeably carbonized. Mains and Phillips'” confirmed the findings 
of Beckmann and Dehn that hydrochloric acid is an exceedingly effective catalyst 
in producing resins from furfural and amines or phenols. It not only catalyzes the 
formation of both fusible and infusible types of resins, but added to furfural 
alone effects transformation of the aldehyde into an infusible resin. 

The results obtained with each compound follow, all proportions being by 
weight. Unless otherwise stated, reaction is carried on in an open flask, and 
the product is hard and brittle at 25®C. 

Aniline. Equal parts of furfural and aniline heated for 1 hour at 200®C. 
in an open flask or for 3 hours at 170°C. under a reflux give a black resin. 

Aniline hydrochloride. Equal parts of furfural and aniline hydrochloride heated 
at 100®C. for 1 hour produce a black resin. 

Aniline and hydrochloric acid. Five parts each of furfural and aniline and 1 
part of concentrated hydrochloric acid (sp.gr. 1.19) give a resin, similar in charac¬ 
teristics to the above, in 10 minutes at 90°C. 

ni’Nitramline. By heating 1 part of furfural and 2 parts of m-nitraniline at 
150°C. for 1.25 hours, a black resin is obtained. If the temperature exceeds 175°C. 
a violent reaction occurs, voluminous clouds of dense smoke being evolved. 

Cymidine and hydrochloric acid. Five parts of furfural, 5 parts of cymidine 
(l-methyl-2-amido-4-isopropylbenzene) and 1 part of hydrochloric acid (sp gr. 
1.19) heated at 150°C. for 10 minutes give a dark reddish-brown resin. In the 
absence of hydrochloric acid no resin is formed even after heating for 3 hours at 
200®C. 

a-Naphthylnmine. When heated for 3 hours at 200°C., 1 part of furfural 
and 2 parts of a-naphthylamine condense to form a black resin. 

fi-Naphthylamine. One part of furfural and 2 parts of )3-naphthylamine mixed 
at room temperature (25°C.) immediately form a reddish-brown resin. 

o-Toluidwe and hydrochloric acid. By heating 5 parts of furfural, 10 parts of 
o-toluidine and 1 part of hydrochloric acid (sp.gr. 1.19) for 1 hour at 150°C. a 
black re.sin is produced. Without the addition of the hydrochloric acid no ap¬ 
preciable thickening of the liquid is found even after heating for 3 hours at 200°C. 

p-Toluidine. One part of furfural and 2 parts of p-toluidme heated for 2 5 
hours at 150°C. give a black resin. 

m-Tolxiylenediamine. Equal parts of’ furfural and m-toluylenediamine, upon 
standing overnight at room temperature, 25°C., give a dark brown resin. 

Xylidine and hydrochloric acid. By heating 5 parts of furfural, 5 parts of 
xylidine (crude mixed) and 1 part of hydrochloric acid (sp.gr. 1.19) together for 
15 minutes at 150°C., a very thick, dark red, almost black, resin is formed. 

Other amines. No resins were formed by the action of furfural on amylamine, 
dimethylaniline, diphenylamine and m-phenylenediamine even after heating at 
200°C. for three hours. Furfural condensed with the following at room tempera¬ 
ture to form crystalline compounds: p-nitraniline, benzidine and toluidine. 

Montgomery and Ernst”* observed that water solutions of furfural as dilute 
as 2 fier c^^nt, mixed with aniline and heated to 125°C, in an autoclave for 15 
minutes, yielded resinous bodies similar to the furfural-aniline resins described by 
Mains and Phillips. The products, however, give a darker coating when applied 
to wood. When an excess of aniline is used with furfural solution, the residue is 

O. Mnins and M. Phillips, loc. cit. ^ 

^•J. P. Montgomery and E. S. Em»t, Chem. Met. Eng., 1921, 25, 335. 
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oily and non-brittle at 25®C.; but on steam-distilling the mixture, unreacted aniline 
IS removed and the residue is hard and bnttle at 25®C.^“ 

The treatment of dilute solutions of furfural with aniline in the presence of a 
mineral acid or calcium, iron or zinc chloride at 60°C. gives a resin, melting at 
150°C., which is further polymerized by heating under pressure at 180-220°C.’*' 
Huxham*" found that the furfural-aniline condensate was applicable as a hardening 
agent for phenol-aldehyde resins. A solution of the latter in benzene or alcohol, 
to which furfural-aniline resin has been added, may be employed as a binder for 
cold-molding compositions and as a varnish or enamel. At a temperature of 
150°C. this mixture forms a hard, insoluble product. The proportion of furfural- 
aniline resin may be as high as 90 parts per 100 parts by weight of the fusible 
phenol resin. A larger ratio renders the resulting material brittle and weak. In 
making cold-molding compositions naphtha, chloronaphthalenes, oils or waxes to¬ 
gether with asbestos or wood flour may be incorporated. 

A resin compatible with cellulose nitrate or acetate is prepared by refluxing 
equimolecular proportions of p-toluenesulphonamide and furfural with 3 per cent 
oi sodium hydroxide for 8 hours at 150°C."^ The resin which separates is washed 
and dried. It is soluble m acetone and alcohol, but insoluble in benzene Incor¬ 
poration of this resin with lacquers containing cellulose acetate (as the sole con¬ 
stituent) gives films said to be clear, tough and adherent. The cellulose ester- 
resin mixture may be worked also into blocks or into sheets that can be used 
in the preparation of laminated glass. Lacquers may also be produced by dis¬ 
solving a furfural-aniline condensation product m solutions of cellulose acetate.^** 
Addition of furfural and aniline to light-sensitive natural or synthetic resins im¬ 
parts a black color which masks subsequent color changes of the latter.^* 

Interaction of furfural with the reaction product obtained from stearic acid 
and aniline forms a waxy material which has been suggested as a plasticizer for 
moldable phenolic condensates.Another resin similarly used as a plasticizer was 
prepared by Cherry and Kurath.'**^ As an example, 30 parts (by weight) of rosin 
and 10 parts of aniline are heated together for 3 hours, followed by further 
heating on the addition of 9 parts of furfural. The product is said to be less 
brittle than rosin. Economies in the use of materials for making furfural-aniline 
resins have been effected by distilling the reacting mixture in vacua to recover 
unreacted constituents.^’^ 

Beaucourt^"^ investigated the condensation of furfural (1 mol) with acid amides 
(2 mbls). Crystalline compounds such as furfuryhdene-diacetamide were formed 
in rather low yield, and in the reaction with formamide only resinous products 
were obtained. The use of hydrochloric acid or pyruhne reduced the yield of 
the crystalline derivative to nearly one-half. 

preparation of water solutions of furfural is very easy, but its fractionation is somewhat 
difficult (K. P Momoe, Ind. Eng. Chevi , 1921, 13, 133), and there is always a cunaideruble petcentutfe, 
frequently up to 8 and 10 per cent, of furfural m the rejected water. If its production is being 
earned on with a view to subsequent condensation with aniline, it would seem Ubeless to prepare anliy- 
drous furfural. If it is being made for other purposes, the rejected water from fractionation ma> have 
enough furfural present to make its recovery as furfuraUamline resin profitable. 

Knapp, U. S. P. 1,696,490, Dec. 25, 1928; Chem. Aba., 1929, 23. 1000. 

S. Huxham, U. S. P. 1,606,943, Nov. 16, 1926, to American Insulator Corp ; Chem. Abu., 1927, 

21. 333. 

^ W. H. Moss and B. B. White, U. S. P. 1,840,596^ Jan. 12, 1932, to Celanese Corp of Ainenca; 
Chem. Abs., 1932, 26. 1812. Por other sulphonamide resins, see Qiapter 34. 

^ W. H. Moss and B. B. W'hite, British P. 307,290, 1928, to British Celanese, Ltd.; Chem. Abu., 
1929, 23, 5338. 

^ W. H. Moss, British P. 303,169, 1927, to British Celanese, Ltd.; Chem. Aba., 1929 , 23. 4582. 

«“0. Cherry and F. Kurath, U. S. P. 1,800315, Apr. 14, 1931, and 1,896,069, Feb. 7, 1933, to 
Economy Fuse A Mfg. Co.; Chem. Abe., 1931, 25, 3503; 1933, 27. 2541. 

^ O. Cherry and F. Kurath, U. S. P. 1,894,580, Jan. 17, 1933, to Economy Fuse A Mfg. Co.; 
Chem. Abe., im, 27, 2592. 

^French P. 35,202, 1928, to La Fibre Diamond; Chem, Abt., 1930, 24, 2317, addn. to French P. 
644,075; Chem. Ab$., 1929, 23, 1764. 

^ K. Beauoourt, Monateh., 1928, 49. 1; Bnt. Chem. Abe. A, 1928, 766. 
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Furfuramide Resins 

Meunier^ treated furfural with ammonium hydroxide, obtaining furfuramide, 
(CeH 40 )tNa; and then heated the moist product in an autoclave at 120-140°C. for 
about 3 hours. This procedure gives a brown resin easily soluble in benzene. The 
benzene solution may be used directly as a varnish, or the resin may be mixed with 
linseed oil. If ammonium hydrosulphide is substituted for the hydroxide, the re¬ 
sulting substance is a black resin with a disagreeable odor.^®° 

Mains and Phillips'*^ recommend reacting furfural with ammonium hydroxide 
and heating the partially dried furfuramide for one hour at 100®C. Trickey, 
Miner and Brownlee’® reported that the furfuramide resin of Mains and Phillips 
was impure furfurin, CaBHiaOgNa.’® 

Grinding wheels have been made from a mixture of abrasive grains, gum 
accroides and a resin derived from furfural and hexamethylenetetramine 

A phenol-formaldehyde-furfuramide condensation product was prepared by 
Cherry and Kiirath’® by refluxing 200 parts of phenol, 130 parts of formaldehyde 
and 60 parts of furfuramide until separation into 2 layers had taken place and 
the odor of formaldehyde was no longer noticeable. The aqueous layer is removed, 
and the resinous portion is mixed with fillers and molded. Instead of furfuramide, 
72 parts of furfural and 30 parts of concentrated aqueous ammonium hydroxide 
may be used.’** Hexamethylenetetramine may be substituted for ammonia, in 
which case the amount of formaldehyde required is reduced. Kurath’®’ varied the 
procedure by first refluxing formaldehyde and phenol with 10 per cent (on the 
basis of the phenol) of furfuramide. An additional 15-25 per cent of furfuramide 
is stirred into the mixture and water is removed by decantation. By this method, 
the possibility of obtaining worthless, rubbery products is reported to be avoided 
As another example of the formation of resins, 200 parts of cresylic acid, 100 
parts of furfural and 40 parts of 10 per cent sodium hydroxide solution are re¬ 
fluxed for 4 hours.’® To the product, 100 parts of formalin are added, and the 
mixture is boiled for 10 minutes. About 25 parts of furfuramide, sufficient to re¬ 
move the formaldehyde odor of the composition, are then incorporated. The 
resulting emulsion may be mixed with fillers, dried and hot-molded. It is essen¬ 
tial to keep the proportions of furfural low, if quick-curing products are desired. 
When relatively larger amounts of furfural are used, however, the reactions ma>’ 
be carried to an advanced stage of condensation, giving materials that still flow 
well during the molding operation. 

^ Q. Meunier, Lea matierea graaaea, 1916, 9, 4516; Chem. Abs., 1916, 10, 2805. 

^ A. Cahours (Ann., 1849, 69, 85) obtained thiofurfural by reacting furfural with ammonium sulpliide. 
i"G. Mama and H. Phillips, Chem. Met, Eng., 1921, 24, 661. 

J. P. Trickey, C. S. Miner and H. J. Brownlee, Ind. Eng. Chem , 1923, IS, 65. 

Dubose (Le caoutchouc et la gutta-percha, 1920, 10495; Kimatatoffe, 1921, 11, 59) found that 
furfuramide when fused in the absence of air yielded a brown resinous mass consisting for the most 
part of furfurm. Bertagnini (Arm., 1853, 88, 128) prepared furfurin by heating furfuramide at 
110-120®C. for one hour, dissolving the resinous mass in alcohol, and precipitating the fuifunn u.-n 
the double oxalate. This compound is soluble in boiling water, and is decolorized bv treatment with 
animal charcoal at the boiling temperature, filtered hot, and allowed to crystallize from the filtrate. 
The furfurin is liberated by action of potassium hydroxide, and obtained as a white crystalline com¬ 
pound. Furfurin and formaldehyde give a resin, according to J. Berliner (Canadian P 321,629, 1932, to 
Canadian Industries, Ltd.; Chem. Aba., 1932, 26, 3392). 

i»*E. E. Novotny, U. S P. 1,909,784, May 16, 1933, to J. S. Stokes; Chem. Aba., 1933 , 27 , 3795. 

^O. A, Cherry and F. Kurath, U. S. P. 1,710,722, Apr. 30, 1929, to Economy Fuse & Mfg Co.; 
Chem. Aba., 1929, 23, 3060. See also Canadian P 280,746, 1928; Chem. Aba, 1928 , 22, 3056. 

^O. A. Cherry and F. Kurath, U 8. P. 1,726,650, Sept. 3, 1929, to Economy Fuse & Mfg. Co,, 
Chem. Aba., 1929, 23, 5283. 

^ F. Kurath, U. S. P. 1,726,671, Sept. 3, 1929, to Economy Fuse A Mfg. Co.; Chem. Aba. 1929, 
23, 5283. Canadian P. 280,747, 1928; Chem. Aba., 1928, 22, 3056 

^O. A. Cherry and F. Kurath, U. S. P. 1,857,357, May 10, 1932, to Economy Fuse A Mfg. Co.; 
Chem. Aba., 1932, U, 8885. 
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Ketones and Furfural 

Acetone. Meunier“® advocated the acetone-furfural reaction for the produc¬ 
tion of resins useful for industrial purposes. As an illustration of the preparation 
of this type of resin, 3.5 parts of an alkali solution containing 1 part by weight of 
potassium or sodium hydroxide and 2.5 parts of water are refluxed, and during the 
course of 30 minutes, 1 part of a mixture of equal volumes of furfural and acetone 
is added. The resin formed is washed while hot with dilute hydrochloric acid and 
dried. One hundred pounds of furfural yield 140-150 pounds of dry yellow resin. 
A 20 per cent solution in acetone, benzene or a mixture of 23 parts (by volume) 
of furfural and 77 parts of alcohol serves as a varnish. The original caustic alkali 
solution may again be used to resinify additional quantities of furfural and acetone. 

A harder and more transparent resin may be obtained by another method. 
To the caustic alkali solution, which is cooled to prevent overheating and volatiliza¬ 
tion of the ketone, is slowly added a mixture of acetone and furfural. The reac¬ 
tion mass thickens until a hard paste remains. After removing excess alkali, the 
resin is heated under pressure for 4 hours in an autoclave. By this procedure, 
Meunier obtained a light-colored transparent resin. A 20 per cent solution of 
the product (in benzene, acetone or furfural-alcohol mixtures) gives an almost 
colorless, brilliant varnish. The resin may be heated also with linseed oil to 
make an oil varnish. 

A somewhat similar process using a stronger solution of alkali was employed 
by Mams and Phillips.^" Thus, 1 part of furfural, 1 part of acetone and 2 parts 
of a 50 per cent sodium hydroxide solution are refluxed for 30 minutes at 100®C., 
forming a dark-brown solid mass. After washing out excess alkali, drying and 
cooling, a hard, brittle, brown resin is obtained. 

Richardson^^^ added 150 parts of furfural and 58 parts of acetone to 40 parts 
of a 15 per cent sodium hydroxide solution at such a rate that the temperature 
did not rise above 60°C. The alkaline semi-fluid resin is then washed with 
dilute phosphoric acid, dried at 100°C. and mixed with naphthalene sulphonic acid 
and non-alkaline fillers. The final condensation is carried out by heat and pres¬ 
sure in a mold. The quality of white resins from the furfural-acetone condensa¬ 
tion is improved, according to Routala and Kuula,'** by replacing part of the 
acetone with rosin. 

Moss'*® prepared lacquers by using an acetone-furfural resin, cellulose acetate, 
a volatile solvent, a natural resin (such as manila copal), rosin and diethylphthalate. 
The lacquers yielded clear, hard and adherent films. Incorporation of furfural- 
acetone resins with phenol-tung oil-formaldehyde condensate to give a varnish or 
an impregnating agent has also been described.'*^ 

Other Ketones. A mixture containing 5 parts of furfural, 2 parts of methyl 
ethyl ketone and 5 parts of 50 per cent sodium hydroxide solution gives a dark- 
brown gummy mass almost immediately at room temperature (25°C.)'“ By 
washing with dilute acid, drying at 100°C. and cooling, a hard, brown resin is 
obtained. 

Other ketones which may be condensed with furfural include diethyl ketone, 

^ G. Meunier. Les matveres grasses, 1916. 9, 4616; Chem. Abs., 1916. 10. 2805. 

G. H. Mams and M. Phillips, Chem. Met, Eng,, 1921, 24. 661. 

L. T. Richardson, U. S. P. 1,584,144, May 11, 1926, to Cutler-Hammer Mfg. Co.; Chem. Abs., 
1926 20 2082. 

h®C). Routala and O. Kuula, Suomen Kem., 1931, 4, 50; Brit. Chem. Abs. B. 1981, 1018. 

H. Moss, U. S P. 1,902,256, Mar. 21, 1933, to Celanese Corp. of America; Chem. Abs., 1033, 
27, 3350. British P. 307,289, 1929, to British Celanese, Ltd.; Brit. Chem. Abs. B, 1930, 469. 

'**V. Turkington, U. S. P. 1.677.417, July 17, 1928, to Bakelite Corp.; Chem. Abs., 1928, 22, 3307. 

G. H. Mains and M. Phillips, Chem. Met. Eng., 1021, 24. 661. 
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vinylethyl ketone, pinacolone, mesityl oxide, phorone, acetophenone, and the 
ketone mixture present in acetone oil/** Solutions of the resins prepared from 
these compounds may be used as insulating varnishes. 


Miscellaneous Furfural Resins 

Furfural and Casein. Substitutes for ivory and horn or materials suggested 
as insulators are obtained from casein and furfural/*'^ A mixture of 50 parts of 
finely ground casein and 40 parts of wood flour is thoroughly mixed with a solu¬ 
tion of 5 parts of tung oil in 5 parts of furfural. The moist plastic mass is then 
molded at a pressure of 2500 lb. per square inch and temperature of 100°C. for 
30 minutes. 

Aluminum caseinate may be substituted for casein in condensations with 
furfural.*** The caseinate is prepared by dissolving casein in dilute alkali and 
adding aluminum acetate and a solution of castile soap. Products made with 
aluminum caseinate are very similar to the casein-furfural resins and it is said can 
be employed for the same purposes. 

Polymerized Thiofurfural. Cahours*** described a compound prepared by 
the action of hydrogen sulphide on furfuramide. At low temperatures the re¬ 
action yields a white crystalline powder (thiofurfural), but in hot concentrated 
solutions of furfuramide, a resinous body forms. Polymerized thiofurfural can be 
obtained by leading dry hydrogen sulphide into an alcoholic solution of furfural.*®* 
After several hours a slightly reddish resinous mass, which contains some impurity 
having a strong odor, separates from the milky liquid. The resin gradually hardens 
on standing in a desiccator and is soluble in alkalies and benzene. The molecular 
weight is about 2000, indicating the combination of approximately 20 molecules of 
the sulphur-containing furfural.*** 

Furfural Resins Applied in Photography. Progress in photography has 
been so linked with the use of silver halide emulsions that it is somewhat sur¬ 
prising to find light-sensitive synthetic resins applied in this field. Beebe, Murray 
and Herlinger,*®* however, have realized this possibility with furfural-amine resins. 
By way of illustrating the method, condensation of furfural and concentrated 
ammonium hydroxide is effected by gentle heating. The resinous product is 
washed, dried and dissolved in benzene or acetone. This solution is used to apply 
a thin film of the resin to the surface on which the photographic print is to be 
made, and printing is done either by optical projection or by contact, exposing 
for 1-6 minutes. The image is developed in a 25 per cent solution of benzene in 
turpentine. The sensitivity may be roughly doubled by adding a small percentage 
of iodoform, methyl iodide, iodine or ammonium bichromate. If a furfural-acetone 
resin is used, contact prints may be made in 10 seconds under an arc light. A 
mixture of furfural and aniline, applied as a thin film to a surface, becomes resinous 

^ German P. 380,013, 1920, to Plauaon’s Forschungsinstitut G m.b.H.; 1924, 43, 434. 

M. Hull, U. S. P. 1.648,179, Nov. 8. 1927, to Western Elec. Co.; Chem, Abs., 1928, 22, 484. 
U. S. P. 1,711,025, Apr. 30, 1929; Chem. Abs., 1929, 23, 3060. Molding compositions containing glue 
have been rendered infusible by heating with furfural (produced tn dtu from arabinose). C. E. 
Sosne, U. S. P. 1,468,331, Sept. 18, 1923, to Usher-Walker, Ltd.; C/iem Abs., 1923, 17, 3759. British P. 
169,003, 1920; J.S.C.L, 1921, 40, 780A. 

S. Snell, U. S. P. 1,678 713. July 31, 1928, to Western Electric Co.; Chem. Aba., 1928, 22, 3747. 

^A. Cahours, Ann., 1849, 69, 85. 

^ E. Baumann and E. Fromm, Ber., 1891, 24, 2591. 

^Furfural in alcoholic solution cooled to -6*C., acidified with hydrochloric acid and submitted to 
the prolonged action of a current of ^drogen sulphide yields a crystalline precipitate of two species 
of trithiofurfural. One melts at 229*0. and the other at 128*C. The latter is quite readily trans¬ 
formed into the species of higher melting 'jwint. By the action of ammonium sulphide in absolute 
alcohol on furfural another iioiymer is obtained melting at 90*C. which is insoluble in alcohol. On 
heating it is decomposed into products similar to the preceding. (A. Wuitz, “Diet, de chun. 2nd 
Supp!.,” IV, 394. E. Baiiiiiann and E. Fromm, Ber, 1891, 24, 3591; Bull. Soc. Chm., 8, 950). 

M. C. Beebe. A. Muirav and H. V Hcrliiigcr, U. S. P. 1,587,269, June 1, 1926, to Wadsworth 
Watch Case Co.; Chem. Aha., 1926, 20, 2292. 
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after a 5 minute exposure to an arc light. The resin formed on distilling pyrrole 
is also about as light sensitive as the furfural-aniline mixture. 

A condensation product of furfural (10 parts) and i3-naphthylamine (15 parts), 
made at room temperature and dissolved in naphtha to make a 23 per cent 
solution, also gives a light-sensitive coating.^" Five grams of iodoform and 0.5 
cc. of eugenol are added to 50 cc. of the naphtha solution to act as a sensitizer. 
Less light-sensitive films are obtained from jS-naphthylamine and benzaldehyde. 
/3-Naphthylamine and formaldehyde, cyclohexanone-furfural, m- or p-toluenedi- 
amine-furfural, benzidine-furfural, m-phenylenediamine-furfural and xylidine-fur- 
fural are other examples of condensates giving light-sensitive materials. The ex¬ 
posure time for the different films varies from 5-20 minutes. 

Lithographic plates may be protected from the distintegrating action of the 
ink used by applying a furfural-acetone coating (insoluble in benzene and acetone) 
and hardening with heat.'“ 

i«M C Beebe, A Murray and H V. FeUinKer. TT S. P t.587 273 and 1.587.274, June 1. 1926. to 
Wadsworth Watch C&so Co.; Chem. Abx.. 1926, 20. 2292 British P 265,769, 1926; Brit Chem Abs 
B 1927 429 

' C Beebe am! H V. Herhnger, U S P. 1.820.593, Aug 25. 1931, to Wadsworth Watch Case 

Co ; Chem. Abs, 1931. 25. 5741. 



Chapter 25 
Ketone Resins 


Condensation of ketones with themselves or with altlehydes results in the 
formation of low- and high-boiling liquids (which may be employed as solvents), 
resms, and colored soluble and insoluble amorphous powders. Compatibility with 
cellulose derivatives is a characteristic of some ketone-aldehyde resins, uf the 
aldehydes, formaldehyde is the most active agent of its kind in effecting resin- 
yielding condensations. Owing to their water-resisting qualities, hardness and 
toughness, the resins obtained from cyclohexanone and related cyclic ketones are of 
special interest. Resins derived from that class of bodies of extraordinarily reac¬ 
tive properties—the ketenes—are mentioned also in this chapter. Should cheap 
methods of manufacturing ketones be developed, these substances could scarceh' 
fail of utilization, not only in resin production but in many other ways. Of the 
resins described in the present chapter, that one most immediately available is 
yielded b\ the reaction between acetone and formaldehyde. 


Acetonk 


This ketone is a colorless, mobile liquid, boiling at 56.5°C. Large quantities of 
it are used as a commercial solvent. Formerly, acetone was made by the destruc¬ 
tive distillation of wood, but the greater proportion now available is obtained by 
the fermentation of carbohydrate material. Other methods of preparation include 
catalytic dehydration of acetic acid and catalytic dehydrogenation of isopropyl 
alcohol.' Crude acetone, from the dry distillation of calcium acetate, often contains 
a less volatile fraction (acetone oil) which consists of pentanones, hexanones, and 
higher ketones.^ In the purification of this fraction, the colored bodies are pre¬ 
cipitated as non-volatile resinous material by metallic chlorides, such as magnesium 
or ferric chloride.* When acetone is treated with barium hydroxide, two molecules 
unite to form diacetone alcohol, a liquid boiling at 163-164®C.* In the absence of 
.solvents, diacetone alcohol may combine with more acetone to yield sym-triacetone- 
dialcohol.*^ These keto-alcohols can be dehydrated to mesityl oxide® and phorone,'^ 
respectively. Both these unsaturated ketones, together with resinous products, are 
obtained by treatment of acetone with sulphuric acid or caustic soda.® Reaction 

'A review of the methods for the pieparation of acetone is given by Carleton Ellis, “The Chemistiy 
of Petroleum Derivatives,” The Chemicul Catalog Co., liic., New York, 1934. 

3H. Suida and H. Poll, Z. aiw/cia. CAcm., 1927, 40, 505; CAem. A6s., 1927, 21, 2661. 

3 French P. 610,857, 1925, to titabl. Lambiotte Fibres; Brit. Chem. Aba. B, 1028, 594. 

*J. B. Conant and N. Tuttle, “Organic Syntheses,” John Wiley & Sons, Ino., New York, 1921, 1, 45. 
Diacetone alcohol was prepared by A. Hoffmann (/.A.C.S., 1909, 31, 722. U. S. P. 1,082,424, Dec. 23. 
1913; Chem. Aba., 1914, 8. 788. German P. 229,678, 1909; Chem. Zentr., 1911, 1, 275) by refluxing acetone 
in the presence of calcium hydroxide. Carleton Ellis (U. S. P. 1,701,478, Feb. 5, 1929, to Ellis-Foster 
Co.; Chem. Aba., 1929, 23, 1419) obtained the alcohol by treatment of acetone at 30'*C. with 0.01-0.02 
per cent of an alkali metal hydroxide. Diacetone alcohol is isolated by fractional distillation of the 
reaction mixture. 

* R. Leopold and B. Schaoke, German P. 481,290, 1925, to I. O. Farbenind. A.-Q. 

*J. B. Conant and N, Tuttle, “Organic S 3 mthe 8 e 8 ,” John Wiley Sc Sons, Inc., New York, 1921, 
1, 58. 

''R. Leopold and B. Schacke, Qennan 1^. 488,828, 1926, to I. O. Farbenind. A.-Q.; Chem, Aba., 
1980. 24, 2146. 

* L. Qmelin, “Handbook of Chemistry,” translated by Watts, Cwvendiah Society, London, 1855, 
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of acetone with methyl ethyl ketone in the presence of hydrogen chloride yields 
mainly resinous material.® Either ketone when heated with hydrogen chloride 
gives large amounts of brown resin which, according to Herzog and Kreidl," re¬ 
sults from the polymerization of mesityl oxide and phorone formed as intermediate 
products.'^ 

Morgan and Hardy'* heated acetone with 1 per cent caustic soda solution at 
180®C. for 3 hours and obtained high-boiling liq\iids and non-volatile resins. 
The volatile fraction contained much phorone. Lougovoy'* used the condensation 
product, made in the presence of alkali at 100®C., from acetone as a component of 
paint and varnish removers. 

Reduction of phorone in alcohol with sodium amalgam furnishes a viscous oil.'* 
By treatment with zinc amalgam and hydrochloric acid, isophorone is converted 
largely to a resin non-volatile in steam.'" 


Miscellaneous Reactions of Ketones 


Acetone with sulphur or ammonia yields, among other products, a brown 
resin.’" Yellow ammonium sulphide in the cold changes it to bis-dithioacetone 
(CaHeSa)". Platinum dichloride transforms the ketone into a crude "'platinum 
resin,” a dark brown tarry substance.'*' Acetone condenses with pyrrole in the 
presence of acids,'* but not of bases,'® to give an amorphous substance, CagHaiN 40 , 
and with chloroform and sodium hydroxide to produce a brown sticky mass called 
chloroacetulmic acid,*® C 7 HnC 10 a. 

When acetone is mixed with mercuric chloride and dilute aqueous caustic potash 
and the filtered solution dialyzed, evaporation of the liquid remaining in the dia- 
lyzer yields a resinous material whose constitution corresponds to 2C8H«0 * 3HgO.*' 
The same compound is formed by dissolving mercuric oxide in acetone. Solutions 
of this substance gelatinize on heating or standing. When obtained as a precipitate 
the particles are gelatinous, but on drying exhibit a resinous nature. 

Condensation of acetone with phenyl-^-naphthylamine yields a resinous product 
which can be used as an antioxidant for rubber,” and with sulphonated naphthalenes 
forms wetting agents.” Reaction with rape oil and carnauba wax at 90-100®C., in 
the presence of iron oxide, gives a thick viscous liquid with a high capacity for 
absorbing water.** 

9, 14. 47. V Dumas, Ann. chim. phys., 1932, (2) 49. 208. L Claisen, Ann., 1878, 180, 4; J.C S., 1876, 
29, 895. L. Vanino, *‘Handbuch der Preparativen Cheime,” Ferdinand Enke, Stuttgart, 1914, 2 (2), 71. 
For similar reactions with the homologues of acetone, see A. Francke and T. K5hler, Ann., 1923, 433, 
314; Chem. Abs., 1924,, 18, 58; J. Ekeley and W. Howe, J.A.C.S., 1923 , 45. 1917; J. Ekeley and M. S. 
Carpenter, J.A.C.8., 1924, 46. 446; 1926, 48. 2375. 

OC. V. Gheorgiu, BuU. Acad. Set. Roumatne, 1923, 8. 68; J.C.8., 1923, 124 (1), 538. 

W. Hersog and J. Kreidl, Z. nngew. Ckem., 1922. 35, 643; Chem. Abs., 1923, 17. 1722. 

Mesityl oxide and isophorone are also formed during the production of diisobutylene by heating 
acetone under pressure with zinc chloride. W. Ipatiev, A. Petrov and I. Ivanov, Ber., 1930, 63. 2806. 

a. T. Morgan and D. V. N. Hardy, J.8.C.I., 1933, 52, 518. 

“ B. M. Lougovoy, U. S. P. 1,884,765, Oct. 25, 1932, to Chadeloid Chem. Co.; Brit. Chem. Abs. B, 
1933, 837. 

i«L. Claisen, Ann., 1876, 180, 9; J.C. 8 ., 1876, 29. 895. 

wj. W. Baker. J.C.8., 1926. 669. 

« W. C. Zeise, Ann., 1?43, 47, 24. 

W. C. Zeise, Ann., 1840, 33. 34 , 66. 

A. Baeyer, Ber., 1886, 19, 2184. 

«V. V. Chelintzev and B. V. Tronov, /. Ruaa. Phys.-Chem. 8oc., 1916, 48. 105, 749; Chem. Abs., 
1917, 11. 452. H. Fischer, A. Schormtlller and R. W. Windecker, Ann., 1932, 498, 284. 

W. Hardy, Jahreaberichte, 1863, 830. 

«J. E. Reynolds, Proe. Roy. 8oc., 1871, 19. 431; J.C.S., 1871, 24, 561. 

**W. P. ter Horst, U. 8. P. 1,870,880, Aug. 9, 1932, to Naugatuck CXiemical Co.; Chem. Aba., 1932, 
26, 5787. 

“French P. 630,615, 1927, to titablissement Kuhlmann; Chem. Zentr., 1928, 1,4097. 

“A. Chwala, German P. 456,351, 1023; Brit. Chem. Aba. B. 1930, 430. 
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Chloroacetone, when treated with potassium hydroxide, is changed to a brown 
resin.“ Even on exposure to diffused light it slowly polymerizes to a black rubber- 
like mass* 


Hydroxy Ketones 

Dihydroxyacetone, CHaOHCOCH*OH, is a white material melting at 82®C. 
Molecular weight determinations, however, indicate it possesses a bimolecular 
structure. According to Strain and Dore,"*^ x-ray diffraction measurements demon¬ 
strate the polymerization of the crystalline monomeric ketone to the dimeric form. 
Transformation of dihydroxyacfetone begins soon after it is prepared and is com- 
jilete in 25-30 days. From a sample of this ketone which has been stored at ordinary 
temperatures, Levene and Walti^ isolated the compounds CoH,oOb (m. p. 164®C.) 
and CwHt^Ot (m. p. 258°C.) thus indicating that autocondensation (with elimination 
of water) had occurred. Similar observations were made by Dirschel and Braun” 
with acetoin, CHaCOCHOHCPIg. Monohydroxyacetone (acetol) is reported to 
polymerize readily but is rendered stable when dissolved in an equal volume of 
methyl alcohol.® 

l,2-Dihydroxy-5-hexanone slowly changes to a dimeric form on long standing 
and when methylated it yields a viscous condensation product.®^ When heated 
at 125®C., in the presence of a small proportion of sulphuric acid, it is converted 
into a brown resin.” Methyl-dihydroxyamyl ketone exhibits similar properties.” 
On boiling diacetone alcohol with solid potash a reddish-brown, easily fusible resin 
is obtained. 


Keto Acids 


Pyruvic acid, CHaCOCOOH, is a colorless compound boiling at 65“C. under 
10 mm. pressure. It readily assumes a tnmeric form melting at 92®C.” In aqueous 
solution, the sodium salt of this acid (and also that of laevulinic acid) reacts 
under pressure at 230®C. or higher with hydrogen (using an aluminum oxide- 
nickel catalyst) to give products which, after acidification, resmify quickly in the 
Mir.*''* Pyruvic acid and formaldehyde, in alkaline media, furnish trimethylol lactic 
acid, (HOCHa)},CCHOHCOOH.” In acid media, a dibasic acid (C^HsOe), the 
alkali and silver salts of which are resinous, and a lactone are obtained.*' Dehydra¬ 
tion of the latter results in the formation of a viscous syrup which changes to a 
clear hard resin. According to Sen,” a saturated solution of potassium hydroxide 
m ethyl alcohol is the best condensing agent for pyruvic acid and benzaldehyde. 

Musajo” obtained a vitreous mass when attempting the preparation of a benzili- 
dene derivative of pyruvic acid. 

» A. Riche, Compt. rend , 1859, 49, 170. 

«C. F. Allen and W. A. L. Trigg, hui. Eng. Chem., New» Ed., 1931, 9. 184. 

^H. H. Strain and W. H. Dore, J.A.C S , 1934, 56, 2049. 

»P. A Levene and A. Walti, J Biol Chcm , 1928. 78, 23; Brit Chem. Abs. A, 1928, 870. 

» W. Dii-achel and E. Braun, Ber , 1930, 63, 410. 

P. A. Levene and A. Walti, “Organic Syntheses," John Wilev A Sons, Inc., New Yoik. 1930, 10, 2. 

«P. A. Levene and A Walti, / Biol. Chem., 1930, 88. 771; Bnt. Chem. Aba. A. 1931, 68. 

•■See also H. Hihhert and J. Timm, J.A.C.S., 1923, 45. 2433. 

»»H. Hibbert. and C. P. Burt, J A.C.S., 1928, SO. 1411. 

»*G. Maaaol, Bull. «oc. chim., 1905, 33. 336: J.CS, 1905 88 (2), 302. 

■•V. Ipatiev' and G. Razuvaev, Ber., 1927, 60, 1973; 1928, 61, 034; Chem. Aba., 1928, 22, 386 , 2141. 

•• H. Hoaaeiis, Arm., 1893, 276. 79. 

» V. Feofilaktov, J. Ru»a. Phya.-Chem. Soc., mO, 58, 759; 1929. 61, 1145; Chem. Aba.. 1938, 22. 3393; 
1930, 24. 832; Ber., 1926, 59. 2765; Chem. Aba., 1927, 21, 896. 

••R. N. Sen and B. K. Sen, J. Indian Chem. Soc., ,1984, 11, 411; Chem. Aba., 1935, 29, 120. 

•• L. Musajo, Ocuta. chim. ital., 1932, 62, 901; Chem, Aba., 1933, 27, 1337. 
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Intermediate Compounds. The preparation of 3-ketobutanol, or mono- 
methylolacetone, the simplest condensation product from acetone and formaldehyde, 
is described by Merling and Kohler"’ 

CHaCOCHa + HCHO- > CH.COCHaCHaOH 

Three kilograms of acetone and 1 kg. of 35 per cent aqueous formaldehyde are 
condensed in the presence of 20-60 g. of potassium carbonate. When a test portion 
gives no precipitate after the addition of aniline acetate, the carbonate solution is 
separated, the mixture is neutralized with acid and filtered to remove the potassium 
salt. The filtrate is evaporated in vacuo at 100®C. and the residue distilled under 30 
mm. pressure. 3-Ketobutanol (boiling point 110°C. at 30 mm.) is isolated from the 
fraction of the distillate which is collected between 95® and 120*C. The residue from 
the distillation is a very viscous, dark brown liquid. Ketobutanol is a limpid oil, 
colorless and odorless, miscible with water, alcohol and the usual organic solvents. 
It polymerizes on long standing to an insoluble viscous syrup, but in the form of its 
acetate (boiling point 96°C. at 15 mm.) it is quite stable. Methyleneketobutanol is a 
by-product in the preparation of ketobutanol.*' 

Another procedure is the catalytic dehydrogenation of 1,3-butylene glycol under 
reduced pressure at 200®C., pumice impregnated with a copper compound serving us 
the catalyst.** 

Heating ketobutanol with 1 per cent of alkali results in the formation of an 
infusible resin.** This keto-alcohol also reacts with phthalic anhydride at tempera¬ 
tures between 140^* and 230‘’C. to give an orange-colored resin soluble in butyl 
acetate and compatible with nitrocellulose. 

2-Methyl-3-ketobutanol was obtained by Merling and Kohler** from methyl 
ethyl ketone and formaldehyde, following the same procedure as for ketobutanol. 
Methylketobutanol boils at 90*C. under 18 mm. pressure. This compound does 
not polymerize as readily as its lower homologue. Reduction of its oxime, fol¬ 
lowed by heating with a halogen acid, gives 3,4-dimethylcyclobutanimine (3,4- 
dimethylazetidine) .*® 


CH,CCH(CH,)CH20H 




OH 


CHiCHjCH (CH,)CH20H 
NH, 


CH,CH—CHCH, 


I 

NH 


—in, 


In the presence of formaldehyde, reaction of 2-methyl-3-ketobutanol with dimethyl- 
amine or diethylamine is complicated by further condensation with the aldehyde 
to yield 

CH,C0C[CH2N(CH,)2]2 

and 

CH,COC[CH2N(C2H6)2l2 



respectively,** two derivatives of therapeutic value. 

*®G. Merling and H. Kohler, U. S. P. 089,993, Apr. 18, 1911, to Farbenfabr. vorm. F. Bayer A Co.; 
Chem. Abt., 1911, 5, 2305. British P. 19,087, 1909; J,S.C.I„ 1910, 29, 1087. French P. 409,403. 1909; 
/.5.C.7.. 1910, 29, 719. 

H. Gault and L. A. Germann, Compt. rend., 1933, 197, 020; Chem. Abt., 1934, 28, 108. 

«> British P. 388,897, 1932 ; Bnt. Chem. Abi. B, 1938, 260 ; German P. 588,548, 1931; Chem. Ab*., 
1983, 27, 2696; French P. 740.847, 1932; Chem. Abe., 1933 , 27, 2897, all patents to I. G. Farbenind. A.-G. 
««CBrleton Ellis, U. S. P. 1,557,571, Oct. 20, 1925; Chem. Abe., 1926, 20. 301. 

** G. Merling and H. Kohler, U S. P. 961,888, Jan. 17, 1911, to Farbenfabr. vorm. F. Bayer d Co.; 

J.8.C.I., 1911, 30, 240. German P. 223.207, 1909; Chem. Abe., 1910, 4. 2980. 

« German P. 247,144, 1910, to Farbenfabr. vorm F. Bayer; ^hem. Zentr., 1912, 2, 159. 

««G. Merling and H. K&hler, German P. 254,714, 1911; J.8.C.I., 1918, 32, 380; German P. 988,858, 

1911; U. 8. P. 1.070,822, 1,071,007, 1.071,008, Aug. 19. 1913; J.8.C.I., 1913, 32, 925; all patents to Farben¬ 

fabr. vorm F. Bayer A Co. 
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Claisen^’ observed that alkaline agents, such as potassium carbonate or cyanide, 
caused acetone and acetaldehyde to combine readily even at room temperature. 
To the product, CHgCHOHCHiCOCHt, he gave the name hydracetylacetone. 
This compound (also called methyl acetonyl carbinol) has a ketonic odor and the 
consistency of glycol. It mixes with water in all proportions and boils at 77-78®C. 
under a pressure of 19 mm. To prevent resinification, the alkali should be neu¬ 
tralized before removal of unreacted materials by distillation.^® 

Condensation of aldehydes with ketones may take place in the absence of water.^® 
To the alkaline mixture prepared by adding 20 parts of powdered potassium hydroxide 
to 1000 parts of acetone, and maintained at a temperature of 5®C., are added 300 
parts of acetaldehyde over a period of 6 hours. After 30 minutes longer, carbon 
dioxide is passed into the solution to precipitate potassium carbonate, which is then 
removed. Unreacted acetone is separated from the mixture by distillation. The 
residue contains hydracetylacetone and only a very small proportion of resin. 

Dimethylol-acetone, CHaCOCH(CH,OH)„ 13 obtained from 1 mol of formaldehyde 
and 2 niols of acetone m the presence of aqueous alkali sufficient to yield a Ph of not 
leKSs than 10.°“ Reaction may be carried out in the absence of a condensing agent.®* 
A iiiixture of 8 parts of acetone and 4.2 parts of 30 per cent aqueous formaldehyde 
are heated at 100®C. under pressure for 48 hours. Dimethylolacetone is obtained in 
76 per cent yield. This compound is not volatile at the above temperature but de¬ 
composes at 180®C. under 16 inm. pressure. 

Similar condensations with methyl ethyl ketone also yield a dimethylol com- 

CH2OH 

CHjCO—(!: ch, 
iHjOH 

pound, which melts at 62®C. and boils at 140®C. under 16 mm. pressure. 

The above-mentioned dimethylol derivatives, as well as one from cyclo¬ 
hexanone 


CHr-CHCHiOH 

in, io 

(^H,—<!:hch,oh 

can be prepared in absence of catalysts by heating the reactants in an autoclave 
to 130®C.“ If dehydrating agents (e.g., phosphoric acid) are present, one molecule 
of water is removed yielding a volatile unsatiirated keto-alcohol.“ For dimethylol 
acetone the reaction can be represented a.s 


/ 


CH2OH 


CH2OH 


CH3COCH —>- (^FaCOC + H2O 

\ \ 

CH20H CH2 

Dimethylol-acetone has been u.sed for the impregnation of fabrics and is rendered 
insoluble by passage of the treated fabric over hot rolls.*^' 


«L. Claiaen, Ber., 1892, 25, 3166. See uIho, British P. 264,830, 1927, to I. G. Karbenind. A.-O ; 
firit. Chem, Abs. B, 1927, 860. 

H. Langwell and J. K. Vouell, British P 390,905, 1932, to British Indii.strial Solvent.H, Ltd.; 
Brit. Chem. Ahs., B, 1933, 661. Instances are also recorded of the replacement of acetone by moie 

complex ketones. (J. Balkind, J. Russ. Phys.-Chem., 1906, 37i 486; Chem, Zentr., 1906, 2, 752. J. 

Colonge, Bull. soc. chim., 1927, 41, 325; Bnt. Chem. Abs. A, 1927 , 449). 

A. Knorr and A. Weissenborn, U. S. P, 1,714,378, May 21, 1929, to Wmthrop Chem. Co.; Chem. 
Abs., 1929, 23, 3477; German P. 495,878, 1926, to I. G. Farbenind. A.-G., Chem. Abs., 1930, 24, 3516. 

G" W. Flemming and H. D. v. d. Horst, U. S. P. 1,955,060, April 17, 1934, to I. G. Faibemnd. A.-G.; 
Chem. Abs., 1934, 26, 3741. German P. 544,887, 1930; Chem. Abs., 1932, 26, 3521. Biitish F. 361,597, 
1930; BrU. Chem. Abs. B, 1932 , 301. 

W. Flemming and H. D. v. d. Horst, German P. 575,949, 1933, to I. G. Faibenind. A.-G.; Chem. 
Abs., 1933, 27, 4814. 

M British P. 381,686, 1931, to I. G. Farbenind. A.-G. ; Brit. Chem. Abs. B, 1933, 101. 

«» W. Flemming and H. D. v. d. Horst, German P. 577,256, 1933; Chem. Abs., 1933, 27, 3944. British 

P 389,884, 1931; Bnt. Chem. Abs. B, 1933 , 582. 

®*A. Schneevoight and H. D. v. d. Horst, German P. 568,425, 1931, to I. G. Farbenind. A.-G.; 
Chem Abs , 1933, 27. 2045. British P. 385,378, 1931; Bnt. Chem. Abs. B, 1933, 265. 



25 . KETONE RESINS 


545 


Morgan and Holmes" have described the condensation product of 1 mol of acetone 
and 4 mols of formaldehyde. It was isolated from the reaction mixture of one mol 
of acetone and two of formaldehyde, after heating with sodium hydroxide. The result¬ 
ing solution was evaporated on a water bath and the viscous syrupy residue subjected 
to vacuum distillation. Only 10 per cent was volatile. The non-volatile portion was 
a brown resin. On further heating, frothing occurred, and the final product consisted 
of a voluminous, insoluble, friable mass. The distillate contained 3-ketobutanol and 
a liquid boiling at 164-165* C. (under 20 mm. pressure) which was postulated as 
3,3- (or 3,5-) dimethylol-tetrahydro-4-pyrone. 


O 


CH,OH 


CH 2 OH 


H,C (JHi 

\ / 

O 


O 

II 

c 

or HOHaCHC"^ ^CHCHaOH 


HjC CHt 

\ / 
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In marked contrast to acetone, methyl ethyl ketone yielded under the same conditions 
of condensation mostly volatile products consisting of 2-methyl-3-ketobutyl alcohol, 
the dimethylol compound (2-aceto-2-methy 1-trimethylene glycol) melting at 60®C., 
and higher-boiling viscous liquids. The latter yielded resins when heated with alco¬ 
holic alkali. The mono-, di- and trimethylol compounds obtained from diethyl ketone 
were accompanied by little or no resinous material. 

Anhydro-enneaheptitol is the anhydride (m.p. 156®C.) of the heptahydric alco¬ 
hol resulting from the reaction of 1 mol of acetone with 6 mols of formaldehyde.®* 
It is interesting to note that in the presence of a large proportion of formalde¬ 
hyde, in addition to the six hydrogen atoms in acetone being substituted by 
(CHaOH) groups, the carbonyl group is reduced. The relation of the alcohol to 
Its anhydride can be represented by 


CH2OH 

/ 

HOCH2—C 

^CH20H 
CHOH 
CH^Oil 


CH2OH 

H2C;~C:^ 

. 1 CH2OH 

-y O CHOH 

i I 

CH20H 


H0CH2~C 
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H2C—c 


CH20H 


CH20H 


Heating acetone and formaldehyde in vacuo below the resinifying tempera¬ 
ture gives rise to the formation of colorless, viscous products. They may be used as 
substitutes for glycerol and as dyeing or printing assistants." 

Gault and Burkhard” reported the production of a viscous substance 


CH2OH 

CH,—CO—COOCjH. 

in, 

CH.—CO—in—COOCjHs 


» G. T. Morgan and E. L. Holnus, J.C.S., 1M2, Mt7. 

Apd and B. Tollens, Ber., 1894, 27, 1087; Ann., 1896, 289, 46. C. Mannich and W. Broae, 
tier.. 1922, 55, 3185. 

British P. 849,556, 1980, to I. Q. Faihaoind.; Brit. Chem. Ah». B, 1981. 917. 

»H. Gault and J. Burkhard, Compt. rend., 1984, 199, 795; Brit. Chem. Abs. A, 1984, 1882. 
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(3-methylol-3,5-dicarbethoxy-2,6-heptandione) on condensing ethyl acetoacetate 
with formaldehyde. Acetaldehyde yields ethyl a-ethylolacetoacetate (2-hydroxy- 
3-carbethoxy-4-pentanone) from which a non-crystalhne compound, 4-methyl-3,5- 
dicarbethoxy-3(l-ethylol)-2,6-heptandione, is obtained by the action of diethyl- 
amine at -lO^C." 

As a mechanism for the reaction between ketones and aldehydes, Bodendorf 
and Koralewski®® suggest that the ketone assumes an enol form which unites with 
the aldehyde, hydration and dehydration of the latter product yielding the keto- 
alcohol. These steps can be represented by the following scheme: 

R'CHO H 2 O 

RCOCH, RC(0H)=CH2 -RC(0H)CH2CHR'0 — 


RC(0H)2CH2CH(0H)R' —>- RCOCH 2 CHOHR' 

Water-Soluble Products. Condensation of ketones and aldehydes (chiefly 
acetone and formaldehyde) yields water-soluble syrups. Stockert and Traxl'^ 
effected the reaction by using 1 per cent of caustic soda (or more if a diluent was 
jiresent) at 15®C. To avoid the formation of by-products, smaller amounts of 
alkali (0.3 per cent initially) were added at 24-hour intervals since it is known 
that an allmline catalyst is partly or entirely neutralized in the course of the 
reaction. 

By using disodium phosphate as a condensing agent, Ellis®* obtained viscous 
water-soluble syrups which on warming with a small proportion of potassium 
hydroxide become ivory-colored, rubber-like masses. These can be dried and 
powdered to yield a whitish substance which chars without melting at 250-300°C. 
and is insoluble in the usual organic solvents.®® When sodium carbonate is the 
catalyst, a reddish oil separates from the reaction mixture. After it is freed of 
water, the oil can be dissolved in methyl alcohol and mixed with wood flour 
and alkaline hardening agents to give a molding composition.®* In the presence of 
trisodium phosphate, acetone and formaldehyde give a water-white syrup®* which 
may be used in lacquers and varnishes. With 1 mol of acetone to 6 of formalde¬ 
hyde in alkaline media, a fusible, alcohol-soluble resin is formed.®® 

From acetone, or methyl ethyl ketone, and formaldehyde in alcoholic solution, 
catalyzed by caustic alkali, Hiixham*” obtained a resin which after heating at 
105°C. becomes insoluble in organic solvents and alkali. It may be employed 
as a protective coating for alkali-storage tanks. 

By modifying the conditions of condensation, water-soluble viscous liquids are 
produced which serve as substitutes for glycerol, for the preparation of “anti-freeze’^ 
solutions, for the finishing of textiles, or for the impregnation of paper.*® For ex¬ 
ample, Voss®* prepared a thick, viscous, syrupy, water-soluble liquid (which gave no 
indication of resinification after being kept for a year) in the following manner: 400 
pails of formaldehyde (30 per cent) were mixed with ^ parts of acetaldehyde and 15 
parts of acetone and to the mixture were added 12 parts of calcium hydroxide. The 
temperature was maintained at 30-35®C. After 12 hours, the alkali was precipitated as 
the oxalate (with oxalic acid) and water and unchanged aldehyde removed by distilla¬ 
tion at 60-65*C. under reduced pressure. 

H. Gault and T. Wendling, Compt. rend., 1934, 199, 1032; Brit. Chem. Aba. A, 1935, 65 

•°K. Bodendorf and O. Koralewski, Arch. Pharm., 1W3, 271, 101; Chem. Ab<t , 1933, 27, 2672. 

K. Stockert and W. Traxl, Auatrun P. 96,433. 1919 and 98.669, 1920; Chem. Zentr., 1925, 1, 2472. 

•“Carleton Ellii, U. 8. P. 1,502,945, July 29, 1924; Chmn. Aba., 1925. 19. 186 

•»See also Cnrleton Ellis, U. S. P. 1,514,509, Nov. 4, 1924; Chem. Aba, 1925, 19, 710. 

•*Garleton EHis, U. S. P. 1.514.508, Nov. 4, 1924; Chem. Aba., 1925, 19, 710. 

"Carleton Ellis, U. 8. P. 1,716,542, June 11, 1929; Chem. Aba., 1929, 25, 3822. 

•»Carleton Ellis, U. S. P. 1,683.535, Sept. 4, 1928; Chem. Aba., 1928, 22. 3999 

8 Hiixhnm. U. 8. P. 1.482,929, Feb. 5, 1924, to Oarleton Ellis; Chem. Aba., 1924, 18, 1058. 

•British P. 349,556, 1930, to I G Faibenind. A.-O.: Brit Chem. Ab^. B. 1931, 917. 

•A. Voss, German P. 175,766, 1933, to I. G. Farbenind. A.-G.; Chem. Aba., 1933, 27, 4890. 
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Morgan and Holmes™ obtained a colorless water-soluble syrup from equimolecular 
proportions of acetone and formaldehyde at 25®C. in the presence of barium hydroxide. 
After all formaldehyde had reacted, any remaining alkali was neutralized with carbon 
dioxide and acetone and water were removed in vacuo. Distillation of the colorless, 
extremely viscous residue under high vacuum yielded a considerable amount of dis¬ 
tillate and a residual yellowish-brown, friable resin. On fractionation, the distillate 
gave a colorless oil (boiling at 90-110®C. under 16 mm. pressure) which spontane¬ 
ously polymerized to a hard, clear resin. This solid possessed machinable properties, 
and was insoluble in organic solvents. Irradiation by a mercury vapor lamp accel¬ 
erated polymerization, i'nor to the fractionation step, halogens or halogen compounds 
(e.g., iodine or iodine monochlonde) may be added to the distillate.’^ 

Mannich™ condensed acetone and diethyl ketone with formaldehyde in the 
jiresence of ammonium chloride to obtain resinous material. 

Werner’s Resin. Werner™ first called attention to acetone resin. He mixed 
40 per cent formaldehyde solution with acetone and found that reaction did not 
occur until alkali was added. The addition of a small amount of caustic jiotash 
to the undiluted reactants caused an immediate and violent action w'lth the 
separation of an orange-red product. When the substances are mixed in 10 
per cent aqueous solution, combination proceeds much more slowly, the alkalinity 
of the liquid diminishing considerably as the reaction progresses. After an hour 
the condensation product begins to separate, and after 24 hours the reaction is 
complete. The resulting orange-colored, amorphous powder is freely soluble 
in alcohol, acetone and glacial acetic acid, from which solutions it is precipitated 
unchanged by water. It dissolves sparingly in benzene, chloroform or ether. Wer¬ 
ner stated that the same compound is produced whether an excess of acetone or 
of formaldehyde is used. 

A yellow precipitate is obtained by adding hydrochloric acid to the alkaline 
filtrate. The resin and the yellow precipitate from the filtrate had the empirical 
formula C 4 H 5 O. Werner proved, however, that it is not a polymer of methylene 
acetone. 

Muller™ also noted that the condensation of acetone with formaldehyde did 
not give the expected methylene-acetone. With a small proportion of alkali as 
a condensing agent, ketobutanol was formed. Larger amounts of alkali gave 
an amorphous compound (CgHizOa). 

Seventy-five grams of 40 per cent formaldehyde solution and 60 g. of acetone are 
poured into a solution of 50 cc. of 30 per cent aqueous caustic soda and 200 cc. of 
96 per cent alcohol, and the reaction mixture cooled. After standing for 36 hours, 
the reddish-brown solution is poured into 2 1. of water. A yield of 50-55 g. of a 
brown, non-ciystalhzable mass having an odor like that of hexanone is obtained. 
It has no sharp melting point and chars above 300®C. The resin is soluble in ethyl 
and methyl alcohol (to give neutral solutions), in acetone, glacial acetic acid and 
benzol. It is less soluble in ether and almost insoluble in ligroin, water and dilute 
caustic akali solutions. 


Muller stated that there are two distinct stages in the formation of this resin: 


I. CH,COCH, + HCHO —H2C(OH)CH,COCH, 

and by splitting off water and migration: 

CHa—CH—CH—CH 2 


II 


2 CH 3 COCH 2 CH 2 OH 




CH, 


■^^G. T. Morgan and E. L. Holmea, British P. 404,317, 1932; Bnf. Chem. Ab». B. 1934, 244. 

^G. T. Morgan and E. L. Holmes, British P. 408,003, 1934; Chem. Ab»., 1934, 27, 5692. See also 
British Plastics, 1933, 4, 431. G. T. Morgan, A State Exp. in Chem. Res.; Rep. Brxt. Ass. Advance^ 
numt Set., 1933. 

«C. Maimich, Arch. Pharm., 1917, 255. 261; Chem. Abs.. 1918, 12, 684. 

^E Werner, Proc. Chem. Sor., 1904, 20, 198; Chem. ZetUr., 1905. I, 221. 

Muller, Ber., 1921, 54, 1142; Chem. Abs., 1922, 16. 3449. 
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This, however, assumes that all the acetone takes part in the reaction. Under 
similar conditions, experience has shown that much acetone still remains after 
all the formaldehyde has disappeared. 

Iodine-containing condensation products of acetone and other ketones with alde¬ 
hydes have been suggested by Hertkorn^® to replace iodoform as a disinfecting powder. 
One procedure for preparing such compounds is as follows: One hundred grams of 
acetone and 250 g. of formaldehyde are mixed in 2 1. of water. To this, 30-60 g. 
of alcoholic soda are added; and the mixture is gently heated until spontaneous reac¬ 
tion sets in and the liquid assumes a yellow color. It is cooled and allowed to 
stand for 2 days with frequent agitation. An orange-yellow flocculent precipitate is 
formed. Heating to 50®C. at this stage favors the deposition of the orange powder. 
The horny mass obtained by treating the orange powder with iodine is insoluble in 
water, fairly soluble in alcohol, ether and amyl acetate, and very soluble in acetone 
and other ketones. The product is almost insoluble in cold benzene or turpentine, 
but is partially soluble in hot benzene. 

Ketone resins may be used as modifying agents to decrease the luster of rayon.” 
For example, a finely divided insoluble product, from the condensation of 1 mol 
of acetone and 6 mols of formaldehyde in the presence of aqueous sodium hydroxide, 
is incorporated with the cellulose solution before extrusion. The polymer obtained 
from the reaction of benzaldehyde and acetone may be employed similarly.”" 

Molding Compositions. Plauson” proposed the following molding composition: 
One hundred parts of wood flour or mineral powder are mixed with 58 parts of acetone 
and 100 parts of 30 per cent formaldehyde. Ammonia gas is then introduced with con¬ 
tinual agitation under a pressure of 1-3 atmospheres. Reaction is complete in 10-15 
minutes. Excess ammonia is removed and water evaporated in vacuo. Another com¬ 
position is made from 30 parts of acetone-soluble rubber resin dissolved in 60 parts 
of acetone and 100 parts of 40 per cent formaldehyde. This mixture is incorporated 
in a mixing-drum with 150-250 parts of wood flour and a 10 per cent alcoholic or 
aqueous solution of caustic soda is added. Reaction is complete in half an hour 
without resorting to pressure. Alkali and excess acetone are removed by washing 
followed by evaporation. The dry powder molded at 150 atmospheres and 200°C. 
gives articles which are inert to alkalies, acids and almost all organic solvents. At a 
pressure of 200-250 atmospheres, the molded article more nearly resembles natural 
wood. Methyl ethyl ketone may be used instead of acetone; but although it forms 
a resin, it is partially converted into a volatile compound immiscible with water. An 
aromatic ketone such as benzophenone does not resinify readily with formaldehyde 
and an alkaline condensing agent. 

It is suggested also that the condensation product from 6 mols of formaldehyde and 
1 mol of acetone, made in the following manner, be employed in molding operations.” 
One hundred parts of 30 per cent formaldehyde solution are mixed with 9-10 parts of 
acetone, and 15 parts of 33 per cent sodium hydroxide solution are gradually added 
with vigorous stirring. The mixture must be cooled after “addition of the base. 
Twenty-nine parts of a light yellow, granular solid (C^HjgO*) separate. After wash¬ 
ing it is almost white. It possesses high insulating powers, is burned with difficulty 
and is insoluble. The product from 3 mols of formaldehyde and 1 mol of acetone 
(at 30-60®C.) was an oily resin which could be coupled with diazotized p-nitraniline to 
form a dark yellow oil-soluble dyestuff.” 

Condensation Products in Varnishes. Plauson" attempted to obtain oil- 
soluble compounds (to be used in varnish) by reacting formaldehyde and acetone 
(or other aldehydes and ketones) with turpentine or terpene hydrocarbons at 

TOJ. Hertkorn, U. S. P. 901,709, Oct. 20, 1008; Chem. Abs., 1909, 3, 580. British P. 17,220, 1908; 

1909, 28, 1006. 

wft Dreyfus, R. H. J. Riley and J. Bower, British P. 392,621, 1931; Bni. Chem. Aba. B, 1933, 621. 
French P. 42,662, 1933, addition to French P. 702,174; Chem. Aba., 1934, 28, 896. 

British P. 407,545, 1933, to Brit. Celanese, Ltd.; Brit. Chem. Aba. B, 1934, 464. 

Plauson, U. 8. P. 1,397,144, Nov. 15, 1921; Chem. Aba., 1922, 16, 629. German P. 337,960, 
1922; Chem. Zentr., 1922, 2, 539. British P.'156,137, 1920; Chem. Aba., 1921, IS, 1789. Canadian P. 
233,180, 1923; Chem. Aba., 1923, 17, 3237. 

«H. Plauson, German P. 351,349, 1922; J.8.C.I., 1922, 41. 720A. 

Plauson, U. S. P. 1,500,844, July 8, 1924; Chem. Aba., 1925, 19, 186. British P. 182,497, 1921; 
J.8.C.I.J 1922, 41, 676A. 

«>H. Plauson, German P. 389,241, 1920; J.8.C.I., 1924, 43, 434B. 
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200®C. Alkali sulphides, carbonates or perborates were employed as condensing 
agents. The products were soluble in the various solvents for natural resins. 
More soluble resins were obtained by adding a small proportion of phenols or 
of linseed oil to the reactants. 

The initial condensation products of formaldehyde and acetone, after poly¬ 
merization by treatment with urea, aniline, or other organic bases, can be in¬ 
corporated with pyroxylin to give a coating composition.*^ Refluxing equimolecular 
mixtures of acetone and aldol, in the presence of alkali, yields a resin which may 
be fusM with rosin to form a coating material."* A modification of the latter 
procedure c&nsists in adding rosin and hydrochloric acid to the ketone-aldol 
mixture before refluxing. Diacetone alcohol and formaldehyde also react, in 
alkaline media, to furnish resins which may be employed as components of var¬ 
nish and lacquers."® 


Un SATURATED KeTONES 

Compounds possessing a double bond in close proximity to a carbonyl group 
exhibit enhanced reactivity. Those of the type RCOCH=CH 3 polymerize spon¬ 
taneously in the presence of catalysts. Blaise and Maire"* prepared a series of 
unsaturated ketones by boiling the corresponding chloroketones with diethyl- 
aniline. 


CH2CICH2COR —HCl + CH2=CHC0R 

Such ketones are mobile, lachrymatory liquids which polymerize, on standing, 
to elastic odorless substances and react quickly with alkali to form brown resins. 
They may be prepared also by the reaction of olefins with acetyl chloride, in the 
presence of aluminum chloride,*® 

CHsCOCl 4-CH2==CHj —> CH,C 0 CH=CH 2 4- HCl 

and by dehydration of keto-alcohols with zinc chloride,** Methyl vinyl ketone 
is obtained by the hydration of vinyl acetylene with dilute sulphuric acid, using 

CH,=CHCsCH 4-H2O —> CH2=CHC0CH3 

mercuric sulphate as a catalyst and an oxidizing agent (e.g., ferric sulphate) as a 
promoter.*' Ketones in which the ethylenic linkage is farther from the carbonyl 
group have been produced by passing mixed vapors of unsaturated acids and 
saturated acid anhydrides over manganese oxide at 300-600°C., oleic acid and 
acetic anhydride furnishing heptadecenyl methyl ketone."* 

Transformation of unsaturated ketones to yellow resins, which may be used in 
varnishes, is effected by agitation with 1 per cent aqueous sodium oleate at 

w C. E. Burke, U. S. P. 1,755,0W, Apr. 15, 1930, to E. I. du Pont de Nemours A Co.; Chem. A6«., 
1920, 24, 2905. See also C. E. Burke, Canadian P. 327,820, 1932, to Canadian Industries, Ltd.; Chem. 
Abt., 1933, 27, 1222. 

** H. A. Gardner and C. A. Klnauss, Ind. Eng, Chem., 1928, 20, 599. 

“A. E. Mase, U. S. P. 1,683,835, Sept, ll, 1928; Chem. Aba., 1928, 22, 4262. 

^ E. E. Blaise and M. Maire, Bull. aoe. chim., 1908, 3 (4), 165; Chem. Aba., 1908, 2, 1824. 

Krapivin, Bull. Soc. Imp. Moscow, 1908, 1; Chem. Aba., 1911, S, 1281. 

»G. Merling and H. Kbhler, U. S. P. 981,668 and 981,669, Jan. 17, 1911, to Farbenfabr. vorm F. 
Bayer A Co.; J.8.C.I,, 1911, 30, 240. See also German P. 222,551, 1908; Chem. Zenit., 1910, 2, 120. 
British P. 19,088, 1909; J.8.C.I., 1910, 29, 1134. French P. 409,403, 1909; J.S.C.I., 1910, 29, 719, all 
patents to Farbenfabr. vorm F. Bayer A Co. 

•TR. F. Conaway, U. S. P. 1,967,225, July 24, 1934, to E. I. du Pont de Nemours A Co.; Chem. 
Ab$., 1934, 28, 5834. British P. 388,402, 1933; Chem. Aba., 1933, 27, 4547; German P. 594,083, 1934; 
Chem. Aba., 1934, 28, 4436. French P. 719,309, 1931; Chem. Aba., 1981, 26, 3265. all patents to E. I. du 
Pont de Nemours A Co. See also A. 8. Carter, U. S. P. 1,896,161, Feb. 7, 1938, to E. I. du Pont do 
Nemours A Co.; Chem, Aba., 19^, 27, 2458. 

«0. Schmidt and K. Huttner, U. S. P. 1,988,021, Jan. 15, 1985, to I. Q. Farbenind. A.-Q.; Chem. 
Aba., 1935, 29, 1431. 
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60®C.,*®* or by heating in the presence of oxygen or oxidizing agentsFor ex¬ 
ample, Bradley*® resinified methyl-methylene-acetone by bubbling air through it at 
80-100®C. On evaporation of solutions of this resin in benzene, or ketones, very 
tough films were obtained.” At its boiling point, 2 molecules of this ketone com¬ 
bine to give l-octene-3,7-dione,** and on heating with dilute acid or alkaline solu¬ 
tions l-hydroxy-octane-3,7-dione is formed.” When kept for several days at 60®C., 
mixtures of methyl-methylene ketone and diolefins (in the presence of diethyl- 
aminoethyoxy-oleylanilide) yield rubber-like products.” Condensations of methyl¬ 
ene ketone with styrene,” maleic anhydride” and stand oil” have been reported. 

Either methyleneacetone or methyl isopropenyl ketone is used as a low-boiling 
solvent with cellulose acetate and a compatible synthetic resin (e.g., a sulphonamide 
resin)” to make a lacquer.” 

By treating polymerized methylene acetone, dissolved in acetone, with formal¬ 
dehyde (and hydrogen chloride) a resin is obtained which may be emiiloyed as 
the intermediate layer in safety glass.'®® Also, the secondary polymeric alcohol 
(made by reduction of the polymerized ketone) may be condensed with formal¬ 
dehyde.'” n-Butylene acetone, prepared from n-butyraldehyde and acetone in alka¬ 
line media, resinifies when heated with alkali but is relatively stable in the presence 
of 20 per cent sulphuric acid.'®* The isomeric isobutylene-acetones are, however, 
unstable under the same conditions and when treated with sodium hypobromite 
they yield tars.'” 

Isopropenyl methyl ketone, prepared by dehydration of /3-methylketobutanol 
(CHsCOCH(CH8)CHaOH) with potassium pyrosulphate or anhydrous oxalic acid 
and zinc chloride, slowly polymerizes (in an atmosphere of nitrogen) at room 
temperature.'” The polyketone is a hard, tough, glass-like mass similar in prop¬ 
erties to eu-polystyrene, and is soluble in organic solvents with extreme swelling. 
It appears to contain 1400 units and its structure is believed to be: 


COCH, 



I 


CHs 


“COCH, 

CH, 

in, 


COCHa 

I 

—C—CHa •••• 
d:H, 


«*• K. Meisenburg, German P. 568,907, 1928, to 1 G Farbcnmd. A.-G.; Chem. Aba., 1933, 27 , 2831. 
British P. 335,185, 1929; Chem Aba,, 1931, 25, 1401 

»E Tschunkur and W. Bock, Gennan P 555,859, 1927, to I. G. Farbonind A-G ; Chem Aba,, 
1032, 26, 6165. 

•“T. F. Bradley, private communication. 

The use of reeins from methvl-methylene ketone in the manufacture of billiard balls or artificial 

glass IS described in German P. 309,224, 1917, to Farbenfabr. vorm F Bayer A Co.; J.S.C I,, 1920, 39, 

624A. 

•• G. Merling and H. Kohler, U. S. P. 991,735, May 9, 1911, to Farbenfabr vorm F Bayer & 

Co, ; Chem, Aba,, 1911, 5, 2560 Also German P. 227,176, 1909; Chem Zentr., 1910, 2, 1421. 

••G. Merling and H. Kohler, U. S. P. 991,734, May 9, 1911, to Farbenfabr. vorm F. Bayer A 

Co.; Chem, Aba,, 1911, 5, 2560. German P. 227,177, 1909; Chem. Zentr, 1910. 2, 1421. See also L. 
aaisen, Ber., 1892, 25, 3164 

British P. 349,976, 1930, to I. G. Farbemnd. A.-G.; Brit. Chem. Aba. B, 1931, 937. French P. 
734,985, 1982; Chem. Aba.. 1933, 27. 1221. 

‘•K. Meisenburg, W'. Bock and O. Bachle, U. S P 1,937,063," Nov. 28, 1933, to J. G. Farbemnd. 
A.-G.; Chem. Aba., 1934 , 28. 1207. Geiman P. 599,058, 1934; Chem Abti., 1934, 28, 6004. British P. 
399,232, 1133; Chem. Aba., 1934, 28, 1881. 

••British P. 376,479, 1931, to I. G. Farbemnd. A.-G.; Bnt. Ch*>m. Abi^ B, 1932 , 948 
” L. Kolleck and H. Ufer, German P. 588,307, 1933, to I G. Farbemnd A-G.; Chem. Aba, 1984, 
28, 1558; addn. to German P. 580,234, 1933; Chem Aba., 1933, 27, 4943. See also Chaptei 51. 

^ See Chapter 34. 

••British P. 359,387, 1930, to Brit. Celanese, Ltd ; Brit. Chem. Aba. B, 1932, 31. 

w»H. Hopff, German P. 554,668, 1930, to I, G. Farbemnd. A.-G.; Chetn Aba, 1932, 26, 6165. 

»»French P. 721,827, 1931, to I. G. Farbemnd. A.-G,; Chem. Aba, 1982, 26, 4142. Bntish P. 
36\313, 1931; Brit. Chem. Aba. B, 1932, 475. v 

N. Eccott and R. P. Linstead, J.C 8., 1930, 905. 

“•R. Locquin and R. Heilmann, Bull. aoc. chtm., 1929, 45 (4), 1126; Bnt. Chem. Aba. A, 1930, 325. 
See also S. G. Powell, J.A.C.3., 1924, 46, 2514. J. Pastureau and Zamenhof, Compt. rend., 1^, 182, 
323: Chem. Aba., 1926, 20, 1598. 

Staudinger and B. Ritsenthaler, Ber., 1934, 67, 1773. 
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On reduction with hydrogen iodide and phosphorus, the polymer yields the hydro¬ 
carbon (C6H8)n instead of (C8Hto)„. Apparently cyclization occurs during the latter 
operation giving 

CHa CH, 

• • • • CH2——CH2—(!> • • • • 

Treatment of the ketone with stannic chloride gives black tarry masses, whereas 
Florida earth is inactive. 

Irradiation of isopropenyl methyl ketone with a mercury-vapor lamp effects 
transformation to a polymer of 480 units. This substance is much softer than 
the one containing 1400 units, less swollen by solvents, and can be precipitated as 
a powder by addition of methyl alcohol to its solution in acetone. At 100®C 
isopropenyl methyl ketone isomenzes to the dimeric diketone, 

CH3C0CH(CH8)CH2CH2C0C(CH8)=CH2 

An amorphous glassy mass was obtained by Cox and McElvain'” on heating 87 g. 
of benzalmethyl isopropyl ketone, (CH,)aCHCOCH=011035, wdth 12 g. of 
sodium ethoxide. 

Furylideneacetone with magnesium methyl iodide or phenyl magnesium bromide 
yields almost exclusively resinous bodies^®* Mesityl oxide condenses with acetal¬ 
dehyde in the presence of aqueous caustic soda,^*” and the product (after removal 
of the alkali) may be converted into a light-colored, elastic, spirit-soluble resin 
by heating to 200®C. 

Oleone and hypochlorous acid (in the cold) yield the corresponding chloro- 
hydrin, which reacts with soap to give wax-like products.'®® 

Benary, Meyer and Charisius'®® state that although hydrox>Tnethylene ketones 
(resulting from the condensation of ketones with ethyl formate in the presence 
of sodium ethoxide) are usually stable, hydroxymethylene-methyl-n-propyl ketone, 
C 8 H 7 C 0 CH=CH 0 H, quickly thickens and acquires a red color. 


Ketenes 


Many attempts have been made to improve the yield of ketene from the pyrol¬ 
ysis of acetone. A variety of catalysts have been employed and yields up to 
90 per cent have been reported."® Hurd'" obtained evidence of the formation 
of methylketene by j^yrolysis of both methyl ethyl and diethyl ketones. Other 

i«R. F B. Cox and S. M. McElvam, J.A.C.S., 1934, 56, 2459 

i«»N. Maxim, Hull soc. rhim , 1931. 49, 887; Bnt. Chem. Aht^,, A, 1931, 1069. 

Deutsch, W. Haehnel and W. 0. Herrmann, German P. 433,853, 1922, to Consort, f. Eltk- 
trochem. Ind. Gm.bH.; Hnt. Chem. Abs. B, 1927, 228. 

K»D. K. Tressler, U. S. P. 1,873,072, Aug. 23, 1932, to Mathieson Alkali Co.; Chem. Aha., 1932, 
26, 5965. U. S P 1,925,053, .\ug. 29, 1083; Chem. Aha., 1933, 27, 5564. 

Benary, H. Meyer and K. Charisius, Ber., 1928, 59, 110; Chem. Aba., 1926, 20, 1590. 

Srhmidlm and M. Bergman, Ber., 1910, 43. 2821; Chem. Aha.. ^911, 5. 487 E. fieri and A. 
Kiillman, Ber., 1932, 65, 1114; Chem. Aba., 1932, 26, 5067. E fieri. German P. 536,423, 1927; Chem. 
Aba., 1932, 26, 999 H. T. Clarke and C. E. Waring, U. S. P 1,723.724, Aug. 6, 1929, to Eastman 
Kodak Co ; Chem. Aba., 1929, 23, 4485. French P. 673,051, 1929, to Soc. Kodak-Pathe; Chem. Aba , 
1930 , 24, 2474. D. A. Nightingale, U. S. P. 1,602,690, Oct, 12, 1926, to K^toid Co.; Bnt. Chem. Aba. B, 
1927, 28. British P 237,573, 1924, to Ketoid Co.; Chem. Aba., 1926, 20. 1415. Q. H. Reid, British P. 
4’3.709, 1934, to Carbide A Carbon Chemicals Corp.; Chem. Aba., 1985. 29, 482; see also French P. 
749.245, 1933; Chem. Aba., 1938, 27. 5757. .1. Al, Anpew Chem., 1932, 45. 545; Chem. Aba., 1932, 26s 

5549. C. D. Hurd and W. H. Tallvn. J.A C.S., 1925, 47, 1427. C. D. Hurd, Orpamc Syntheaea, 1925, 
IV. 39; Chem. Aba., 1926, 20. 42. F O Rice and R. E. Vollrath, Proc. Nat. Acad. Sck„ 1929, IS, 702; 
Brit. Chem. Aba. A, 192', 1425. F. O. Rice, J. Greenberg. C. E. Waters and R. E. Vollrath, J.A.C.8., 
1984, 56. 1760. 

D. Hurd, J.A.C.8., 1923, 45, 8095. See also C. D. Hurd and C. Kocour, J.A.CJ3., 1928. 

45, 2167. 
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workers have studied the thermal decomposition of acetic acid/“ acetic anhydride, 
diacetyl and pinacolin.^ Dreyfus^^ found that some ketene is formed by the inter¬ 
action of hydrogen and carbon monoxide at high temperatures. Staudinger and 
Klever^** treated bromoacetyl bromide (dissolved in ether or ethyl acetate) with 
zinc, a current of hydrogen (or other inert gas) being conducted at the same time 
through the reaction vessel. Water and carbon dioxide must be excluded. 

After separation of ketene from the crude products of the pyrolysis of acetic 
acid there were obtained (1) a fraction rich in acetone, (2) a higher-boiling liquid, 
which contained dimeric ketene (CH,COCH=CO) and dehydracetic acid, and 
(3) a residual brown tar.“® Evaporation of the acetone fraction leaves a resinous 
film.'“ 

Substituted ketenes were prepared by Staudinger^” and his co-workers by 
treating diphenylketene with substituted malonic acids and distilling the resulting 
mixed anhydride. In the case of methylethylketene, reactions for its formation 
from diphenylketene and methylethyl malonic acid can be represented by: 

O O 


C,H, COOH C—0~C—CH(C6Hd2 

\ / \ / 

C 4-2(C«H5)tC====C==0 —C 

CH,'^ ^COOH CH,^ C—O—C—CH(C,H,), 


II 

/ 

C,H. C 

\ / \ 

(C,H,),CHC 

\ 

C 0 + 

0 

/ \ / 

/ 

CH, C 

u 

(C,H,),CHC 

\ 


C,H, C C,H. 

\ / \ \ 

c o —> co,+ c==c=o 

CH,^ CH,^ 

di 


This method was used in making dimethyl, diethyl, dipropyl, dibenzyl, and 
allylmethylketene. 

The same procedure, however, could not be employed for obtaining ketenes 
of the allene type.”* Benzalmalonyl anhydride (from silver benzalmalonate and 
oxalyl chloride), for example, which on ^tillation should yield a ketene of the 

ua C. D. Hurd and K. £. Martin, /.A.C.S., 1929, 51, 3014. 

us*£. Peytral, BuU, $oc, eh%m., 1934, 35, 969; J.CB., 1924, 126 (1), 1161. Also French P. 723,477, 
1931; Chem. Abi., 1982, 26, 4063. 

»» C. D. Hurd and W. H. TaUyn, /.A.C.S., 1925, 47. 1779. 

^ H. Dreyfus, British P. 362,364, 1925; Bnt. Chem, Ab». B, 1927, 135. 

^ H. Staudinger and H. W. Klever, Ber., 1908, 41, 594. 

^F. Chick and N. Wllsmore, 1908, 93, 946; 1910, 97, 1987. 

u*£. Berl ahd A. Kullmann, Bar., 1932, 65, 1114. 

^^H. Staudinger, H. Sehn^er, P. Schots and P. M. Strong, Helv» Chim. Acta, 1923, 6, 291; 
Chem. Abs., 1923, 17, 1963. 

u«H. Staudinger and H. Schneider, Helv, Chtm. Acta, 1928, 6, 816; Chem. Abe., 1923, 17, 1953. 
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allene type, CeHoCH=C=C=:0, was an amorphous, hygroscopic material which 
readily decomposed, even in sealed tubes, to give carbon dioxide and a resinous 
mass. Allene ketenes probably are not capable of existence. 

Hurd and DulP" report that polymeric ketenes are produced by the thermal de¬ 
composition of substituted amides. Thus, both N-acetylcarbazole and acetyl- 
phthalimide yield the dimeric ketene (cyclobutanedione), CHa—CO. The trimer of 

I I 

CO—CH. 

butylketene was identified as a product of the pyrolysis of caproylphthalimide. 
Dimers of dimethylketene and diphenylketene were obtained from iso-butyryl- 
phthalimide and diphenylacetylphthalimide, respectively. 

The linear structure for dimeric ketene (previously mentioned) is advocated 
by Johnson and Gross“® who base their conclusions on the catalytic reduction to 
n-butyric acid and n-butyric anhydride. 

Polymerization of Ketenes. According to Staudinger and Kleever,^^ 
ketene readily polymerizes to resinous matter, though dissolved in ether (0.5-1.0 
per cent solutions) it may be retained unchanged for several days. Formation of 
resins is accelerated by zinc or ferric chloride, sulphuric acid, and tertiary bases. 
No reaction occurs with oxygen, or with finely divided sodium or potassium. 

Rice and Greenberg,^®* however, report that at room temperature polymeriza¬ 
tion of gaseous ketene is very slow, appreciable change taking place only after 
several hours. Although the pure liquid is stable at ■—80‘'C., transformation is 
rapid at 0®C. and is complete .in about 1.5 hours. When dissolved in a solvent, 
reaction appears to be tnmolecular. Also, there is a wide variation in the rate 
of polymerization in different solvents, higher values being obtained with solvents 
of high dielectric constants. Contrary to the results of other investigators. Rice 
and Greenberg report that, within their experimental error (± 20 per cent), re¬ 
action is not inhibited by antioxidants (e‘.g., hydroquinone) or accelerated by 
acetone peroxide.^* In anhydrous acetone, at 20®C. less than 10 per cent of the 
dissolved ketene is changed to diketene.*** 

Energetic heating of benzilic acid with anhydrous sodium carbonate yields a 
dimeric diphenylketene melting at 168®C. and considered to be 3,3,4,4-tetraphenyl- 
cyclobutane-l,2-dione, 

(C6H,)r-C>~C=0 

The latter yields resinous products with a variety of reagents such as alcoholic 
potassium hydroxide or cyanide, phosphorus pentachloride, thionyl chloride, or 
acetic acid.“® 

Ethylbromoketene, a brownish yellow oil boiling at —40°C. under 0.03 mm. 
pressure, quickly polymerizes on warming.^* Dimethylketene reacts with iso¬ 
cyanates, carbon disulphide or carbon oxysulphide to give amorphous addition 
products of high molecular weights (3000-6000).'*^ The latter dissolve in organic 
solvents yielding colloidal solutions which in many instances, after concentrating, 

1»C. D. Hurd and M. F. Dull, J.A.C.S., 1W2, 54. 2433. 

^J. R. Johnson and P. F. Gross, paper presented at the New York meeting of the American 
Chemical Society, April, 1935.^ 

^ H. SUudinger and H. W. Kleever, Ber., 1908, 41, 594. 

“»F. O. Rice and J. Greenberg, 7 A.C.5., 1934, 56, 2132. 

D. Hurd, A. D. Sweet and C. L. Thomas (J.A.C.8., 1933, 55. 335) report that although ketene 
polymerises at —30*C. it may be preserved in the presence of a trace of hydroquinone. 

British P. 410,304, 19M, to Carbide A Carbon Chemicals Cferp.; Brit, Ckem, Ahs. B, 1934, 655 
See also French P. 701,731, 1934; Chem. Abt„ 1984, 28. 4072. 

Langenbeck and H. Langenbeck. Ber., 1928, 61, 938; Chem, Aht,, 1928. 22, 2746. 

Staudinger and H. Schneider. Belv. Ckim. Area. 1923, 6. Chem. Aha., 1923, 17, 1952. 

Staudinger, F. Felix and £. Geiger, Helv. Chim. Acta, 1925, 8. 314; Cham. Aba., 1925, 19. 2189. 
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become very viscous. Dimethylketene also is converted (by trimethylamine) into 
a hard glassy product, which can be depolymerized on heating. This ketene yields 
resinous materials with aniline, or with ozone and boiling water. Heated under 
pressure, it forms non-uniform oily products.^ Ketenes form peroxides when 
oxidized, and these decompose to amorphous polymers 

The stability of alkyl ketenes appears to increase with an increase-in molecular 
weight."® For example, at 250®C. dimethylketene polymerizes to the extent of 70 
per cent in 6 hours, diethylketene 28 per cent in 20 days, and dipropylketene 
only 9 per cent in 28 days. Dibenzylketene, however, is less stable than the 
dimethyl compound, and in a few hours is completely changed into diketotetra- 
benzylcyclobutane. Diallylketene, on the other hand, is much more stable than 
the dibenzyi derivative as the former substance is polymerized 75 per cent in 
5 days. 

Miscellaneous Reactions of Ketenes. With aluminum chloride as a 
catalyst, ketene reacts with anisole m carbon disulphide solution forming methoxy- 
acetophenones and higher ketones."^ Aromatic hydrocarbons may be substituted 
for the ether (anisole), the products from naphthalene, for example, being naphthyl 
methyl ketones and a dark-colored, resinous solid. 

In the presence of anhydrous potassium acetate, ketene combines vigorously 
with benzaldehyde, nitrobenzaldehyde or furfural to give dark, viscous liquids and 
acid anhydrides.*•* With furylacrylic acid a brown liquid is obtained which 
polymerizes to a black jelly. Hurd, Sweet and Thomas^*® report that ketene and 
tertiary alcohols form the corresponding acetates^®* and with the Grignard reagent 
only sticky gums are secured. At —80®C. combination with isoprene was not 
observed. At higher temperatures von Euler and Ahlstrom,"® however, obtained a 
viscous oil by this reaction. 

Passage of gaseous ketene into pyridine, followed by dilution of the mixture 
with water, gave only a red resin and dehydracetic acid,*" 

COOCCH, 

CHiO^HCCH 

i! 

Indications were that ketene does not combine with tertiary bases but merely 
polymerizes.*" When the base is dissolved in anhydrous solvents (e.g., ether, 
ethyl acetate, dioxane, or a low-boiling petroleum distillate) and treated with 
ketene, a vigorous reaction soon occurs resulting in deposition of the resin and 
yellow crystals. The latter were apparently of lactone character, having the 
formula CisHuOsN, and formed by the condensation of 4 mols of ketene and 1 
mol of pyridine, with the elimination of 1 mol of water. 

Staudinger, F. Felix, P. Meyer and H. Harder, Helv. Chim. Acta, 1925, 8, 822; Chem. Abg,, 
1925, 19, 2189. 

Staudinger, K. Dyckerhoff, H. Klever and L. Rusicka, Ber., 1925, 58, 1079; Chem. Aba., 
1925, 19. 2658. 

^ H. Staudinger, H. Schneider, P. Schotz and P. M. Strong, Hdv. Chtm. Acta, 1923, 6, 291; 
J.C.S., 1928, 124, 468. 

^ C. D. Hurd, J.A.C.8., 1^25, 47, 2777. 

“•C. D. Hurd and C. L. Thomaa, J.A.C.8., 1933, 55. 275. 

*••0. D. Hurd, A. D. Sweet and C. L. Thomaa, J A.C.3., 1933, 55, 835. Heata of reaction of ketene 
with aliphatic alcohola and the heat of formation of ketene were determined by F. O. Rice and J. 
Greenberg; J.A.C.8., 1934, 56, 2270. 

***Por the uae,of ketene in acetylating alkyd reaina, aee M. M. Brubaker and Q. De Witt Graves, 
U. S. P. 1,993,828. Mar. 12, 1985, to E. 1. du Pont de Nemours A Co. British P. 419,373, 1933 ; Bnt. 
Chem. Abi. B, 1935, 112. See also Chapter 42. 

von Euler and L. Ahlstrdm, Arkiv Kemi, Min. Geol., 1932, 11 (2), 1; Chem. Aba., 1933, 27, 
960. 

**•0. Wollenberg, Ber., 1934, 67, 1675. 

^ Cf. H. Staudinger and H. W. Klever, Ber., 1908, 41. 594. 
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In the formation of the colloidal condensation products of dimethylketene with 
arylcarbimides, the primary complexes, which are probably of open-chain struc¬ 
ture, combine to form groups containing 5-10 units of the initial complexes.^ 
Pyrolysis of ketene has been investigated by Williamson."* At temperatures 
of 400-500°C. the initial reaction’appeared to be the formation of the dimeric 
ketene (C 4 H 4 O 8 ) followed by a slow decomposition. Above 530®C. the gaseous 
products were carbon monoxide (about 66 per cent), methane (30-35 per cent), 
and ethylene (1-3 per cent). Also a black deposit (presumably carbon) was al¬ 
ways formed. The rates of reaction, however, did not reach their limiting values 
until the walls of the apparatus had been poisoned by several weeks of use. Prob¬ 
ably initial decomposition of ketene is: 

CH2==C0 —CUz + CO 

which is followed by: 

CHr-fCHr —CH4 + C 

At the temperatures employed, union of two methylene groups to give ethylene 
appeared to be of minor importance. Muller and Peytral"* report that at still 
higher temperatures (e.g., 1150®C.) the proportion of ethylene is greater than 
that of methane. Also appreciable quantities of hydrogen and acetylene are 
found in the reaction gases. 

Resins from Aryl-Aliphatic Ketones 

Acetophenone, C^HaCOCHa, yields a resin as one of the products when it is 
decomposed at 270-3(X)®C. in the presence of alumina"*" and when it is electrolyti- 
cally reduced."*^ The material obtained by the interaction of this ketone, phenol 
and hexamethylenetetramine has been employed as a binding agent."*® 5-Pseudo- 
cumylacetone (from the destructive distillation of wood) decomposes slowly in the 
presence of alkali to yield a resin."** 1 -Keto-tetra-hydrocarbazole gives an oily 
hydrazone and an oxime which is a glassy mass."*® The phenylhydrazone of n-propyl 
phenyl ketone slowly changes to a resinous body on standing."** 

The hydroxy ketones appear to be much less stable. For example, alkali, 
acid, or zinc chloride easily resinify p-hydroxybenzophenone."*’ Derivatives of 
p-methoxyacetophenone yield tarry or resinous materials when treated with acids."*® 
Skraup and Guggenheimer"** studied the effect of temperature on p-anisyl methyl, 
propyl, and isopropyl ketones. Only at high temperatures (340®C. for the first 
member of the series and 360®C. for the others) did they undergo loss of water 
and autocondensation, followed by the rapid occurrence of resinification and car¬ 
bonization products. 

a-Chloroacetophenone and /3-chloropropiophenone, when treated with sodium 
ui liquid ammonia, are transformed to hard, chlorine-free resins."" Substances of 

UBE. Geiger, Gummt-Ztg., 1926. 40. 2143; Bnt. Chem. Abs. B, 1926, 681. 

A. T. Williamson, J.A.C.S., 1934, 56, 2216. 

J. A Muller and E. Peytral, Compt. rend., 1933, 196, 279; Chem. Ab»., 1933, 27, 1864. 
lAiW. Ipatiev and W. Petrov, Ber., 1927, 60, 1956. 

Swann, Jr. and G. H. Nelson, Trofn. Electrothem. Soc., 1935, 67, 49; Brtt, Chem. Ab$. A, 
1935, 176. See also the reduction of a racemic hydrogenated chiysene diketone, J. v. Braun and G. 
Irmisch, Ber., 1981, 64, 2461; Chem. Abs., 1932, 26, 463. 

British P. 9.292, 1914, to S. Karpen A Bros.; 1915 34, 628. 

B Holmberg, Svensk. Kem, Tid.j 1928, 40, 304; Brit, Chem. Ab*. B, 1929, 158. 

Coffey, Rec. trav. chim., 1923, 42, 528; Chem. Abe.. 1923, 17. 3493. 

R. Sorge, Ber., 1902, 35, 1065. 

w. T. Minaev, J. Russ. Phys.^Chem, Soc., 1926, 58, 307; Brit. Chem. Abs. A, 1927, 361. 

^ M. T. Bogert and L. P. Curtin, J.A.C.8., 1923, 45, 2161. 

S. Skraup and S. Guggenheimer, Ber., 1925, 58, 2488. 
awp. Dean and O. Bercbet, J.A.C.S., 1930. 52, 2828. 
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a resinous nature are obtained by heating di-(bromobenzoyl)-ethanol (an orange- 
colored solid melting at 102®C.) dissolved in an organic solvent^^ or by bromination 
of l,2,5-triphenylpentanedione-l,5/“ 

CH2CH2COC6II5 

c.Hj(1;hcoc,H6 

The dibromide of this diketone gives an intractable resin when treated with potas¬ 
sium acetate. 

TetrabenzoylethyIene“® and also dibenzoyl/** CeHoCO-OCCoHs, undergo con¬ 
densation on exposure to light. About 50 per cent of the latter ketone, in 66 
per cent solution in alcohol, is converted into resinous bodies after 12 hours ex¬ 
posure. Cinnamylidene-m-nitroacetophenone, in chloroform solution, is readily 
transformed in sunlight to a colophony-like substance melting between 65° and 
70°C., although cinnamylidene-acetophenone is much less affected under the same 
conditions. Apparently, in aromatic compounds the nitro (and acetamino) group 
favors resin-formationMethoxybenzal-acetophenone'®® and 4,4-di-( hydroxy¬ 
methyl)-benzophenone'*” are resinified by light. The dichloro compound of the 
latter, dihydroxy-ketone, (in alcohol solution) and ammonia at 80°C. yielded a 
poljmer in which at least 10 mols were combined. 

Reaction of methyl magnesium iodide, or solutions of the Grignard reagent, 
with phenylacetylnaphthalene,”” CioHTCOCHaCeHs, or with 2-methyl-9-anthrone,’®’ 

O 





gives resinous masses. 


Condensation of Aryl-Aliphatic Ketones with Aldehydes 


Acetophenone and formaldehyde combine, in the presence of ammonium 
chloride, to give two compounds, monomethylolacetophenone, CoHoCOCHaCPIaOH, 
and trimethylol-bisacetophenone. 


O C«H5 

X X 

(HOCHs)aCH"^ '^0'^ ^CH.CHjOH 


The former derivative on dehydration and the latter on steam distillation give ar> 
oil (phenyl vinyl ketone, CeH6COCH=CH8) which sets to an extremely hard, 


wi R. Sutz, J.A,C.8 , 1926, 48 2905. 

«»C. Allen and W. Barker, J.A.C.S., 1932, 54. 736. 

“•H. von Halban and R. Raat, Z. phvBtk. Chem., Bodenatem Featband, 1931, 303; Brit. Chem. 
Aba. A. 1931, 1295. 

«*C. Porter, H. Ramsperger and C. Steel, /.A.C.S., 1923, 45, 1827. H. Geliseen and P. H. Her¬ 
mans (Ber., 1925, 58, 770) report that dibenzoyl peroxide and glacial acetic acid react to form a yellow, 
aticky resin which becomes glassy upon distillation in vacuo. 

^M. Giua, Oatt. chim. ital., 1925, 55, 567; Chem. Aba., 1926, 20, 749. See also M. Giua and E. 
Bagiella, Otuz. chim. ttal., 1931, 51 (2), 116; Chem. Aba., 1922, 16, 557. 

M»C. Dufraissc and R. Chaux, Bull. aoc. chim., 1926, 39, 443; Chem. Aba., 1926, 20, 2156. 

E. Connerade, Bull. aoc. chim. Belg., 1933, 42, 311; Brit. Chem. Aba. A, 1983, 1051. 

»»J. W. Cook and R. A. B. Galley, J.C.8., 1931, 2012. 
deB. Baniett and N. P. Goodway, J.C.8., 1929, 1754. 



25 . KETONE RESINS 


657 


gummy mass in a few days.'" Substitution of methylamine hydrochloride for 
ammonium chloride results in the formation of two compounds, a,a'-bisphenacyl- 
methylmethylamine, (CflHBCOCHaCH8)aNCH8, and a-methylaminopropiophenone, 
CeHsCOCHaCHaNHCHa.'*' When dimethylamine hydrochloride is employed as the 
condensing agent w-dimethylaminopropiophenone hydrochloride is obtained. 

CcHsCOCHa -h HCHO -f (CH3)2NH • HCl —> C6H5COCH2CH2N(CH2)2 ■ HCl + H 2 O 

The latter compound is easily hydrolyzed (with steam) to dimethylamine and 
phenyl vinyl ketone. Allen and Bridgess'" found that addition of alcohol to phenyl 
vinyl ketone, prepared in this manner, caused the deposition of a white, insoluble 
mass of polymeric material. 

Condensation under alkaline conditions often furnishes resins. For example, 
acetophenone, formaldehyde and potassium hydroxide yield an infusible, elastic, 
pale resinous product which is soluble in carbon tetrachloride, acetone, and ethyl 
acetate.'" Similar results were obtained with propionylacetone or butyrylaceto- 
phenone and salicylic aldehyde'*' (with piperidine), and this same aldehyde and 
acetylbenzoyl'" (with aniline). On the other hand, Dufraisse and Demontrignier'** 
effected reaction of acetophenone with acetaldehyde by means of sodium ethoxide. 
The product, after treatment with zinc chloride, gave 2-methylvinyl phenyl ketone 
(CoHsCOCH^CHCHa, m.p. 20°C.) which was much more stable than its lower 
homologue. 

4,4'- or 2,4'-Dihydroxybenzophenone condenses with aldehydes, in the presence 
of hydrochloric acid, forming resinous products which are compatible with cellu¬ 
lose acetate.'" Poly carboxylic acids of diaryl ketones furnish varnish resins when 
heated with rosin and glycerol.'" Reduction of mono- and dimethylanthrones re¬ 
sults in the production of colored polymers which greatly reduces the yield of 
bianthronyls.'" 


Cyclic Ketones 


Cyclohexanone, a typical cyclic ketone, boils at 155®C., is slightly soluble in 


O 

i! 

(!:h« 

V 




water and has an odor similar to peppermint. Although it can be prepared by the 
dry distillation of calcium pimelate it is usually made by dehydrogenation of 
cyclohexanol. 

Resinification of cyclic ketones has been shown to follow a course similar to 
that of acetone. For example cyclohexanone, when heated at 320®C. under 30 

100 C. van Marie and B. ToUens, Ber., Ifi03, 36, 1351. 

C. Mannich and G. Heilner, Ber., 1922, 55. 356. 

i«*C. Allen and M. Bndgess. J.A.C.S., 1929. 51, 2151. 

German P. 402,996, 1921, to A.-G. fUr Anilin-Fabr.; J.S.CJ., 1925, 44, 216B. 

A. B. Lovett and E. Hoberta, J.C.8., 1928, 1976. 

W. Borsohe and J. C. Titaingh, Ber., 1909, 42, 4288. 

^C. Dufraiaae and M. Demontrigmer, Bull. $oc. ehim., 1927, 41, 843; Chem. Abs., 1927, 21, 3901. 

British P. 376,839, 1980, to British Celanese, Ltd.; Bnt. Chem. Abe. B, 1932, 948. 

M«H. A. Bnison, U. S. P. 1,829,038, Oct. 27, 1931, to Rdhm & Haas Co.; Chem. Abe., 1932, 26, 86L 

E. Barnett, Ber., 1932, 65, 1563. 
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atmospheres pressure with alumina, gives mono- and dicyclohexylidene-cyclo- 
hexanones and dodecahydrotriphenylene, the analogues of mesityl oxide, phorone 
and mesitylene, respectively/*^ The same products were obtained by Cornubert'” 
by treating cyclohexanone with sodamide. Cyclohexanone condenses with a methyl 
alcohol-sulphuric acid mixture to form an oil, which on distillation at 18 mm. 
pressure was found to contain about 30 per cent of resin.”* By heating cyclo¬ 
hexanone or its homologues with methyl-alcoholic potassium hydroxide under pres¬ 
sure at about 200®C., a brown, oil-soluble varnish resin is obtained. Cyclohexyl- 
idene-cyclohexanone ^rms an almost colorless resin at 120®C. in the presence 
of a small quantity of alkaline”* or acid”* condensing agents. 

Light-colored resins, unaffected by sunlight and unattacked by acids or alkalies, 
are formed when cyclohexanone is condensed alone or wjth cyclohexanol by boiling 
with alcoholic potassium hydroxideSteam distillation removes uncondensed 
material; water-washing removes the catalyst. The purified product is a hard, 
clear resin, soluble in most organic solvents, particularly benzene and oils, and 
is compatible with cellulose esters and rubber. 

Methylcyclohexanone reacts with sorbitol to form an acetal.”® Finkelstein'” 
incorporated a cyclic ketone resin with nitrocellulose of low viscosity in a solvent 
mixture containing ethyleneglycol methyl ether, ethyleneglycol butyl ether, and 
ethyl alcohol to make a brushing lacquer.'” 

Cyclopropanone exists as a monomer only in solution; and its hydrate, 1,1-di- 
hydroxycyclopropane, forms resinous polymeric material when an ether solution 
of it is evaporated in the absence of moisture.”* Oxidation of cyclopentadecanone 
yields an open-chain acid, lactones and resinous products.'** 

The elimination of hydrogen bromide from 2-bromo-2-methyl-l-hydrindone 
(with pyridine) gives 2-methyl-1-indone, a solid melting at 47-47.5®C. and boiling 
at 99-100*C. at 6 mm. pressure.'®' It polymerizes readily when heated to its 
boiling temperature (240°C.) at atmospheric pressure, and less quickly on warming 
with alcoholic sodium or jiotassium hydroxide. When stored, 2-methyl-1-indone 
slowly changes to a yellow glassy solid. Similarly, 2-hydrindone slowly undergoes 
decomposition yielding resinous products.'** Methylenehydrindone'** resinifies on 
standing to either a gelatinous product or a white powder, which is apparently 
a polymer containing 12 molecules. At temperatures above 400°C., the more 
complex ketones, camphor and fenchone, undergo pyrolysis and form ill-defined, 
polymerized, unsaturated compounds.'*® 

Absorption of oxygen by carvone, piperitone, pulegone, p-benzoquinone, 
phenanthrenequinone and /^-naphthoquinone in the presence of alcohol and barium 
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hydroxide, furnishes brown resinous materials.'®® Sudden polymerization occurs 
when concentrated acid solutions of reductone are heated above 100®C. The 
product is viscous and amorphous.'*® 

Condensation of Cyclic Ketones with Aldehydes. From the con¬ 
densation of cyclopentanone with a large excess of aqueous formaldehyde in the 
presence of lime, Mannich and Brose'*' obtained amorphous products. On decreas¬ 
ing the proportion of aldehyde, the tetramethylol derivative was formed. For 
example, 20 g. of cyclohexanone, 315 g. of 9 per cent aqueous formaldehyde and 
10 g. of lime gave 17 g. of tetramethylol-cyclohexanol. Equimolecular proportions 
of ketone and formaldehyde yielded the monomethylol derivative, a liquid boiling 
at 114®C. under 16 mm. pressure,, unstable to both acids and alkalies. Neither 
menthone, carvone nor camphor could be condensed with formaldehyde.'*® 

Cyclic ketones and aldehydes yield resins when condensed in acid or alkaline 
media. For example, a transparent and almost odorless and colorless product is 
obtained by refluxing 100 parts of cyclohexanone, 110 parts of 30 per cent aqueous 
formaldehyde, and 3 parts of concentrated caustic soda solution.'** Seydel'*® sug¬ 
gests effecting reaction at higher temperatures (150-200®C.) and under pressure. 
Incorporation of rosin with cyclohexanone, cresylic acid, and formaldehyde gives 
a varnish resin.'*' 

Norton and Son tag’** point out that soluble and fusible resins are produced 
when mild alkalies are employed, and insoluble, infusible resins when strong 
alkalies are used. Sodium carbonate or borate is suggested as the alkaline con¬ 
densing agent. The reaction products are said to be light-colored or white, and 
do not darken on exposure to rays from a mercury arc lamp. For example, 100 
parts of cyclopentanone, 125 parts of formalin and 4 parts of sodium borate are 
refluxed at 100°C. until a syrupy hquid is obtained. The latter can be dehydrated 
to a permanently fusible resin. 

The resins from cyclic ketones are resistant to alkali and to acid and are com¬ 
patible with cellulose derivatives and rubber. Twiss and Jones'”* treated rubber, 
cyclohexanone, and formaldehyde (in a solvent) with hydrogen chloride to obtain 
a material for bonding rubber to metals. Steimmig'** described the preparation of 
a brushing lacquer by incorporating a cyclohexanone-phenol-formaldehyde resin 
with low viscosity nitrocellulose and solvents. Moldable material is secured by 
reacting cyclohexanone with a partially formed phenol-formaldehyde resinDrey¬ 
fus'** made resins, which may be used in lacquers, by refluxing cyclohexanone with 
acetaldehyde in alcoholic caustic soda. 

i»W. Treibs, Ber., 1930 , 63, 2423- Chem. 1931, 25, 938. See also Ber„ 1931, 64, 2178, 2645; 

1933, 66, 610. 

“8H. von Euler and C Martius, Ann, 1933, 505. 73; Brit Chem. Abi. A, 1933, 937. 

Mannich and W. Brose, Ber, 1923, 56. 833; Chem. Abu., 1923, 17. 2704, 

^ For the reaction of various cyclohe.xanone and cyclopentanone derivatives with benzaldehvde, see 

I. R. Comubert and C. Borrel, Bull. soc. chim., 1929, (4) 45. 1148; Chem Ab*., 1930. 24, 2780; »ult. 
«oc. chim., 1930, (4) 47, 301; Chem. Ab«., 1980, 24. 3997; Bull. »oc. chim., 1930 (4) 47. 968; Chem. 
Abi., 1931, 25, 508; BuU. aoc. chim , 1931 (4) 49. 1229; Chem. Abu., 1932, 26. 701. 

^German P. 339,107, 1918, to Badische Anilin* A Soda>Fabrik; J.C.8.I., 1921, 40. 742A. See also 

J. Baer and G. Baer, Swiss P. 149,429. 1929; Chem. Abe., 1932, 26. 4970. 

^K. Seydel, German P. 403,646. 1922, to Badische Anilin- A Soda-Fabrik; J.8.C.I., 1925, 44, 217B. 

Schmidt and K. Seydel, German P. 420,414, 1925, to Badische Anilin* A Soda<Fabrik; Chem. 
Zentr., 1926, 1, 1800. 

i^A. J. Norton and L. Sontag, U. S. P. 1,985,870, Dec. 25, 1934, to General Plastica, Inc.; Chem. 
Abe., 1935, 20. 1176. 

F. Twias and F. A. Jones, U. S. P. 1,915,808, June 27. 1938, to Dunlop Rubber Co., Ltd.; 
Chem. Abe., 1988, 27, 4717. British P. 348,808, 1980; BHt. Chem. Abe. B. 1931, 731. See also O. A. 
Thompson, British P. 388,776, 1933, to B. F. Goodrich Oo.; Chem. Abe., 1983, 27. 5909. O. Schmidt 
and K. Seydel, German P. 508,994, 1926, to I. G. Farbenind. A.-G.; Chem. Abe., 1981, 25, 835. 

^•*0. Steimmig, U. S. P. 1,883,060, Oct. 18, fl32, to 1. O. Farbenind. A.-G.; Chem. Abe., 1988, 
27, 857. 

^K. A. Schuch, German P. 567,072. 1930, to A. Nowack A.-O.; Chem. Abe., 1988, 27, 1464. 

Dreyfus, British P. 181,575, 1921; J.S.C.L, 1922, 41, 600A. 
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Polymerized cyclohexanone or cyclohexanone-formaldehyde resins may be em¬ 
ployed in the manufacture of electrical insulators/®^ or mixed with castor oil and 
chalk, serve as compounds to seal joint boxes in electrical wiring systems.'®® Pigments 
may be incorporated with the latter composition. 


Miscellaneous Resins 


6-Phenyl-3-methylcyclohexanone yields a dibromide which becomes tarry at 
atmospheric temperature.'"® A similar reaction is observed in the case of dibenzil- 
idene-cyclohexylidenecyclohexanone.“® Bromine, acetyl chloride And thionyl chloride 
react with cyclohexanonebenzil to give yellow gums."®' l-Phenyl-4-ethylcyclo- 
hexane-3,5-dione absorbs oxygen from the air and becomes resinous.*" When" 
boiled for 36 hours with aqueous potassium hydroxide, cyclohexenylacetone gives 
a quantity of gummy substances.*" 

By condensation of cyclohexylidene-cyclohexanone and terephthalaldehyde in 
the presence of alkali, Kunze"®* obtained a bright yellow, amorphous powder which 
decomposed at high temperatures without melting. 

The reaction products of acetone or cyclohexanone with glycerol are said to 
be soft and pliable and may be used as plasticizers for cellulose ethers or esters.*" 
Cyclohexanone and phenol (in benzene solution) in the presence of hydrogen 
chloride give diphenylol-1,1-cyclohexane which in turn is converted by the halogen 
acid into a resin melting at 2(X)°C.*®® The cyclic ketone condenses also with poly¬ 
meric vinyl alcohol*®' and with resorcinol.*®" 

Ngaiol, a secondary alcohol obtained by reduction of ngaione (CibHmOs, an 
oxygenated sesquiterpene ketone) completely resinifies at 0°C. when treated with 
80 per cent sulphuric acid or 100 per cent formic acid. Complete saturation of 
ngaiol with hydrogen results in the formation of a colorless, viscous oil. A mixture 
of ngaiol and potassium hydrogen sulphate heated at 190®C. in an atmosphere of 
carbon dioxide yields dehydrongiene dioxide which rapidly absorbs oxygen from 
the air and forms a thick brown oil.** 

Tropinonemonocarboxylic esters are obtained by the condensation of succinic 
aldehyde, methylamine and acetoacetic esters. On purification they exhibit the 
properties of drying oils,*'® 

The reaction’of aromatic ketones or ethers with acetic anhydride and sul¬ 
phuric acid yields pyrillium (oxonium) compounds which may be isolated as their 
salts of perchloric acid.”®* Acetophenone, for example, gives 2,6-diphenyl-4-methyl- 
pyrillium perchlorate, 

"'H. Rost, British P. 408,225, 1984; Chem. Aht., 1934, 28, 5555. 

iwH. A. Tunstall and F. G. R. Jesson, British P. 409,672, 1984, to W. T. Henleys Telegraph Co.. 
Ltd.; Chem. Abs., 1934, 28, 6257. 

“• A. Petrov, Ber., 1930, 63, 898. See also R. S. Thakur, /.C.S., 1933, 1477. 

»»K. Kunse, Ber., 1926, 59, 2087. * 

*ttC. F. H. Allen, Can. J. Reeearch, 1931, 4, 264; Bnt. Chem. Ab^. A, 1931, 845. 

«n I. Matter, J. Hastings and T. Walker, J.C.8., 1930, 2455. 

M. D. Farrow and G. A. R. Kon, J.C.8., 1926, 2138. 

K. Kunse, Ber., 1926, 59, 2087. 

French P. 589,732, 1926, to Soc. chim. des usines du Rhone; Plastics, 1926, 2, 206. 

«»K. Seydel and N. H. Roh, German P. 484.739. to I. G. Farbenind. A.-G. 

2WG. Kraiialein, A. Voss and W. Starck, U. S. P. 1,983,986, Nov. 7, 1933, to I. G. Farbenind. A.-G.; 
Chem. Ab»., 1934, 28, 664. 

*>*Bnti^ P. 368,801, 1980, to British Celanese, Ltd.; Brit. Chem. Abs. B, 1932, 475. 

*»F. H. McDowall, J.C.8., 1927, 731. 

»»R. Willstktter, O. Wolfes and H. Maeder, U. S. P. 1,419,091, June 6, 1922; J.8.C.I., 1922, 41, 
567A. O. Wolfes and H. Maeder, U. S. P. 1,419,092, June 6, 1922; J.8.C.I., 1922, 41, 567A. German P. 
344,031, 1919, to E. Merck Chem. Fabr.; J.8.C.I., 1922, 41, 270A. E. Merck and O. Wolfes, British P. 
153.917, 1920; J.8.C.I., 1922, 41, 430A. 

»» W. Schneider and H. F. W. Meyer, Ber., 1921, 54, 1484. 
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With mildly alkaline solutions (e.g., sodium acetate) this is converted into the 
oxonium base, which in turn loses a molecule of water and changes to v-methylene- 
pyran. The latter forms a colored quinhydrone-like addition compound with the 
oxonium base for which the term pyranhydrone has been suggested. 
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When the pyranhydrone (derived from acetophenone) is heated in vacuo at 125®C. 
a molecule of water is lost and a brownish-black glassy material obtained. 

Intensive drying of triquinoyl hydrate, CoOa’HaO, at 76®C. results in the 
formation of a yellowish-brown material which may be regarded as polymeric car¬ 
bon monoxide, (CeOe)x.*^ Benzo- and toluquinones (in alcohol solutions) with 
phenylhydrazine furnish oily liquids insoluble in water.®* With quinone and am¬ 
monia (in ether) brown, amorphous substances are procured.*" 


Arylidene Ketones 


Benzaldehyde and an aliphatic ketone yield, in the simplest case, a benzylidene 
ketone. When the ketone carries two methylene groups adjacent to the carbonyl, 
a dibenzylidene compound can be formed, which by dehydration is transformed into 
cyclopentenone derivatives.®* 

sii F. Bergel, Ber., 1929, 62. 490. 

T. Zincke, Ber„ 1883, 16, 1568. 
a»T. Zincke, Ber., 1883, 16. 1555. 

«*H. Ryan and P. J. Qihill, Proc. Roy. IrUh Acad., 1924, 36B. 334; Chem. Abs., 1925, 19, 467. 
H. Ryan and J. J. Lennon, ibid., 1925, S7B, 27; Chem. Aba., 1925, 19, 2934. F. R. Japp and W. 
Maitland, J.C.S., 1904, 85, 1488. D. Voritoder and K. Hobohm, Ber., 1896, 29. 1352. D. Vorlander. 
Ber., 1897, SO, 2262. 
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Of the arylidene derivatives of acetone, monobenzylideneacetone yields a 
resinous product when heated at 230°C. for 12 hours with sodium phenoxide or 
ethoxide.*“ Sunlight resinifies dibenzylidene-acetone in alcoholic solution. Exposure 
for several months effected 80 per cent conversion to a wliite powder melting at 
125-136®C. and having an approximate composition of (CjtHirO),.*'* Other methods 
for converting dibenzylidene-acetone into colored polymers of high molecular 
weights and high melting points include treatment with concentrated alkaline 
solutions and heating at 1^°C. in a stream of carbon dioxide.*"^ The resin from the 
latter procedure was reddish brown, melting at 85-90®C., was soluble in benzene, 
chloroform, ether, tetrahydronaphthalene, acetone, ethyl acetate and glacial acetic 
acid, moderately soluble in turpentine and fatty oils, but insoluble in alcohol and 
petroleum ether. Lacquers made from it in volatile solvents were of good quality. 
Efforts to produce the resin by heating the ketone in a solvent boiling at a high 
temperature (for example, decahydronaphthalene, boiling point 185-195®C.) did 
not give satisfactory results.*" 

An investigation of the effect of heat on several mono- and di-arylidene ketones 
showed that the grouping —CH=CHCO— was responsible for resinification; that 
is, this group is a ''resinophore.^"^® It was noted also that the rate of reaction was 
a linear function of the number of double bonds, or olefin linkages, in the molecule. 
In marked contrast, however, the spontaneous polymerization of methyleneacetone, 
CH,=CHCOCH,, and phenyl vinyl ketone, CeH 5 COCH=CH 9 , indicates that the 
grouping CH,=CHCO~ is the more reactive resinophore. Although methyl- 
met hyleneacetone, (CHalCHa^CCOCHa, polymerizcs more slowly than methylene¬ 
acetone, the isomeric ethylideneacetone, CH8CH=CHCOCHa, is not known to poly¬ 
merize spontaneously, and mesityl oxide, (CH8)8C=:CHCOCH8, and phorone 
(CH8)aC=CHCOCH=C(CH8)a, are equally stable. With this in mind, one does 
not wonder at the instability of the ketenes, CO=CR'R. 

Kreidl*" prepared varnish resins by heating compounds of the formula 
R(CH=CH)„COR" or R(CH=CH)„CO(CH=CH)„R' (where R and R' are aryl 
and R" may be aryl or alkyl and n is 1 or 2) for several hours above their melting 
point. Dicinnamylideneacetone forms a resin melting at 130-145®C.; anisalcinna- 
mylideneacetone, 135-140®C.; anisalacetone 50-60®C.; and cinnamylideneacetone 55- 
70®C. The products are soluble in many of the organic solvents with the exception 
of petroleum hydrocarbons, slightly soluble in alcohol, and fairly soluble in tur¬ 
pentine and fatty oils. The evaporated solutions yield adherent, durable films, 
stable to light, air, and water. 

Styryl ketones, C«H5CH=CHC0R, exist in both mono- and dimeric forms. 

«US. Ruhemann, 1909, 95, 111. See also W. Borsche, Ber., 1909, 42, 4496; Chem. Ahi., 

1910, 4. 590. 

M«G. Ciamician and P. Silber, Ber., 1909, 42, 13S9; Chem. Aba., 1909, 3, 2294. See also P. Pitie- 
torius and F. Korn, Ber,, 1010, 43, 2744; Chem. Abe., 1011, 5, 484. 

J. Poetovski and B. P. Lugovkin, /. Gen. Chem. JRuea., 1980, 1, 1006; Brit. Chem. Abe. A, 

1082, 618. 

W. JHerzog ahd J. Kreidl, Z. angew. Chem., 1922, 35, 465, 641; Chem. Abe., 1028, 17, 1839, 1722. 

See Chapter 4. 

«»I. Kreidl, German P. 897,608, 1922; /.S.C./., 1924, 43, 879B. 
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The latter are postulated as cyclobutane derivatives of truxillic and truxinic 
ketones.*” Alcoholic solutions of phenyl o- and p-methoxystyfyl ketones resimfy 
either in sunlight or in the presence of acid. 

Miscellaneous Reactions of Arylidene Ketones. Styryl methyl ke¬ 
tones readily condense with chloroaldebydes in the presence of sodium ethoxide 
to give amorphous polymers.*** In an attempt to prepare m-hydroxystyryl methyl 
ketone from m-hydroxybenzaldehyde and acetone, McGookin and Sinclair*** iso¬ 
lated only a dark brown, amorphous substance. Electrolytic reduction of styryl 
methyl ketone in alcoholic caustic soda solution, with a mercury cathode yielded 
some resin, and with other cathode materials dimeric substances were obtained.*** 
Exposure to light effects resinification of the double compound of dibenzilidene 
and stannic chloride, of methyl ketopentadienecarboxylate,*** and cinnamylidene- 
acetylacetone.**® Cinnamylideneacetone polymerizes even in the dark in the 
presence of air but more rapidly under the influence of light. Its dimer is a color¬ 
less solid, which by the action of heat forms a resinous trimer. 

3,4-Dimethoxy- and 3-methoxy-4-ethoxy-styryl methyl ketones w^ere converted 
almost completely into resins by heating with piperidine.*" With an acetone-alcohol 
solution of 3-methoxy-4-isopropoxy-styryl methyl ketone, reaction occurred even 
in the cold. The formation of polymers was observed when cinnamic aldehyde 
combined with either acetone or cyclohexanone in presence of caustic soda.*** 
Benzo}^- and ‘acetylacetones condense with anisaldehyde and m-nitrobenzalde- 
hyde, in the presence of piperidine, to yield resins.*** In a similar manner, 2-naph- 
thol-1-aldehyde and dibenzylketone form 2-benzylidene-3-phenyl-A* -j8-naphthpyran. 



In acetone solution this compound polymerizes after several days.*** 

M. Heilhron and F. Irving, JCS, 1928, 2323; 1929, 931. H. Stobbe and A Henael, Ber, 
1926, 59. 2254; Chem. Aba., 1927, 21. 396 

“•I. M. Heilbron and R. Hill, J.C.S., 1928, 2864. 

**• A. McGookin and D. J. Sinolai^, JCS, 1928, 1174. 

“*G. Shima, Mem. Coll. Sci. Kyoto, 1929. 12. 327; Bni. Chem. Aba. A, 1930, 344. 

“8H. Stobbe and E. Farber, Ber., 1925, 58, 1548; Chem. Aba, 1926, 20. 180 

“«H. Stobbe, A. Hensel and W. Simon, J. prakt Chem., 1925, 110, 129; Chem. Aba., 1925, 19, 2941. 
^ R. Dickinson, I. Heilbron and F. Irving, J.C S., 1927, 1891. 

“• D. Vormnder, E. Fischer and E Kunse, Ber , 1925, 52. 1284 

»W. Dilthey and H. Steinbom, /. praJet. Chem., 1982, 133, 219; Chem. Aba., 1932 . 26, 2974. 

R. Dickinson, I. M. Heilbron and F. O’Brien, J C.S , 1928, 2078. 



Chapter 26 

Urea-Formaldehyde Resins. Historical. Theoretical 

The two outstanding series of moldable resins are unquestionably phenol-formal¬ 
dehyde and urea-formaldehyde, for they possess in common many valuable prop¬ 
erties denied to any other group of substances. The most distinguishing property 
is the characteristic ability of these resins to cure raiiidly. It has been shown in 
the previous chapters that the rapid-curing property of the phenol-formaldehyde 
resins has been the greatest factor in bringing these products into commercial 
prominence. In the urea-formaldehyde series, resins are obtained which approach 
phenol-formaldehyde in rapidity of cure and which possess certain other highly 
desirable properties. 

The observation that urea and formaldehyde would unite to form, on drying, 
a glass-like solid was heralded in years jiast as a discovery of prime importance. 
Considerable misapprehension arose to the effect that the clear material made in 
this way resembles glass in transparency, but is much tougher and more suitable 
for uses where the fragility of glass comes into question. Actually, urea resin 
‘‘glass’’ is soft relative to glass itself, and is easily scratched. Also, because of 
inadequate water-resistance, the surface becomes dulled upon long exposure to 
humid conditions. Furthermore, the condensation processes continue to occur 
after the product has been made, and this ultimately results in strains, cracks and 
disfigurements. Although the resins are insensitive to shock fracture, they can 
hardly be called “unbreakable ” Thus, there are some limits to the excellence of 
the properties of the urea resins. 

Fortunately, one of the undesirable properties of the urea resins, namely, their 
susceptibility to fissure formation, is minimized by the incorporation of substantial 
amounts of cellulose. A definite chemical affinity exists between the cellulose and 
the urea condensation product, and the resulting stock is permanent, translucent 
and strong. 

An important advantage which the urea resin molding compositions possess 
over those of the phenol-formaldehyde type is the relative transparency of the 
molded goods, which makes possible a brilliancy and depth of color that is not 
easily obtained by any other thermosetting composition. Pigmentation of refined 
phenol-formaldehyde resins can result in very good shades, but articles molded 
from compositions so colored are decidedly opaque. 

Not only are the exterior appearance^ or properties of the urea resins highly 
attractive, but the method of manufacture, and the nature of the raw materials 
required, is such as to make possible the production of these resins in enormous 
quantities. Urea is obtained by reaction between ammonia and carbon dioxide; 
consequently an almost unlimited supply could be obtained. Likewise, formalde¬ 
hyde is made from methyl alcohol, and this in turn is a product of the hydrogena¬ 
tion of the oxides of carbon. It is a curious fact, and one which interests and 
puzzles the layman, that, by means of four gases, ammonia, carbon dioxide, 
carbon monoxide and hydrogen, it is possible to produce hard, solid materials. This 
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fact is brought home more emphatically because urea resins have been used to 
quite a large extent in the production of cups, saucers and other familiar utensils. 

The steps by which the gaseous substances are ultimately converted into resins 
are such as to make possible the manufacture of various products of intermediate 
state of aggregation. Usually the reaction between urea and formaldehyde is car¬ 
ried out in aqueous solution, and the first result is the production of a hydrophilic 
colloid, which, on further condensation, becomes a hydrophobe. It is possible to 
check the condensation at the hydrophilic (“water-soluble’’) stage, and thus pro¬ 
duce adhesives and impregnants. It is also ])ossible to carry out the condensation 
of urea and formaldehyde in the presence of butyl alcohol, in which case the prod¬ 
ucts are soluble in a wider variety of org^ic solvents, and consequently are more 
useful in the preparation of lacquers. 



Courtesy Unyte Corporation 


Fig. 86.—A Portable Radio in a Two-Color Cabinet Molded of Unyte. Clock Cases 
of Unyte. The backs of the clock cases are molded solid with the sides, top and 
front.^ 

* Cabinet molded by Render Co , Ltd ; clock cases by General Electnc Co. 


The hydrophobe is, of course, ordinarily used for making moldings. In this 
case, the process of thermosetting resembles that used in the manufacture of 
molded Bakelite, but there are a few essentials in which the two processes differ. 
Although a phenolic resin, on curing, undergoes chemical reactions which are sub¬ 
stantially unalterable, the products of which probably are broken down only at 
ignition temperatures, the urea resin plastics, at a temperature between 130** and 
140°C,, form high-melting products, which, however, undergo a stage of decomposi¬ 
tion, accompanied by softening, at a temperature of about 260'*C. The property 
of hardening by chemical reaction at a temperature between 130® and 140® 
has been utilized in the plastics industry to a considerable extent, and, in the 
United States, there are several large concerns supplying molding compositions 
to the industry, the recognized brands being Unyte, Plaskon and Beetle (see. 
Fig. 86). 

The nature of the chemical reactions taking place during the condensations, 
and during the thermal hardening, is e;!rtremely complicated, and numerous con- 
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trols are required in order to establish the conditions necessary for the making 
of resin which can be converted into molded articles. 

The Manufacture of Urea 

No discussion of the production of urea would be complete without a mention 
of WohlerV classical preparation of this compound by the rearrangement of am¬ 
monium cyanate. Pure urea, NH,—CO—^NH* (see Fig. 87), is a white crystalline 
substance, melting at 132.6'*C.* and soluble in water, moderately soluble in alcohol 
and slightly soluble in benzene. The world’s supply of this chemical is largely 
controlled by a German company.® 

The increasing demand for urea of high-grade quality has led to the develop¬ 
ment of a number of synthetic processes for its technical preparation.* A com¬ 
mercial method of synthesis involves the use of by-product gases, carbon dioxide 
and ammonia.® 

A mixture of carbon dioxide and ammonia is forced into an autoclave, forming 
ammonium carbamate, NHaCOaNH 4 , which is maintained for 2 hours at the tempera¬ 
ture (135®C.) required for its conversion to urea.* The reaction mass is then trans¬ 
ferred to an apparatus in which it is distilled. A solution of urea is run off from the 
bottom and the unchanged ammonia and carbon dioxide are recovered at the top and 
returned to the compressor. To continue the process, more ammonia and carbon 
dioxide are supplied to the autoclave or an aqueous solution of ammonium carbamate 
or ammonium carbonate is added through the top of the apparatus. The urea solu¬ 
tion is concentrated by vacuum evaporation or sprayed into a drying chamber, whence 
the product is obtained as a fine granular material. By saturating liquid ammonia with 
carbon dioxide, then heating to 160-170®C. under 76-80 atmospheres pressure, urea 
is formed in 40 per cent yield This yield is not improved by the use of catalysts, 
and corrosion during the process is considerable, necessitating the use of stainless steel 
(e.g., Krupp V4A) for the construction of the autoclave.® From a mixture of am¬ 
monia and carbon dioxide (molecular proportions, 2 to 1) at 195®C. and 230 atmos¬ 
pheres, a 47 per cent yield of urea was obtained in 30 minutes,® whereas using 10-15 
per cent excess ammonia and heating at 175-185®C. at 150-176 atmospheres for 0.8-1.5 
hours gave rise to a 50-60 per cent yield.'® 

Another process, utilizing synthetic ammonia made from gas mixtures of carbon 
dioxide, nitrogen and hydrogen is that of Hetherington and Krase." The carbon 
dioxide is separated by absorption in a solution of an ammonium salt, and the nitrogen 
and hydrogen are combined to form ammonia, which is then reacted with the recov¬ 
ered carbon dioxide. Liquid ammonia and liquid carbon dioxide are delivered at 

Wohler, Pogg. Ann., 1828, 12, 258. 

* Above its melting point urea diseociatee into ammonia. B. H. Reeves (U. S. P. 1,982,539, Nov. 27, 

1984, to Rockbeatos Products Corp.; CAbm. Aba., 1985, 29, 527) treated an electrical conductor with a 
covering consisting of asbestos containing urea. On heating ammonia is evolved which serves as an 
arc-extinguishing agent. 

•I. G. Farbcnmdustrie A.-G. 

* For a review of urea production, see Bntiah Plaatka, 1984 , 5, 550. 

B British P. 145,050, 1920, to Badische Anilin- A Soda-Fabrik; Chem. Aba., 1920, 14, 8089. British 

P. 182,881, 1921; Chem. Aba., 1922, 16, 4215. See also German P. 294,793, 295,075 and 295.389, 1914; 

Chem. Abe., 1921, 15, 2101. From carbon monoxide and ammonia, formamide is obtained. P. L. 
Magill, Ind. Sng. Chem., 1984, 26, 611. 

•See also L. Casale, Canadian P. 259.278, 1926, and British P. 241,128, 1924; Chem. Aba., 1926, 

20, 2888. H. W. De Ropp and H. C. Hetherington, Canadian P. 843,988, 19M, to Canadian Industries, 

Ltd ; Chem. Aba., 1984, 28, 7268. M. Tokuoka, /. Agr. Chem. 8oc. Japan, 1984, 10, 1838; 1985, 11. 107; 
Chem. Aha.. 1035, 29, 2919, 4834. 

TG. A. Yakovin, /. Applied Chem. (Ruaaia), 1928, 1, 70; Chem. Aba., 1929, 23, 1880. 

* In urea synthesis involving the heating of ammonia and carbon dioxide in a chrome steel vessel, 
the metal surfaces exposed to the vapors above the reaction mixture can be protected by treatment 
with a copper ammonium carbonate solution, (H. C. Hetherington^ and H. W. De Ropp, U. S. P. 
1,986,973, Jan. 8, 1935, to E. I. du Pont de Nemours A Co.; Chem. Aba., 1985, 29, 1882.) 

•B. A. Bolotov and A. N. Popova, J. Chem. Ind. Ruaa., 1984, 10 (9), 32; Brit. Chem. Abe. B, 

1985, 12. B. I. Levi (/. Chem. Ind. iMoacoio), 1984, 9, 88; Chem. Aba., 1935, 29, 457) has discussed 
the best conditions for the synthesis of urea from carbon dioxide and ammonia. 

“B. A. Bolotov and A. N. Popova, J. Chem. Ind. (Moarow), 1934, 9, 82; Chem. Aha., 1985, 29, 457. 

^ H. C. Hetherington and H. J. Krase, U. S. P. l,7iK),208, Oct. 1, 1929, to A. B. Lamb; Chem, Aba., 
1929, 28, 5475. 
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controlled rates into a lead-lined jacketed autoclave, which is heated to ISO'C., the 
pressure rising to 100-110 atmospheres.’^ A maximum conversion of 35-50 per cent 
IS attained, after which unchanged ammonium carbamate is decomposed to recover its 
component gases, urea solution being discharged from the still (see Figs. 88 and 89). 
The gaseous mixture on which the process operates is obtained by the catalytic oxida¬ 
tion with steam of a semi-water gas produced by the action of air and steam on hot 
coke.’* Ammonium nitrate or chloride is used as the absorbent for carbon dioxide. 

Pure urea may be obtained from the technical product by the treatment of 
concentrated, slightly anmioniacal solutions with oxidizing agents,’* e.g., air, oxygen 
or manganese dioxide. Heavy metals are thereby precipitated, and pure colorless 
urea can be crystallized from the solution. Alternatively, the concentrated solu- 



Courte»y I (f Farbetnnd. A -G 

Fic. 87.-50,000,000 Pounds of Urea. 


tion containing about 70 per cent of urea and 1.5 per cent of ammonia obtained 
directly from the synthesis is treated with a fine spray of air at 70-75®C. to give the 
pure compound.'® 

A further modification of the urea synthesis consists in heating a dry liquefied 
mixture of carbon dioxide and ammonia to 80-120°C.’® Carbon dioxide may be 
replaced by carbon oxysulphide, forming ammonium thiocarbamate which may be 
converted into urea.” For example, 5 parts of ammonia are liquefied in a steel 
autoclave, and 2.6 parts of carbon oxysulphide introduced. The mixture is heated 
to 120®C. for 2 hours, at which time the pressure, created by the hydrogen sulphide 
formed in the reaction, reaches about 18 atmospheres. The contents are extracted 
with water, and filtered from any impurities (usually iron sulphide from the walls 
of the container) giving a 70-80 per cent yield of urea. Urea can be prepared in 

w H. J. Kraae. V. L. Gaddv and K. O. Clark, Ind. Eng. Chem , 1930, 22, 289. K. G. Oark, V. L. 
Gaddy and C. E. Rist, ibid., 1933 . 25. 1092. 

«A. B. Lamb, British P. 335.913, 1929; Brit. Chem. Abs. B. 1931, 12. 

British P. 240,041, 1925, to Badwche Amlin- A Soda-Fabr.; Bnt. Chem. Ab$. B, 1925, 420. 

«L. Bub, U. S. P. 1,559,190, Feb. 14, 1928, to I. G. Farhenind. A.-G.; Chem. Abs., 1928, 22, 1355. 

'•French P. 575,439, 1929, to I. G. Farbenind. A.-G.; Chem. Ab«., 1930, 24, 2751. 

"A. Klemenc and R. Sohoeller, U. 8. P. l.^,455, June 2, 1931, to I. G. Farbenind. A.-G.; Chem. 
Abe., 1931, 25, 4287. See also British P. 327,025, 1929; Chem. Abn., 1930, 24. 4793. 
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96 per cent yield by the oxidation of uric acid with chromic-sulphuric acid mix¬ 
ture.'* 

According to Hofsasz/* improved thermal economy and convenience of working 
in the conversion of ammonium carbamate to urea are attained by compressing 
carbon dioxide and ammonia with a viscous oil to form a paste containing up to 
50 per cent of ammonium carbamate. This is pumped into a chamber at 150- 
200**C., the pressure being 100 atmospheres, where 40 per cent conversion to urea 
occurs. Removal of carbon dioxide and ammonia by distillation leaves a solution 



Fkj. 88.—Flow Diajiriim for a Direct Synthetic Urea Process. (H. J. Krase, V. L. Gaddy 

and K. G. Clark.) 


of urea and a layer of oil which is returned to the autoclave. Barsky and Griffith*® 
obtained urea from cyanamide by adjusting the acidity of the cyanamide solution 
to 0.1 N and heating at 60°C. Substantially all of the cyanamide is converted 
to urea under these conditions. 

The Chemistry op the Urea System 


Empirical observation played an important part in the early development of 
urea resins. The chemistry of the processes involved had not been worked out, 
and it is only as a result of more recent work that much information concerning 
the course of the various reactions occurring, and the structures of the polymerized 
products, has been obtained. The condensation is conditioned by a certain 


Schwander and H. Cordobard, Bxdl. «oc. chxm. hiol., 1928, 10, 020; Brii. Chem, Aba. A, 1028, 
1283. , 

^ M. Hoffl&sz, U. S. P. 1,045,314, Jan. 30, 1934, to N.-V. de Bataafsche Petroleum Maatschappij; 
Chem. Abs., 1934, 28, 2372. 

Barsky and P. W. Griffith, U. S. P. 1,758,641, May 13, 1930, to American Cyanamid Co.; 
Chem. Aba., 1930, 24, 3251. / 
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tautomeric mobility of the carbamide system, and the detailed consideration of 
the condensation process and the structure of the resins may accordingly be prefaced 
by a review of recent work on the chemistry of urea and its related compounds, 
which sheds some light on the condensations involved in resin formation. 

Davis^' considered the various possible modes of fission by which urea, or urea 
derivatives, might break down, and the various modes of recombination. The large 


Fig. 89. 

Autoclave Used in the Synthesis of Urea from 
Liquid Ammonia and Liquid Carbon Dioxide. 
A small naval gun formed the basis of the ap¬ 
paratus. (H. J. Krase, V. L. Gaddy and K G. 
Clark.) 


Courtexy Industrial and Enginvcrniy Chemistry 



number of possibilities in the case of simple molecules portends great coinjilica- 
tions when highly condensed molecules of urea resin are to be considered. Am¬ 
monia and cyanic (or isocyanic) acid enter into reversible combination in two ways 

NH 4 —N=C=0 NHa + H—N=C=0 NH^—CO-^NH* 

Blair” has suggested that in aqueous solution hydrated forms of urea may ex¬ 
ist, and accordingly the dearrangement may be formulated as follows: 

*^T. L. Davis, Proc, Nat. Acad. Scu, 1025, 11, 68, 

^ J. S. Blair, J.A.C.S., 1926, 48, 87. 
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The reaction between carbon dioxide and ammonia in aqueous solution was studied 
by Emich,** who considered the following equilibria to be involved: 

HO-C—OH +NH, 

ii 

HjN—C—OH +NH, 

ji 


H^N—O-NH2 + NHa 

I 

It has been observed that in the ammonia-carbon dioxide-water system, urea 
IS formed at 120-135'’C “ By intermolecular eliminations of water or ammonia, 
products such a^; biuret or cyanuric acid may result “ 

—NHj 

H2N—C—NH2 + H2N—C—NH2 -H2N—C—NH—C—NH2 

I! JJ 

biuret 


H2N—C—OH + HjO 

11 

H2N—C—O—NH4 

a 

II 

H2N—C—NHa -I- H2O 

II 

O 

H 2 N—c::-nh2 + H 2 O 


Hh 


H2N—C—NH2 


-HiO 


HO—C=N 


HO—C C—OH 

III 
N 

C 

(*)H 

cyanic add 


N 

// 

HO—C C—OH 

A 11 

V 

Ah 

cyanuric add 


2*F. Emich, Monatth, 1888, 9, 378; /.C.ST., 1888, 54, 1088. 

E. Terrea and H. Behrens, Z. phyaik. Chem., 19M, 139, 895; Brit. Chem. Aba. A, 1929, 141. 

A. Bruson (U. S. P. 1,989,968, Feb. 5, 1935, to Resinous Products A Chem. Co.; Chem. Aba., 
1935, 29, 1883) prepared arid amides by the elimination of water from acids and urea at temperatures 
of 180-250*C. Cyanuric acid is formed as a by-product. 
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The representation of the preceding compounds as ammonocarbonic acids is sup¬ 
ported by the preparation of such salts as potassium-urea (KaH,CON,) in liquid 
ammonia solution.* The action of water is usually to effect complete hydrolysis 
to carbamate or carbonate, but by the use of anhydrous ethyl alcohol, various 
intermediate stages have been isolated." Thus biuret is progressively alcoholized 
to ethyl allophanate and urethan: 

H,N—CO—NH—CO—NH, -f C 2 H 5 OH —H,N—CO—NH—COOCaH^ -f NH, 
HaN—CO—NH—COOCaH*-f CaH60H — 2 H,N—CO-OCaH* 

By the addition of alcohol to the nitrile group of cyanamide, derivatives of the 
isoureas are formed® as indicated in the following equation: 

HaN—CN + CH,OH —HaN—C—OCH, 

]1h 


However, the n-propyl and n-butyl isoureas, obtained in a similar manner, form 
semi-solid uncrystallizable masses. 

Substituted isoureas react with diketones and ketonic esters,® and in some 
cases cyclic products are formed, as in the condensation of ethyl isocarbamide and 
acetylacetone: 


CaHsO—C 






CHs 

CH, 

NH, 0==(1; 


\ 

V 

+ CH 

—^ C 2 H ,0—C ( 


\ / 

NH HO—C 

j 

N-=C 

1 

CH, 

CH, 


Ethyl acetopyruvate (CH*—CO—CH,—CO—CO—OCsHb) undergoes vigorous con¬ 
densation to yield, however, an ill-defined gummy product. This tendency is also 
encountered with ethyl oxaloacetate 

CaH60—CO—CHa—CO—CO—OCaHt 

In the latter case there is evidence that the presence of impurities favors the forma¬ 
tion of amorphous, probably high molecular, products. 

The manner in which stable cyclic structures tend to be formed from the mobile 
urea system is shown by the condensation of isoureas with malonic ester, whereby 
barbituric acid derivatives are formed.® 

NHa CH,0—CO NH—CO 

CH,0—i + (i^H, —CH,0—i in, 

jHh ch,o—( 1:0 i^i—(1:0 


Reactions essentially similar to those of urea take place with guanidine. Dicyan- 
odiamide can dearrange in two senses,® and when heated above its melting point 
yields the products, ammonia, cyanamide, melamine and melon, the latter two 
compounds being trimers of cyanamide and dicyanimide, respectively. 

•• J. S. Blair, /.A,C.8., 1926, 48, 97. 

«J. S. BUir, J.A,C.8., 1927, 49, 509. 

» S. Basterfielcl and M. S. Whelan, ibid., 1927. 49. 8177. 

<•8. Baaterfield and £. C. Powell, Can, J. Htieorch, 1929, 1, 285; Chem, Abt., 1980, 24. 818. 

** S. Baaterfield and E. C, Powell, Can. J. Retearch, 1929, 1, 281; Chem. Abs , 1930, 24, 1356. 

L. Davii, he, eU. 
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HiN—CsN 4* HN=C=NH 
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JIh 

' 11 

NH, + N=C—NH—CsN 

(or NsC—N=C^NH) 




trimerizes to 
melamine 


trimerizes to 
melon 


Melamine and melon contain ,six-membered rings of alternating carbon and nitro¬ 
gen atoms. The tendency for such rings to form is illustrated” by the following 
reactions in the guanidine series: 


+H,o 


NH 2 

C^NH 

^NH—CN 
dicyanodiamide 


NH 2 

C=NH +COj + NH, 
guanidine 
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—>- Hll ] 

in, 

Hh 

V 
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IIh 
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C=NH 4- NH, 

ilH 


Substituted (aryl) guanidines may be prepared” by the action of amines upon 
methyl isothiourea sulphate, and ^cyanodiamide may be condensed with o-amino 
phenol” to yield a benzoxazole guanidine derivative. The substituted guanidines 
and ureas undergo dearrangements paralleling those of the parent compounds,” 
and the fission products polymerize in a corresponding manner. Thus, if in the 

MQ. B. L. Smith, V. J. Sabetta and O. F. Steinbach, Jr., Ind. Eng. Chem., 1081, 23, 1124. 

» Q. B. L. Smith, /.i4.C.S., 1920, 51, 470. 

MQ. B. L. Smith, J. H. Kane and C. W. Mason. /.i4.C.S., 1929, 51. 2522. 

«T. L. Davie and K. C. Blanchard, J.A.CM,, 1929, 51. 1790. 
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dearrangement scheme we replace carbodiimide, HN=C=NH, by diphenylcar- 
bodiimide, C«H«—N=C=N—C«Hb, the crystalline trimer“ of that substance takes 
the place occupied by melamine. Instead of combining with itself to form a trimer, 
diphenylcarbodiimide may unite with a mol of aniline in a manner which also 
sustains the parallelism, 

HN===<>==NH + CeHr-NH, CeH^NH 

^C=NH 

/ 

H,N 


C,H,—N=0=N—C,H. + C,H,—NH, 


C,H.—NH 


\, 


C=N—C,H, 

CJI.—NH'^ 

triphenylgiianidine 


It is of interest to note that triphenylguanidine, when heated for two hours at 
180®C., is converted into an amber-colored, brittle, glassy resin. The transforma¬ 
tions in the thiourea series are similar to those encountered in the case of urea or 
guanidine.” 


Condensation of Aldehydes and Ketones with Urea 


Amides in general undergo condensation with formaldehyde. In 1892, Pulver- 
macher” observed that in acid solution formaldehyde reacted with benzamide ac¬ 
cording to the equation, 

H NH—CO—C«Hs 

CH*0 + 2H,NC0C«H6 — 

^NH—CO—C,Hj 

Einhorn* isolated a different crystalline product, CeHsCONHCHiOH, which he 
obtained both in acid and in alkaline solution. With formamide or acetamide, 
formaldehyde gave colorless syrupy products. The methylol-amide type of struc¬ 
ture has since attained great importance in the chemistry of the urea resins. 
Recent studies" have shown that the Pulvermacher structure 


H NH—CO—R 

V 

^NH—CO—R 


is also often formed. 

Weber and Tollens" observed that uric acid forms a number of "addition com¬ 
pounds” with formaldehyde. Sachs" pointed out an analogy between these addi¬ 
tion compounds and the product obtained from phthalimide, 

** W. Weith, Rer., 1S74, 7, 10. 1305. A. Laubenheimer, ibid., 1880. 13. 2155. C. Schall and S. Pascli- 
kowetsky, tbtd., 1892, 25, 2880. C. Schall. ibid., 1808. 26, 3064; 1894. 27. 2260. H. N. McCoy, ibid.» 
1897, SO. 1090. 

»K. H. Stott* and H. Dressier, Ber., 1980. 63, 888. 

«*Q. Pnlvermaoher, Ber., 1892. 25, 304. 

••A. Einhoni, German P. 157,355. 1902 and 158,088, 1902. See also German P. 164,610 and 164,611, 
1902, to Kalle A Oo.; Chem. Zentr., 1905, 2. 1751. 

«W. A. Noyes and D. B. Foiman, J.A.C.S., 1938, 55. 3493. 

ttK. Weber and B. Tollens, Ann., 1898. 299. 840. 

«F. Sadis, Ber., 1898, 31, 8230. 
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Postponing, for the moment, a more detailed discussion of the reaction between 
urea and formaldehyde, stiffice it to say at this point that an important inter¬ 
mediate in the reaction between these two substances is dimethylolurea. 


NH—CH,OH 


/ 

0=-C 

^NH—CH,OH 


In acid solution, dimethylolurea reacts with benzene derivatives, such as o-nitro- 
phenol, according to the equation:^ 


NH—CH 2 OH 
0=C -f 2 

^NH—CHjOH 



NH—CH 


0=C 


NO2 
>—OH 



The related compound methylolbenzamide has been found by Monti** to 
undergo condensation with such representative /3-diketones as benzoylacetone. With 
antipyrine, a condensation takes place in concentrated sulphuric acid to yield a 
resinous precipitate from which 4-benzoylaminomethyl-l,5-dimethyl-2-phenyl 
pyrazolone was isolated. 


CH, 


CH3 


N 

C,H,—'^C—CH, 


0=^3- 
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N 

C.H.—CH, 


!H + HOCH 


:,NH—H:—I 


C,H. 


o=(L 


C—CH,- 


O 

-NH—li—C,H. 


Although urea readily forms methylolurea derivatives with formaldehyde, mono- 
chlorourea (NH*—CO—NHCl), according to Ottensooser,** reacts with aldehydes 
to form compounds of a different type such as 


O 

R—CH=N—ll-NHCl 

Two urea residues may be involved in the condensation. For example, the product 
from propionaldehyde is: 


O O 

C,H,—CH=N--ii—NH—ii—NHCl 

The corresponding compound from isobutylchlorourea was not the final product 

d« Dietbach, O. Wanger and A. von Stockalper, Chim. Acta, 1931, 14, 853; Brit. 

Chem. Ahi. K. 1931. 614. 

**h. Monti, Oati. chim. Hal, 1930, 60. 39; Chem. Abi., 1930, 24. 4013. 

««M. R. Ottanaooaer. BnU. tee. chim., 1999, (4) 45, 1013; Chem. Abt., 1930, 24, 3755. 
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when 5 per cent potassium hydroxide was used as a condensing agent, for ring 
closure occurred forming 


CH; 

CHr 


H 

H N 

^0=0 

in 




HN 


V 


NH 




Thiocarbanilide reacts with chloroacetic acid to give isothiohydantoins or diketo- 
tetrahydrothiazoles depending upon the type of solvent used.** The latter com¬ 
pound enters into reaction with aromatic aldehydes as indicated. 
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3-phenyl-6-b€nzal-2f4’<iiketo- 

ietrahydrothiazole 

Taylor*^ found that ketones aipd aromatic aldehydes condensed with thiourea 
in the presence of hydrogen chloride giving sulphur-substituted derivatives, which 
underwent rearrangement on removal of the acid, forming compounds related to 
the methylolureas: 
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H OH 
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8. Markley and E. E. Reid. J.A.C.8., 1930, 53, 3137. 
Taylor. J.C.a., 1922, 121. 2207. 
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Bromal hydrate condenses with urea fonning bromalurea, from which ethers may 
be obtained " This behavior indicates that the bromalurea possesses the following 
structure: 


NH—CH(OH)-~CBr3 

Dibromalureas are formed in an analogous manner. Chloral hydrate" reacts simi¬ 
larly with tolyl- and nitrophenylureas, giving compounds of the type 

cue—CHOH—NH—C—CH 3 

n 


Simultaneous condensation of urea with benzaldehyde and ethyl acetoacetate gives 
ethyl benzuramidocrotonateResinous substances were obtained from benzur- 


CH, 

I 

NH2 HO—C 

0=C^ ^C—COOCjHs 

\ / 

NH» O H 


H 


—I!—C.H. 


CHa 
NH—i 

0=C'^ ^C—COOCjHt 

\lH—CH 

ethyl benzuramidocrotonate 


amidocrotonic ester by Biginelli®' who isolated from the products of sodium- 
amalgam reduction a glassy solid (m. p. 69-60®C.), which he assumed to be a mix¬ 
ture of two isomeric benzuramidobutyric esters. Condensation of m-nitrobenzalde- 
hyde and acetoacetic ester in equimolecular proportions with urea resulted in the 
production of an insoluble solid, and a substance deposited from hot alcohol as a 
jelly-like mass. From urea and cinnamic aldehyde, a cinnamic ureide of reddish 
color was obtained, resembling porcelain in appearance, to which the following 
structure was assigned: 


H 

N 


CH—CH=CH—C,H, 
H 


Chemistry of the Urea-Formaldehyde Reaction 

The foregoing brief survey of the chemistry of urea may serve to bring out 
certain points of importance in the interpretation of the structure of the urea- 
formaldehyde resins and the mechanism of the resiniheation process. Attention 
may be drawn especially to the tendency to form methylolureas; the mobility of 
the carbamide system which enables reaction to proceed from either the urea or 
the isourea structure; the ease of pol 3 maerization, either with or without the elimina¬ 
tion of water and ammonia; and finally, the readiness with which cyclic structures 
are formed in the polymerization process. 

The reaction of formaldehyde with urea was early studied by Goldschmidt,“ 

^F. D. Chattaway and £. J. F. James, Proc. Roy. 80c., 1082, A137, 481; Chem. Ab§., 1083, 36, 
»40. , 

^F. D. Chattaway, G. M. T. Kerr and C. Q. Lawrence, J.C.8., 1933, 80. 

*»L. H. Hinkel and D. H. Frey, Ree. trav. chim., 1020, 48, 1280; Chem. Ahs., 1080, 24, 858. 
np. Bii^eUi, Goff. ehim. Ual., 1808, 23, 806; /.C.S., 1808, 64, 645. 

•iC. Goldsehmidt, Per., 1806, 29, 2438. 
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who by effecting condensation in neutral, or better in acid, solution obtained a white 
granular substance which, according to analysis, may be represented by the formula 
C 3 H 10 N 4 O 3 . If the reaction is considered as taking place between 2 mols of urea 
and 3 of formaldehyde with the elimination of 2 mols of water, then, the resulting 
compound might possess structures such as 


O CH3 

HiN— 


\ 

H,N—C— 

a u 
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O 

.nJ- 


-NH—CH* 


C ==0 


\ 


H2N—C—NH—CH2 
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c==o 


The later work of Dixon“ indicated that these structures were erroneous. A dif¬ 
ferent substance had already been obtained by Holzer“ and Ludy“ in the form of 
methyleneurea, CaH 4 N* 0 . This compound was formulated in two different ways, 
namely: 


NHa 


NH 
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/ \ 
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Another simple compound which was early isolated'"® from reaction products of 
urea and formaldehyde in alkaline solution is dimethylolurea. It was noted that 
this substance gave off formaldehyde on boiling with water or mineral acids. Two 
crystalline compounds were later prepared by Einhorn®^ who used barium hydroxide 
as a condensing agent. Investigation showed that these compounds were mono- 
and dimethylolurea 


0 =C 
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NH2 




N—CH2OH 
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N—CH,OH 
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Methylolurea compounds were first thoroughly investigated by Einhorn and 
Hamburger." They showed that the composition of the products obtained varied 
considerably with the conditions of condensation, but that the methylolureas 
were indeed the first condensation products, and could be isolated if the alkaline 
condensing agent were neutralized before further reaction occurred. Using barium 
hydroxide as condensing agent, and neutralizing with carbon dioxide, dimethylolurea, 
CO(NH—CHgOH)*, was isolated as a crystalline, easily soluble body melting about 
126®C., but changing at 137®C. to an amorphous substance decomposing at 260®C. 
An insoluble amorphous precipitate was deposited from dimethylolurea solutions 
by the action of alkalies and to a lesser extent by acids, but no well-defined sub- 

»A. E. Dixon, J.CJ5., 1918, 113, 238. 

MHUIzer, Ber., 1884, 17, 659; 1883, 18, 3302. B. ToUens. Ber., 1896, 29, 2751. 

WE. LUdy, Monatthefte, 1889, 10, 295; /.C.5., 1889, 56, 1059. 

wC. Goldschmidt, Chevi. Ztg., 1897, 46, 480; J.CS, 1898. 74 (1), 178. 

Einhorn, Ann., 1908, 361, 113; Chem. Ab»., 1908, 2, 2682. 

WA. Einhorn and A. Hamburger, Ber., 1908, 41, 24. 
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stance of constant composition was observed. Monomethylolurea, NH,—CO— 
{ NH—CH,OH^ was obtained by using a small proportion of barium hydroxide as 
condensing agent, and neutralizing with carbon dioxide immediately. The addi¬ 
ction of dilute acids produced immediate deposition of a flocculent amorphous pre¬ 
cipitate which, as with the previous product, yielded no definite chemical entity. 

Scheibler, Trostler and Scholz"® have investigated the further stages of the con- 
j densation, with the result that the preliminary formation of monomethylolurea, 
I when neutral formaldehyde was used, has been confirmed. This when pure, was 
j found to be transformed by a trace of hydrochloric acid into a high-molecular- 
I weight product of the same composition. However the polymer is not considered 
as consisting of methylolurea units, but rather units of methyleneurea each con- 
^ taining one firmly bound molecule of water: 

N=-CH, 

0=c^ • H,0 

^NH, 


On the other hand when methylolurea is treated with glacial acetic acid, tw^o well 
characterized modifications of methyleneurea were obtained. Of the two com¬ 
pounds so produced, one is soluble in glacial acetic acid and contains one mol 
of acetic acid in combination with an average of 12 mols of methyleneurea, whereas 
the other contains 1 mol of water in combination with the same number of 
methyleneurea units and is insoluble in acetic acid. 


r N=CH 2 l 


r N=CH,n 

/ 


/ 

0=C 

• CHaCOOH and 

0=C 

\ 


\ 

L nh, J 

12 

nh, j 


According to van Laer~ the two forms of methyleneurea (vide supra) are in 
tautomeric equilibrium: 


NH 

/ \ 

0=C CHa 

\ / 

NH 


0=C 


/ 


NHi 


\ 


N==CHs 


However, when symmetrical dimethylurea was condensed with formaldehyde, a 
monomethylol derivative was obtained. 


0 ==€ 




NH—CHs 


\ 


N—CHjOH 

(!:h, 


No cyclization or polymerization occurs in this case, a fact which could be inter¬ 
preted as indicating that the (N=CH8) group is the one which is involved in the 
polymerization of methyleneurea. Furthermore, the polymerization of methylene¬ 
urea may then be readily conceived as a process analogous to that which takes 
place in the formation of polyoxymethylene®' long-chain molecules: e.g., 

•H. Scheibler, F. Trortler aiid E. Scliole. Z, angew. Chem., 1928, 41. 1305; Che7n. Ah$., 1929, 23. 

2425. 

•• M. vnn T^er, Buff. »or. rhim. Befg , 1919, 28. 3«l; Chevi. Abn., 1922, 16. 2113. 

« H. SUudinger. Ber„ 1926. 59, 3019. 
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NH, 


O 




NH, 

O-A 


NH, 

oJ. 


-N—CH,—N—CH,- 

From this formula it may be seen how a molecule of acetic acid or a molecule of 
water might add on to the free valencies at the end of the chains, forming the ^ 
acetic-acid-soluble and insoluble compounds already mentioned. 

In a similar manner, halogens may add on to the polymethyleneurea chains. 
Such substances, formed in glacial acetic acid solutions, according to Scheibler, 
Trostler and Scholz,** are not very stable, but give up their halogen on standing 
in the air, or on slight warming. The loose bromine compound formed in this way 
contains too little bromine to be a bromamine or bromamide, but corresponds to 
the bromine addition compound of a tnmeric methyleneurea: 


NH, 


NH, 

0=i 


NH, 


0=C 


Br—N—CH,—N—CH,~N—CH,—Br 


Starting with two mols of formaldehyde to one mol of urea, the known 
dimethylolurea constitutes the initial product, but readily splits off formaldehyde 
on standing, with formation of the polymerized methyleneurea previously described: 


0==C 




NHCHjOH 




NHCH 2 OH 


“ NH, 

0=i—N=CH, 


•H,0 + CHjO 


Insoluble compounds are not obtained when dimethylolurea is dissolved in cold 
acetic acid, but upon addition of an acetic acid solution of bromine, a bromine 
addition product precipitates. Analysis for bromine indicates that this compound 
contains 3 dimethyleneurea residues. 


H—N=^H, 


H—N==CH, 

oU 


Br- 


-N-CH,- 


-N- 


-CH, 


H—N==CH, 

-k -c 


H,- 


-Br 


trimeric crystalline methylolmethyleneurea, combined with one molecule of 
water, is produced by condensation of two molecules of formaldehyde with one 
mol of urea in the presence of a little ammonia, and corresponds exactly with 
the bromide described. In contradistinction to the well-defined compounds here 
discussed, the use of caustic alkalies as condensing agents has been found to lead 
to products of variable composition. 

In addition to following the successive steps of the condensation process, Schei¬ 
bler and co-workers studied the degradation of the synthetic resinous mass. By 
prolonged boiling with glacial acetic acid, the substance is dissolved completely, 
and addition of absolute alcohol then precipitates a white amorphous substance 
which is soluble in cold water. Formaldehyde and methylamine are evolved in 
the solution step, the latter being found only in the presence of a little water. 
The origin of methylamine may be attributed to the separation of a (—^N— CHr—) 
group by hydrolytic fission, which is then reduced by formaldehyde. The degrada- 

Seheibler, F. Troitler and B. Soholf, toe. eit. 
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tion product may be acetylated with acetic anhydride to give acetyl derivatives 
which, in turn, yield bromine addition compounds resembling those obtained syn¬ 
thetically and described above. Therefore, degradation evidently yields a poly¬ 
meric methylene- or methylolmethyleneurea. 

The conception of the polymerized mass afforded by the study of the degrada¬ 
tion is that of chains of dimethyleneurea or methylolmethyleneurea units joined 
together, the free ends of the chains being attached to water molecules. Such 
chains may be associated by secondary valence forces into micelles and colloid 
particles, conferring on the polymerized material its characteristically high-molecular 
physical properties. Degradation leads to replacement of the terminal water 
molecules by acetic acid, or bromine, with possibly a simultaneous shortening of 
the mean chain length. 

It is to be noted that the polydimethyleneiirea products cannot be hydro¬ 
genated, and so do not in reality contain the azomethane grouping implied by the 
formulation 


N=CH2 


o- 


L —N—CHa—J 


H 2 O 


It is believed, therefore, that saturation is possibly achieved by a jirocess of ring 
formation, according to the general scheme: 


-N—CIb—N—CH 2 - 

oJ: oJ: • 2CH,cooil 

-ll—CHj—N—CHi- 

Walter and Oesterreich® have applied an interesting method to the study of the 
condensation process, by utilizing the ability of thiocarbamide to enter into com¬ 
plex compound formation with metal salts. Thus, with cuprous chloride, thiourea 
forms the stable complex 


NH^n 


Cu 


S=C 


Cl 




The complex salt, in turn, undergoes reaction with formaldehyde to yield col¬ 
loidal solutions from which flocculent precipitates may be obtained upon addition 
of potassium chloride. These precipitates differ from those obtained in the urea- 
formaldehyde condensation, in that they may readily be dried for analysis. Such 
complex salts offer the additional advantage that the copper and chlorine content 
permit of less ambiguous analysis than is possible with dried urea-formaldehyde 
products. This last-named fact, coupled with cryoscopic measurements, enables 
some evidence to be obtained as to the complexity of the condensed system. Yel¬ 
low viscous solutions with identical properties were obtained first by the action of 
formaldehyde (6 mols) on the cuprous chloride complex mentioned above; sec¬ 
ondly, by the simultaneous reaction of equivalent amounts of thiourea, formalde¬ 
hyde and cuprous chloride; and thirdly by the action of dimethylolthiourea on 
cuprous chloride. Evaporation df the solution obtained by the first method 
afforded a resin of the approximate composition 

«Q. Walter and K. Oeaterreich, KoUoid-Beihefte, 1931, 34, U6; Chem. Ab$,, 1932, 26, 3682. O. 
Walter and H. Lutwak, KolMd-Btihefte, 1984, 40, 168; Chem, Abe,, 1985, 20, 6198. 
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Cu 


NH* 


S=C 


/ 


\ 


NH2 


Cl • 201120 


The second reaction, involving the action of both methylol- and dimethylolthiourea 
on cuprous chloride, yielded a substance approximating 


Cu 


S=C 


/ 


NH—CH 2 OH' 


NH—CH 2 OHJ 


Cl 


which upon polymerization by heat, gives a product of lower copper content. The 
identity of the products from the mono- and dimethylolureas is attributed to the 
initial formation of dicyclic structures: 


H—N--CH 2 —N—CH 2 —N—H 






t==S 

H—A—CHr-ll—CHj—A—H 


1 


Such structures are, then, coordinatively linked to the copper through the secondary 
nitrogen atoms. The cryoscopic investigation of solutions of dimethylolurea, 
with and without addition of cuprous chloride, indicated that mild polymeriza¬ 
tion led only to an increase in the proportion of dicyclic polymers as compared 
with straight-chain polymers. Prolonged heating led to loss of formaldehyde and 
water, and Walter considered that the resins formed were probably represented 
by a tetracyclic structure. 

The conclusion drawn by Walter®* from the evidence of this work is that a rela¬ 
tively low molecular weight must be assigned to the urea-formaldehyde resins, the 
resinous properties being attributable, presumably, to colloidal association. 

According to Dixon,® dimethylolurea loses water and formaldehyde, when 
heated above its melting point, to yield a compound which appears to be identical 
with Goldschmidt's product, discussed earlier in this section.® 

H—N—CH 2 OH H—N-^H 2 —N~CH20H 

2 0=<!3 —y o=h ' 0==<*:! + CH,0 + 2H,0 

H—ll—CH,OH H—lil-CHr-li—H 

GoldschmidVs compound 


By using a trace of sodium acetate as a condensing agent and neutralizing as 
soon as fusion occurs, typical glassy resinous end products were obtained^ 

Evidence for the formation of ramified chains and cyclic structures in the urea- 
formaldehyde condensation has hem obtained by Walter and Gewing*^ from the 
analytical study of the water and formaldehyde lost during the process. If the 
molar ratio 


water lost 
urea in substance 


^ Q. Walter, Kolloid-Z., 1981, 57, 229; Chem. Aba., 1932, 26, 4486. See also R. Houwink, Britiah 
PUutica Year Book, 1935, 51. 

••A. E. Dixon, 1918, 113. 288. 

••C. Goldschmidt, Ber., 1896, 29, 2488. 

Walter and M. Qewing, KoUoid-Beihefte, 1981, 34, 163; Chem. Aba., 1933, 26, 8941. 
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be denoted by Wy and the molar ratio 


formaldehyde lost 
urea in substance 

by Fy it can readily be seen from previous considerations that the condensation of 
dimethylolurea units to form Goldschmidt's compound would yield the following 
values: 


W = 1 
F =0.5 

Actually, iiValter and Gewing found that dimethylolurea condensed with itself 
in the absence of catalysts in such a way as to give 1.007 mols of water and 0.4992 
mol of formaldehyde, which confirmed the work of Dixon. 

However, in the presence of condensing agents, the experimental values for W 
and F were no longer in such a simple ratio. W varied from 1.31 to 1.86, and F 
varied from 0.15 to 0.47. Therefore, some further reaction involving the splitting 
out of more water and less formaldehyde must have taken place. 

Additional information was provided by a determination of the number of 
methylene and also the number of methylol groups per urea residue. It is obvious 
that the number of methylene or methylol groups must be equal to twice the 
number of urea residues minus, the number of escaped formaldehyde molecules. 

If N indicates the number of urea residues per mol of condensation product, 
W the escaped water (per urea residue), F the escaped formaldehyde (per urea 
residue), M the methylol groups (per urea residue), then it is generally true that 
Pr = 2— (M4-F). Furthermore, by allowing m to represent the number of formal¬ 
dehyde groups per molecule of resin which have not been converted to methylene 
groups, (i.e., all the formaldehyde in the resin, including free formaldehyde and that 
bound as methylol groups), 


m = N{M + F) 
It follows algebraically, W = 

For an open chain structure of the type 
O O 

HO—CHr-NH—NH—CHr-N NH •. 

in,OH 


o 

CHr-N—(H- 


{!;h,< 


-NH—CHs—OH 


lOH 


and 


m ^ N 
N - 1 


W 


N 


Tl^, in considering the limiting case where N is very large, 

TF-l 

This value is incompatible with the analytical data of Walter and Gewing, hence 
a simple open chain structure is excluded. 

In the ca^ of an open ring chain structure^ such as 
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HN—CHr-N . 

.—N—CHr-N—CrijOH 

(!;=0 (!>=o 

1 1 

(!>=o i=o 

HN—CH,—N—. 

1 1 

. --•N--CH2~N~-CH20H 


m 

and W 


2 

2Ar~2 

N 


it can readily be seen that the limiting value for W in this case is 2. Such a struc¬ 
ture for the urea-formaldehyde resins is, therefore, possible provided N is not ex¬ 
cessively large. A variant in which one methylol group is eliminated as formalde¬ 
hyde leaving the terminal structure in the following form is also possible. 


-CHr~NH 

^c=o 

-CH,—N^HjOH 

The experimentally determined values of TT, and also the physical properties 
of the resins, suggest that such a simple ring chain does not completely represent 
the structure of the high-molecular substances involved. Formulas with ramified 
chains, however, are more readily compatible both with the quantitative data 
and the nature of the resinous products. A structure such as the following may 
be looked upon as being derived from Goldschmidt^s compound and formaldehyde. 


CH,OH 


CH*OH 


CH 2 OH 


N—CH,—NH N—CH,—NH 

(! j =0 ( l5=0 (! j ==0 (! 5==0 

CH,—fJH + H,CO + Hil—CHr-irH + HsCO + CH,—IjH 


N—CH,—NH 

(*;==0 (!;=o 


I 


CHjOH 
ll—CHr-NH 

(|;=0 <t:==o 

Hll—CH 

In the formation of Goldschmidt^s compound from two dimethylolurea molecules, 
one formaldehyde molecule is split out. If this formaldehyde is taken up again 
in the formation of the ramified chain, the net change of formaldehyde would be 
zero. From the structure given above, 


CH 2 OH 

I 

CH,-NH 

(ly=0 i=0 

-i—CHr-A—CH, 

(I) 


CH,OH 
A—CH.—NH 

<!:=o 

ll—CHr-l^f—CH,OH 


M- 



W 


ZN-2 

2iV 


with the result that W tends to approach a limit of 3/2. This concept agrees 
fairly well with the experimentally determined values of W and F, already referred 
to above. 

The formation of rings larger than the eight-membered ring hitherto considered 
is also possible: 
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-CHr- 

<!>=0 

iIh 

([;H, 

1 

N—CHjOH 

(!j=0 


-N- 

i. 


-CHj- 

:3=o 

iIh 

(^Hj 

ll—CHjOH 


-N—CHjOH 
^=0 
iIh 

(^Hj 

CHjOH 

ci==c 


HN- 




(!;=o c==o 

I I 

-N-CH,—.—N—CHjOH 


N 


W 


3Ar~4 


2N 

Limit of IF « 3/2 


Numerous minor variants of the two preceding types might also be formed, all 
giving a value for W in the neighborhood of the values found by experiment. 
Although the simple chain and ring chain structures are capable of only unidirec¬ 
tional growth, forming linear molecules, the more complex schemes enable condensa¬ 
tion to proceed progressively, the methylol groups condensing with the remaining 
secondary nitrogen atoms of contiguous molecules until the whole becomes knit in 
a vast ramification of fortuitously arranged three-dimensional networks. The con¬ 
ception may be compared with that holding good for the three-directional ramified, 
heat-convertible glycerol phthalates (Chapter 41). The values of N determined by 
Walter and Gewing were, however, lower than anticipated, the highest value being 
about 20. 

The theory of Walter and Gewing discussed above probably affords a fair 
representation of the general lines upon which the condensation proceeds, but is 
not entirely satisfactory. In particular, the nitrogen content of a resin of type 
(I) would be 30.0 per cent, whereas that of the actual urea-formaldehyde resin, 
according to Dixon* is 32.8 per cent. 

If the polymerization be considered as proceeding through the methylolureas, 
the possible product, starting with monomethylolurea, will be either A or B, accord¬ 
ing as the primary or secondary amido-nitrogen is the more reactive. 


[ —N—CHr-N—CH,—1 

i=o i-o 

I I 

NH. NH. 

(A) ' (B) 

The mixed type C is also possible if both nitrogen atoms participate equally in the 
polymerization. 

r O 

-NH—NH—CHi—N—CH,- 

<l>=o 

iIh. X 

(C) 


If, on the other hand, polymerization proceeds through initial loss of water leading 
to the formation of methyleneurea, the product could only be of the type B: 

^A. S. Dixon, toe. at. 
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H—N—CHjOH 
X (^==0 

iIhs 


N==CHj 
X (';=o 
NHs 


N—CHa—N—CHj-■ 

c =0 ( J ==0 

I I 

NHj NH, J 


In the case of dimethylolourea, the nature of the products and general considera¬ 
tions indicate that the conditions are essentially similar. Chain formation in this 
case may be conceived as taking place in two possible ways to yield D and Ej 


"-N-CH2-N—CH2-‘ 

HN—CHjOH Hll— CH,OH 

(i» 


O 


-N—il—NH—CHr 

^HjOH 


O 

!l 

-N—C—NH—CHr 


[ 2 OH 


(E) 


or possibly mixed types as before. Since branching may occur at every methylol 
group, the formation of long straight chain polymers is improbable. If, now, the 
remaining methylol groups eliminate water giving methylene groups, F, a redis¬ 
tribution of valencies gives the double chain G 


r-N~CH2 

^=0 


-N—CH 2 — 

u 


N= 


-N- 

I 

c=o 


-CH2—N- 

I ! 

=CH2 N=CH2 L —N— CH2—n-^ 

(F) (Cr) 

The chain D contains 27.4 per cent nitrogen, whereas F and G contain 33.3 per cent 
which compares favorably with the value 32.8 per cent found by Dixon. 

As has been stated, in the actual condensation process chain branching is in¬ 
evitable, so that the cured resin, if perfectly oriented, could be represented in the 
simplest case by the formula: 

—CHs—N—CH2— ~N—CH2— 

<u 


-N—CH 2 

I 


=0 

-N—CH2- 




-N—CH 2 

A=o 


-N—CH2—N—CH2~N—CHr 

(k=0 


I 


-_K__CH2—N—CH2—N—CH2—N—CH2~-N—CHs- 

u 

A—CHj' 

—ll—CH,—N—CHr-lif—CH, 

—N—CHi 


-OH.,—N—CHi 

i- 


6=0 

N—CH,—N—CH,—N—CHr 

(!;=o 


-N— 

i_0 


(!3==0 


-N—CHs—N—CHj—N— 

^>=0 ( 1>=0 

-A— CHr-N—CHr— A— 

I 

6=0 


N-CHr-N- 


-N- 
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The outer unsaturated valencies would be attached, in the case of the nitrogen 
atoms to hydrogen, and in the case of methylene groups, to hydroxyl. It may be 
that the acid or basic radicals of catalysts or fillers are chemically attached to these 
bonds. 

De Chesne** arrived at a similar mechanism for the condensation of urea and 
formaldehyde. His views are based chiefly on the work of Scheibler and Walter, 
but he has concluded rather that the ultimate product consists of linear polymeric 
molecules possessing one-dimensional extension only, after the type of the poly- 
oxymethylenes. The first stage of the condensation is regarded as an addition 
process, the products of addition being mono- and dimethylolurea, which may be 
isolated by checking the subsequent process of polymerization. A further inter¬ 
mediate step was represented by a crystalline soluble substance melting at 156°C., 
which cannot, however, have been homogeneous since de Chesne found it to have a 
variable composition. At every stage beyond the initial formation of dimethylol¬ 
urea, the condensed mass consists invariably of the complex mixture of ill-char¬ 
acterized, non-separable substances representing a variety of stages in a progressive 
polymerization process. 

The oxidative degradation of the resin at various stages of the polymerization, 
using a mixture of concentrated nitric acid and 40 per cent hydrogen peroxide 
led to the formation of soluble products, from which a crystalline compound was 
isolated by de Chesne. Analysis of this product indicated the formula, CnH,20nN4; 
hence, it would seem to be a dimethylolurea peroxide having the probable structure 

H N—CH2~0~-0—CKs—NH 

c*'=o (':=o 

I I 

HN—CH,—O—O—CH,—NH 

and is apparently identical with that obtained by Girsewald and Siegens’® who 
employed peroxide oxidation during .the condensation of urea and formaldehyde. 
The oxidative degradation of urea-formaldehyde resin evidently effects a complete 
decompiosition to give the starting materials. 

Examination of numerous high-molecular substances by the methods of x-ray 
crystallography has shown them to possess a microcrystalline structure, but in the 
present instance de Chesne found urea-formaldehyde resin to be completely amor¬ 
phous. 

The mechanism of polymerization envisaged by de Chesne is the preliminary 
formation of methylolurea, or if the pn of the reaction mixture be greater than 7, 
dimethylolurea. Methylolurea then undergoes linear condensation with elimina¬ 
tion of water: 


•a 


•tN—iiy—. 


O 


NH—CH 2 OH + H 2 ; 




NH-~CH20H + 


o o 

(—NH-J—NH—CHi-NH—i!—NH—CHr-). + XHjO 

Dimethylolurea, in the alkaline reaction mixtures, condenses to the same product, 
formaldehyde and water being split out simultaneously: 


•»E. B. de Chesne, KoUoid-Beihefte, 1932, 36, 887; Chem. 1933, 27. 459. 
von Oiraewald and H. Siegens, Ber., 1914, 47, 2467. 
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O 


X HO—CHj—NH 


-i- 


NH--CH2OH — 


o o 

II II 

(—NH—C—NH—CH2—NH—C—NH—CH2—-f xHjO + xCHaO 

The intermediate stages of the polymerization form highly viscous solutions, which 
according to de Chesne, display the properties of a highly solvated micelle-colloid. 
Thus, the high viscosity of the solutions is diminished greatly on heating, and re¬ 
turns to its former value on cooling, whereas molecular colloids show a relatively 
low temperature variation of viscosity. Moreover, the solutions do not obey the 
Hagen-Poiseuille law. The conclusion is drawn by de Chesne that the urea-for¬ 
maldehyde resins consist of micellar aggregates of linear thread-like molecules of 
varying degrees of polymerization, which form highly solvated hydrophilic colloids 
possessing the property of irreversible gelation. 

Another hypothesis concerning the mechanism of formation of urea-formalde¬ 
hyde resins has been advanced by Redfarn*^^ who attributes the resin formation 
to the polymerization of dimethyleneurea. In accordance with de Chesne’s argu¬ 
ment, dimethylolurea is first formed by the action of formaldehyde on urea. How¬ 
ever, since the condensation is carried out in acid solution it is conceivable that two 
molecules of water may be eliminated to yield dimethyleneurea. 

H 

N—CH2OH 

o-c( 

N—cn.oii 

I 

H 

The reason why earlier investigations do not indicate the formation of such a 
structure may be that careful buffering of the reaction solutions was not practiced. 
The presence of dimethyleneurea should be realized at the stage where the first 
violent reaction has subsided. Further heating, then, results in polymerization, 
just as one would expect; the polymer being represented by Redfarn as a saturated 
chain. 


N=0H2 


0=C -f- 2H2O 

\ 

N=CH2 


-CH2 CH2-CH2 

-N-C-N-N-O 


a 


a 


CH2-CH2 

I I 

-N- 


-N- 


-C- 


a 


CH 2 

I 

-N~ 


In actual practice the heating is stopped when a thick, viscous syrup is obtained. 
After addition of fillers, the product is dried at gentle heat whereupon the syrup 
sets to a resin. This step is considered as the initial process of mutual saturation 
of the free end valences by ring formation. The saturation, then, is completed 
during the molding process. 

According to Badarelli,” the urea-formaldehyde condensation products, espe¬ 
cially those derived from thiourea, possess the properties of proteins, and should 
strictly be classed as artificial albumenoids rather than as synthetic resins. 

■^^C. A. Redfarn British Plastics, 1933, 5, 238; Chem. Ahs„ 1934, 28, 15M, 

Badarelli, Rev. gen. mtU. plastiques, 1933, 9, 152; Chem, Abs,, 1938, 27, 3563. 



Chapter 27 
Urea Resins 

I. Glass-Like Products. Castings 

As has been already indicated in Chapter 26, urea and aqueous formaldehyde, 
that is, ordinary formalin, can be made to condense to a syrupy solution giving 
under some conditions a clear glass-like mass on evaporation. Since 1919, this 
reaction has been studied by chemists the world over in an endeavor to make a 
substitute for glass. Among the difficulties arising in the course of this work was 
the lack of permanency of the simulated glass prepared in this manner. For one 
thing, it was difficult to produce the so-called glass in a form which would be 
completely resistant to water. The urea-formaldehyde condensate, even when 
well dried, has a tendency to absorb moisture from the air in a humid atmosphere 
and to give it out again in dry air. During this ^'breathing,” some action on the 
surface of the product may occur resulting in a variable dimming of the luster of 
the material. Furthermore, beautiful siiecimens of clear glass-like urea resins 
on standing for some time will almost inevitably form cracks and fissures because 
of changes in chemical structure (possibly with the elimination of water and formal¬ 
dehyde) which create stresses and strains (see Fig. 90). 

Of course, in articles designed for immediate and short-lived use, lack of per¬ 
manency is not a handicap, but the flaws that may appear are detrimental in 
articles made to be kept and used over long periods of time. It has been found, 
however, that the presence of a filling material of the nature of cellulose fiber 
minimizes the stresses inherent in urea resins (see Chapter 28), and hence a 
molding industry of great importance has been established producing urea articles 
containing usually from 30-40 per cent of cellulose filler. Naturally, the addition 
of the filler destroys the product’s transparent, glass-like appearance, but, on the 
other hand, thin molded articles containing the added cellulosic material are quite 
translucent. This translucent effect gives a depth or richness of appearance which 
would be difficult to equal with phenol-formaldehyde molded products. 

The Urea-Formaldehyde Condensation 

John* prepared a glue by reacting urea or some of its derivatives (e.g., acetyl- 
urea) and an excess of formaldehyde at a relatively high temperature without adding 
a condensing agent. Thus, 5 parts of 40 per cent formalin are heated with 1 part 
of urea until nearly half of the liquid has been removed by distillation. The glue 
obtained is highly adhesive and adheres in the cold state to glass and metals. It 
may be admixed with pigments and is suggested for use in filling root canals (in 
dentistry) and as an impregnant for fabrics. The reaction product can be hard- 

»H. John, U. 8. P. 1,855.834. Oct. 18; 1920; CAem, Abf., 1921, 15, 418. British P. 151.018, 1920; 
(TAtm. Abt,j 1981, 15, 1906. For a review of the development and characteristics of urea-formaldehyde 
reshM, see J. Taylor, Australian Plastics and Allied Trades Rev., 1938, 2 (2), 8; Chetn. Abs., 1934, 28, 
661. For a brief review of the early literature, see W. Hersog, Tech.^Jnd. Schweiz. Chem. Ztg., 
1924, 240, and A. £. Dixon, J.C.8., 1918, 113, 238. See also J. Fr4re, Kunststojfe, 1925, IS, 92. 
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ened by heating to SO^C. By varying the method of procediye. John also obtained 
glass-like products.* In a gelatinized form, the material may me used as a substi¬ 
tute for rubber. 

Goldschmidt and Neuss® added controlled amounts of acids or acid salts (not 
more than 0.5 per cent of the quantity of urea) during the condensation of the 
reactants. The coagulating effect of acids on the condensate had already been 
noted by Girsewald and Siegens.* 

The proportion of formaldehyde necessary to produce clear resins is materially 
reduced by additions of acid condensing agents. Thus, by heating 100 g. of 30 per 
cent formalin with 20 g. of urea and 0.013 g. of hydrochloric acid at 100°C., a trans¬ 
parent product which hardens on prolonged heating is obtained. In case a glass-like 
transparency is not essential, the proportion of formaldehyde may be further lowered. 
If only 90 g. of formaldehyde solution are used, a milk-white resin is produced. Fur¬ 
ther reductions in the amount of formaldehyde and the use of larger quantities of 
acids result in the formation of porous masses resembling meerschaum.® As an example, 
20 g. of urea are dissolved in 60 g. of 30 per cent formalin, with an addition of 20 g. 
of water, and heated until foaming occurs. If 5 g. of concentrated nitric, sulphuric 
or hydrochloric acid are then added, a strongly exothermic reaction takes place giving 
a porous mass upon cooling. Increase in the proportion of formaldehyde leads to the 
formation of a harder resin; a decrease, on the other hand, gives rise to a softer 
product. Ivory-like castings are formed by melding urea-aldehyde compositions in 
the presence of sulphuric acid.® 

By adding formalin to fused urea, Neuss^ obtained a chalky, porous, opaque sub¬ 
stance. The urea (100 g.) is heated until molten, and 200 g. of a 40 per cent formalde¬ 
hyde solution arc added. A condensing agent, 4 g. of concentrated sulphuric acid, is 
introduced with the melted urea at the same time. The chalky reaction product, 
when washed, dried and hot-pressed, yields a homy, compact material. On heating 
1 mol of urea with 3 or more mols of formaldehyde in the presence of a small amount 
of hydrochloric acid, Rothera, Blythen and Gillespie® obtained a gelatinous liquid 
which solidified when cooled. 

Mittasch and Ranistctter” found that glass-clear products could be prepared 
by heating urea with at least 2.4 mols of formaldehyde in the presence of dilute 
mineral acids (e.g., nitric or phosphoric acids) or of acid salts. Alternatively, 
organic acids (oxalic, tartaric or acetic acid) may be used as condensing agents.'" 
In the production of transparent resins, it has been found advantageous, in order 
to obtain stable bodies, to effect condensation under conditions of rigidly con¬ 
trolled acidity. By the use of buffer mixtures^ (e.g., potassium hydrogen oxalate, 
mono- or disodium phosphate or citric acid and sodium citrate) the acidity is held 
between the pn limits 4 to 7. If water be then removed by evaporation at a tem¬ 
perature below 50®C., the solution may be considerably concentrated without pre¬ 
mature gelation. The product may be hardened at ^-80®C. As an example of 
the use of this method, a warm concentrated solution of 6 parts of urea, containing 
0.11 part of monosodium phosphate and 0.04 part of disodium phosphate is slowly 

•See also D. Beck (Swiss P 92,984, 1921) who condensed formaldehyde polymers with urea. 

• H. Goldschmidt and O Neuss, British P. 208,761, 1922; Chem. Abs., 1924, 18, 1555. 

* C. von Girsewnld and H. Siegens, Ber , 1914, 47, 2465; Chem. Abs., 1915, 9, 77. 

»H. Goldschmidt and O. Neuss, U. S. P. 1,844.570, Feb. 9, 1982, to Synthetic Plastics Co., Inc.; 
Chem. Abs., 1932 , 26, 2078\ British P. 187,605, 1922; Chem. Abs., 1923, 17, 1115. German P. 412,614, 
1925. 

•Swiss P. 126,827, 1926, to Soc. anon, pour Find. chim. h BlUe; Chem. Abs, 1929, 23, 942. 

^O. Neuss, U. S. P. 1,914,957, June 20, 1933; Chem. Abs., 1983 , 27, 4362. British P. 372,847, 1932; 
Chem, Abs,, 1933, 27, 3569. British P. 879,154, 1932; Chem. Abs, 1933, 27. 4111. German P. 484,972, 
1922, to Kunstharafabr. F. Poliak G.m.b.H.; Chem. Abs., 1930, 24, 1190. German P. 604,194, 1934; 
Chem. Abs., 1935, 29, 855. 

®W. S. Rothera. S. Blythen and H. R. Gillespie, German P. 563,037, 1921; Chem. Abs., 1933, 27, 
1113. Cf. German P. 568,629. 1921; Chem. Abs., 1933, 27, 2771. 

•A, Mittu.srh and H. Ramstetter, Gennan P. 409,847, 1922, to Badi.sche Anilin- A Soda-Fabr.; 
^■S.CJ.. m«, 44, 462B, ...... 

“A. Mittasch and H. Ramstetter, Oeinian P. MS,8iI, 1022. addn. to 402,84T, to I. O. Farbcnmd. 
A.-G.; Chem. Abe.. 1932, 26, 1403. _ 

“British P. 2S8,2W, 1920, to I. O. Farbenind. A.-G.: Brit. Chem. Abe. B, 1938, 376. 
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poured into 25 parts of boiling 30 per cent formaldehyde. The product is evapo¬ 
rated in vacuof at a temperature below 50“C., to a syrupy consistency, containing 
10-15 per cent of water, and is stable for a considerable time. It may be cast in 
molds and hardened for 1 or 2 days at 65“C. without loss of clarity. 

After effecting condensation at a pn of 4-6 the pn may be raised to 6-7 before 
concentration.^ Clear products may be thus formed using a smaller proportion of 
formaldehyde than is otherwise possible. If a smaller molar ratio (1.5-1.7 mols 
of formaldehyde to 1 of urea) is used, evaporation may be partly or entirely 
dispensed with,“ since the resin separates on cooling. The* addition of salts (sodium 
sulphate) during the latter process is also suggested. 

Knilling^ fused urea and solid polymers of formaldehyde with the addition of 
small quantities of mild alkaline condensing agents (organic compounds giving an 
alkaline reaction) or sodium acetate and borax. Clear, colorless melts result which 
furnish white or glass-like masses according to the conditions of the subsequent 
hardening treatment. An intimate mixture of 200 parts of urea, 52 parts of thio- 



Fig. 90.—Formation of Cracks in Clear Urea-Formaldehyde Resins. 


urea (the addition of thiourea increases the transparency of the product), 240 
parts of trioxymethylene, 6 parts of sodium acetate and 20 parts of formamide’® 
is heated in an oil bath at 140®C. for about 20 minutes. The melt becomes viscous 
and is transformed on cooling into a hard, white mass which may be reduced to a 
fine powder. The powdered material is suggested for use as a waterproof adhesive 
in veneering wood. 

Poliak” also described the use of alkaline condensation catalysts, using weak 
bases (pyridine, ammonia and hexamethylenetetramine). In the presence of these 
substances as catalysts, urea, heated with not more than 3 mols of formaldehyde, 
gives, after partial evaporation, a syrup which sets at 75®C. to a hard, transparent 
mass (sp. gr. 1.3) which is insoluble in both alkalies and acids. The cast resin 
undergoes carbonization at 300®C. without melting, and may be machined and 
turned. If condensation is first effected in the presence of a large excess of formalde¬ 
hyde, that excess must be removed before the hardening step. The syrupy, par¬ 
tially condensed product may be used for impregnating porous material, and may 


“British P 288.346. 1926, to 1. G. Farbenmd. A.-G.; Chem. Abs., 1929, 23, 678. 

MM. Luther and C. Heuck, German P. 537,611, 1926, to I. G. Farbenmd. A.-G.; Chem. Ah»., 


1982, 26, 1404. 

“W. von Knilling, U. 8. P. 1,920,451# Aug. 1. 1983, to I. G. Farbenind. A.-G.; Chem. Ab%., 1988, 
27. 4890. British P. 814,908, 1928; Chem. Abe., 1980, 24. 1711. German P. 600,678, 1934; Chem. 
Abe., 1934, 28, 7448. 

“The properties of formamide are discussed by P. L. Magill, Ind. Eng. Chem, 1934 , 26, 611. 

“F. Poliak, U. S. P. 1,458,543, June 12, 1923; Chem. Abs., 1923, 17. 2632. British P. 171,094, 1921; 
Chem. Ab$., 1922, 16, 995. 
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be mixed with mineral or cellulosic fillers. By incorporating dyes, substitutes for 
amber, coral, tortoise shell and mother of pearl are reported to be produced. 

Oxides and carbonates have been suggested as condensing agents by several inves¬ 
tigators.” Thus Barthelem 3 r“ used the carbonates of magnesium and the alkaline 
earths as condensing agents to bring about the union of urea and formaldehyde beyond 
the stage of methjdolurea formation. On boiling 60 paits of urea with 200 parts of 
30 per cent formaldehyde, with the addition of 6 per cent by weight of freshly pre¬ 
cipitated calcium carbonate, a syrup is obtained which may be concentrated in vacuo 
to a hygroscopic, amorphous extract or a water-soluble gum, which behaves as a re¬ 
versible colloid in contact with aqueous solutions of pn 8.6-10 By the addition of 
acid, whereby the Ph is changed to any value below 4, gelation of the gum takes place, 
yielding a homy mass which becomes transparent, and may be worked or polished 
on drying. Other heavy metal carbonated (e.g., zinc or lead carbonate) and also the 
corresponding oxides (such as titanium oxide) catalyze the initial condensation. The 
use of these condensing agents has the advantage that the catalyst is rapidly removed 
completely by filtration, and the resulting products are desiccated with greater readi¬ 
ness. In addition, colored metallic carbonates (e.g., copper carbonate) serve as pig¬ 
ments for the resin. 

Hydrogen peroxide was employed by Geisel*® in the condensation of urea and formal¬ 
dehyde at raised temperatures. The hydrogen peroxide (1 part of a 30 per cent solu¬ 
tion) is stirred, with 44 parts of urea dissolved in an equal amount of w’ater, into 196 
parts of commercial formalin at a temperature of 70®C. As soon as reaction begins, 
the mixture is heated for a half hour at 100°C., after which it is concentrated in vacuo 
to a viscous liquid. On cooling, a clear, transparent mass is obtained. 

According to Ramstetter,*^ both the condensation process and the curing process 
are accelerated by exposure of the resin to ultraviolet radiation from a quartz mer¬ 
cury arc lamp, the products under these conditions being harder, tougher and 
more resistant to water. The clouding tendency during the curing stage is also 
reduced or suppressed thereby.** 

Kadowaki and Hashimoto*® state that the optimum temperature for condensa¬ 
tion is 85"C. and that the best results are obtained by adding the urea solution 
to the solution of formaldehyde. By drying the product at 60®C. and then at 
100®C., the formation of gas bubbles may be avoided, although the investigators 
state that the resin tends to crack upon standing. Furthermore, it cannot be cast 
on account of shrinkage, and the thickness of resin stock obtainable is limited. 
These defects are reported to be overcome by hot molding during which the pow¬ 
dered condensation product is heated at 120°C. under 60 atmospheres pre.ssure. 
As condensing agents, Kadowaki and Ilashimoto advocate either weak inorganic 
acids, inorganic or organic bases or the salts of alkali and alkaline earth metals with 
organic acids. 

Howald*** produced a resin derived from ammonium cyanate. The ammonium 
cyanate (1 mol) is refluxed with 2 mols of the aldehyde (formaldehyde or acetaldehyde), 
the solution being kept neutral or slightly alkaline. The water is next removed, and 
fillers and plasticizers are added while the solution is still viscous. The mixture is 
dried, powdered, a fixing agent (urea or thiourea) for formaldehyde is added and the 
product is molded. 

also Chapter 28. 

w H. Barth61emy, U. S. P. 1,645,848, Oct. 18, 1927, to Soc. ind. des mat. plastiques; Brit. Chem. 

Abt. B. 1927, 916. 

“J. Malet and R. Armenault, French P 679,321, 1928, to Fabr. de prod, de chim org. de Laire; 
Chem. Abt., 1930, 24, 3914. British P. 340,114, 1928; Chem. Aba., 1931, 25, 2822. U. S. P. 2,004,998, 
June 18, 19iM. 

»W. Geiael, German P. 493.988, 1924, to I. G. Farbenind. A.-G.; Chem. Aba., 1930, 24, 2846. 

H. Ramstetter, German P. 416,252, 1923, to Badische Amlin- A Soda-Fabr.; Brtt. Chem. Aba. B, 
1926, 99. 

®*W. Geisel, German P. 487,646, 1924, to I. G. Farbenind. A.-G.; Brit. Chem. Aba. B, 1927, 452. 

“ H. Kadowaki and Y. Ha^imoto, Hepta. Imp. Ind. Reaearch Inat. Osaka {Japan), 1926, 7 (6), 1; 
Chem. Aba., 1926, 20, 3541. 

A. M. Howald, U. S. P. 1,028,492, Sept. 26, 1933, to Toledo Synthetic Products, Inc.; Chem. Aba., 
1983, 27, 5996. Canadian P. 328.910 and 828,912, 1982; Chem. Aba., 1983, 27, 1531. 
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The Preparation op Methylolureas 

The investigations of Einhorn and Hamburger," on the formation of mono- 
methylolurea and dimethylolurea by condensing urea and formaldehyde in the 
presence of barium hydroxide have been discussed in Chapter 26. 

To obtain dimethylolurea, they added 10 g. of urea to a solution containing 0.4 g. 
of barium hydroxide in 26.7 g. of 37.4 per cent formalin (2 mols of formaldehyde) 
and maintained the mixture at 26>30*’C. until all the formaldehyde had reacted. The 
end-point of the reaction can be determined by ToUen’s reagent (equal volumes of a 
10 per cent solution of ammoniacal silver nitrate and a 10 per cent aqueous sodium 
hydroxide solution) which does not give a precipitate in the absence of formaldehyde. 
Carbon dioxide is then introduced at once to counteract the alkalinity of the barium 
hydroxide. The resulting liquid is dried in a desiccator without removing barium 
carbonate and the residue is extracted with warm 80 per cent alcohol. By cooling 
the filtered solution, 8 g. of dimethylolurea crystallizes out, and an additional 2 g. 
may be obtained by further cooling the mother liquor. 

Monomet^lolurea can be obtained, according to Einhorn and Hamburger, by 
slowly dropping 6.5 cc. of 37.4 per cent formalin into an ice-cooled solution of 5 g. 
of urea and 0.1 g. of barium hydroxide in 5 cc. of water followed by the immediate 
addition of carbon dioxide. The solution is filtered and evaporated in a desiccator, 
yielding the product as a crystalline mass. 

Dimethylolurea is soluble in cold water and in warm methyl or ethyl alcohol, 
but is insoluble in ether and most other organic solvents. On heating, it sinters at 
121®C.*and melts at 126®C. forming a clear liquid which changes at 137-138®C. 
into an amorphous white material that does not melt on further heating but de¬ 
composes at 260®C. When dimethylolurea is heated in a test tube, the odor of 
formaldehyde and basic decomposition products is noted. The compound (in 
aqueous solution) gives a white amorphous precipitate on standing for several 
hours with dilute mineral acids. 

Monomethylolurea, however, gives a fiocculent amorphous precipitate almost 
instantly with dilute mineral acids and acetic acid. Cold water and methyl alcohol 
also dissolve monomethylolurea. Dimethylolurea reduces Tollen*s reagent after 
some time, but monomethylolurea gives no formaldehyde reaction with sodium 
nitroprusside or phenylhydrazine. 

Methylolurea or methylolthiourea and methylol derivatives of other acid amides 
may be prepared by the interaction of formaldehyde and the amide in non-aqueous 
solvents,* e.g., methyl or ethyl alcohol. ’The condensation is accelerated by basic 
substances, and the product may be precipitated by the addition of ether or carbon 
tetrachloride. By rapidly melting the compounds formed in this manner, with 
the addition of urea or ^ourea and of acids (e.g., acetic acid) and buffer salts, 
clear or opaque resinous masses are obtained. In the preparation of dimethylolurea, 
the use of solvents in which the substance is not very soluble is advantageous, and 
formaldehyde polymers may be substituted for non-aqueous formaldehyde.* The 
methylol compounds of other acid amides (e.g., methylolacetamide) are similarly 
obtained.* 

Dimethylolurea is also made* in aqueous, neutral or mildly alkaline solution 

**A. Einhom Biid Hamburger, Ber., 1908, 41, 94. A. Einhorn, Ann., 1908, 361, 118. 

»Q. Walter, Britiah P. 262,148, 1925; Chem. Aba., 1927. 21. 3626. 

»0. Walter, Britieli P. 284,272. 1925; Chem. Aba., 1928, 22, 4588. German P. 519,832, 1926; Chem. 
Aha., 1982, 26, 5188. 

*fQ. Walter, BrHidi P. 291,712, 1926; Chem. Aba., 1929, 23, 1136. Austrian P. 180,080, i960; 
CAeai. Aba., 1988, 27, 1001. 

MM. Sehmibing. U. S. P. 1.989,638, Jah. 29, 1985, to Unyte Oorp.; Chem. Aba., 1985, 39, 1836. 
BHtish P. 868,027, 1961, to I. O. Farbenind. A.-O.; Chem. Aba., 1988, 37, 2168. French P. 721,828, 
1681; Chem. Aba., 1983, 36, 4067. German P. 588,945, 1988; Chem. Aba., 1984, 28, 2020. 
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(e.g., 0.02-0.005 N caustic soda)” by concentration of the solution at a low tempera¬ 
ture immediately after the reacting urea and formaldehyde are brought together. 

The formation of dimethyloliirca may be brought about at room temperature 
by the catalytic action of active carbon (e.g., a suspension of animal charcoal); pure 
and stable dimethylolprea is reported to result on evaporation after filtration from 
the carbon.® By heating the mixture under reflux, condensation proceeds further, 
yielding syrups of progressively increasing viscosity and decreasing solubility. These 
may be concentrated in vacuo to a material which solidifies to a clear, hard resin on 
prolonged heating at 60-100° C. This further condensation is retarded by the addition 
of alcohols, ketones, ethers or esters to the mixtures and reaction may be checked 
at any stage by such addition. The retarding agents are useful in preventing pre¬ 
maturely complete polymerization when condensation is effected in the presence of 
acids. The effect of retarding agents may be illustrated by an example cited by Gams 
and Widmer, in which 240 parts of urea are dissolved in 660 parts of 36 per cent 
fomaldehyde, and 200 parts of ethyl alcohol added. The mixture is shaken with 
animal charcoal, filtered and boiled under a reflux condenser after adding 0.24 part 
of concentmted phosphoric acid in 20 parts of water. After several hours boiling, 
the liquid is still miscible with water and yields, on evaporation, a resinous syrup. 
In the absence of alcohol, the condensation of this mixture would proceed rapidly to 
completion. 


Polymerization op Methylolureas 


Walter*' found that glass-clear, transparent resins are obtained from mono- 
methylolurea (m. p. lll^C.) and dimethylolurea (m. p. 126°C.) by rapidly melting 
the substances and maintaining them in the molten state, but below 140®C., until 
the mass, though viscous, may still be cast. Water and formaldehyde are thereby 
eliminated. The addition of fluxing agents, by lowering the melting point of the 
methylolurea, permits slower heating and eliminates much trouble due to frothing. 
Neutral and alkaline salts (e.g., calcium chloride or sodium acetate) or neutral 
mixtures of salt and acid (e.g., sodium acetate and glacial acetic acid) are satisfac¬ 
tory for this purpose, as also are urea, methylolamides and phenols. The addition 
of paraformaldehyde promotes the elasticity and flexibility of the product. With 
monomethylolurea, up to equimolecular proportions may be added, the use of acid 
fluxing and stabilizing agents being then desirable. 


As an example of this process, 200 parts of paraformaldehyde are dissolved in a 
solution of 6 parts of caustic soda in 1100 parts of 94 per cent alcohol, and 200 parts 
of urea are added to the cold solution. After a few hours, the deposit of dimethylol¬ 
urea may be separated. The dimethylolurea, when rapidly fused, undergoes violent 
foaming. If about 0.3 per cent by weight of chloroacetic acid be added to the clear 
melt, the mass rapidly thickens and may be cast in molds. Similarly, monomethylolurea 
containing about 2 per cent of sodium acetate may be fused after adding 1 per cent 
of caustic soda dissolved in a little Water. The melt clears and finally gelatinizes, 
giving a glass-clear product which may be pulverized and molded under pressure 
at elevated temperatures. 


According to Walter,®* the polymerization of dimethylolurea or its mixtures 
with monomethylolurea, may be brought about by alkalies, giving as products 
resinous materials for molding compositions or lacquer ingredients. The polymeriza¬ 
tion is performed in the absence of substantial amounts of solvents, e.g., by mixing 


E. C. C. Baly and E, J. Baly, British P. 299,487, 1927, to Pollopas, Ltd.; Chem. Aba., 1929, 23, 
3236. French P. 656,288, 1928; Chem. Abi., 1929, 23, 4090 

A. Gams and G. Widmer, U. S. P. 1,676,543, July 10, 1928, to Soc. anon, pour Tind. chim k BAle: 
^hem. Aba., 1928, 22, 3269. Canadian P. 274,266, 1927; Chem. Aba., 1927, 21, 3907. British P. 253,094, 
1025; Chem. Aba., 1927, 21, 2539. ^ ^ ^ 

•^G. Walter, U. S. P. 1,868,426, June 14, 1982, to I. G. Farbenmd. A.-G.; Chem. Aba., 1932, 26, 
Austrian P. 180,002, 1928; Chem. Aba., 1933, 27, 1113. German P. 512,566, 1926; Chem. Aba., 
1933, 27, 857. British P. 262,148, 1926; Brit. Chem. Aba. B, 1928, 614. ^ 

**0. Walter, Austrian P. 121,999, 1980; Chem. Aba., 1931, 25. 3185. Austrian P. 128.847, 1981; 
Chem. Aba., 1981, 25. 5585. 
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dimethylolurea and monomethylolurea with 1-7 per cent by weight of caustic soda, 
either solid or in concentrated solution, and heating to IIO-130'’C. The products 
are hardened by heat and pressure. 

In non-aqueous solvents such as ethyl alcohol, owing to the insolubility of the 
products, coupled with the decreased ionization of the alkalies, the action of strong 
alkaline condensing agents leads to the formation of mono- or dimethylolurea, with¬ 
out subsequent polymerization.” Anhydrous formaldehyde may be used in the 
form of trioxymethylene or paraformaldehyde. Thus, 130 parts of trioxymethylene 
are dissolved in 316 parts of methanol in the presence of 3 parts of 50 per cent 
caustic potash solution. To this are added 12 parts of caustic potash solution 
and 152 parts of thiourea. After a short time, resinous dimethylolthiourea pre¬ 
cipitates and can be separated, washed with acetone and pulverized. Methylolurea 
or methylolthiourea so obtained may be fused rapidly and treated with a small 
quantity (not more than 1 per cent) of caustic alkali, whereupon the mass thickens 
and gelatinizes, finally setting to an opalescent product. 

The separation of methylolurea in the solid form is not proposed if unmodified 
urea-formaldehyde resins are required. It is possible, alternatively, to effect pre¬ 
liminary condensation as far as or beyond the stage of methylolurea formation, 
then to polymerize the first condensation products by the addition of acid. A proc¬ 
ess of this nature has been described by Rqiper.” The first stage of condensation 
must occur in neutral solution, e.g,, by adjusting the pn to a value not lower than 
7. Should the acidity rise above this value, white precipitates are produced which 
lead inevitably to the ultimate formation of a clouded or opaque resin. At a pn 
of 7, however, a water-clear solution is obtained, even with as little as 2 mols of 
formaldehyde per mol of urea. On cooling, cloudy solutions are formed which 
clear on heating, and on prolonged boiling yield viscous masses which harden to 
clear resins. In working by this process, either so-called acid-free formaldehyde 
may be used (e.g., that obtained by subliming the solid polymers in the absence 
of air) or ordinary formaldehyde may have its formic acid neutralized by addition 
of a base. The polymerization of the condensed substance may be brought about 
either by lengthy heating, or more expeditiously, by addition of sufficient acid to 
raise the pn to about 3. . For this purpose, acid salts, acid esters or ammonium 
•salts may be added. The latter function by reacting with formaldehyde to form 
hexamethylenetetramine, liberating the acid. Alternatively, formic acid may be 
formed in situ by aerating the mass. The acidity during polymerization should 
not rise above a pn of about 2.6 (corresponding to an amount of sulphuric acid 
less than 0.017 per cent of the urea employed), since gelation then occurs instantly, 
forming a hard, white, brittle material (containing all the water) which on standing 
loses water by evaporation, and becomes clear but readily crumbles to a powder. 

By this process, 30 parts of urea are condensed by refluxing for a short time 
with 100 parts of neutral 30 per cent formaldehyde. Five parts of boric acid, dissolved 
in a little water, are added, and the mixture boiled for a further period. After 2.5 
hours, the reaction mixture is converted into a moderately viscous solution which 
does not become cloudy on cooling, and which marks the polymerization of the ini¬ 
tially formed methylolurea material into a colloidal hydrophilic sol. This may be hard¬ 
ened by evaporating most of the water, casting in molds and heating at 60-100®C. to 
give a transparent final product. More prolonged boiling of the mixture (6-i7 hours) 
carries polymerization further, the clear, hot solution then depositing on cooling a 
white, slimy jelly from which the supernatant liquid may be decanted. The jelly, 
which is opaque due to adsorbed water, may be dried in vacuo, thereby being 
rendered transparent. It may then be cast in molds and cured. Boric acid may be 

MQ. Walter. tJ. 8 . P. 1.863,426, June 14, 1932, to I. O. Farbenind. A.-Q.; Chem. Abi., 1932, 26. 4142. 

^K, Ripper, U. S. P. 1,687,312, Oct. 9, 1928, to F. Poliak; Chem. Abit., 1928, 22, 4739. British P. 
213.567, 19^; C/icm. Abs., 1924, 18, 2412. W. S. Rothera, S. Blythen and H. R. Gillespie, German P. 
539,726, 1923; Chem, Abe., 1982, 26, 2286. 
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replaced as a polymerizing agent by other acids, e g., by adding 0.13 part of acetic 
ionium acetate, 0.1 part of benzoic acid or a trace (of the order of 
0.0005 part) of sulphuric acid. 

Gams and Widmer*® have described the preparation of porous materials of im¬ 
proved mechanical strength, free from electrolytes, by a process of initial condensa¬ 
tion in neutral solution somewhat beyond the stage of dimethylolurea, followed 
by polymerization on the addition of a sufficient quantity of acid. A solid jelly 
is obtained which rapidly becomes white and hard and from which the catalyst 
may be eliminated by osmosis or, more rapidly, by electro-osmosis. If an acid 
catalyst is employed, it is removed by neutralizing and then washing the resulting 



Courtesy Paule O. AbbS, Inc. 

Fig. 91.—Combination Jar Mill. 

salt. The specific gravity of the product may be as low as 0.4, if much solvent has 
been used. The application of high pressures increases the strength and density 
of the materials. The hardness of the product is governed by the nature and 
the proportion of the catalyst used, and may be further modified by the addition 
of softening agents, e.g., triphenyl phosphate, diethyl phthalate, linseed oil or 
latex. Fillers (e.g., cellulose and asbestos) and materials capable of taking part 
in the resin formation (phenol) may also be added. The products are characterized 
by considerable mechanical strength, toughness and good insulating properties. 
They may be machined and worked. 

A process for the coagulation of the primary condensation product, described 
by Ripper,” depends on the flocculation of the substances from very dilute solution 
by further addition of solvent or by the use of flocculants (acids, bases or albumin 
precipitants such as phosphotungstic acid). No gelatinization occurs, but the mate- 

**A. Gams and Q. Widmer, U. S. P. 1,881,706, Nov. 10, 1931, to Soc anon, pour Tind. chim. i B&Ie; 
Ch«m, Ahs.t 1932, 26, 816. British P. 281,717. 1926; Chem. Ahs., 1928, 22. 3747. German P. 623,181, 
1926; Chem. Abs , 1981, 25, 3448. French P. 644 648. 1937; Chem. Aba., 1929. 23, 2001. 

••K. Ripper, U. S. P. 1,967,261, July 24, 1934, to Synthetic Plastics Co., Inc.; Chsm. Aha., 1984, 
28, 6041. Britii<h P. 271,037, 1927, to Kunstharsfabr. Dr, P. Poliak O.mb.H.; Brit. Chem. Aba. B, 
1928, 720. French P. 637,318, 1927; Chem. Aba., 1929, 23, 494. C/. W. Rothera, S. Blythen and H. R. 
Gilleepie, QeVman P. 639,478, 1927; Chem. Aba., 1932, 26, 1813. 
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rial is obtained as a white, amorphous powder which mav be molded by heat and 
pressure. The powder is insoluble in water, but soluble in acids, hot formalin and 
in high-boiling hydroxylic solvents (glycerol). After molding, transparent or trans¬ 
lucent resins are obtained which, according to Ripper, may be used as substitutes 
for crystal, glass or amber. 

Porous masses of uniform consistency are formed” on gelatinizing the initial 
condensation product and partially hardening the mass without first concentrating 
the solution to any considerable extent. A large proportion of a dispersion me¬ 
dium (alcohol) may be added. Gelation may be effected by addition of acids 
or of ammonium salts. The effect of gelatinizing at high dilutions is to cause 
retention of the dispersion medium in the pores of the colloid. Since the dispersion 
medium is evaporated at a low temperature, the porous structure is retained leav¬ 
ing a translucent or meerschaum-like material, according to the pore size. 

The gelatinization of the initial condensation product, i.e., the conversion of 
the hydrophilic to a hydrophobic sol, may also be effected*® by introducing addi¬ 
tional organic compounds capable of resin formation with the formaldehyde (e.g., 
urea or thiourea). Phenol may also be employed in this connection giving a soft, 
kneadable resin from which glass-clear masses may be made. The mixture is 
further heated in the presence of acid and on cooling, after neutralization, the resin 
precipitates as a viscous mass. The resistance towards water and the insulating 
properties of the cured resins are greatly augmented by this process. 

Thus, 1500 parts of urea are boiled with 4000 parts of neutral 37.6 per cent 
formaldehyde solution, then 2 parts of formic acid and 300 parts of thiourea or 230 
parts of urea (alternatively, 200 parts of phenol) are added. After 2 hours of boiling, 
the formic acid is neutralized by 2 parts of alkali carbonate, and the mass is cooled. 
The resin which separates may be repeatedly washed with water and then hardened 
in molds (being further dried by evaporation below 60®C.) or may be dissolved in 30 
per cent of its weight of‘ acetone to give a lacquer. 

According to Gams and Widmer,®® the condensation process may be consid¬ 
erably accelerated by carrying it out at a temperature above 100®C. under pressure, 
such conditions enabling complete control of the progress of the reaction and the 
required consistency of the product to be attained. Thus, 600 parts of urea dis¬ 
solved in 1,645 parts of neutralized 36.5 per cent formaldehyde gave a completely 
soluble product when heated at 115®C. for 1-2 hours in an autoclave, and after 3-4 
hours of heating at 120®C, yielded a clear, gelatinous gum. The same degree of 
condensation would be reached only after 17 hours heating at atmospheric pressure. 

In general, concentration of the reacting mixture is necessary at some stage 
in order to remove the large excess of water in which resinification takes place. 
The reaction may, however, be carried out in’more concentrated media, solutions 
containing up to 75 per cent of solid matter" being made by dissolving urea in the 
reagent obtained by the dissolution of the solid formaldehyde polymers in am¬ 
monia, alkaline formates and acetates or acids. The formaldehyde content of 
the solution may exceed 40 per cent. On boiling these concentrated reaction mix¬ 
tures in an open vessel, viscous condensation products are obtained, hardening at 
100®C. to clear, glassy masses. 

»K. Ripper, U. S. P. 1,779,047, Oct. 21, 1930, to Kunstharafabr. Dr. F, Poliak Gm.b.H.; Chem. 
Ah$„ 1981, 25, 177. British P. 261,409, 1925; Chem. Aba., 1927, 21, 3432. Austrian P. 111,534, 1928; 
Chem. Ab$.. 1929, 23, 1729. 

»K. Ripper, U. S. P. 1,833,868, Nov. 24, 1931, to Synthetic Plastics Co., Inc.; Chem. Ab»„ 1932, 
26. 1144. F. PoUak, British P. 248,729, 1925; Chem. Aba., 1927, 21, 805. K. .Ripper, Canadian P. 
284,790. 1988, to Kuitotharafabr. F. Poliak G.m.b.|I.; Chem. Abt., 1929, 23. 1001. 

Gams and O. Widmer, U. S. P. 1,674,199, June 19, 1928, to Soc. anon, pour Tind. chim k B&le; 
Chem. Abi., 1928, 22» 2818. British P. 246,126, 1926; Brit. Chem. Abs. B, 1027, 496. German P. 
487,871, 1925; Chem. Ahi., 1980, 24, 2256. Canadian P. 281,825, 1928: Chem. Aba., 1928, 22, 3270. 

^F. E. K. Steppes, U. S. P. 1,658,359, Feb. 7, 1928, to Traun A Sons; Chem. Aba., 1928, 22, 1229. 
British P. 271,264, 1926, BrU. Chem. Aba. B, 1927, 564. 
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The polymerization of the initial condensate, which is rapidly catalyzed by very 
small additions of acid, may be smoothly and slowly brought about by means of 
acetic anhydride." Spontaneous gelation of the syrupy condensation products on 
standing may be suppressed, according to Ripper,** by the addition of alkali salts of 
weak acids (e.g., sodium borate or acetate). Solutipns so treated harden only 
slowly on heating, enabling the latter process to be more readily controlled. The 
effect of the stabilizers may be neutralized by addition of sodium salts of highly 
ionized acids, which exert a strong accelerating influence. Stabilization of the 
urea-formaldehyde resins in the fusible jelly-like state is brought about also** by 
the addition of aqueous dispersions of mucilaginous substances (starch, gum 
tragacanth or karaya gum). 

The gelatinization of the water-soluble condensation product which forms an 
intermediate stage in the resin condensation is accelerated by the addition of 
electrolytes.** This gelatinizing action shown by non-alkaline electrolytes divides 
salts into two groups. The first group contains electrolytes that rapidly convert 
the initial soluble product into hardened, insoluble resins. Included in this di¬ 
vision are ammonium thiocyanate, ammonium sulphate and, in general, the am¬ 
monium salts of strong acids. The second division comprises salts that exert no 
hardening action, but do accelerate the gelatinization process. The sulphates, 
chlorides, nitrates and other mineral acid salts of the met^ fall into this category, 
the anion being the active ion. The action is illustrated by the addition of 1 part 
of potassium sulphate, chloride or thiocyanate to 100 parts of the water-soluble 
condensation product from 60 parts of urea and 150 parts of 40 per cent formal¬ 
dehyde. Gelatinization occurs, and water separates from the mass on standing in 
the cold. If thick articles are hardened in the cold by accelerating salts, the 
hberation of water in the interior of the mass is apt to cause cracking. This is 
said to be overcome by building up the mass with a plurality of layers, each being 
hardened before deposition of the next. 

Before proceeding to hardening treatment, any acidity may be reduced by 
addition of bases or alkaline salts prior to gelatinization.** Cloudiness in the 
hardened material is controlled or prevented by the addition of salts.** Thus, after 
condensation with hexamethylenetetramine as catalyst, the acidity is determined 
and excess urea added to neutralize the acid as well as to bind free formaldehyde. 
Resin made in this manner, on molding, yields a cloudy mass, but addition of 
sodium chloride, sodium silicate, potassium iodide or other salt prior to harden¬ 
ing leads to the formation of transparent masses. 


Acid Hardening op Urea-Formaldehyde Resins 

The hardening step is accelerated by treating the uncured condensation prod¬ 
ucts with weakly acid solutions of pa 4-7 (disodium phosphate). Hardening of 

Barth41emy» U. S. P. 1,691,427, Nov. 13, 1928, to Soc. ind. des mat. plastiques; Chem, 

1929 23 489. 

Ripper, U. S. P. 1,460,606, July 3, 1923, to F. PoUak; Chtm, Abt., 1923, 17, 2940. Oerman P. 
499,792, 1921; Chem. Aht., 1930, 24. 4696. 

"k Lionne, U. S. P. 1.901,373. March 14, 1933; Brit. Chem. Aba. B, 1933, 1021. 

««K. Ripper, U. S. P. 1,625,283, Apr. 19, 1927, to F. Poliak; Chem. Aba., 1927, 21, 2054. F. Poliak, 
Britiah P. 181,014, 1922; Chem. Aba., 1922, 16, 3531. See also F. PoUak and K. Ripper, Chem.-Ztg., 
1924, 48, 569, 582; J.8.C.I., 1924, 43. 878B. 

^ K. Ripper, U. S P. 1,972,110, Sept. 4, 1934, to Synthetic Plastics Co., Inc.; Chem. Aba., 1934, 
28, 6537. F. PoUak, British P. 201,906, 1928; Chem. Aba., 1924, 18, 313. British P. 206,512, 1923; 
/.S.C.I., 1924, 43. 987B. ^ ^ u* 

^The clearinc action of the salts follows the order of the Hofmeister series of ions with sUidtt 
variation. This series is based on the order of the ability of salts to coaculate albumin sola For 
a constant anion the order of efficacy is: Fe'^ Al^'^, K% NH 4 Cu", Mg", Zn'^ and 
Na'. constant cation the anions were found to faU in the order: sulphate, citrate, oxalate, 

acetate, chlorate, carbonate, nitrate, bromide, cyanide, thiocyanate, iodide and salicylate. 
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the cast, uncured, gelatinous resin may be performed according to Luther, Griess- 
bach and others" by exposing the surface to gaseous sulphur dioxide, or by im¬ 
mersion in an acetone solution of sulphur dioxide. The use of aqueous solutions, 
which frequently lead to surface opacity, is thus avoided. Products cured with 
sulphur dioxide are comparatively stable and, in contact with liquids, swell less 
than urea-formaldehyde resins hardened directly. The treatment with sulphur 
dioxide may be performed at an elevated temperature, effecting a rapid hardening. 
Various applications of urea-formaldehyde resins, as in the preparation of non- 
inflammable artificial fibers, are thus suggested. 

In place of sulphur dioxide, other volatile acids may be employed as hardening 
agents," e.g., formic acid, hydrofluoric acid, hydrochloric acid, solutions of the 
mineral acids (phosphoric and sulphuric acid) and also hydrogen sulphide." Pre¬ 
pared in this manner, the viscous condensation product may be applied as an in¬ 
sulating lacquer to a metal surface. On exposure to formic acid vapor, the film 
loses its initially adhesive properties, forming a hard coating. Similarly, in the 
manufacture of molded lenses from transparent resin, the articles may be hardened 
at 60®C. imtil rigid enough to be removed from the mold without deformation. On 
exposure to hydrofluoric acid vapor for a day, or on dipping into 40 per cent 
hydrofluoric acid solution, the lens is stated to become hard enough for im¬ 
mediate polishing. 


Elimination of Free Formaldehyde 


The avoidance of any appreciable excess of free formaldehyde in the gelled 
polymerized mass is desirable, since its presence may lead to flaws and cracks 
during drying or during the molding process. Moreover, in the presence of much 
free formaldehyde the curing step seems to be retarded." By adding substances 
which are capable of binding or decomposing free formaldehyde," without forming 
gaseous bodies, the elimination of the excess of formaldehyde, and the transforma¬ 
tion into clear, commercially practicable products is facilitated. Such substances 
are, notably, urea and thiourea, and also phenol. Alternatively, the formaldehyde 
may be destroyed by the addition of hydrogen peroxide. 

The process may be carried out by making further additions of urea or thiourea 
to the gelatinous product of the initial condensation. Thus, 1 mol of urea is added 
for each 2 mols of free formaldehyde remaining after mixing 100 parts of urea with 
600 parts of 40 per cent formalin and boiling until 60 per cent of the mixture has 
evaporated. The solution may then be concentrated at a temperature below 50°C. 
in vacuo until its viscosity has reached the highest value for which the operation of 
casting in molds is still practicable. The product, hardened‘at OO-IOO^'C., is clear 
and does not become porous or clouded during molding due to liberation of formalde¬ 
hyde. Moreover, the absence of gas evolution during curing at lOO^’C. aids the pro¬ 
duction of sharper moldings. 

Poliak" described the preparation of transparent products free from uncombined 
aldehyde, in which urea is condensed with less than 2 mols of formaldehyde while 

«TM. Luther, W. Punss, R. Qrieesbach and C. Heuck, U. S. P. 1,794,084, Feb 24, 1931, to I. G. 
Farbenind. A.-Q.; Chem. Abs., 1981, 25, 2253. R. Gnessbach and M. von Blumencron, Geiman P. 
510A18. 1925, to 1. G. Farbenind. A.-G.; Chem. Abt,, 1931, 25, 1045. British P. 259,950, 1925; Chem. 
Ab$., 1927, 21, 8481. 

M. von Blumencron and E. Hochheim, German P. 511,979, 1920, to I. G. Farbenind. A.*G.; 
Chem. Abs., 1981, 25, 1846. British P. 264,460, 1926; Brit. Chem. Abs. B, 1928, 532. 

^J. Licht^b^er, Freneh P. 722,289, 1980, to Rtabl. Lambiotte Fibres; Chem. Abs., 19^, 26, 4191. 

» British P. 291,866, 1927, to Kunstharafabr. F. Poliak G.m.b H.; Chem. Abs., 1929, 23, 1227. 

'^tp. Poliak and K. Ripper, U. S. P. 1,507.624, Sept. 9, 1924; Chem. Abs., 1924, 18, 8458. F. Poliak, 
British P. 198,420, 1928; Chem. Abs., 1928, 17, 8845. 

"Britirii P. 801.798, 1927, to KunsthanEfsbr. F. Poliak Q.m.b.H.; Chem. Abs., 1929, 23, 4308. French 
P. 657.794, 1928; Chem. Abs., 1929, 23, 4588. French P. 674,999, 1929, to Pollopas, Ltd.; Chem. Abs., 
1980, 24, 2846. 
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always maintaining some free formaldehyde in the reaction mixture, by the pro¬ 
cedure of adding the urea gradually in progressively decreasing amounts. By a 
proper choice of the acid condensing agent, all the urea may be reacted before 
gelatinization occurs. A final acid polymerization may follow initial condensa¬ 
tion in either neutral or alkaline solution. 

Poliak” was of the opinion that restriction of the excess of formaldehyde present 
at any moment during the actual condensation did not permit of condensation 
being performed under optimum or even reproducible conditions. He thought 
the use of some excess was preferable, followed by removal of that excess, a step 
which may be performed either by reaction with further urea or thiourea or by 
the passage of a current of air or inert gas through the liquid at 80®C. Free, 
unreacted formaldehyde may thus be removed until its concentration has fallen 
to that value (usually 0.8-1.6%) which he considered necessary to avoid gelation 
of the resin. 

Resins from urea and formaldehyde, said to be free from any deleterious products 
of side reactions.®* may be obtained bv mixing the condensation product of 1 mol 
of urea and less than 1.4 mols of formaldehyde with the product obtained by acid con¬ 
densation of urea with more than 2 mold of fonnaldehyde, so that the ultimate ratio 
is about 1.8 mols of formaldehyde to 1 mol of urea. Thus, 60 parts of urea are dis¬ 
solved in 347 parts of 30 per cent formaldehyde and boiled with 1 part of 10 per 
cent acetic acid. Then, 89 parts of urea are dissolved in 89 parts of 30 per cent 
formaldehyde, added to the first mixture during a period of 30 minutes and heated to 
complete the reaction. 

Gama and Widmer/*® in preparing resins free from excess formaldehyde, carry out 
the initial condensation in the presence of at least 2 mols of formaldehyde. Enough 
urea is then added that the mixture contains at least 1.05 mols of urea per mol of 
formaldehyde. A small proportion of an acidic compound is introduced at the same 
time. As an example, 320 parts of neutral 30 per cent formalin are refluxed with 120 
parts of urea for 30 hours. After evaporation at a low temperature, 20 parts of urea 
and one-eighth part of sulphuric acid in 20 parts of water are added. No reaction 
occurs immediately. On evaporating the solvent water in a vacuum, there is formed 
a clear, viscous liquid, soluble in water, which hardens slowly on standing; the harden¬ 
ing takes place more rapidly on warming. The second portion of urea and the acid 
may alternatively be added at any stage during the concentration process. According 
to the final proportions of urea, the resins produced are transparent (with less than 
1.1 mols of urea per 2 mols of formaldehyde) or translucent, becoming opaque with 
higher urea content. A stated advantage of this process is that the lowering of vis¬ 
cosity brought about by the second addition of urea enables dehydration to proceed 
much further before gelation occurs. 

By incorporating a powdered reagent (urea or resorcinol) in a molding com¬ 
position to fix liberated formaldehyde, glassy or porcellaneous products are ob¬ 
tained.” Sufficient urea may thus be added to bring the proportions down to 
1.5 mols of formaldehyde per mol of urea. If desired, the secondary addition of 
urea may be made in such proportion that there still remains an excess of un¬ 
combined formaldehyde.*^ Free formaldehyde may be eliminated also by the addi¬ 
tion of various sulphur compounds (hydrogen sulphide or ammonium sulphide).” 

“P. Poliak, U. S. P. 1,950,746, Mar. 13, 1934, to Synthetic Plastics Co., Inc.; Chem. Ab$., 1984, 
28, 8606. 

M British P. 880,601, 1029, to Kunstharsfabr. F. Poliak Gm.b.H.; Brit. Chem. Ahe^ B, 1081, 268. 
French P. 680,110, 1929, to Pollopas, Ltd.; Chem. Ah»„ 1030, 24, 3867. 

A. Gams and G. Widmer, U. 8. P. 1,718,901, June 25, 1929, to Soc. anon, pow Find. chim. k B61e; 
Chem. Abi., 1929, 23, 4031. British P. 249,101, 1926; Brit Chem. Aba. B, 1927, 568. German P. 
499,710, 1925; Chem. Aba., 1930, 24, 4597. Canadian P. 281,327, 1928; Chem. Aba., 1928, 22, 8270. See 
also British P. 418,489, 1938; Brit. Chem. Aba. B, 1934, 805. 

“British P. 373,184, 1932, to Toledo Synthetic Products, Inc.; Chem. Aba., 1933, 27, 8887. Fr«ach 
P. 715,158 and 715,154, 1931; Chem. Aha., 1932, 26. 1731. 

“French P. 674,589, 1929, to Toledo Scale Mfg. Co.; Chem. Aba., 1980, 24, 2906. 

“J. Malet and R Armonault, French P. 38,359, 1929, addn. to 679,321, to Fabr. de prod, de 
chim. de Laire; Chem. Aha., 1932, 26, 1144. • 
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According to Rothera, Ely then and Gillespie,” the use of at least two molecular 
proportions of formaldehyde is desirable in the preparation of initially clear, glass¬ 
like, resinous materials. Smidth,” however, observed that transparency in the 
ultraviolet region, also resistance to weathering, was favored by a high proportion 
of urea. If two mols of formaldehyde be condensed with one mol of urea, in a 
solution of ph above 4, the dimethylolurea first formed undergoes further con¬ 
densation with elimination of formaldehyde, which according to Smidth follows 
the approximate equation: 

4 CH 2 O-f 2C0(NH2)2 2CO(NH—CHjOH)* —>- C6H„,08N4 + CII 2 O-f 2 H 2 O 

If, now, the liberation of formaldehyde be followed analytically, further adequate 
quantities 01 urea*' may be added to react with it, maintaining the proportion of 1 
n^ol of urea added for each 2 mols of free formaldehyde. The addition of urea is 
best carried out in such a manner that there is always a slight excess of free formal¬ 
dehyde. 

In this manner, up to 1.3 mols of urea may be condensed with 2 mols of formalde¬ 
hyde. Thus, 60 cc. of 39 per cent formaldehyde (pa = 5.0) were refluxed with 19 g. 
01 urea, and after 5 minutes of boiling, 16 drops of 1 formic acid were added. On 
boiling.25 minutes longer, 3 g. more urea were added, and the whole boiled for an 
additional 5 minutes. The solution was then concentrated under reduced pressure 
during which operation the addition of a further quantity of urea could be made. 

A related process, involving the addition of urea to the syrupy concentrate 
resulting from the evaporation in vacuo of the initial acid-condensed product, has 
been developed by Goldschmidt and Mayrhofer.” Cloudy, vitreous substances are 
thereby obtained which become transparent on standing or on treatment with 
acetic acid or acetone. By progressively adding 0.73-0.75 mol of urea to 2 mols 
of formaldehyde in the presence of acid condensing agents, clear resins may be 
obtained which are suggested as substitutes for plate glass.” 


The Dehydration of Urea-Formaldehyde Resins 


The critical and important process of dehydrating the gelled resin condensa¬ 
tion products may be performed, according to Ramstetter,” by addition of organic 
solvents, e.g., glycol cWorohydrin, glycol monoacetate, formamide, formic acid and 
acetic acid, during the condensation. When these solvents are distilled off, the 
water is completely removed also, leaving a clear anhydrous resin. Other sub¬ 
stances, capable of forming volatile mixtures with water vapor and of giving 
transparent solutions of the condensation product, may be used, e.g., glacial acetic 
acid, benzyl alcohol or glycerol.” 

The addition of the organic substance may be made either to the reaction mixture, 
or to the concentrated product. In producing lacquers, repeated addition and distilla- 

S. Rothera, S. Blythen and H. R. Gillespie, German P. 527,522, 1928; Chem. Abs., 1931, 25, 

5259. 

«>L. Smidth, tJ. S. P. 1,893,911, Jan. 10, 1933; Chem. Abe., 1933, 27. 2260. 

Thiourea may be added in place of urea, according to L Smidth (U. S. P. 1,704,347, Mar. 5, 
1989, to £. G. Budd Mfg. Co.; Chem. Abe., 1929, 23, 2000. U. S. Reissue 18,943, Sept. 12, 1933; Chem. 
Abe., 1933, 27, 5907). 

*■8. Goldschmidt and R. Ma 3 rrhofer, German P. 551,422, 1927; Chem. Aba., 1932, 26, 4425. 

**S. Goldschmidt and R. Mayrhofer, German P. 561,050, 1928; Chem. Abe., 1933, 27, 1113. F. 
Lauter (U. S. P. 1,671,596, May 29, 1928, to Rohm A Haas Co.; Chem. Abe., 1928, 22, 2673) alleged 
that the cloudiness, apt to spoil transparent products, was due to the formation of methyleneurea. 

Ramstetter, German P. 408,645, l(w, to Badische Anilin- A Soda-Fabrik; J.8.C.I., 1925, 
44, 216B. ^ 

«K, Ripper, U. 8. P. 1,762,456, June 10, 1930, to F. Poliak; Chem. Abe., 1930. 24, 8867. U. 8. 
Reissue 19,468, Feb. 12, 1935, to American CVenamid Go.; Chem. Abe., 1935, 29, 2264. See also F. 
Poliak, British P. 288,904, 1924; Chem. Abe., 1926, 20, 2052. W. S. Rothera, 8. Blythen and H. R. 
Gillespie, German P. 567<f271, 1925; Chem. Abe., 1988, 27, 1464. 
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tion of low-boiling solvents may be employed to remove water. In place of a single 
added substance, two different organic compounds may be used. The first may be a 
volatile constituent, e.g., amyl acetate, to cariy off the water from the resin, and 
the other may be a less volatile or non-volatile substance (benzyl alcohol, glycerol 
or sugar) which is largely retained and modifies the properties of the resin. For 
instance, the addition of bomeol or camphor gives rise to very flexible, highly plastic 
products. As an example, 150 parts of an intermediate condensation product are 
dissolved in 50 parts of alcohol, and 5 to 10 parts of benzene are added. A temaiy 
mixture of water, benzene and alcohol is removed by vacuum distillation, and a repeti¬ 
tion of the operation displaces the water completely, leaving an alcoholic solution of 
the resin to which 2 parts of bomeol, dissolved in 50 parts of alcohol, are added. 
The solution obtained is evaporated to a syrupy consistency, and yields a resinous 
body which is hardened at 100°C. 


The principle of forming constant-boiling mixtures with organic substances has 
been applied also by Crump.** Urea, dissolved in part of the formaldehyde, is 
added to the hot bulk of the formaldehyde, and the mass is concentrated in vacuo 
while still in the soluble form. An organic liquid (e.g., butyl alcohol) is added and 
removed by boiling in an open pan. In this way water is very completely removed 
as a constant-boiling mixture. 

Aqueous dispersions of urea-formaldehyde resins containing dyes, plasticizers 
or modifying agents may be dehydrated by spraying into a stream of gas heated 
to a temperature higher than the boiling point of water for the prevailing pres¬ 
sure.*^ Gases suggested for the purpose are air, carbon dioxide, helium or vapors 
of diphenyl oxide. 

The addition of non-volatile substances miscible both with the urea-formalde¬ 
hyde colloid and with water** (e.g., glycol), before concentration of the solution 
of the condensation product, also assists m the elimination of water. Cherry*® 
reported that the addition of sucrose (20 per cent of the amount of urea used) 
enabled clear molded articles to be made without cracking.’® Bearing” stated 
that gum acacia was analogous to sucrose in its action with urea condensates. 

If the product is dehydrated by merely evaporating off the water, measure¬ 
ments of the specific electrical resistance (or conductivity) of the reaction mixture 
serve as indications of the^ rate of evaporation.’* A mode of control is obtained by 
this means, and interruption of the process at a particular point is made possible. 

Solvents may be removed from liquid urea-formaldehyde condensates by sub¬ 
jecting the dispersion to steam distillation, according to Pungs, Eisenmann and 
Kuchenbuch.’* A hydrophobe gel is thereby obtained, from which much water may 
be removed by kneading or rolling. By rolling into thin strips, the substance 
may be dried more easily and thoroughly, becoming clear and glass-hard. The 
pulverized product may he first dried in vacuo, which gives a solvent-free mate¬ 
rial that can be molded. These investigators also extracted the solid condensa¬ 
tion products with volatile non-hydroxylic solvents, e.g., ether, benzene or methyl 
formate, separ^,ting the resin into two fractions. One fraction is an insoluble, 
glass-like solid, the other, making up 15-20 per cent of the whole, is a colorless, 
viscous gum, which may be used as a softening agent for cellulose derivatives, or as 


•• .T. W. Crump, British P. 309,849, 1928, to Bakelite, Ltd.; Chem. i4b«., 1930, 24, 740. French P. 
658,411, 1928; C/iem. Abi., 1929, 23, 5339. 

•’British P. 408,689, 1934, to Bakelite Corp.; Chem. Abs., 1934 , 28, 5693. 

••French P. 736,744, 1931, to Soc. Nobel francaise; Chem. Abs., 1933, 27, 1531. 

••O. A. Cherry, U. S. P. 1,799,954, Apr. 7, 1981, to Economy Fuse A Mfg. Co.; Chem. Abs., 1981, 
2S, 8136, 

’•Resins prepared with sugars, formaldehyde and urea are discussed in CSiapter 36. 

’^M. C. Dearing, U. S. P. 1,982,795, Doc. 4, 1934, to Economy Fuse A Mfg. Ob.; Chem. Abs., 


1935, 29, 525. 

’•R. Qriessbaoh 


and C. MUller, German P. 487,013, 1925, to I. G. Farbenind. A.-G.; Chem. Abs., 


fW. Pungs, K. Eisenmann and J. Kuchenbuch, U, S. P. 1,889,791, Dec. 6, 1932, to I. G. Farbenmd. 
A.-a,; Chem. Abs., 1988, 27, 1774, German P. 519,892, 1929; Chem. Abs., 1931, 25, 3448. British P. 
332,634, 1929; Chem. Abs., 1981, 25, 389. French P. ^,185, 1930; Chem Abs., 1931. 25, 835. 
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an adhesive. The solid fraction, like the original condensation product, is soluble 
in polyhydroxy compounds, higher ketones (e.g., cyclohexanone), furfural and 
ethers such as dioxane. 

Feinmann^* also fractionated urea-formaldehyde resins into portions with dif¬ 
fering properties. The hot resin is treated with just sufficient water to cause 
separation into two layers after cooling to 15°C. The upper, aqueous layer is 
sejiarated, and more water added to it to precipitate the condensation jiroduct. 
A sejiaration is thus achieved of the insoluble and partially water-soluble fractions 
of the resin. 

Organic Glass 

The various types of '^organic glass'" manufactured from urea-formaldehyde 
resins usually possess a transparency to ultraviolet light superior to that of ordinary 
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window glass. ® This fact, together with the resistance of the resins to discolora¬ 
tion on exposure to light, suggests their introduction as substitutes for ordinary 
glass. The observation that urea and formaldehyde would unite to form, on drying, 
a glass-like solid was formerly considered a discovery of the greatest importance. 
The- announcement of this work was published in various journals discussing 
fiopular science and has led to much misapprehension. The statement has ap¬ 
peared that the clear material made in this way resembles glass in transparency 
but is much tougher and more serviceable in applications where the fragility of 
glass comes into question. These statements have not been borne out in actual 
practice. 

In the first place the surface of the urea resin ^^glass"' is soft relative to 
glass itself and is easily scratched. Likewise, because of its lack of adequate water- 
resistance, the surface becomes dulled on long exposure to humid conditions. The 
reaction between urea and formaldehyde, moreover, is not complete at the time 

^*1. Feinmann, British P. 397,909, 1932; Bnt. Chem. Abs. B, 1933, 929. French P. 752,431, 1933; 
Chm, Abi», 1984, 20, 1208. 

^For » short discussion of the light-transmitting characteristics of organic plastics, see Chem. 
Met, Bno>» 1983, 40, 409. 
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the ^‘glass^' is prepared and the subsequent progress of the reaction tends to set 
up stresses and strains in the sheet or article made from the resin, resulting eventu¬ 
ally in the spontaneous formation of cracks and fissures. Oftentimes these do 
not appear for a long period after the product has been made, but in due course 
they occur and the article made from the urea resin stock becomes disfigured and 
worthless. 

One type of urea-formaldehyde resin” that has been developed in an attempt 
to find a substitute for glass is, when freshly prepared, transparent to both visible 
and ultraviolet light and has a specific gravity of 1.44. The refractive index of 
the product varies from 1.6-1.9, and the hardness is 2.95 on Moh’s scale (the 
hardness of glass is 4.5-6.5), Its light-dispersive properties are similar to those 
of quartz crystal, which has suggested aj^plication to the production of optical 
parts. The material can be turned and does not melt on heating but chars at 
about 2(30°C.” 

Crist” has made a study of the ultraviolet transmission of a proposed glass 
substitute consisting of a condensation product of formaldehyde and urea. The 
percentage transmission at different wave lengths is given in Table 32, and a com¬ 
parison with other glasses is shown in Figure 92 taken from the work of Crist 
and that of Coblentz and Stair.” The sample used was clear, 3 mm. thick and 
had polished surfaces. 
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Kostka” observed that urea-formaldehyde resins show a readily distinguishable 
faint fluorescence when irradiated with ultraviolet light. However, phenol-formal¬ 
dehyde resins, which absorb ultraviolet radiation, do not fluoresce. The ultra¬ 
violet opacity of the phenol resins affords a ready means of distinguishing them 
from urea-formaldehyde products. Katowaki and Kasai®^ found that urea-for¬ 
maldehyde resin transmits rays having a wave length as short as 2300A. A thio¬ 
urea-formaldehyde resin, cured at 55°C., is said to have the next best trans¬ 
parency. Both resins darkened on exposure to light of long wave length because 
of the presence of water in the resin. A methylurea-formaldehyde resin had a 
range of transparency similar to that of ordinary glass, whereas a product jire- 
pared from ethylurea completely absorbed all light in the ultraviolet region. 

™Thi8 product, known an “Pollopas,” was on the work of F. Poliak of Vienna. It wn-? 

sold in the United States as "Luxite” {Phutirs 1929, 5, 359) See alsD C. Marx, Flastici, 1925, 1, 85. 
F. Poliak and K Ripoer, Chent. 7Aq„ 1924, 48, 569, 582. H R vSrhula, R. Srhmidt and I. Schmidt, 
Kerckfn, Hundschau, 1925, 33, 143; Chem. Abs., 1926, 20. t502 PfagticB, 1927, 3, 400. Ind. Eng. Chem , 
NewB Ed, 1927, 5, 16. Oil, Paint and Dmg Pep, 1926, 109(9), 21; Chem. Ahs., 1926, 20, 1891 A 
similar urea-fonnaldehvde product, “Prystal," has nl«K) been dev’eloped in an endeavor to produce a 
frlnsa-substitute (H. Barth51emy, Chim. et md,, 1926, 16, 367; Brit. Chem. Abs. B, 1928, 955. Cf 
PiaHirn, 1927, 3. 324). i 

"W. Landgra^er, Asphalt Teerind. 7Aq., 1926, 26. 1042 ; Chem. Abs, 1927. 21, 2172. See alho 
Molded Products, 1927, 3, 872 , 504; PMics, 1927, 3, 214. 

^R. H. Crist, Ind. Eng. Chem., 1928, 20, 1867, The product studied was *'Aldur’^ (See N. Klein, 
Plasties, 1928, 4, 688). Aldur was made by the Luco Products Oorp. 

^W. W. Coblenta and R. Stair, Trans. Ilium. Eng. Soc., 1928, 23, 247, 1121; Chem. Abs., 1929, 

944. 

»G. Kostka. Chem. Ztg., 1929. 53, 117; Brit. Chem. Abs. B. 1929, 293. 

•*H. Katowaki and Y. Kasai, Repts. Imp. Ind. Research Inst., Osaka, Japan, 1932, 13(3), 25; 
Chem. Abs., 1988, 27. 1719. 
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Gams and Widmer** employed sheets of urea-formaldehyde resin (without any 
glass) in constructing a laminated material designed to replace glass in wind¬ 
shields and other products. For this purpose it is proposed to use the resin in 
two distinct stages of condensation, the less-condensed substance serving as an 
adhesive for sheets of the more highly polymerized material. 

To obtain the more highly condensed resin, 5 kilos of urea are dissolved in 12,7 
liters of 40 per cent formaldehyde, and the solution is filtered after the addition of 
600 g. of animal charcoal. The filtrate is heated for 8 hours at 100®C. in an autoclave 
and evaporated at a low temperature. After adding 100 g. of phosphoric acid, the 
resin is cast in molds and hardened by increased temperature. The softer resin is 
prepared similarly, but together with the phosphoric acid is added 500 g. of benzyl 
alcohol as a softening agent. When the resins have been hardened into a workable 
glassy mass, thin sheets are cut, and a sheet of the soft resin is laid between two 
sheets of the hard resin. This combination of layers is then pressed for an hour 
at 100°C. and 50 atmospheres pressure. The resulting plate is further hardened by 
the usual methods until the polymerization of the resin is complete. 

Capart*® suggested that the strength and mechanical properties of glass-like 
urea resins could be improved by surfacing them with colloidal deposits of metals 
or metalloids. The metallic covering may be used, according to this investigator, 
as a conducting medium for the electrodeposition of other metal layers in the 
production of mirrors. Walter** hardened the surface of organic glasses by ap-* 
plying a harder, transparent varnish (e.g., a cellulose lacquer) as a coating. 

When urea-formaldehyde condensation products are formed in water solution 
at a controlled hydrogen ion concentration, followed by evaporation of the sol¬ 
vent, drying and aging, strain is liable to develop and may cause cracking or dis¬ 
integration of the molded product as has already been indicated. Smidth and 
Crist* heated a cast urea resin (prepared from 1.2 mols of urea and 2 mols of 
formaldehyde) in a bath of mineral oil at about 165°C. At this temperature 
the resin softens The softening step is said to relieve strains causing possible 
deterioration, and at the same time the article can be shaped while in the plastic 
condition. The heating time is generally 1 minute. 

Muller* formed transparent, glass-like materials by molding urea-formaldehyde 
condensation products in closed molds made of non-metallic substances (e.g., glass 
and plywood) and dried the molded articles in a moist medium until the specific gravity 
no longer.varied. Before completion of the drying, the molded piece was compressed. 
Specifically, 80 kg. of paraformaldehyde, 50 kg. of water and 63 kg. of urea are heated 
with 4 liters oi 2 N sodium hydroxide, until dissolved, and then refluxed for 1 hour. 
A condensation product (10 kg.) of glycerol and adipic acid is added, and the reflux¬ 
ing is-continued. Then 6 kg, of 2 W sulphuric acid, in which 2 kg. of urea are dis¬ 

solved, are introduced into the mixture, and the whole is boiled until clear. The 
resulting liquid is cooled in the prepared molds and removed after 6-8 hours as a 
homogeneous, transparent, molded article ready for the drying process. The drying 
is accomplished by treating the product with air of progressively rising temperature 
and diminishing humidity. During the air-drying, the article is rested on a support 
having a shape similar to that of the original mold. 

**A. GamB and G. Widmer, U. S. P. 1,802,246, Apr. 21, 1931, to Roc. anon, pour I’ind. chim. k BWe; 
Chem. Ab«., 1981, 25, 3448. British P. 286,250, 1927; Brit. Chem. Abs. B, 1928, 792. French P. 737,654, 
1932; Chem. Ab»., 1983, 27. 1724. French P. 649,602, 1928; Chem. Aba., 1929, 23. 8062. 

«G. P. Capart, French P. 683,033, 1929; Chem. Aba., 1930 , 24, 4604. 

•*G. Walter, French P. 735,075, 1931; Chem. Aba., 1933, 27, 1118. 

*L. Smidth and R. H. Crist, U. S. P. 1,886,600, Nov. 8, 1932, to Luco Products Corp.; Chem. 

Abt., 1938. 27, 1464. 

«T. Miiller, French P. 755.381, 1938; Chem. Aba., 1934, 28, 1559. British P. 408,460, 1934; Chem. 
Abe., 1934, 28, 6004. British P. 419,806, 1933; Bnt. Chem. Aba. B, 1035, 69. 
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Urea plastics were used by Ramstetter®^ for making lenses and optical parts. 
Reference also may be made here to a method of manufacturing large disks from 
urea-formaldehyde resins.** The principal features of the method include the use 
of large, closed vertical molds made of acid glass and the drying of the molded 
disks in an air stream of gradually rising temperature and a humidity 10-40 per 
cent below the saturation pressure of water vapor at the prevailing temperatures. 

H. Ramstctter, German P. 416,753, 1923, to Badische Amlin- & Soda-FaVji.; Brit. Chcm. Abi. 
B, 1926, 203. 

** A. Mliller, E. Gerisch and W. Beusohel, German P. 584,398, 1933, to Ambi-Verwaltung A.-G.; 
Chem. Abs., 1934, 28, 352. German P. 596,618, 1934; Chem. Abs., 1934, 28, 3264. 



Chapter 28 
Urea Resins 

11. Hot-Molding Compositions. Fillers 

The conditions for making a satisfactory molded product in which urea resin' 
forms the binding agent or plastic material are very complicated. For one thing it 
has been found useful in reacting urea and formaldehyde to maintain a definite 
Ph control* because the degree of acidity or alkalinity of the composition materially 
influences the flow or plasticity of the molding composition. It is also necessary 
to have a composition available which on molding shrinks very slightly in the 
mold and gives sufficient opportunity to remove the finished article easily. At 
the same time, shrinkage must not be great enough to exceed the tolerance limits for 
the dimensions of the molded piece. 

Another point which should be noted in connection with products of the kind 
under discussion is that a molded article from a urea resin tends to absorb 
moisture in humid weather and to give it out in a dry atmosphere. Thus there 
progresses a constant, very slight expansion due to moisture take-up and a cor¬ 
responding shrinkage when such absorbed water is removed by drying. This 
change, however, is so slight that it does not result in fracture of the molded 
article. 

Due to this attraction for moisture, molded articles from urea resins are not 
absolutely water-resistant, and the degree of resistance depends in a large meas¬ 
ure on the method of making the molding composition as well as on the degree 
of cure. It is customary in testing the molded articles to boil a specimen in water 
for a given time, remove, dry and note the character of the surface. At the same 
time weighings are frequently made to determine the amount of water-absorption 
under the conditions of this test. Should the molded specimen, after drying, 
present a smooth, glossy surface, it is usually considered satisfactory but, on the 
other hand, if blisters have formed or disintegration has set in with deformation 
of the article, the product is not acceptable for most purposes. 

One important advantage which the urea resin molding compositions possess 
over those of the phenol-formaldehyde type is the relative translucency of the 
molded goods. It is possible to add colors to a refined phenol-formaldehyde resin 
and obtain very good shades, especially with the darker pigments, but articles 
molded from compositions so pigmented are decidedly opaque, lacking the slight 
measure of transparency or translucency of surface which gives to the molded 
articles from urea resin a brilliancy and depth of color that is not easily ob¬ 
tained by any other thermosetting composition. 

^For reviews eonceraing the use of urea-formaldehyde products in the mold'ng held, see: Carleton 
Ellis, CAem. MH. Eng., 1928, 35, 18; Ind. Eng. Chem., 1984, 26, 38. J. Scheiber, Farbe u. Lack., 1931, 
170; Ckem. Abt., 1931, 25, 8501. F. Schmidt, KoUoid-Z., 1928, 46, 824; Bnt. Chem. Abe. B, 1929, 125. 
W. C. Hirsch, Elec. Mfg., 1931, 7, 49. A; A. Drummond, Chem. Age (London), 1928, 19, 624. H. V. 
Potter, /.S.C./ , ir2 51, 869. See also Chem. Met. Eng., 1929, 36. 569; 1933, 40, 42. 

*1^ M. D5rib6r5, Rev. gSn, mat^ plaetiquee, 1033, 9, 4M; Chem. Abe., 1934, 23, 8191. See also 
Chapter 27. 
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Molding compositions containing urea resins can be processed to yield articles 
which are white, ivory or cream colored, and by the addition of pigments the 
pressed articles may be given a variety of the lighter tinted shades which are 
particularly desired. 

Much study has been devoted to the problem of obtaining colors or pigments 
for the urea resin compositions which will give molded articles that are fast to 
light while still possessing light tones or pastel shades. In the manufacture of 
molding compositions difficulty arises in matching colors. A product may be 
made of a given shade and sold and then, when the consumer of the molding 
composition wishes to duplicate his order, the factory has to produce the same 
shade. This may be of a delicate cast and difficult to reproduce, hence the plants 
producing the molding compositions have on hand men who are experts in color 
matching. 

The earlier products placed on the market were prepared by reaction between 
formaldehyde and mixtures of urea and thiourea. These substances react with 
formaldehyde in the same manner, that is, they yield methylol derivatives which 
condense to resins, but although equivalent in a generic sense the urea resins 
are displacing those from thiourea or from mixtures of urea and thiourea. The 
latter gives strength to the molded article but retards the rate of cure, with 
the result that the resins containing thiourea are not particularly in favor with 
a molder who seeks to obtain from his presses a large daily production. A 
further disadvantage arises in the action of thiourea on the steel molds used in 
molding establishments. Sulphur present in the thiourea blackens an ordinary 
steel mold and in the course of time the surface of the mold is impaired and 
consequently the molded articles do not possess the desired surface finish. To 
offset this, stainless steel of chromium-plated molds have been used, but the cost 
of molds, even when made from cheaper grades of steel, is so high that any addi¬ 
tional cost of mold making is frowned upon by the molders who require such 
equipment. The plating on molds protected in this manner is worn off in the 
course of time, especially at projecting parts of the mold walls where the flow 
of the composition is particularly severe and renewal of the plating is then needed. 
In view of these disadvantages the use of thiourea with urea is comparatively 
limited, although in some cases where a particular degree of strength and high 
water-resistance is required a portion of the urea may be replaced by thiourea. 

The specifications of the molder w’ith respect to flow of the material, surface 
finish and particularly absence of blistering are extremely precise and the manu¬ 
facturer of urea resin molding compositions has to conduct his manufacture in 
the most exact manner with every possible method of control in hand in order to 
meet these requirements (see Figure 93). If a molding composition during hot 
pressing generates gases too easily the molded article will show blisters either on 
the surface or in the interior, which of course cause distortion and defacement. 
It is sometimes customary, in molding plants where urea resin molding compositions 
are used, to relieve the mold of gases by raising the platen during the earlier stages 
of cure. If a very rapid molding composition is being used, it is generally suffi¬ 
cient simply to apply pressure, then immediately relieve the pressure and after 
the escape of gas, which occurs quickly, the press is closed until the cure is 
effected. 

As urea resin molding compositions are desired particularly to provide molded 
articles which are white, ivory-colored or of various delicate shades of color, the 
problem arises of avoiding the introduction of dirt and dust into the molding 
composition and also of molding under conditions which preclude the inclusion 
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of foreign matter. In the resin factory it is possible to filter the air entering the 
plant and to conduct the manufacturing operations with due regard for cleanliness 
in an effort to prevent the entrance of foreign particles. The molders, however, 
are not so well situated, since their plants as a rule are operating on phenol- 
formaldehyde products, which are generally dark in color. Therefore there is 
much dust in such molding establishments which is liable to get into the light- 
colored molded urea resin pieces and cause stains and specks. The defacement 
which results thus may cause a considerable number of rejections. Further, it 
should be noted that molds which have been used for phenol-formaldehyde products 
generally are difficult to clean adequately for use in molding light-colored urea 
resin articles. For this reason it is recommended that the molder avoid make- 
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Fig. 93. —Compression Molding Press from which a Resin-Impregnated Pre-form 

Is Being Removed. 

shifts and have a building or department for molding urea resins entirely separate 
from the phenol-formaldehyde work and to use every possible care to keep the 
urea-formaldehyde section free from dust. In the past a number of complaints 
which have arisen because of rejection of urea moldings have been blamed on the 
manufacturer by the molder, when in reality the molder himself may be responsi¬ 
ble due to operation in an inappropriate, dusty environment. 

Acid Condensing Agents 

It was found by Ellis* that the wide range of temperature between the harden¬ 
ing points of the methylolureas and their decomposition temperatures renders them 
especially suited to the manufacture of firm, heat-resistant, molded articles. Thus, 
dry dimethylolurea gave a white material which could be molded at 150®C. under 
1000 lb. pressure. The glossy molded product carbonized and burned, without 
melting, when held in the flame of a Bunsen burner. Resins of this type also 
may be incorporated in phenol-fbrmaldehyde or phenol-furfural resins, making 
mo^fied molding compositions. Aniline-furfural resins, phenol-sulphur resins or 

•Carleton Ellis, U. 8. P. 1,586.881, May 5. 1925; Chem. Aba., 1925, 19, 1956. 
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natural gums (cracked Congo resin) are also capable of incorporation with methyl- 
olurea. 

In the preparation of molding compositions, the acid used to bring about poly¬ 
merization of the urea condensation product is, to some extent, retained by and 
catalyzes the hardening of the resin. Hence, those acids having no deleterious 
action on the mold are desirable. Thus,* dimethylolurea may be “polymerized” by 
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Fig. 94. —Battery of Small Hydraulic Presses. 


phthalic anhydride or oxalic acid. By keeping the composition slightly acid, the 
material is less likely to be discolored on heating than if alkalies are present. 

The nature of the acid condensing agent used may have some effect on the 
properties of the resins formed.® If 20 parts of urea be mixed with 54 parts of 
40 per cent formaldehyde, in the presence of 0.4 part of caustic alkali, condensa¬ 
tion may be checked at the stage of dimethylolurea by neutralization with acetic 
acid or phthalic acid as soon as a turbidity appears. The resulting solution, which 
is stable indefinitely, may be coagulated (e.g., in a mold) by the addition of a 
small quantity of strong acid. Modifying agents such as casein, gelatin, dyes or 
fillers are added. The castings are allowed to stand until hard enough to handle, 


^Ckrlet^n Ellis, U. S. P. 1,M«,882, May 5, 1925; Chem. Abs., 1925, 19, 1956. 
‘C^rleton Ellis, U. S. P. 1,846,853, Feb. 28, 1932; Chem. Abs., 1932, 26, 2609 
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then dried superficially in the air. The material can be machined, and if water 
IS expelled by heating, the product becomes transparent and hard. The mineral 
acids or acid salts used for coagulating may, however, be replaced by organic 
acids. For example, when urea, phthalic anhydride and aqueous formaldehyde 
are heated together they form a thin, transparent syrup which becomes heavy¬ 
bodied on cooling. This may be diluted with alcoholic or ketonic solvents (e.g., 
with an equal bulk of acetone) to form varnishes or impregnating media that 
yield transparent coatings when baked. The condensation product embodying 
phthalic anhydride is more resistant towards discoloration by heat than the un¬ 
modified urea-formaldehyde resins. 

A resin of this type is made by boiling 15 parts of urea with 15 parts of phthalic 
anhydnde and 60 parts of 40 per cent formaldehyde, then drying at 50®C. until the 
material can be cut into strips or sheets, which on air-drying give a clear, glassy mate¬ 
rial that is suggested as a substitute for glass for some purposes. By baking at 
110-130®C., the material is rapidly made insoluble and can be used as a molding 
composition. Employed in this manner, with asbestos, wood flour or other filler, 
molded articles leave the mold freely, no mold-lubricant being necessary. In composi¬ 
tions of this type, phthalic acid is replaceable by other acids, e.g., benzoic acid, citric 
acid, gallic acid and trichloroacetic acid, giving rise to a considerable variation in the 
toughness, color and other properties of the products. 

A study of these various acid condensing-reagents was made by Ellis® who 
found that although mineral acids scarcely enter into combination with the urea- 
formaldehyde products, organic acids have a greater tendency to form resinous 
complexes. In the following succinct account of the experimental findings, 1 part 
of the designated acid is boiled with 1 part of urea and 4 parts of a 40 per cent 
formaldehyde solution: 

(1) Benzoic acid gives a white, opaque, syrupy liquid containing much crystalline 
material, after boiling for 5 minutes. This substance hardens readily to a fairly white 
product when heated on a hot plate. 

(2) With citric acid the mixture effervesces on heating, giving a clear syrup. On 
a hot plate, the material rapidly hardens with slight yellowing. 

(3) The reaction is exothermic with acetic anhydride and a clear, white jelly is ob¬ 
tained. A snow-white, infusible, glossy mass results on the hot plate. 

(4) Propionic acid gives a mild reaction leading to a white, non-syrupy solution. A 
transparent, hard, white mass is obtained by heating on a hot plate. 

(5) On heating the ingredients with gallic acid, a clear, thick, syrupy solution forms, 
which becomes clouded and slightly yellowish on heating. Hot-plate treatment gives 
a hard, glossy, yellowish resin. 

(6) Lactic acid gives a clear, syrupy solution which hardens to a yellowish resin on 
the hot plate. 

(7^ Boiling the ingredients with maleic acid yields a slightly yellow, thin syrup 
(fr^‘ from sediment) which gives a spongy, brownish, rather weak mass on the hot 
plate. 

(8) Treatment with salicylic acid results in the formation of a water-white syrup 
with some white, crystalline residue. If this is heated on the hot plate a tough, snow- 
white resin forms readily. 

(9) When tartaric acid is heated with the mix, effervescence is observed and a 
clear, not particularly syrupy solution results. Heating on the hot plate gives a 
fairly tough, pure white resip. 

(10) Acetyl salicylic acid forms a thick syrup, transformable into a transparent 
jelly. This reacts very quickly on the hot plate to produce a transparent resin. 

(11) With oxalic acid, a clear, rather thin, light-colored syrup is obtained which 
on heating (hot plate) sets to a hard mass. 

(12) A white syrup with much white solid matter resulted on reacting the mate¬ 
rials with mucic acid. Hot-plate treatment converts the product to a white resin, 
tougher than that obtained with, maleic acid. 

(13) By using tannic acid, a yellow solution passing through a syrupy stage to a 

*Csrl6ton Ellif, loc^ cii* 
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thin, transparent, yellowish brown jelly is obtained. After a brief hot-plate curing, 
a dark brown resin remains. 

(14) A vigorous, jelly-forming reactibn occurs with trichloroacetic acid. Further 
curing gives a white resin possessing considerable elasticity 

(15) Stearic acid gives a poor reaction with much s( 3 paration The product ob¬ 
tained on the hot plate is opaque and lacks strength. 

According to Luther and Haag,’ water-soluble, crystalline products are obtained 
by the condensation of at least 2 mols of urea with 1 mol of formaldehyde by 
means of acid condensing agent.s in organic solvents (eg., ethyl acetate). In 
water, condensation proceeds further, forming substances differing from methyl- 
cneurea in that they are soluble in hot water. Having a lower solubility than 



Courtesy IJnyte Cnrpnratwn 

Fig. 95. —Molded Articles of Unyte. The inlay piece shown consists of stamped metal, 
chromium-plated, molded inlo a sheet of Unyte.*^ 

* Compact manufactunxl by Ameiican Record Coiporation. 


urea and a high nitrogen content, these bodies have been suggested for use as 
fertilizers and fungicides. 

In the preparation of resins containing less than 2 mols of formaldehyde per 
mol of urea, condensation products very low in retained water are obtained by 
adding to the reaction mixture buffer compounds which, at the same time, reduce 
swelling.® The substances used for this purpose are the polybasic organic acids 
(citric acid), their salts and the salts of aluminum and other polyvalent metals 
with organic acids.* These are employed as the sole buffering agents. 

Salts and other compounds undergoing acid hydrolysis are also used." Such 


M. Luther Mid W. HaS/g, German P. 528,582, 1929, to I G. Farbenjnd, A -G ; Chem. Abs., 1931, 
25, 5259. 

«M Luther, W Pungs, R. Grietisbach and C. Heuck, U. S. P. 1,952,59S, Mar. 27, 1934; to I G 
Farbenind. A.-O.; Chem. Aba., 1934, 28, 3540. 

•Titanium citrate, lactate or tartrate may he used in the resm-fomimg reaction (French P. 
763,066, 1M4, to Soc. Ind. des vernis adhe.sifa; Chrm. Aha., 1934 , 28, 5263). 

“M. Luther and C. Heuck, U. S. P. 1,791,062, Feb. 3, 1931, to I. G. Faibcnind. A.-G.; Chem. 
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substances are magnesium chloride, formamide and formic ester. Thus, 1200 
parts of urea in 800 parts of water are condensed with 4000 parts of 30 per cent 
formaldehyde in the presence of a sodium acetate-acetic acid buffer. After con¬ 
densation, 7 parts of dilute sodium acetate solution are added, and the mixture 
concentrated in vacuo. Before completion of the evaporation step, a concentrated 
solution of 10 parts of magnesium chloride is added. The viscous product is com¬ 
pletely hardened by keeping at 70®C. for 12 hours. 

Ph Control 

Ellis“ observes that, between the pn limits 4-8 customarily used lor the initial 
stage of condensation, the time required for reaction varies with the hydrogen- 
ion concentration. At the same time, the Ph of the mixture changes slightly during 
reaction, e.g., from 6 to 5.1. The time required for drying the resin is also related 
to the period of heating during condensation. If the latter operation be advanced 
as far as possible in the liquid phase without gelation, the drying is expedited and 
may be carried out in air or in a vacuum drier, below 50°C. Avoidance of pre¬ 
curing during drying is essential if the molding properties of the resin are to re¬ 
main unimpaired. 

Cherry^ recommended that the condensation of urea and formaldehyde be 
carried out at a pn of 5. This value is attained in commercial formaldehyde 
solutions (containing usually 0.02-0.03 per cent of formic acid) in the presence of 
lead, manganese or other heavy metal acetates as buffering salts. In the presence 
of a reactive metal (zinc), the formic acid reacts to yield zinc formate, which 
exercises a buffering action. According to another procedure,” condensation may 
be carried out at a Ph of 3, and the pn of the solution raised to 7 before it is 
concentrated. The final reaction of the concentrated product may then be ef¬ 
fected by acidifying so that the pn is between 3 and 5. Goldschmidt and Gerische** 
prepared condensation products by refluxing paraformaldehyde, urea and a small 
amount ol 2 N sodium hydroxide. Sulphuric acid was then added and heating 
continued until a viscous mass was formed. After adding ethyl alcohol (or other 
lower alcohol), the mixture was cooled. The product remained fluid for several 
days and then gelatinized. A modification of this reaction entails the use of 
trioxymethylene, butyl alcohol, urea, 0.5 N sodium hydroxide and 0.5 N sul- 
phyric acid.” The method employs super-atmospheric pressures by performing 
the reaction in an autoclave heated to 135°C. 

The formaldehyde used in urea-aldehyde condensations can be treated with mag¬ 
nesium carbonate to control the Ph of the reaction mixture. Thus, Ellis’* added 10 
parts of light magnesium carbonate (this may be prepared from cold dilute solutions 
of magnesium sulphate and sodium carbonate) to a mixture containing 840 parts 
of urea, 300 parts of thiourea and 2250 parts of formalin. The initial pn of 7 changed 
to 8.4 on heating over a period of 10-12 minutes up to 65®C., and at the temperature 

Abi., 1931, 25. 1645. German P. 535,852, 1925; Chem. Abs., 1932 , 26, 1404. Bntish P. 278,698, 1926; 
Chem, Ab8., 1928, 22, 2645. French P. 643,104, 1927; Chem. Abs., 1929, 23, 1482. See also German P. 
537,611, 1926; Chem. Abs., 1932, 26, 1404. German P. 542,785, 1926; Chem. Aba., 1932, 26, 3344. German 
P. 557,427, 1925; Chem. Aba., 1933 , 27 , 817 

iiCarleton Ellis, U. S. P. 1,905,999, Apr. 25, 1933, to E31is-Foster do.; Chem. Aba., 1938, 27, 3629. 

^O. A. Cherry, U. S. P. 1,737,918, Dec. 3, 1929, to Economy Fuse A Mfg. Co.; Chem. Aba., 1930. 

24, 980. 

^•O. A. Cherry, U. 8. P. 1,790,461, Jan. 27, 1931, to Economy Fuse A Mfg. Co.; Chem. Aba., 1931, 

25, 1346, E. C. C. Baly and E. J. Baly (British P. 301,626, 1927, to Pollopas, Ltd.; Chem. Aba., 
1929, 23, 4808) recommend an aqueous sotution with a P|{ of 5-7 for the condensation. 

Goldschmidt and E. Gerische, German P. 584,856, 1933, to Ambi Verwaltung A.-G.; Chem. 
Abs.» [934, 28, 1154. 

^w. Pungs and K. Eisenmann, U. 8. P. 1,967,685, July 24, 1984, to Unyte Corp.; Chem. Aba., 

1984, 28, 5941. 

MCarleton Ellis, U. 8. P. 1,905,999, Apr. 25, 1983, to Ellis-Foster Co.; Chem. Aba., 1983, 27, 8629. 
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of boiling the pn was 7.8. According to Bearing,” a stable formaldehyde solution 
with a Ph of 7.1 can be obtained by adding 2.5 per cent (by weight) of basic mag¬ 
nesium carbonate to commercial formalin. This solution maintains its neutrality over 
long periods of time. 

Two or possibly three factors influence the production of water-.soluble urea- 
formaldehyde condensates; these are (1) the pu of the condensing medium, (2) 
the ratio of urea to formaldehyde, and (3) in some cases on the rate of addition 
of the urea to the formaldehyde. By reacting 1 mol of urea with 2 mols of formal¬ 
dehyde in a medium having a Ph of 5, Bearing^ obtained a condensate which 
gave a water-insoluble precipitate upon dilution with a large amount of water 
after the elimination of free formaldehyde. The jiroduct, which may be molded 
with heat and pressure, is at first fibrous, but becomes amorphous after washing 
with fresh quantities of water. 

Bearing^" prepared a molding powder by employing an initial Ph of 5 and adding 
acid to complete the condensation. Thus, 860 parts of water and ^ parts of urea are 
added to 300 parts of formalin (adjusted to a Ph of 5). The solution is boiled 
for one minute, and 30 parts of urea are introduced. After an additional one minute 
interval 21 parts of urea are added; and the refluxing is continued for one hour, adding 
2 parts of hydrochloric acid (sp.gr. 1.18) at the end of this period. The solution is 
boiled five hours longer with the subsequent addition of 5 parts of hydrochloric acid 
While the reactants are refluxing for 14 hours more, a copious precipitate is formed 
which IS separated, washed and dried. 

Organic base.s which do not react with formaldehyde (e.g., triethanolamine) 
may also be used to adjust the pu of formaldehyde solutionsFormalin so 
treated and brought to a pu of 5-6“* may be condensed by progressive addition 
of urea until a half molar proportion of urea has been added, and the reflux 
mixture concentrated to a thick syrup. If the pu be then brought to 7-7.5, 
formaldehyde remaining free may be fixed by incorporation of a further quantity 
of urea or thiourea. If esters of polj^basic acids with polyhydnc alcohols, which 
serve as plasticizers, are added, the pa of the concentrated product may be lowered 
to 3.5-5, the resin being then dried in vacuo at not too high a temperature (80- 
140°C., depending on the article to be made). The products, containing formal¬ 
dehyde and urea approximately in the proportion 1.75:1, may be molded and 
cured by the application of heat and pressure. By condensing 1 mol of urea with 
a moderate proportion of formaldehyde* (1.05-1.55 mols) at 30°C. m a solution 
with a Ph of 4-7, followed by evaporation at 60°C., products useful as molding 
compositions are obtained.®* As above, the adjustment of p„ may be effected by 
the addition of organic bases, e.g., triethanolamine or guanidine. Substances 
(e.g., saccharin) which lose their acid character dunng -the reaction have been 
suggested for the polymerization of the urea-formaldehyde condensates.®* 

Griffith®* considered that the addition of guanidine confers a much greater 

” M. C. Dearing, U. S. P. 1,925,795, Sept. 5, 1933, to Economy Fuse & Mfg Co.; Chem. Abs , 
1988 27 5483. 

“M*. C. Dearing, U. 8. P. 1,982,794, Dec. 4, 1934, to Economy Fuse & Mfg. Co ; Chem. Aba., 

1935, 29, 525. 

^M. C. Dearing, U. S. P. 1,982,796, Dec. 4, 1934, to Economy Fuse <5: Mfg. Co.; Chem. Abs. 

1985, 29, 525. 

French P. 685,945, 1929, to Toledo Scale Mfg. Oo.; Chem. Aba., 1930, 24, 6041. British P. 
345,935, 1929; Brit. Chem. Aba. B, J931, 642. 

*>• British P. 337,357, 1929, to Toledo Scale Mfg. Co.; Chem. i4h.i., 1931, 25, 2313. A. M Howald, 
Canadian P. 327,690, 1932, to Toledo Scale Mfg. Co., to Toledo Synthetic Products, Inc ; Chem Aba., 
1983, 27, 1219 See also Canadian P. 324,194, 1932; Chem. Aba , 1932 , 26, 4689. 

“British P. 876,807, 1932, to Toledo Synthetic Products, Inc.; Chem. Aba, 1933 , 27, 4110. French 
P. 715,158, 1931; Chem. Aba., 1932, 26, 1731. 

•French P. 681,400, 1929, to Pfenning Schumacher Werke G.ro.b.H.; Chem. Aha., 1930, 24, 4409. 

“P. W. Griffith, U. S. P. 1,658,597, Feb. 7, 1928, to Amencan Cyanamid Co.; Chem. Abs., 1928, 
22 , 1244. 
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latitude as to the Ph at which condensation may be effected without detri¬ 
ment to the color and transparency of the product. As little as 0.5 per cent of 
guanidine exercises a marked effect, whereas if 30 per cent of the urea be re¬ 
placed by guanidine carbonate, hard, colorless resins may be produced by con¬ 
densation at a Ph of 4-6. If, however, guanidine be substituted for urea entirely, 
satisfactory resins may be produced by condensation in a solution of any acidity 
between the Ph limits 3-10. When mixtures of urea and guanidine carbonate 
are employed, the acidity may conveniently be adjusted by addition of acid, 
using methyl red (ph of color change is 5-6) as indicator. The curing of resins 
containing guanidine is said to proceed more rapidly than with resins containing 
urea only. 



Fig. 96.-— 

pH Indicator for Plastic Mixes. 


Courtesy Leeds b* Northrup Co, 


Condensation products that are soluble in water and are reversible gels can 
be prepared, in the dry state or in solution, by condensing urea and formaldehyde 
without going beyond the hydrophile stageThe reaction is performed without 
accelerators, and the dry resulting material dissolves as a clear hydrosol that 
can be employed in the preparation of varnishes, impregnants or molding powders. 

The polymerization or further condensation of dimethylolurea may be carried 
out by heating a solution or suspension of the compound in the presence of a phos¬ 
phate, acid potassium oxalate or tartaric acid buffer which maintains the pn 
at 4-7,” Such a solution may be circulated through heated tubes where con¬ 
densation occurs, passing finally into a vacuum spray-drying chamber where the 
resin is dried to powder form. Buffered suspensions in non-aqueous solvents 
(monohydric or polyhydric alcohols) may also be employed. 

M French P. 751,801, 1038, to Soc. anon, pour I’ind. chim. h BOle; Chem. Abs., 1034, 28, 020. French 
P. 740,002, 1083; Chem. Abs., 1034, 28, 665. Britieh P. 413,439, 1034; Chem. Abs., 1035, 20, 252 

*»M. Luther. U. 8. P. 1,047,007, Feb. 20, 1034, to I. G. Farbenind. A.-G.; Chem. Abs., 1034, 28, 2927. 
British P. 806,875, 1027; Chem. Abs., 1020, 23, 5197. French P. 651,035, 1028; Chem. Abs., 1020, 23, 8315. 
British P. 320,015, 1028; Chem. Abs., 1080, 24, 2623. a Heuck and M. Luther, German P. 548,872, 
Id^, to I. Q. Parb^ind. A.-G.; Chem. Abs., 1932, 26, 4142. 
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Alkaline Condensing Agents 

The condensation of urea with formaldehyde in the presence of small quanti¬ 
ties of basic substances (eg., barium hydroxide) was found by Emhorn and 
Hamburger^ to lead to the formation of dimethylolurea (see Chapter 27). Basic 
catalysts thus can be used as condensing agents for bringing about the first 
stage of condensation in the manufacture of urea-formaldehyde resins. Urea 
may be treated with formaldehyde in the jiresence of a base, the solution then 
being neutralized, acidified to bring about gelatinization and poured into molds 
to solidifj'.’* In place of formalin solution, paraformaldehyde may be employed*® 



‘ Courtesy Pittsburgh Lectrodryer Corp. 

Fig. 97.—Air Dryer for Urea Plastics Teinix'raliire and humidity arc automatically 

controlled. 


in the presence of just sufficient alkali to bring about condensation as far as the 
stage of dimethylolurea. The general procedure*® is to dissolve urea in rather 
more than 2 mols of formaldehyde, with a small proportion of calcium or barium 
hydroxide. Dimethylolurea does not immediately separate, and on acidifying 
the solution with a mineral acid the liquid sets to a white mass with the evolu¬ 
tion of heat, becoming quite hard in the course of a short time. The outer layers 
of a thick mass of the substance are usually translucent, becoming clear on dr^ng 
in vaciu) or at room temperature, while the interior is white and opaque. Shrinkage 
occurs during drying, causing cracking and disintegration of the material. If the 
mass be poured out and dried in thin layers, the milky solid formed may be 
pulverized, and may then be molded in a hot press (e.g., under 4000 lb. pressure 


A. Einhorn and A. Hamburger, Ber.f 1908, 41, 24; J.CS,, 1908, 94 (1), 141 
“(irleton EUia. U. S, P. 1,482,857, Jan. 29, 1924; Chem, Abs., 1924, 18. 911. 
=*Carleton Ellis, U. S. P. 1,482,SjW, Jan. 29, Chem. 1J24, 18, JH. 

•»C^rleton Ellis, U. S. P. 1,538,882, May 5, 1925; Chem. Abt., 1925, 19. 1958. 
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at 160®C.) to give transparent materials. A molding pressure higher than that 
used with most plastics is desirable. 

The molding powder thus obtained still contains the acid used for polymeriza¬ 
tion. This may be washed out, or it may be neutralized by incorporating a small 
quantity of alkaline material in a mineral filler. The coagulated mass is hard and 
elastic; it is unaffected by cold water, but disintegrates slowly in boiling water. 
After molding, the resistance towards water is found to be improved. The 
clarity of the cured material increases with the completeness of the dehydration 
of the molding composition. 

The degree to which polymerization proceeds, and therefore the plasticity of 
the product, depends upon the temperature at which condensation occurs. 
Urea-formaldehyde solutions in contact with zinc carbonate or zinc oxide assume 
a Ph of about 6,®^ at which figure condensation proceeds at room temperature, 
yielding stable solutions of a low degree of polymerization, hardening on long 
standing to a fusible, crystalline mass which may be dried and hot-molded in 
the presence of an acid hardening agent. Alternatively, the melted crystalline 
material may be used to impregnate porous fillers (cellulose, asbestos). The fillers 
may be introduced into the solution in which condensation actually occurs. The 
materials so obtained, after hot-pressing, are said to possess higher mechanical 
strength than those condensed at high temperatures. 

By another process,” ammonium salts or the salts of aromatic or aliphatic amines 
are added to the urea-formaldehyde mixture, rendering it acid towards methyl orange 
but still alkaline to toumesol. Metallic oxides, hydroxides or basic salts may then be 
introduced to promote condensation. According to Amaud” the presence of carbo¬ 
hydrates (levulose, glucose, sucrose, dextrin) is advantageous in the process. The 
incorporation of a proportion of glucose has also been employed by Manesse and 
Sechehaye” and by Israel” with zinc oxide as the catalyst. By this method, 2700 g. 
of 40 per cent formaldehyde are mixed with 1000 g. of urea, 400 g. of glucose and 15 g. 
of zinc oxide. The reaction, at first endothermic, becomes exothermic. The mixture 
is heated until 800 cc. of water have distilled, and then concentrated under reduced 
pressure until 1600 cc, of aqueous distillate have been recovered. At this stage, the 
material is placed in molds and heated for 36 hours at 80®C. Sugars (glucose and 
lactose) may also be used as condensing agents and dehydrating compounds in the 
presence of ammonia or of ammonium salts.” 

Keller” utilized copper sulphate as a catalyst for the initial condensation 
process.’ The dry-stage reaction of urea and solid, anhydrous polymers of form¬ 
aldehyde was carried out by Keller” with the aid of a combination of basic 
and acidic catalysts, and led to the formation of clear, transparent, viscous con¬ 
densation products. A dry mixture of urea and paraformaldehyde with a small 
amount of the alkaline catalyst (sodium hydroxide, sodium bicarbonate or other 
basic salt) is moistened with saturated steam. Then an acid catalyst (e.g., acid 
sodium phosphate) is introduced and heat is applied to complete the reaction. 
Calcium chloride” and the other alkaline earth chlorides may be used as condens- 

R. Armenault, French P. 728,475, 1931, to Fabr. de prod, de chim. org. de Laire; Chem. Abs,, 
1982, 26, 5778. British P. 386,146, 1933; Chem, Ahs., 1933, 27, 4431. See British P. 420,317, 1938; Brit. 
Chem. Abe. B, 1935, 111. U. 8. P. 2,004,970, June 18, 1935. 

»L. Nolet, French P. 690,588, 1929; Chem. Abs., 1931, 25, 1110. 

»L. Amaud, French P. 688.269, 1929; Chem. Ab$., 1931, 25, 836. 

**G. C. A. Manesse and J. Sechehaye, British P. 352,288, 1929; Chem. Ab$., 1932, 26, 5392. 

»E. Israel, French P. 695,036, 1929; Chem. Abe., 1931, 25, 2013. 

*»G. C. A. Manesse and J. Sechehaye, French P. 714,888, 1390; Chem. Abe., 1932, 26, 1731. 

»A. V. Keller, British P. 326,070, 1929; Chem. Abe., 1930, 24, 4175. 

«A. y. Keller, U. S. P. 1,868,067, July 19, 1932; Chem. Abe., 1933, 26. 5183. British P. 840,372. 
1929; Chem. Abe., 1981, 25, 4678. French P. 686,147, 1929; Chem. Abe., 1930, 24, 6042. The initial 
eondeosation is also catalysed by sodium chloride, small quantities of inorganic acids and anhydrous 
oxides of aluminum or thorium (A. V. Keller, British P. 328,938, 1929; Chem. Aba., 1930, 24, 5518). 

"British P. 359,858, 1931, to 6oc. anon, la Ronite; Brii. Chem. Abe. B, 1932, 118. 
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ing agents. Formaldehyde and urea are mixed with 15-60 per cent by weight of 
calcium chloride, boiled to complete the methylolurea condensation, and finally 
polymerized by boiling with acid. 


Use of Formaldehyde Polymers 

Urea or thiourea mixed with solid polymerized formaldehyde and fillers, in 
the absence of water or volatile liquids, yields a product that can be hot-pressed 
directly.*® Binding agents, pigments and fire-resistant materials may also be added 
to the mix. The cohdensation can be carried out m a melt of organic compounds, 
which cannot be hardened or which harden only with difficulty,*^ or in a melt of 
solid hydrocarbons (chlorinated, nitrated or hydrogenated).*^ Among the organic 
substances used while molten as condensing media are rosin, copal, condensation 
products of mono- and polyvalent phenols or glycerol esters of phthalic acid, 
and nitrated, hydrogenated or chlorinated naphthalene as well as phenol-formalde¬ 
hyde resins.*'* 

In the production of molded articles from urea or its derivatives and solid 
polymerized formaldehyde in fused organic compounds,** catalysts added may 
function either in retarding or accelerating the reaction.*® For retardation, i.e., to 
maintain the fluidity of the material for a longer time, basic catalysts (ammonia, 
calcium hydroxide, hexamethylenetetramine or sodium carbonate) are employed. 
Acid catalysts, including citric acid, acetic acid, hydrochloric acid and urea nitrate, 
as well as a number of neutral catalysts accelerate the solidification process, i.e., 
harden the resin. 

Schmidt and Daniels*® have suggested a molding composition prepared by grinding 
a mixture containing 110 parts of urea, 110 parts of paraformaldehyde, 150 parts of 
sulphite fiber and 50 parts of hthopone m a ball mill. The product is then trans¬ 
ferred to differential sheeting rolls, where, on continued working, the resin-forming 
reaction sets in with a considerable rise in temperature. The water formed in the re¬ 
action is expelled as it is produced, and the operation is continued until the loss 
in weight (due to water expulsion) indicates the completion of the reaction. The 
resulting substance is a dry, sheeted mass, which, on being pulverized, is ready for 
molding. Additional plasticity is impaited by incorporating high-boiling solvents, 
e.g, diethyl or dibutyl tartrate or oxalate and halogenated naphthalene derivatives, 
with the material in the ball mill. 


Hardening Catalysts 


In order to shorten the duration of the actual molding operation and hence 
lessen labor costs, EUis*^ recommended the introduction of curing catalysts in the 
compositions employed. These catalysts may be direct acting (i.e., capable of 
accelerating the reaction at all times) or they may be latent (active mainly when a 
certain temperature is reached). Most of the white urea resin molding composi¬ 
tions are disintegrated by protracted heating, and hence the addition of hardening 
catalysts (especially the latent variety) by shortening the molding time tends 
to avoid the deterioration of the color and appearance of the article. To prepare 


*®Bnti8h P. 305.211, 1929, to Bakelite G.m.b.H.; Brtt. Chem. Abs. B, 1930, 823 British P. 882,934, 
1928; Chem, Aba., 1931, 25, 610. German P. 605,107, Chem. Aba., 1935, 29, 1180. O. SUssenguth, 

U. S. P. 2,007.987. July 16, 1985, to Bakelite Oorp, 

^Britiah P. 318,888, 1928, to Bakelite G.m.b.H.; Chem, Aba., 1930, 24, 2624. French P. 667,595, 
1929; Chrnn, Aba., 1980, 24, 1189. 

** British P, 338,298, 1929, to Bakelite G.m.b.H.; Bnt. Chem. Aba. B, 1930, 997. 

«0. Sttaaenguth, U. S. P. 1,996,087, Apr. 2, 1935, to Bakelite Corp. 

** British P* 318,959, 1929, to Bakelite G.m.b.H.; Chem. Aba., 1930, 24, 2624. 

"British P. 838,296, 1928, to Bakelite G.m.b.H.; Chem. Aba., 1931, 25, 611. , „ ^ 

"J. H. Schmidt and R. 8. Daniels, U. S. P. 1,917,815, July 11, 1933, to BakeUte CJorp.; Chem. 

Abf 1988 27 4640 

Oariiton Ellis, *U. S. P. 1,905,999, Apr. 25, 1933, to Ellis-Foster Ck>.; Chem. Aba., 1933, 27, 8629. 
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molding compositions, the initial urea-aldehyde reaction can be carried out in an 
alkaline medium, subsequent addition of acid controlling the hydrogen ion con¬ 
centration. During the molding, an added latent catalyst (e.g., amine-hydro- 
chlorides and sodium or barium ethylsulphate) liberates acid and effects the 
final hardening. Hardening calalysts may also be employed in urea resins con¬ 
taining cellulosic fillers. Thus, a secondary charge of wood flour is impregnated 
with the acid catalyst and added to the resin binder. Catalysts introduced in this 
manner do not come into active contact with the urea resm until the latter is 
molded. Protected m this manner, the acid is held m virtually an inactive state 
until the flow of the resin during hot pressing causes dissemination of the acid 
component with consequent increase in the rate of curing. 



Fig. 98.— 

Translucent Light Fixtures 
of Beetle Urea Resins. 


Courtesy Modern Plastics 


Substances, exemplified by phthalic acid, i3-bromohydrocinnamic acid and isodi- 
bromosuccinic anhydride which dissolve when the resin melts, producing acidit}’, 
were incorporated by Howald** together with plasticizers (e.g., natural or alkyd 
resins) in urea molding powders. In this way, 1 mol of urea was refluxed 3d 
minutes with 2.25 mols of formaldehyde to which triethanolamine had been 
added." The mixture was partially evaporated, more urea added and evapora¬ 
tion completed. The ground product was mixed with a polybasic acid-polyhydnc 
alcohol resin containing an excess of free acid, and sufficient urea was added to give 
The ratio 1 mol of urea to 1.5 or 2 mols of formaldehyde. 

The water usually present under molding conditions is used, by Eaton,®® to 
react with a neutral organic substance to liberate acid in sitUj e.g. addition of 
0.25-1 per cent of dimethyl oxalate is recommended. A small proportion (about 
3 per cent) of a mixture of various plasticizers may be added to assist the flow 
during molding." 

««A. M. Howald, British P. 812,843, 1928, to Toledo Scale Mfg. Co.; Chem. Ahs., 1930, 24, 982. 
French P. 672,851, 1929; Chem. Abs., 1930, 24. 2317. Canadian P. 824,194, 1932, to Toledo Synthetic 
Products, Inc.; Chem. Abs., 1932, 26, 46<9. Canadian P. 341.536, 1034; Chem. Abs., 1034, 28. 4849. 
German P. 603,434, ir34; Chem. Abs., 1935, 29, 524. 

British P. 837,867, 1929, to Toledo ^le Mfg. Co.: Chem. Abs., 1931, 25, 2318. British P. 
846,985, 1929; Brit. Chem. Abs. B, 1931, 642. British P. 312,343, 1930; Bnt. Chem. Abs. B, 1931, 73. 

»l/L. M. Eatcfn, British P. 858,470, 1980, to Poliopas, Ltd.; Chem. Abs., 1982, 26, 6166. French P. 
718,094. 1931; Chem. Abs., 1083, 27, 1531. 

nM. M. Eaton, British P. 358,075, 1980, to Poliopas, Ltd.; Chem. Abs., 1933, 27, 436. French P. 
718,094, mii Chem. Abs., 1983, 27. 1531. 
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Salts of hexamethylenetetramine may be added as accelerators,” and a solid 
organic acid (oxalic acid) incorporated with the mass while the material is being 
ground. Plastic compositions containing an acid accelerator are said to be pre¬ 
served without alteration by incorporating, in the composition, hexamethylene¬ 
tetramine in excess of the total amount of acid present.” 

As an alternative to the process of grinding the dried polymerization product, 
the material may be obtained in finely divided form by spraying the solution 
against a current of warm air at 40-50°C.” Such a process applied to the hydro- 
phile condensation product of less than two mols of formaldehyde with 1 mol 
of urea yields a product which may be mixed with ammonium sulphate to ac¬ 
celerate hot-pressing. According to Poliak and Kraus,” it is very desirable that 
molding compositions should have a low degree of polymerization and be free 
from excess formaldehyde. Premature polymerization may be brought about 
either by drying at too high a temperature, or by the action of excess of acid 
in the preparation of the resin. The amount of acid or acid salt used should there¬ 
fore be rigidly restricted and drying is best pierformed in vacuo. Spray drying 
can be used to dehydrate the finely comminuted product. The deleterious effect of 
free formaldehyde is overcome by the addition to the molding powder of am¬ 
monium salts, e.g., 0.5-2 per cent of ammonium sulphate, in a dry state. The 
time occupied in the molding operation may also be cut down by carrying out 
only partial polymerization within the mold, followed by a more prolonged heating 
process outside the mold to complete curing. 

A urea-formaldehyde product in the preliminary stage of its condensation is 
sometimes dissolved in a solvent (dichlorohydrin), mixed with a filler and con¬ 
verted to an insoluble form by heating.” 


Use op W.ater to Increase Flow 


A method of producing transparent plates from urea-formaldehyde condensa¬ 
tion products was developed by Goldschmidt and Beuschel.®^ In this process, 
thin, dry plates of the condensation product are treated for a short time with 
a liquid or vapor not acting as a binder (e.g., with water or with a water-soluble 
organic liquid that is not a solvent for the condensation product). The plates are 
then superimposed and united by heat and pressure. 


The function of water in increasing the flow properties of urea-formaldehyde resins 
is emphasized in the work of Landecker.” The urea-formaldehyde resms resemble 
protem-like masses such as casein, horn or glue in that they all show an excellent 
plasticity when molded with sufficient added water. Thus, a powdered urea-formal¬ 
dehyde molding material acquires a satisfactory fluidity on the addition of about 
5 per cent by weight of water. The resulting plasticity enables the moistened powder 
to flow under a pressure of less than 1000 pounds per square inch and allows the 
overflow to be rapidly squeezed out of the mold. This is considered to be ad¬ 
vantageous since, according to Landecker, urea resins normally require a pressure of 
4000 pounds per square inch for manufacturing even small and simple articles. In 
place of water, a salt that yields water of crystallization may be employed, and other 
liquids such as those which serve as plasticizers for natural albuminous substances 
»E. C. Rossiter, British P. 351,093, 1930, to British Cyanides Co., Ltd.; Chem. Abi., 1932, 
26 5392 

33 French P 714 101, 1931, to British Cyanides Co, Ltd.; Chem. Ahi.f 1932 , 26. 1731. German P. 
586 543 1933* Chem Aba., 1934, 28, 2480 E. O. RosMter and A. Brookes, British P. 359,498, 1930, 
C^*Aba.'im^i, m. Geniian P. 564,914, 1931; Chem. Aba., 1933, 27, 1222, 

British P 328.040, 1928, to Kunsthaizfabr. F. Poliak G rn.b H.; finL C/iem. Abs. B, 1930, 677. 
wp Poliak and SV Kmus. U. S. P. 1,935,411, Nov. 14, 1933, to Synthetic Plastics Co., Inc.; Chem. 
Aht 1934 2 8 591 British P 291,366, 1927, to Kunstharzfabr. F. Poliak G.m.b.H.; Chem. Aba., 
mS; 23; 1227 French P. 654,554, i928; Chem. Aba., 1929. 23, 3782. 

"British P. 369,571, 1929, to Bakelite G.m.b H ; Chem. Aba., mZ, 27, 3096. 

"8 Goldschtnidt and W. Beiisrhel. Geiman P. 553,161 1929; Chem. 26, 4690. 

"M. Landecker, U. S. P. 1,904,243, Apr. 18, 1933; Chem. Aba., 1983, 27, 3300. 
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(e^g., alcohols, amines or ketones) are also used. Instead of adding water to the 
dried molding composition, the wet condensation mass may be dried on hot rollers 
until the proper moisture content (10-20 per cent) is obtained. The water-con¬ 
taining urea-aldehyde resin may be molded at 110“ with a pressure of 700-1000 pounds 
per square inch. 

Ellis'* found that the flow of urea resin molding compositions could be im¬ 
proved by slightly moistening with water. The water is atomized into the pul¬ 
verized material while the latter is being agitated. The resulting product is not 
of the best grade, however, and the process is not recommended for the produc¬ 
tion of high-quality articles. 

use of 6 per cent of water, alcohol, ketones or amines vith powdered 
urea-aldehyde resins to increase the fluidity was suggested by other workers.*® 
Fillers, pigments and glycerol or other moisture-absorbing substances may also be 
added. A similar treatment serves for thiou»’ea resms. 

Molding Compositions with Cellulosic Fillers 

Although shaped articles made from clear, glass-like urea-formaldehyde con¬ 
densation products are not likely to be permanent*^ (see Chapter 27), conditions 
are quite different when a substantial proportion of cellulose is present with the 
urea. There is definite indication of an affinity between urea resin condensates and 
cellulose. It is probable that between cellulose and urea resin there exists a com¬ 
bination explainable on the basis of secondary valence or covalence. So definite 
are the indications of chemical combination of the recognized type or of the various 
reactions resulting from covalence affinities ihat the author has given the term 
'‘urea-formaldehyde cellulosate’^ to the product obtained.®^" It suffices to say that 
the compositions which contain a considerable proportion of cellulose incor¬ 
porated with the urea-formaldehyde condensation products are permanent as 
compared with the clear glass products in which the cellulose is absent. 

The cellulosic fillers may be used either in the crude form, as wood flour, or 
the purified type (paper, cotton flock or a-cellulose in sheet form).*^ The urea- 
formaldehyde resin, as a syrup, should contain sufficient water to impregnate 
the cellulose fibers completely and is best added while hot. Impregnation is con¬ 
veniently carried out by running the resin syrup into an evacuated vessel con¬ 
taining the cellulose and then applying 50-100 lb. pressure. The canals of the 
fibers are in this manner completely filled. For the preparation of molding com¬ 
positions, the dried material should be ground fine, inorganic pigments being added 
at this stage. 

Non-discoloring mold lubricants represented by zinc, magnesium or calcium 
stearates, to the extent of less than 1 per cent, may be incorporated during 
grinding, and the compositions molded under-dOOO-3000 lb. per square inch at 
110-150®C.' For white objects, the desirable maximum temperature is about 130®C., 
while 160®C. usually should not be exceeded owing to the risk of blistering. The 
tendency to blister is greatly reduced by cellulose, which acts as something more 
than a mere ^ .ler. Mechanically held water is'well removed by the drying process. 
The water present within the mold, which may give rise to blistering, is produced 
by the condensation reactions constituting the curing step. Cellulosic materials, 
especially hydrocellulose, which may have become partially dehydrated during 

"•Carleton Ellis, U. S. P. 1,905,999, .Apr. 25, 1938, to Ellis-Foster Oo.; Chem. Abs., 1933, 27, 8629. 

^ British P. 312,650, 1928, to Pfennin|E*Schuniacher-Werke Qes.; Chem. Abs., 1930, 24, 981. French 
P. 675,841, 1929; Chem. Abs., 1930, 24, 2^. 

®^G. Pajrras {Hev. gin. mat. plnstiques, 1933, 9, 79; Chem. Abs., 1933, 27, 2590) stated that cracks 
in articlei made from urea-formaldehyde resins are caused by the presence of free acid, primarily. 

Briefly termed a pturnnure. 

MCbrleton Ellts, U. S. P. 1,906,999, Apr. 25, 1933, to Ellis-Foster Co.; C/im. Abs., 1938, 27. 3629. 
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drying, are able to take up a large part of this moisture thereby inhibiting blister¬ 
ing. Acid salts, such as sodium hydrogen sulphate, are active catalysts of the 
curing process, and may be incorporated in latent form as sodium ethyl sulphate 
which decomposes hydrolytically in the hot press. Translucency of the pressed 
product is promoted by thorough incorporation of the resin syrup with the cellu- 



Covrteny Toledo Synthetic Products, Inc. 

Fjg 99 _An Automatic Precision Testing Device for Plastic Flow. This instrument 

measures and records the pressure required to flow thermosetting plastic compositions 
throughout the duration of plasticity.’’* 

* Instrument manufactured by Toledo Precision Devices, Inc. 


lose, and careful and complete drying. Mineral pigments should absent for 
best results, as should more than a small percentage of mold lubricant. The use 
of high pressures during molding (2000-3000 lb.) is advantageous. 

Cellulose-urea resins made in this manner are employed for a great variety of 
products; viz., molded articles and sheets, extruded rods and tubes and veneered 
stock. Resistance to water is enhanced by the incorporation of a proportion of 
thiourea, as little as 10 per cent having a marked effect. 

._,, „ . white pigment «uch as titanium oxide or lithopone is sometimes lued m 

conj^ctorwU h .TuTlarger proportion of cellulose, in making light-colored molded articles. 
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A valuable property of resins of this type is the possibility of making materials 
containing a relatively high proportion of cellulose by a two-stage process. Just 
sufficient cellulose may first be added to absorb completely the resin syrup, e.g., 
40 parts of wood flour to 60 parts of resin solids, and this material is dried. The 
dried impregnated material is then ground with an additional quantity of unim¬ 
pregnated cellulose, and as a result the finished molding composition may contain 
as little as 15 per cent of resin solids. In this manner, the prolonged drying of 
large masses of impregnated cellulose and possible difficulties from incomplete 
drying due to formation of incrustations are avoided. Moreover, curing catalysts 



Courtesy Toledo Synthetic Products, Inc. 

Fig. 99a.—A Typical Time-Pressure Chart (of a Urea Resin) Obtained with Apparatus 
Shown in Fig. 99. Graph indicates the pressure necesSary to flow the thermosetting 
composition in various stages of cure. 


may be added in disseminated form as impregnants of the secondarily added cellu¬ 
lose. Boric acid, phosphoric acid, phosphomolybdic acid and other inorganic acids, 
acid salts and non-volatile organic acids serve as catalysts for the purpose. The 
use of a. well-dried secondary charge of cellulose is especially helpful in absorbing 
liberated water, assisting in avoidance of blistering. During the curing step, 
some solution or absorption of the cellulose occurs, since the ligneous structure 
appears to be largely destroyed. Products obtained from cedar-wood flour differ 
from those produced from pine or spruce woods. 


As an example of the production of such compositions, 840 parts of urea are 
mixed while cold and refluxed for 10 minutes with 2^ parts of 37 per cent formalde¬ 
hyde of ph 5.6. Next, 300 parts of thiourea are added, and the boiling continued for 20 
minutes. The liquid is poured over ^ 730 parts of wood flour, and the mass dried 
at 30-60®C. on Monel metal screens. The dried material is ground to pass a 40-mesh 
sieve, and then molded at 100-130®C. under 1500 lb. pressure, giving a light brown, 
translucent product. 
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Derivatives of cellulose (cellulose esters) were employed by Nash** as filling mate¬ 
rials in the reaction of urea and solid polymers of formaldehyde. Cellulose acetate 
(32 parts) is admixed with 94 parts (by weight) of urea, 94 parts of paraformalde¬ 
hyde and 100 parts of wood flour. After thorough mixing, the material is transferred 
to differential mixing rolls and sheeted. The resin formation takes place during this 
operation, after which the sheets are crushed and pulverized for use as a molding 
powder. Additional plasticity is imparted to the product by adding ethylene glycol, 
naphthalene or the di-alkyl esters of oxalic, tartaric or phthalic acid to the original 
mix. Other additions, including natural or synthetic resins, substances capable of 
reacting with uncombined formaldehyde, high-boiling organic compounds to increase 
the flexibility and materials that bind the water formed in the reaction, may be 
made.®* The progress of the resin formation is retarded by ammonia, hexamethylene¬ 
tetramine, calcium hydroxide and sodium carbonate, and is accelerated by acids or 
acid salts.*® Lougovoy®* used urea-aldehyde resins together with nitrocellulose and 
an organic solvent for molding. 


Various Applications op Urea Resins in Molding 


The urea-aldehyde resins have been applied in various other fields of hot-mold¬ 
ing in addition to those already outlined. Waste wood, peat or lignin mixed with 
urea-aldehyde condensation products and molded under heat and pressure give 
insulating and coating materials." Eisenmann and Bergmann** described a process 
for making electromagnet cores of high permeability by pressing a mixture of a 
urea-formaldehyde resin and iron powder (made by the thermal decomposition 
of iron carbonyl). 


As an example, 4 kg. of iron powder are mixed m a kneading machine with 330 g. 
of an ethyl alcohol solution (36 per cent strength) of a condensation product of 
urea and formaldehyde, diluted with 800 g. of a mixture containing equal parts (by 
volume) of ethyl alcohol and benzene. After mixing, the solvent is entirely driven 
off by heating to about 80®C. in vacuo. The impregnated iron powder is formed into 
rmgs by a pressure of 7000 kg. per square centimeter in a mold. A core constructed 
from 3 such rings and provided with a single layer of winding has a specific gravity 
of 6 4 and a permeability (m) of 35 2 

Molds for producing printing surfaces, which may be used for casting type 
metal or for the production of rubber stamps or dies, are made from a mixture 
of urea-formaldehyde resin and graphite with other fillers (e.g., cellulose or as¬ 
bestos ).** A molding composition for making buttons is prepared by condensing 
urea with formaldehyde and adding an amount of starch or flour that is a multiple 
of the weight of urea used.'” The mixture is pressed at room temperature or at 
a raised temperature. Other resins and softening agents (wool fat) may be added. 


A method of preparing materials used in laminated products was described by 
Stockfisch.^ The material consists of a paper base impregnated with urea-resin 
varnish. Calendered paper is run through the urea resin solution and then through 


«C. A. Nash, U. S. P. 1,721,742, July 23, 1929, to Bakelite Corp.; Chem. Abs., 1929, 23, 4534. 
Canadian P. 321,191, 1932; Chem. Abs., 1932, 26. 3344 British P. 327,969. 1929; Chem. Aba, 1930. 24. 
5173. French P. 670.841, 1929; Chem. Ab9., 1930, 24, 1946. German P. 579,553, 1933; Chem. Abs., 
19M 28 1154. 

^Bntish P. 305,211, 1928, to Bakelite G.m.b.H.; Chem. Aba., 1929, 23, 4837. British P. 318,883, 
1928; Chem. Aba., 1930, 24 2624 

“British P. 318,959, 1928, to Bakelite G.mb.H.; Chem. Aba., 1930, 24, 2624. 

“B. N. Lougovoy, U. S. P. 1,922,690, Aug. 15, 1933, to Ellis-Foster Go.; Chem. Aba., 1933, 


27, 5159. 

“French P. 697,312, 1930, to I. G. Farbenind. A.-G.; Chem. Aba, 1931, 25, 3100. 

“ K. Eisenmann and F. Bergmann, U S. P. 1,783,561. Dec. 2, 1930, to I. G. Farbenind. A.-G ; 
Chem. Aba., 1931, 25, 389. German P. 565,664. 1928; Chem. Aba., 1933, 27, 2542. British P. 319,854, 
1929; Chem. Aha., 1930, 24, 284L French P. W4,687, 1932; Chem. Aba., 1933, 27, 941. 

“M. Smith, British P. 365,126, 1930, to Anglo Pencil Co., Ltd. and Pollopas, Ltd.; Chem. Aha., 


1933 27 2052. 

^I.^Thorn British P. 287,727, 1927, to Silur Techn A Chem. Prod. G.m.b.H.; Chem. Aba., 1929, 
23, 489. Austrian P. 125,966, 1930; Chem. Aba., 1932, 26, 2287. French P. 632,526, 1927; Chem. Aba., 
1928 22 M99 

hfl* E. Stockfisch, Chem, Met. Eng., 1934, 41, 302. 



624 


THE CHEMISTRY OF SYNTHETIC RESINS 


a tunnel system against a current of heated air which is controlled by an arrange¬ 
ment of steam pipes and baffle louvres (see Fig. 100). The paper passes through 
the varnish at a speed of 100 inches per minute with the tunnel temperature at 80®C. 
Squeezer rolls which force the varnish into the fibers control the accuracy of the 
resin content. A tower system embodying successive dips of the paper in the solution 
may also be employed. The impregnated papers are molded under heat and pressure. 

Matches that can be repeatedly ignited by friction and extinguished were devel¬ 
oped by Ringer^* using a urea-aldehyde resin as a base. The slow-burning mate¬ 
rial has an igniting compo;sition distributed in the resin base which is then molded 
into rods and coated with water glass. Pentamethylenediaminedisulphine (ob¬ 
tained from ammonium sulphide and formaldehyde) may be used wi'.h urea-for¬ 
maldehyde condensation products in producing plastic-molding compositions.’^'* Urea- 
formaldehyde resin compositions are also used in the hot molding of boxes.*^* 

The problem of decorating urea ware (a term ajiplied to molded urea-aldehyde 
products manufactured for domestic purposes) was studied by Froese.'^'" These 



Courtesy Chemical and Metallurgical Engineering 

Fig. 100.—Tunnel and Tower Systems Devised for the Impregnation of Fabrics or Paper 
with Urea Resin Varnishes. (H. E. Stockfisch ) 

articles are normally decorated by applying to their surfaces decalcomanias or oil- 
pigments, which are easily effaced. Froese found that the molded urea articles 
scorched when pressed against a sufficiently hot body and that the resin swelled 
if allowed to absorb intense heat. By using a properly shaped die at a tempera¬ 
ture of about 650°C., any design can be burnt into the resin surface, leaving a 
bleached, raised border as an outline for the design. 

A bonding composition is made by mixing coagulated rubber with a liquid urea- 
formaldehyde condensation product and heating (at a temperature below the 
hardening point of the urea resin) until the composition flows.” The rubber 
is thereby dispersed in the heat-hardenable liquid, and the composition serves as 
a bond for abrasive grains and other fillers. The recording layer of sound records 
may be made from a composition consisting of phenol and urea resins and not more 
than 20 per cent of inorganic and organic fillers in colloidal form (e.g., kaolin, 
steatite, graphite and nitrocellulose, or gelatin dissolved in glycerol).*" Loudspeaker 
diaphragms are made by molding, under heat and pressure (about 800 kg. per sq. 
cm.), a solid polymer of formaldehyde and a urea in a broken or powdered form.” 

^F. Ringer, British P. 869,621, 1980; Chem, Aba,, 1933, 27, 2581. 

n British P. 358.089, 1980, to Dr. Thomas A Oo., G.m.b.H.; BrU. Chem. B, 1931, 1147. 

M. L. M. Smith, British P. 323,759, 1928, to Rolls Razor, Ltd.; Chem. Aba., 1930, 24, 3388. 
WE. Froes4, U. S. P. 1.914,247, June 18. 1933; Chem. Aba., 1983, 27. 4369. 
wBritish P. 408,698, 1933, to Oarbonmdum Co., Ltd.; Chem. Aba., 1984, 28, 3850. 
w British P. 378,925, 1931, to Steatit>Magnesia A.-Q.; Brit. Chem. Aba. B, 1932, 737. 
w British P. 406,827, 1984, to Lohusta Electro-Akustik G.in.b.H.; Chem. Aba., 1984 , 28, 4852. 
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A laminated pulp product described by Kienle and Scheiber'® is produced by 
forming layers of interlocked fibers of wet paper pulp containing urea-formaldehyde 
resins. Fillers and pigments are added, and the material is dried and hot-molded. 

Disintegrated cork can also be incorporated with up to 30 per cent of its weight 
of unhardened urea-aldehyde resin and molded under heat and pressureOther 
fillers including wood flour or lignin may be similarly impregnated and hardened 
in the press.®^ Catalysts, casein, horn, yeast and aldehydes are also added, the 
firoduct being used as an electrical insulating material. 



Courteay Unyte Corporation 


Fig. 101.—Non-Shatterable Cup, Juice-Strainer, Coffee Guide and Paper-Cup Holder 

Molded of Unyte in Colors. 

.Vulcanized fiber can be made impermeable to water by treatment with a urea- 
formaldehyde resin.®^ Urea (30 parts) is dissolved in 100 parts of water, and vulcanized 
fiber is allowed to swell in this solution until it ceases to absorb any more of the 
liquid. The mass of vulcanized fiber, saturated with urea solution, is immersed in a 

30 per cent solution of formaldehyde for 1-2 days. Catalysts (acids, bases or salts) 

may be added to the formaldehyde. The fiber is then dried and is heated at 90-95®C. 
for from a few hours up to several days, according to the dimensions of the articles 

Keller” described the use of decorated sheets of fabric or paper impregnated 
with a viscous urea-formaldehyde resin solution for molding in or upon previously 
molded articles for the purpose of ornamentation. The impregnated material is 

“^R. H. Kienle and W. J. Scheiber, British P. 393,412, 1933, to Brit. Thomson-Houston Oo.; 
Chem. Ab»., 198?, 27, 5910. 

“British P. 822,752, 1928, to I. Q. Farbenind. A.-G.; Chem. A6«., 1930, 24, 2847. French P. 
675,896, 1929; Chem. A6«., 1930, 24, 2846. 

ttBritish P. 282,635, 1926, to I. G. Farbenind. A.-G.; Chem. Abt., 1928, 22, 8747. 

“British P. 816,700, 1928, to I. G. Farbenind. A-G.; Brit. Chem. Abn. B, 1929, 892. French P. 

654,411, 1928; C/iem. A6s., 1929, 23. 8808. 

“A. V. Keller, British P. 333,763, 1929; Chem.. Aba., 1931. 25. 610. 
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given a preliminary drying before carrying out the molding operation. A cellulosic 
carrier for the design and color may also be impregnated with a urea-formaldehyde 
resin and subjected to heat and pressure in layers with other cellulose substances.** 
This operation brings the cellulosic material into ‘^colloidal suspension” in the resin, 
and all that remains visible is the applied design and color. Electrical insulating 
parts including switch gears, fuse components and magneto distributors can be 



Fig. 102.— 

Molds for Bottle Caps. 


Courtesy American Cyanamid and 
Chemical Cory. 


formed by molding wood flour, paper pulp, asbestos or cotton flock with a urea- 
aldehyde resin “ 

Urea-formaldehyde condensation products are used with cellulose to form paper 
and cardboard products.** The dried, powdered condensation product (150 parts) 
is mixed in a pulping machine with 100 parts of sulphite-whitened cellulose (cal¬ 
culated on a dry-weight basis) and the necessary amount of water. The cellulose 
is crushed until the desired fiber length is obtained. The mixture is then diluted 
and transformed into paper in an ordinary paper-making machine. The dried 
papers can be shaped at 145®C. with a pressure of 150 kg. per sq. cm., forming 

M British P. 375,791, 1932, to H. Rdmmler A.-Q.; Chem. Abs., 1983, 27, 3837. 

»W. E. Pattman, British P. 354.174, 1930, to Bakelite, Ltd.; Chem, Abs., 1983, 27, 357. 

** French P. 758,458, 1934, to Soc. anon, pour Tind. chim. k Bhle; Chem. Abs., 1934, 28, 3233. 
Swiss P. 163,902, 1983; Chem, Abs., 1984, 28. 2860. 
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homogeneous molded objects. A single leaf of this material (or a few leaves pressed 
together) is said to be flexible and translucent. By using many layers, a tenacious, 
homogeneous, laminated material is obtained. 

Commercial Molding Compositions 

A considerable use for urea resin molding compositions has been in the produc¬ 
tion of dish ware, including tableware of various sorts, and drinking cups (see 
Fig. 101); the relatively unbreakable quality of such moldings making them 
superior to glass for many purposes (see Fig. 102). On the other hand, unlike 
glass, such containers do not resist the high temperatures of a domestic oven 
sufficient 1}' to be used for baking purposes. Urea resins are also extensively em- 



'Courtesy American Cyanamid and Chemical Corp 


Fig. 103. —Light Shades from Urea Resins; Forming Press in Background. 


ployed in the button industry where their strength and resistance to washing make 
them superior to casein and vegetable ivorySince urea resins are odorless and 
possess chemical stability and mechanical strength, they are being used as caps and 
closures for jars and bottles. 

The properties of commercial urea molding compositions may be illustrated by 
a consideration of the product known as Unyte.*® This resin is sold in the form 
of granulated or powdered stock. Unyte is stable during storage, has an especially 
rapid curing time and can be manufactured in a variety of light-fast shades rang¬ 
ing from white through delicate pastel tints to black (see Fig. 103). During the 
molding of this product the flow can be easily controlled. 

A urea-formaldehyde or urea-thiourea-formaldehyde molding powder known as 
“Beetle"’**® is used in the manufacture of dishes, cups, a wide variety of household 
articles, automobile hardware and plumbing and electrical fixtures.** From this 
material molded articles can be made possessing light colors and an attractive 

•TCarleton Ellis, Ind. Eng. Chem., 1934, 26, 33. 

•Unyte is a product of the Unyte Corporation. See Plcatici and Molded Products, 1932, 8. 76. 
See also Chmn. Met, Eng>, 1936, 42, 48. 

•» A product of Synthetic Plastics Co. 

^Molded Products, im, 5, 95. See also A. C. Blackall, Plastics, 1927, 3, 606; 1928, 4. 200. 
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translucent appearance. The material can be formed into very thin layers and 
shapes. Special precautions must be taken to exclutle dust during processing, and, 
in the case of powders containing thiourea, staining of molds must be avoided. 
Thiourea stock is molded in stainless steel or chromium-plated molds at 140-145°C. 
under pressures varying from 1500 to 3000 pounds per square inch. The curing 
time is usually 3-7 minutes, from 50 to 100 per cent longer than the phenolic molding 
compositions. The specific gravity of the molded product is reported to be 1.49 



Fig. 104.— 

Chime Housing Molded from 
Beetle Urea Resin. 


Courtesy Modern Plastics 


and the tensile strength 5000-6000 lb. per square inch. Since the products are re¬ 
sistant to corrosion, one suggested use is as fittings in steamships, where attack by 
salt spray normally presents a serious problem. 

Another molding composition of the urea-formaldehyde type is known as 
^Tlaskon.^^ This material is unaffected by alcohol, acetone, oils or other com¬ 
mon solvents, and the water absorption at 20®C. is 0.07-0.66 per cent in 24 hours. 
It is moderately resistant to cold, dilute acids, but is attacked by hot or concen¬ 
trated acids. It also resists cold, dilute alkalies and hot, very dilute alkalies (soap, 
borax and cleaners). The specific gravity of the product is 1.43 and the dielectric 
strength (puncture) is 300-400 volts per mil. 

A molding composition was prepared, by Poliak and Ripper,*^ by incorporating 

•OA. M. Howald, Chem. Met. Eng., 1931, 38, 583, Plaskon is made by Toledo Synthetic Products, 
Inc. See also Chem, Met. Eng., 1932, 39, 654. ^ 

WK. Ripper, U. S. P. 1,625,283, April 19, 1927, to P. Poliak; Brit. Chem. Ahs. B, 1927, 532. 
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the viscous initial condensate of urea, thiourea and formaldehyde with fibrous 
fillers and pigments. The resulting material is hot-pressed at pressures of 150- 
300 kg. per square centimeter and given an additional air or vacuum drying. 


Recovery of Scrap Resin 


The recovery of usable resin from the waste material of a molding plant or 
from splinters and borings obtained in the working of cured resin articles is an 
important economic factor especially in countru»s producing much turnery ware. 
The hardened material may be made soluble”' by heating under presvsure with 
more than an equal weight of formaldehyde solution at 120°C. for 2-3 hours. 
A thick solution is thereby obtained, which is diluted anti boiled with a further 
quantity of urea, and subsequently processed as new material. 

The cured resin may also be heated with aldehyde in the presence of acids,”® 
or heated with the intermediate condensation product still containing free formalde¬ 
hyde. It is also stated to be possible to mix the finely comminuted scrap material 
directly with formaldehyde and to use the product as a molding powder. 

Ripper*** described the use of mineral acids for resin recovery. The finely divided 
cured resin, boiled with 10 per cent hydrochloric or nitric acid, passes readily into 
solutiop, and on cooling or dilution is thnnvn down as a bulky precipitate which 
may be separated and dried. This powder is then brought into solution by formal¬ 
dehyde or by mechanical dispersion in water with a colloid mill. The solutions are 
utilized as varnishes and impregnants, while the recovered powder is employed 
as a filling agent for the urea-formaldehyde resms made in the usual way.** Used 
for this purpose, resins are obtained from which water is expelled more readily, and 
which are said to harden faster than with unmixed material. Ammonium salts, which 
react with liberated formaldehyde and set free acid, may also be usc'd as solubilizing 
agents, as may acid chlorides and acid salts. The solubilizing agents neejd be present 
in only limited quantity, as solution of the material is not required to be complete.** 
Thus, comminuted, cured resin can be merely swelled with hydrochloric acid and 
converted into a homogeneous matenal with heat and pressure. 

U, S. P. 1,460.606, July 3, 1923; J.S C./., 1923, 42. 940A. British P. 344,872, 1929; Brit. Chem, Abs B. 
1931, 598. French P. 683,327, 1929; Chem. Abs., 1930 , 24. 4597. V. PoUak, U. S. P. 1,458,543, June 12, 
1923; J S.C I , 1923, 42. 940A Austrian P. 109,532, 1926; Chem Abs, 1929. 23, 942. British P 181,014, 

1922; 1923, 42, 988A. This molding composition is known “PoUopas.” Porous molds were 

suggested for use with this material (K. Ripper, U. S. P. 1,701,986, Feb. 12, i929, to F. Poliak; Chem. 
Abs., 1929, 23, 1518. F. Poliak, British P. 217,888, 1923; Chem. Abs, 1925, 19, 384. F. Poliak and 
K. Ripper, Chem-Ztg , 1924, 48. 569, 582 ; J S C.1 , 1924 , 43. 878B) O. Manfred and J. Obri.n {Z 
angew. Chem., 1928, 41, 971; Chem. Abs., 1928, 22, 4674) found that plates molded from Pollopas 
had a higher modulus of elasticity than plates from Bakelite. 

•*A. Gams and G. Widmer, U. S, P. 1,679,246, July 31, 1928, to Soc. anon, pour Find. chim. k 
B&le; Chem. Abs., 1928, 22, 3792 German P 499,589. 1925; Chem Abs., 1930 , 24, 4597. British P 

246,127, 1926; Brit. Chem. Abs. B, 1927, 684. Canadian P. 281,326, 1928; Chem. Abs., 1928, 22, 3279 

German P. 487,308, 1925; Chem. Abs., 1930, 24, 2256. Freoch P. 609,108, 1926, Bnt. Chem. Abs. B, 
1927, 228. 

•* W. S. Rothera, S. Blythen and H, R. Gillespie, German P, 525,285, 1925; Chem. Abs., 1931, 

25, 4096. 

• Ripper, U. S. P. 1,817,931, Aug. 11, 1931. to Pollopas, Ltd.; Chem. Abs., 1931, 25, 5525. F. 

Poliak, British P. 240,840, 1924; Chem. Abs, 1926, 20. 2233 

«K. Ripper, U. S. P. 1,817,940, Aug. 11, 1931, to Pollopas. Ltd ; Chem. Abs , ifel, 25. 5525. Cana¬ 
dian P. 276,324, 1927; Chem. Abs., 1928, 22. 2037. 

« F. Poliak, British P. 266,389, 1924; Chem. Aba , 1928, 22, 670 



Chapter 29 
Urea Resins 

III. Coating Compositions 

Considering the preparation of lacquers from urea resins, it should be borne 
in mind that during the earliest stages of the urea-formaldehyde condensation the 
products are soluble in water or the formalin solution employed. The reaction 
product IS at that stage, therefore, a hydrophilic colloid. On further condensation, 
however, the hydrophile becomes a hydrophobe and hence is insoluble m water. 

For a number of purposes, urea resins may be used in the hydrophile stage, 
i.e., while still soluble in water, and, applied in this way, an inexpensive vehicle 
for the distribution of the condensation material is at hand. Water-soluble products 
are not desired, however, m a considerable number of applications wdiere resins 
are employed, and the aim has been to produce resins which are soluble m organic 
solvents. This has been done, but, unfortunately, most of the effective solvents 
(such as the chlorohydrins) are costly.^ 

Another difficulty presenting itself is the tendency for urea resins in a lower 
stage of condensation to become converted gradually and spontaneously to a more 
highly condensed substance, so that a product which at one time is soluble in a 
given medium will later be found insoluble. Since the condensation of urea resins 
is usually accompanied by the liberation of small proportions of water, there is a 
tendency for the coatings to disintegrate long after they have dried. This may 
lead to the formation of fissures and to the disfigurement of the surface. Coatings 
which initially are bright and glossy may become dull and lusterless by the action 
of atmospheric moisture, if the stage of condensation of the material in the coating 
as initially applied is unduly low. 

To improve the solubility of well-condensed urea resins in organic solvents and 
also to prevent the progress of further condensation after application, one develop¬ 
ment of manufacture comprises reacting urea and formaldehyde in the presence of 
an alcohol, butanol being particularly recommended, with the object of having 
the alcohol unite in the resin and confer solubility and stability. The results in 
this direction have been very promising, and lacquer compositions prepared in this 
manner have actually been brought on the market. Solid resins which are soluble 
in alcoholic solvents also are available. 


Urea Resin Coatings 

Aqueous solutions of the primary condensation products of urea and formalde¬ 
hyde are colorless and can be made in various concentrations and viscosities. They 
show the typical properties of sols of highly solvated, hydrophilic colloids and 
have been suggested for various uses, including water-varnishes^ adhesives and 
binding, impregnating and stiffening agents. 


*See Synthetic and Applied Finithen, 1983, 3. 79. 
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A neutral solution of such a condensate was suggested as a lacquer or varnish 
by Ellis.* The solution is prepared by allowing 20 parts by weight of urea to re¬ 
act with 54 parts of formalin in the presence of 0.4 part of sodium hydroxide dis¬ 
solved in an equal weight of water. As reaction proceeds the mixture eventually 
becomes turbid, and further interaction is checked by adding acid until the solu¬ 
tion IS substantially neutral. Glycerol, casein, gelatin, Irish moss, algin or pig¬ 
ments may be added. Applied to a surface, the solution dries and forms a varnish. 

Ripper,® among others (see Chapter 28), used controlled hydrogen-ion concentra¬ 
tions as a means of obtaining urea resins for lacquer production. Thus, 30 parts by 
weight of urea are mixed with 100 parts of neutral 30 per cent formalin and heated 
in a boiler fitted with a reflux condenser. After a short time, 6 parts of boric acid 
dissolved in a little water are added, and the refluxing is continued for 6-7 hours. 
On standing in the cold for several hours longer, two layers are found to separate, 
the upper one being removed. The gel forming the lower layer is washed repeatedly 
with water and then dissolved in a non-aqueous solvent (epichlorohydrin). Mixed 
with softening agents, this lacquer solution gives a coating which is said to be insensitive 
to the action of water. 

By incorporating water-soluble alginates (sodium alginate) with water-soluble 
urea- or thiourea-formaldehyde resins and an accelerator (e.g., acid potassium 
sulphate), Lefebure^ obtained products of use as varnish stains, distemper paints 
and as impregnating agents for fiber boards. A colored urea resin lacquer is used 
for coatings on electric light bulbs.® The resin and dyes are applied to the bulbs 
by dipping, and the coating is hardened by the normal heat of the lamp. 

Insoluble urea-formaldehyde products may be made soluble by heating with 
an excess of formaldehyde under pressure at a temperature above 190®C.® A 
suspension of the powdered resin in water or organic liquids can be applied to sur¬ 
faces as a coating composition which is then dried and hardened by heat and 
pressure.^ Hofer and Schmid* suggested the use of urea- or thiourea-formaldehyde 
resins together with a pigment for the production of a light-fast colored glaze 
on cement or tiles. A urea-thiourea-formaldehyde condensation product containing 
ammonium nitrate as hardening agent is stated to provide a waterproof glaze. 
Sodium phosphate was added as ah accelerator to a thin paste (formed by heating 
urea, paraform and water at 90‘’C.) by Keller and Taylor** preparatory to form¬ 
ing a urea-formaldehyde varnish. According to Stoll,'® natural or artificial stone 
and pottery may be coated with urea-formaldehyde resins in conjunction with a 
phenol-formaldehyde product and pigments. A temperature of 130®C. can be em¬ 
ployed for hardening such coatings." Another coating composition for use on wood, 

-'Carleton Ellis, U S. P 1,536,881, May 5, 1925; Chem Aba, 1925, 19, 1958. U. S P. 1,846,853, 
Feb. 23, 1932; Chem. Abs., 1932, 26, 2609. 

*K.. Ripper, U. 8. P. 1,734,693, Nov. 5, 1929, to F Poliak; Chem. Aba., 1930, 24, 476 British P. 
213,567, 1924, J.S.C.L, 1925, 44, 681B. 

*V. Lefebure, British P. 386,328, 1931; Bnt. Chem. Aba. B, 1933, 238. 

® E. A. Sevan, British P. 349,160, 1930, to Imperial Chem. Ind., Lid.; Chem. Ab«., 1933, 27, 579. 
French P. 712,751, 1931; Chem. Aba.. 1932, 26, 1741. 

* A. Gams and G. Widmer, U S. P. 1,679,246, July 31, 1928, to Soc. anon, pour Find chim. & Bale; 
Chem. Abs.. 1928, 22, 3792. German P. 499.589, 1925; Chem. Aba., 1930, 24. 4597. British P. 246,126, 
1925* Chem. Aba., 1927, 21, 479. Biitish P. 248,127, 1926. Bnt Chem. Abs B, 1927, 684. Canadian P. 
281.326, 1928; Chem. Abs., 1928, 22. 3270. German P. 487,308. 1925; Chem. Aba., 1980. 24. 2256. French 
P. 609,108, 1926; Brit. Chem. Aba. E, 1927, 228. 

'^British P. 401,689, 1932, to Soc, anon, pour I'ind. chim & B&le; Bnt. Chem. Aba. B, 1934, 157. 
French P. 737,818, 1932: Chem Aba, 1933, 27, 1773. Swiss P. 162,213, 1933; Chem. Aba, 1934, 28. 591 
A similar coating composition contains a urea-aldehyde condensation product suspended in a solution of 
a soluble condensate of the same type. A. Gams and W. Fisch, U. 8. P. 1,998,539, Apr. 23, 1935, to 
Sac anon, pour Find. chim. k B&le. 

«P. Hofer and A. Schmid, British P, 348,063, 1929; Chem Aba., 1932. 26, 2880. French P. 689,173. 
1930; Chem. Aba., 1981, 25, 1109. German P. 601,275, 1934; Chem. Aba., 1934, 28. 7465. 

*A. V. Keller and J. Taylor, British P. 845,845, 1930, addn. to 331,428; Bnt. Chem. Aba. B, 1931, 
597. 

WK. Stoll, British P. 282,786, 1926; Chem. Aba., 1928, 22, 3971. 

u German P. 550,319, 1926, to Mathys A Schaaf; Chem. Aba., 1932, 26, 4151. 
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metals and cement consists of finely divided casein, urea, hexamethylenetetramine, 
lime and pigments 

Dissolved intermediate condensates of the urea-formaldehyde reaction may be 
mixed with colloidal or semicolloidal substances obtained by the polymerization 
of unsaturated compounds of the type of vinyl esters, acrolein and itaconic acid. 
When modified by such additions, the resin is reported to be applicable to the 
manufacture of varnishes, films, artificial silk and molded articles 

Natural resins can be blended with urea-formaldehyde-salicylic acid lacquers, 
according to Belfit.^^ The resins are first dissolved in a solvent, the nature of 
which is determined by the kind of resin concerned. Denatured alcohol can be 
used for shellac, and a mixture of denatured alcohol and butyl acetate serves as 
a solvent for mastic. Among the natural substances that may be employed are 



Courtesy Unyte Corporation 


Fig. 105. —Part of Control Laboratorv in a Plant Manufacturing Urea Resin Molding 

Compositions. 


kauri, sandarac, guaiac, dammar, camphor, Zanzibar, elemi, rosin and ester gum. 
These lacquers can be applied to metals (e.g., brass or gold). 

A resin from thiourea, or from a mixture of thiourea and urea, and formalde¬ 
hyde mixed with a hardening agent, e.g., a pasty mixture of paraformaldehyde 
and formaldehyde solution, is used with a solvent (ethyl lactate, ethylene glycol 
or the ethyl ether of ethylene glycol) to form a varnish.^ Bender'® found that a 
urea- or thiourea-formaldehyde resin in the initial stage of its condensation and 
dissolved in a high-boiling solvent could be advanced toward a more highly con¬ 
densed (infusible) stage by heating. An infusible resin is obtained thus as a col¬ 
loidal suspension that can be directly applied as a varnish. A varnish yielding 
flexible films and prepared by the addition of a plasticizer (butyl phthalate) to 
a urea-aldehyde resin was described by Turkington.” According to BendeF* such a 
plasticized resin gives a firmly adherent coating with a glossy surface resistant to 

^ J. Eisenstein, U. S. P. 1,852,706, Apr. 5, 1932, to Chicago Paint Co.; Chem. Abi., 1982, 26, 8125. 

w Bntish P. 809,487, 1928, to Kunstharzfabr. F. Poliak G.m.b.H.; Chem, Aba., 1930, 24, 740. French 
P. 662.627 and 662,62$, 1928; Chem. Aba., 1930, 24, 476. 

W. Belfit, U. S. P. 1,898,755, Feb. 21, 1933, to Scovill Mfg. Co. ; Chem. Aba., 1933, 27, 2831. 

»British P. 367,140, 1930, to Bakelite Oorp.; Chem. Aba., 1932 , 26, 4726. 

L. Bender, British P. 349,599, 1980, to Bakelite Corp.; Brit. Chem. Aba. B, 1931, 729. 

WV. H. Turkington, U. S. P. 1,695,566, Deo. 18, 1928, to Bakelite Oorp.; Chem. Aba., 1929, 23, 1000. 

L Bender, British P. 355,318, 1930, to ^kelite Corp.; Brit. Chem. Aba. B, 1981, 1006. 
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moisture and heat. If the coating is applied to a viscose base, a product of high 
dielectric strength is obtained. Another method of forming a varnish is that of 
condensing thiourea (with or without additions of urea) and anhydrous formalde¬ 
hyde in the presence of a monoalkyl ether of ethylene glycol and an alkyl lactate.^® 
The proportions of the components are chosen so as to give a potentially reactive 
resin. 

Christensen** described a composition for use as a varnish, sizmg or paint, pre¬ 
pared by mixing ^‘leather gum** and shellac with urea and aidol, acetaldehyde or paral¬ 
dehyde. To prepare the “leather gum,** leather scrap is treated for 6-24 hours with a 
0.5-2 per cent solution of hydrochloric acid and removed to an open vessel containing 
water where it is boiled for 0.5-3 hours. The leather, now consisting almost entirely of 
fibrous protein material, becomes disintegrated and settles in the form of a heavy 
brown gum which is dried, and ground. 

The surface of metals or other materials may be coated with lacquers prepared 
from urea resins and varying proportions of silicon or an acid-proof, heavy-metal 
silicide.'*^ A basic, phenol-formaldehyde coating is usually first applied, and the 
thick covering layer is hardened. 


Film-Hardening Agents 

Belfit** investigated a group of compounds, including salicylic acid, gallic acid 
and hydroxynaphthoic acids, which when added to the resin solution increase the 
resistance of the final coating to solvents, sulphur conqiounds and other corrosive 
agents. 

As an example, 400 g. of urea are dissolved in 2000 cc. of 40 per cent formaldehyde 
solution, and the mixture is heated on a steam bath until 40-60 per cent by weight 
has been evaporated. Water is then added to increase the weight to 75 per cent of 
its initial value. The solution is filtered to remove insoluble matter, and to 81 cc. 
of the solution are added 50 cc. of denatured alcohol, 42 cc. of butyl alcohol, 7 cc. 
of ethyl lactate and 5 g. of salicylic acid. The solvents in such a lacquer may be 
evaporated ofif in the air or by baking at 100®C. for a short period. The final harden¬ 
ing of the film is accomplished by heating at 130-135°C. for about 20 minutes. After 
hardening the first film, a second coating may be applied, as the solvents of the lacquer 
will not dissolve the hardened film. A thin layer of this lacquer is said to resist the 
attacks of sulphur compounds, alcohol, air, moisture and salt spray 

Various other ingredients may be incorporated in this type of lacquer. Thus, castor 
oil (in an amount equal to 2.5 per cent of the total proportion of solids present) 
serves as a plasticizer, increasing the pliability of the film and rendering it more im¬ 
pervious to liquids. One part of a lacquer consisting of 81 cc. of a urea resm solu¬ 
tion, 50 cc. of denatured alcohol, 42 cc. of butyl alcohol, 7 cc. of ethyl lactate and 20 g. 
of salicylic acid may be admixed with 2 parts of a cellulose lacquer. The resulting 
composition is applied by spraying or dipping and is hardened by baking at 135®C. 

The application of film-hardening agents (such as salicylic acid) may be ex¬ 
tended to thiourea resins and to resins containing urea derivatives such as benzoyl- 
urea, acetylurea, cyanamide and guanidine.** Such modified urea-aldehyde resins 
lend themselves to the production of various types of lacquer compositions which 
are intended for protecting the surfaces of non-ferrous metals, including silver, 
nickel, copper, brass, aluminum and various alloys. 

British P. 358,898, 1930, to Bakelite Corp.; Chrm. Abi*, 1932, 26, 4989 French P 695,588. 1930. 
Chem. Ab8., 1931, 25. 2866 

»P. C. Christensen, U. S. P. 1,901,145, March 14. 1933; CIvem Abs , 1933, 27 . 3094. 

**• Q. Kraenslein and R. K. Miiller, U. S. P. 1,873,945, Aug. 23, 1932, to I. O. Farbenind. A -G.; 
Chem, Ab$.» 1932, 26, 6164. British P. 376,047, 1931; Brit, Chem. Aba. B. 1932, 902. 

“R. W. Belfit, U. S. P. 1,898.709, Feb. 21, 1933, to Scovill Mfg. Co.; Chem. .\bs„ 1933 , 27 , 2831 
British P. 292,912, 1927; Chem. Aba., 1929, 23, 1517. French P. 659,327, 1928; Chem. Aba., 1929. 23, 
5339. Canadian P. 304,616, 1930; Chem. Abs., 1930 , 24, 6041. 

*R. W. Belfit, II. 8. P. 1,898,754 and 1,898,755, Feb. 21, 1933, to Scovill Mfg. Co ; Chem. Aba., 
1933. 27, 2881. Canadian P. 304.615, 1930; Chem. Aba., 1930, 24, 6042. 
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Clear films, according to Belfit, are obtained by blending Bakelite lacquers with 
urea resin lacquers. A blended lacquer of this type may be composed of 7.5 gal¬ 
lons of Cellosolve (glycol monoethyl ether) containing 10 ounces of nitrocellulose 
per gallon, 14 gallons of denatured alcohol, 10 gallons of butyl alcohol, 10 gallons 
of ethyl lactate, 7.5 gallons of urea-formaldehyde-salicylic acid lacquer and 1 gallon 
of Bakelite lacquer. 

Films of urea resins can be rapidly hardened by treatment with gaseous sulphur 
dioxide or solutions of the latter.*** Aqueous solutions of sulphur dioxide frequently 
lead to surface opacity, but this may be overcome by using non-aqueous solutions 
or the gas itself. As an example, 6 kg. of urea, 200 g. of monosodium phosphate and 
50 g. of disodium phosphate are dissolved in 5 1. of wat>er and heated. The solution 
18 slowly added to 18.75 kg. of a 32 per cent formaldehyde solution; and, after evapora¬ 
tion, the viscous condensation product is poured onto a smooth plate and exposed to 
an atmosphere of sulphur dioxide. After some minutes a hard superficial layer, which 
is no longer adhesive, has been formed. Other volatile acids or acid anhydrides can 
be employed.*® The hardening effect varies with the kind and concentration of acid 
agent used. 


Urea Resins with Nitrocellulose 

Urea-aldehyde condensation products have been employed in nitrocellulose 
lacquer compositions.*” Some of their general properties*” m this connection are 
illustrated by the ^Tlastopals,”** which are urea resins made in the presence of 
organic solvents. These substances are neutral, very pale in color and are light- 
fast." They are soluble in alcohols, in glycol ethers (methyl, ethyl or butyl glycol), 
in cyclohexanone, diacetone alcohol and in mi.xed ester solvents. The Plastopals 
are insoluble in pure esters, ether esters, aliphatic ketones and aromatic hydro¬ 
carbons. They can be mixed with both ester-soluble and alcohol-soluble collodion 
cottons. In admixture with nitrocellulose, additions of castor oil may be made to 
the resins. 

On heating for long periods the Plastopals become insoluble. Resins of this 
type incorporated with nitrocellulose are made insoluble more readily, being 
hardened in 24-48 hours at temperatures greater than 60°C. or in some weeks at 
room-temperature. The films obtained from such resins are slightly affected by 
water; but if nitrocellulose is a part of the composition, the coatings show good 
weather resistance. These products are very similar in many of their properties 
to ordinary shellac, although they are superior in their fastness to light, possess 
a more nearly water-white color and are completely homogeneous. They are use¬ 
ful in nitrocellulose lacquers containing alcohol as the mam solvent and as a com¬ 
ponent of all types of wood lacquers. In contrast to the much-used spirit varnish 
resins, the urea resins give polishing lacquers that do not smear on rubbing with 
media containing mineral oil. 

Resins of this general type may be prepared by the condensation of urea and form¬ 
aldehyde in ethylene chlorohydrin. To 50 parts of a 50 per cent solution of the urea 
condensate in ethylene chlorohydrin is added a solution containing 3 parts of acetyl 
cellulose and 1 part of camphor in 50 parts of the same solvent." When the solvent 

•* M. Luther, W. Pungs, R. Gnessbach and C. Hcuck, U. S. P. 1,794,084, Feb. 24, 1931, to I, G. 
Farbenind A.-G.; Chem, Abs., 1931, 25. 2253 

» See Chapter 27. 

“B. N. Lougovoy, U. S. P. 1,922.690, Aug. 18, 1933, to Ellis-Foster Co.; Chem. Abs., 1933 . 27. 
5159. U. S. P. 1,756,251, Apr. 29, 1930; Chem Ahn., 1930 , 24, 3122. 

^ For a review of the tise of urea resins m nitrocellulose plastics, see H. Schmidt, NitrocellxUose, 
1931, 2, 129: Chem. Abs., 1931, 25, 4722 

»The Plastopals are manufactured by the I. G. Farbenind. A.-G. 

2" See Chem. Age {London), 1932, 26, 491. See also Carleton Ellis, Ind, Eng. Chem., 1933, 25, 125 
H. Ramstetter and H. Krzikalla, Gorman P. 404,024, to Badische Amlin- A Soda-Fabr. W. 
Pungs and K. Eisenmann, German P. 490,012, 1925, to I. G. Farbenind. A.-G.; Chem. Abs., 1930, 24. 
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is evaporated from this lacquer, a clear film remains. A lacquer can be prepared by 
dissolving 5 parts of cellulose nitrate in 50 parts of a 30 per cent solution of a urea- 
formaldehyde resin in glycol monoacetate. The diethers of ethylene glycol are also 
used as solvents in these preparations.'*^ 

Using alcohols as solvents, condensation under mild conditions leads to the 
formation and separation of crystalline compounds, more highly condensed than 
dimethyJolurea, as has already been discussed (see Chapter 26).'“ These sul> 
stances may be subjected to further condensation in non-aqueous solution, either 
by fusion or by heating under pressure in alcoholic solution, m the absence of 
condensing agents, to make a lacquer. 

Resins of similar type are prepared also from dimethylolurea, by suspending the 
substance in its own weight of methanol and boiling for 5-10 minutes with about 0 5 
per cent of 1 alcoholic hydrochloric acid. The mix is neutralized and filtered, and 
a crystalline product separates m colorless needles melting at 100-102®C. If 148 
parts of this substance be heated with 175 parts of absolute methanol for half an 
noui at 8Cf°C. under pressure, with an addition of 5 parts of sodium dihydiogen phos- 
jdiate, condensation pioceeds iurthei The mixture is neutralized with lime and fil¬ 
tered, yieklmg a lacquer containing 35-40 per cent of the condensation product. 

The substances obtained by condensation in alcoholic solution are precipitated “ 
by the addition of hydrocarbons, ethers (e.g., dioxane, anisole or glycol dialk>l 
(^ther^) and other non-h\dro\vhc compounds. The precipitated condensation prod¬ 
uct is freed from adhering solvents by washing with volatile inert liquids of the 
types named. The dried, powdered products are soluble in many hydroxylic 
solvents, in aldehydes and ketones (cyclohexanone) or in ester solvents, e.g., 
butyl acetate. Substances produced by condensation in the lower alcohols (ethanol 
or glycol) are somewhat sensitive to water, whereas the products from reaction 
mixtures of higher monohydric alcohols, especially amyl and benzyl alcohols, are 
jiractically unaffected by water, but are not readily freed from the high-boiling 
solvent. If, however, the washed condensation product, e.g., that from amyl alco¬ 
hol, is dissolved in a volatile solvent (glycol monomethyl ether), there is obtained 
a water-resistant lacquer which does not retain the original, non-volatile solvent. 

As an example of the application of the process to lacquer preparations, 50 parts 
of a 40 per cent solution of a condensation product of diinethylolthiourea in benzyl 
alcohol are stirred with 500 parts of ether. The precipitated solid is agitated several 
times with ether, filtered and dried in vacuo at 50°C. The powdered product may 
then be dissolved in an equal weight of glycol monomethyl ether at 80° C., and 
diluted with ethanol to form a lacquer which gives clear water-resistant coatings. 
Cellulose esters and softening agents may be incorporated. By heating 360 parts of 
dimethylolurea suspended in 500 parts of dioxane to 85®C. in the presence of 4 parts 
of oxalic acid, a higher condensation product is obtained.** 

Lauter" concluded that the waterproof properties and the flexibility of urea- 
formaldehyde resins would be enhanced by carrying out the condensation in the 
presence of glycerol or other polyhydric alcohols. Not more than 1.2 mols of 
glycerol, according to Lauter, should be added per mol of urea, with one additional 
molar proportion of formaldehyde for each mol of glycerol. 

2256. British P. 260,263, 1926; Brit, Chem, Ab$. B, 1928, 237. French P. 641,420, 1926; Chem. Abs.. 
1929, 23, 1227. 

British P. 256,229, 1926, to I. G. Farbenind. A -O.; Chem, Abs., 1927, 21, 2985. 

M Luther and C Heuck, U. S. P. 1.699.245, Jan. 15, 1929, to I. G. Farbenind A.-G.; Chem. 
Abs., 1929, 23, 1294. German P. 535,438, 1926; Chem. Ah»., 1932, 26. 1077. British P. 266,752, 1926; 
Chem. Abs , 1928 22. 849, British P 296,361, 1927; Chem. Aba., 1929, 23, 2540. 

*• W. Ihuiffs, K. Eiaenmann and J. Kuchenbuch, U. S. P. 1,^6,553, Dec. 15, 1931, to I. O. Farbenind. 
A.-G.; Chem. Aha., 1982, 26, 1461. German P. 536,738, 1928; Ch£m. Aba., 1932, 26, 1408. British P. 
327,673, 1928; Chem. Aba., 1930, 24, 5118. French P. 675,075, 1929; Chem. Aba., 1930, 24. 2905. 

“ This material, after washing and drying, may be molded, forming transparent, homogeneous masses. 

*»P. Lauter, U. S. P. 1,633.337, June 21, 1927, to R6hm A Haas Co.; Chem. Aba., 1927, 21. 2568. 
British P. 256,248, 1926; Brit. Chem. Aba. B, 1928. 165. 
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Lacquers^ may be obtained by carrying out the condensation in the presence 
of halogenated aromatic alcohols or of glycols partially esterilied with halogenated 
aryl groups, but containing unsubstituted hydroxyl radicals. Appropriate solvents 
are o-chlorobenzyl alcohol, glycol monobromophenyl ether and glycol bromo- 
salicylate, using acetic acid or oxalic acid as condensing agents. 

The condensation of urea (or thiourea) and formaldehyde or its polymers at 
a.temperature of 1()0-160°C. and in the presence of a hydroxylated solvent (butanol 
or isobutanol) as discussed previously, furnishes substances that can be used with 
cellulose esters or ethers and oils in the production of lacquers.®^ 

Thus, Neubauer“ described the preparation of lacquers and films by dissolving 10 
parts of a 50 per cent methyl alcohol solution of such a condensation product of 
urea and formaldehyde in 40 parts of a 20 i)er cent nitrocellulose solution and adding 
20 parts of hexyl acetate together with 20 parts of benzene. The clear, viscous solu¬ 
tion obtained furnishes smooth and glossy coatings when sprayed on leather, glass, 
paper, wood and textiles. Replacing the hexyl acetate and benzene with 20 parts 
of ethylene glycol inonoethyl ether, 24 parts of cyclohexanol, 8 parts of butyl alcohol 
and 8 parts of propyl alcohol, a lacquer which forms smooth, supple and firaily 
adherent coatings is compounded. 

Pungs and Eisenmann*’ employed a urea rosin condensed m butyl alcohol for var¬ 
nishes together with nitrocellulose and a drying oil varnish. As an example, 18 parts 
of a 43 per cent solution of a urea resin in isobutyl alcohol are mixed with a solution 
of 3 parts of nitiocellulose and 6 parts of an oil varnish consisting of 66 parts of melted 
Congo copal, 33 parts ol boiled linsef'd oil and 1 part of cobalt resinate all dissolved 
m 10 parts of butyl acetate, 25 parts of ethyl alcohol and 35 parts of toluene. To this 
composition, 6 parts of an oily fiaction boiling at 150-190°C. obtained by the catalytic 
hydrogenation of oxides of carbon are added. The resulting lacquer gives clear, hard 
films. 

Vegetable or animal oils, including linseed oil, castor oil and cod-liver oil, that 
have been pretreated with oxidizing gases at 140-180”C. can be incorporated with 
urea-formaldehyde resins and nitrocellulose to form lacquersThe oxidation con¬ 
ditions must be controlled to insure the formation of a viscous oil and not a jelly. 
The odor of the oxidation product is removed, or at least improved, by treatment 
with hydrogen and a hydrogenating catalyst, care being taken to keep the products 
from solidifying. The hydrogenation of the oil may be performed before the oxida¬ 
tion treatment. The added oils and the use of relatively large proportions of 
nitrocellulose improve the water-resistance, flexibility and the adhesive properties 
of the lacquer coating. 

To. illustrate the preparation, 140 parts of a 43 per cent isobutyl alcohol solution 
of the condensation product are mixed with a solution of 60 parts of nitrocellulose and 
45 parts of shark oil (pretreated with oxidizing gases) in 100 parts of butyl acetate, 
2(X) parts of ethyl lactate, 300 parts of ethyl alcohol and 300 parts of toluene. The 
resulting composition is a clear, transparent lacquer. Solid urea-formaldehyde con¬ 
densation products may be treated with organic solvents to separate the solid, insoluble 
part from the viscous, soluble portion.^*** The solid, brittle component is used for 

“J. Kuchenbuch and K Eisenmann, German P. 616,995, 1929, to I G. Farbenind. A.-G.; Chem. 
Abs., 1981, 25, 1967. British P. 838,937, 1929; Chem. Aba., 1981, 25, 2681. French P. 38.167, 1930, 
addn. to 641,420; Chem. Aba., 1931, 25, 6686. 

British P. 369.147, 1930, to I. G. Farbenind. A -G.; C/uwi. Aba., 1932, 26, 4970. British P. 344,626, 
1930;.Chem. Aba., 1931, 25, 4726. French P. 711,788, 1931; Chem. Aba., 1932, 26. 2073 

*C. Neubauer, U. S. P. 1,902,337, Mar. 21, 1933, to I. G. Farbenind A.-G., Chem. Aha., 1933, 27, 
3301. German P. 627,408, 1926; Chem, Aba., 1031, 25, 4725. British P. 262,818, 1926; Brit. Chem. 
Aba. B 1927 947. 

^W. Pungs and K. Eisenmann, U. S. P. 1,982,881, Dec. 4, 1934, to I. Q. Farbenind A.-G.; Chem. 
Aba., 1936, 29, 627. British P. 322,780, 1928, addn. to 301,133; Brit. Chem. Aha. B, 1930, 338. French 
P. 671,158, 1929; Chem, Aba., 1930, 24, 1996. 

^W. Pungs and K. Eisenmann, U. 8. P. 1.904,628 and 1,904,529, Apr. 18, 1933, to I. G. Farbenind. 
A.-Q.; Chem, Aba,, 1963, 27, 3628. Canadian P. 284,970, 1928; Chem. Aba., 1929, 23, 999. French P. 
36,647, 1929, addn. to 663,026; Chem. Aba., 1630, 24, 6040. French P. 668,026, 1928; Chem. Aba., 1929, 
23, 3821. British F. 287,116, 1926; Bnt. Chem. Aba. B, 1928, 531. British P. 301,133, 1928; Brit. 
Chem. Aba. B, 1929, 104. 

W. Pungs, K. Eisenmann and J. Kuchenbuch, German P. 622.891, 1929, to I. G. Farbenind. A.-G.; 
Chem. Aba., 1981, 25, 8782. 
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lacquers and artificial masses, and the viscous part is used as glue or as a softener for 
cellulose. 

Lougovoy" also prepared lacquers by mixing urea-formaldehyde condensates 
with nitrocellulose. Urea (10 parts) and formalin (60 parts) are refluxed in an 
approximately neutral medium for 15-60 minutes giving a syrupy product which 
is diluted with an equal volume of acetone. Acetone will mix in the cold with 
many urea-formaldehyde syrups. Alcohol, however, is not as miscible and is best 
added to the hot condensate. Furfural and also phenol can be employed as sol¬ 
vents for the resin syrup. To 100 parts of the acetone solution of the urea con¬ 
densate 5-50 parts of nitrocellulose may be added. The nitrocellulose-urea solu¬ 
tions give light-colored coatings when applied to wood or other surfaces. 

Electrical insulating materials for use as coatings are obtained by incorporating 
castor oil, nitrocellulose and rosin with a urea-formaldehyde resinFor example, 
33 parts of a 46 per cent solution of urea resin in butyl alcohol are mixed with a 
solution of 15 parts of nitrocellulose, 30 parts of blown cas(or oil and 6 parts of 
rosin in 25 parts of butyl acetate, 75 parts of ethyl alcohol and 75 parts of toluene 
These coatings are adherent, elastic and dumble after drying for 8 hours at 75^0 
They resist many mineral acids and are unattacked by transformer oils at high 
temperatures. 

Oily polymerization products of diolefins (eg., butadiene), polymerized without 
the aid of alkali metals, have also been suggested for incorporation with cellulose 
esters or ethers and urea-formaldehyde resins in the manufacture of coating com¬ 
positions.^’* 

Eivsrnrnann and Kollman/* developed a method of producing lacquers from the 
condensation products of urea and related compounds with formaldehyde by heating 
these products suspended in an anhydrous solvent with a substance capable of taking 
up water. Thus, 150 parts of dimethylolurea and 50 parts of dimethylolthiourea are 
suspended in 2^ parts of benzyl alcohol. While stirring, the mixture is heated to 
110®C. with 36 parts of anhydrous calcium nitrate and kept at this temperature for 2 
hours. After removing the calcium nitrate a clear solution is obtained which may be 
mixed with nitrocellulose, forming a coating with a high luster. The condensation 
may also be carried out with hydrochloric acid in hot ethyl alcohol solution.** Sodium 
acetate is added and the alcohol evaporated, giving a resin which hardens to a trans¬ 
parent material on heating. Using isobutyl alcohol as a medium, Pimgs and Eisen- 
mann** heated 200 parts of dimethylolurea in an autoclave to 135°C. and at a pressure 
of 8 atmospheres. The clear solution obtained by cooling gave a solid condensation 
product after steam distillation. 

The condensation of dimethylolurea (or of dimethylolurea ethers) to vitreous 
masses or lacquers may conveniently be effected by passing a buffered urea-form- 
aldehyde solution continuously through a system of tubes at 1(X)°C.*^ discharging 
into a vacuum drier. If, instead of an aqueous vehicle, alcoholic media (e.g., 
isobutanol) be employed, the acidic buffering salts (usually primary and secondary 
sodium phosphate) are neutralized with sodium carbonate. The solutions are clari¬ 
fied in a centrifuge and may then be used as lacquers. 

N. Lougavoy, U. S. P. 1,922,690, Aug. 15, 1933, to ElHs-Foster Qo.; Chem. Ahs., 1933, 27, 
5159. See also U. S. P. 1,756,251, Apr. 29, 1930; Chem. Abe., 1930, 24, 3122. 

“French P. 674,611, 1929, to I. G. Farbenind. A.-G.; Chem. Ahs., 1930, 24, 2816 

“British P. 359,944, 1930, to I. G. Farbenind. A -G.; Bnt Chem. Abs. B. 1932, 118. 

“K. Eisenmann and T. Kollman, U. S. P. 1,948,343, Feb. 20, 1934, to Unyte Corp.; Chem. Abs, 
1934 , 28. 2927. German P. 552,264, 1930, to I. G. Farbenind. A.-G.; Chem. Abs, 1932, 26, 4425 
British P. 359,653, 1930: Chrm. Ahs., 1932, 26, 4970. French P. 712,069, 1931; Chem. Abs, 1932, 26. 2073 

“British P. 261,029, 1925, to I. G. Farbenind. A.-G.; Brit. Ch^. Abs. B, 1928, 532. C. Heuck, 
German P. 495,790, 1925, to I G. Farbenind. A.-G.; Chem. Abs., 1930, 24. 3615. 

“ W. Pungs and K. Eisenmann, U. S. P. 1,967,6^, July 24, 1934, to Unyte Corp.; Chem. 1934, 

28, 5941. 

“M. Luther, U. S. P. 1,947,997, Feb. 20, 1934, to I. G. Farbenind. A.-G.; Chem. Abs., 1934, 28, 
2927. British P. 306,875. 1927; Chem. Abs., 1929, 23, 5197r French P. 651,035, 1928; Chem. Abs, 
1929, 23, 3815. British P. 320,915, 1928; Chem, Abs,, 1930, 24, 2628. G. Heuck and M. Luther, German 
P. 548,872, 1927; Chem. Abs., 1932, 26, 4142. 
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Treatment of dimethylolurea with alkaline reagents (suspended or dissolved 
in phenolic solvents to absorb disengaged formaldehyde)" yields partially de¬ 
hydrated products of higher molecular weight, which may then be resinified by 
condensation in hot acid solution. 

Coating compositions for wood, natural or imitation leather, brickwork, asbestos, 
paper or textiles can be prepared by emulsifying solutions of cellulose esters, in 
water-insoluble organic solvents, with aqueous solutions of urea-formaldehyde resins, 
softening agents, other emulsifying or wetting agents, coloring materials and ex¬ 
tending agents." Threads or films made from mixtures of cellulose esters or 
ethers and urea resins are said to possess greater strength than the purely cellu- 
losic material." The condensation of toluene sulphonamide with formaldehyde and 
urea- gives a product that may be mixed with cellulose compositions in the manu¬ 
facture of films, filaments and coating compositions.®' 

** British P, 301,696, 1928, addn. to British P. 261,029, to 1. G. Farbenmd. A.-G ; Brit. Chem 
Aba. B. 1929, 138. 

^British P. 334,567, 1929, to I. G Farbenmd. A-G.; Chem. Aha, 1931, 25, 1108 

“British P 294,485, 1927, to I G Farbennd A -G ; Chem. Aha, 1929, 23, 2032 

M W. H Moss and B B White, Bnti.sh P. 317,456, 1928, to British Celanese. Ltd ; Chem. Aha , 

1930, 24, 2317. British P. 344.413, 1928; Chem. Aba.. 1931, 25, 4725 See also Chapter 34. 



Chapter 30 
Urea Resins 
IV. Miscellaneous Uses 


The applications of urea resins in coating compositions, in molding powders 
and in attempts to prepare organic glass have been discussed,' but there remain 
various special and miscellaneous uses which will be treated in this chapter. Among 
these diverse adaptations are the treatment of textiles with urea resins for the 
purpose of conferring crease-resistant properties, the production of adhesives, 
the impregnation of wood, paper and other cellulosic materials, the manufacture 
of safety glass, and other applications. 


Treatment op Textile Materials 

The urea-formaldehyde resins have found considerable application in the treat¬ 
ment of textile materials to render them crease-proof.* Clayton,* in discussing 
the use of synthetic resins for conferring anti-crease properties on textiles, drew 
attention to the non-creasing attributes of good quality woolen fabrics. Cotton 
goods, however, crumple readily since the cotton fibers are relatively plastic. 
Linen and artificial silk behave like cotton in this respect. After treatment with 
synthetic resins, woven and knitted cellulose fabrics approach wool oY silk in their 
resistance to and recovery from creasing, without losing their draping qualities or 
handling simplicity. Similarly treated regenerated cellulose possesses an increased 
dry strength and a greatly increased wet strength. The weight of the treated 
material is increased by an average of 15 per cent. The anti-crease process reduces 
the textile’s tendency to slip and to shrink (when laundered). The extensibility 
of artificial silk is also reduced; and, thus, the many forms of distortion to which 
this material is especially susceptible are less likely to occur. 

The general method of processing the fabrics is about as follows.* The fibers of 
cotton or rayon material are treated with alkali until the cellulose is considerably 
swollen, the alkali is washed out, and the wet material is then impregnated with the 
resin components. Phenol-formaldehyde resins, as well as those from urea and 
formaldehyde, can be used in treating the cloth. If urea resm is employed, 1 part of 
urea and 2 parts of a 40 per cent formaldehyde solution are mixed, made slightly 
alkaline with hexamethylenetetramine or sodium hydroxide, boiled under reflux for 
3-5 minutes and cooled quickly. The mixture (3 parts) is diluted with 1 part of 
water, and 0.5^.75 per cent of acetic acid or an equivalent amount of any weak acid 
is added. 

The squeezed, damp mercerized cloth is run, with repeated nippings between rollers, 

^ See Chapters 27, 28 and 29. 

•See J. F. Warner, Ravon, 1933, 14 (9), 19; Chem. A6«., 1934, 28, 4241. H Roche, SUk 7., 1933, 
10 (112), 22; Chem. Abs., 1934, 28, 4241. ^ also Synthetic and Applied Finishes, 1933, 3, 85. 

® E. Clayton, J.Soc. Dyers Colourists, 1982, 48, 295; Chem. Ab.s., 1933, 27, 421. See also H. Hart, 
Kwistseide, 1932, 14, 409; Chem. Abs., 1933, 27, 2818. 

*R. P. Foulda, J. T. Marsh and F. C. Wood, U. S. P. 1,734,516, Nov. 5, 1929, to Tootal Broad- 
hurst Lee Co., Ltd.; Chem, Abs., 1980, 24. 511. R. P. Foulds, J T. Marsh, F. C. Wood, H. Boffey 
and J. Tankard, British P. 291,473, 1926; Chem. Abs., 1929, 23, 1289 French P 657,348, 1927; Chem. 
Abs.. 1989, 23. 4858. German P. 499.818, 1987; Chem. Abs., 1930. 24. 4643. 

639 



640 THE CHEMISTRY OF SYNTHETIC RESINS 

through the resin mixture. The fabric is then dried at a low temperature, and the 
resin is made insoluble by heating at 180®C. The acetic acid acts as a catalyst for 
the resin condensation which occui*s on the fibers. It is important that an acid and 
not an alkali be used as catalyst at this stage; for with an alkaline reagent, the non¬ 
crush effect becomes less resistant to wa^iing. When phenol-formaldehyde resins 
are substituted for those from urea and formaldehyde,® acid or alkaline catalysts can 
be employed in the condensation. Too much resin must not be added to the fabric 
since this would cause stiffness and actually promote the creasability of the material. 

In order to render cotton or rayon fabrics less susceptible to creasing and 
wrinkling while still preserving their suppleness, Ziinker® applied a water-soluble 
urea-formaldehyde resin together wdth a metallic salt (acetates or other salts of 
zinc, aluminum, zirconium, tin or titanium). After impregnation in a solution of 
these components, the fiber is heated, resulting in the formation of an insoluble 
resin and a water-soluble inorganic compound. The proportions of resin and 
metallic compound used are too small to cause appreciable stiffness. 

Horsfall and Lawrie’ found that urea-formaldehyde resins greatly reduce or 
prevent the deterioration of animal fibers and fur by acid or alkaline media. Such 
protective action is needed in wool scouring and the dyeing of wool or silk with 
vat colors. Thus, unscoured wool is treated for 0.5-0.75 hour at 45-50°C. in a 
bath containing 10 per cent by weight of sodium carbonate (calculated on the 
weight of the wool) and 5 per cent of dimethylolurea. The wool is sufficiently 
scoured in this manner without suffering damage (e.g., tendering or loss of elas¬ 
ticity) from the injurious action of the alkali. 

Cotton, silk, artificial silk or fabrics made from such materials may be treated 
with aqueous thiourea-formaldehyde resin solutions, and the condensation of the 
resin completed on the fiber by an acid condensing agent (oxalic acid).** The final 
condensation is carried out at 120-140°C., whereby the resin is made insoluble and 
a stiffening effect is obtained in the fabric. The impregnating solution also con¬ 
tains fillers including starch, gums and China clay. The quality of cloth and 
thread is improved, according to Syoji,® by similar means. The material is treated 
at 80°C. with a water-soluble urea-formaldehyde condensation product and dilute 
acid (0.3 per cent sulphuric acid) is applied; after which the textile is washed with 
water and dried. 

Poliak'® employed urea-formaldehyde resins for stiffening felt hats and paper. 
The raw hats are stretched on wooden blocks or models and impregnated with a 
solution containing from 5-10 per cent of the resin. Then they are treate*d with 
dry steam, until the odor of formaldehyde has decreased considerably, * and are 
smoothed with a hot iron. Writing papers are similarly stiffened with a colorless 
and transparent coating. 

Urea-formaldehyde resins, according to Heuck and Esselmann," are able to 
reduce the swelling-capacity of hydrated cellulose, hence treatment with urea 

•R. P. FouMs, J. T. Marsh and F. C. Wood, British P. 291,474, 1926, to Tootal Broadhurst Lee Co., 
Ltd.; Chem. Abt., 1929, 23, 1288. R. P. Foulds and J. T. Marsh, British P. 304,900, 1928; Chent. 
Abs., 1929, 23, 4832. 

«W Sinker, U. S. P. 1,925,914, Sept. 5, 1933, to Heberlein Patent Corp.; Chem. Abi., 1933, 27 
5568. British P. 413,328, 1933, to Heberlein & Co. A.-G.; Brit, Chem. Aba. B, 1934, 831. 

R. S. Horsfall and L. Q, Lawne, U. S. P. 1,693.926, Dec. 4, 1928, to Brit. Dyestuffs Corp., Ltd.; 
Chem. Abi., 1929, 23, 996. British P. 285,554, 1926; Brit. Chem. Aba. B, 1928, 363. 

® E. C. Rossiter and W. C. Davis, U. 8. P. 1,926,063, Sept. 12, 1933, to Synthetic Plastics, Co,; 
Chem. Aba., 1933, 27, 5990. British P. 258,357, 1925, to Brit. Cyanides Co., Ltd.; Chem. Aba., 1927, 
21, 3135. 

•I. Sydji, Japanese P. 100,072, 1933; Chem. Aba., 1984 , 28, 2547. A. L. Eidlin (Russian P. 81,616, 
1938; Chem. Aba., 1934, 28, 3256) also condensed urea and aldehydes on a fabric. 

«>F. Poliak, British P. 157,416, 1922 : J 8 C1., 1922, 41, 459A. 

*tC. Heuck and P. Esselmann, U. S.' P. 1,737,760, Dec. 3, 1929, to I. G. Farbenind. A.-Q.; Chem. 
Aha., 1980, 24. 960. German P. 537,036, 1927; Chem. Aba., 1932, 26, 1118. O. Faust and P. Eseel- 
mann. German P. 535,234, 1926; Chem. Aba., 1932, 26, 1118. British P. 278,684, 1927; Bnt. Chem. 
Aha. B, 1929, 242. French P. 636.803, 1927. See also French P. 770,956, 1934, to Soc. pour I'ind. chim. 
k B51e; Chem. Aba., 1^, 29, 941. 
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resins increases the strength of viscose in the wet state. Viscose is soaked in a 
solution containing 40 parts of dimethyloliirca and 0.4 part of sodium phosphate 
in 1000 cc., and is then dried for 24 hours at 110-120“C. to convert the resin to 
the insoluble form. During the impregnation, a solvent miscible with water, a 
softener and a wetting agent may also be added to the bath. Natural or artificial 
textile fibers can be given an uncrushable finish by the use of urea-formaldehyde 
resins condensed with alkalies 



Courtesy Paul O. Abbi, Inc. 

Fig. 106. —Pebble Mill, Jacketed with Silent Chain and Motor Drive, 
Used for Grinding Urea Plastics. 


Urea resins have been used with glass particles, metal or pearl dust, mica 
flakes, wool and cotton in producing ornamented materials.'® Chaloupka'* also 
described a method of ornamenting silk, gauze and other pliable fabrics with 
spaced, globular deposits of the hard, insoluble, final condensation product of 
urea and formaldehyde. The local effects produced by employing urea resins 
during the processing of the material are varied and numerous 


Thus, if acetate silk is pribted with a paste containing gum arabic and 6 per cent 
of dimethylolurea and steamed or hung in the air, damask effects arc obtained, since 
the printed spots are dull on the glossy original ground of silk. Other effects are 
given by a paste prepared from 200 parts of smalt, 775 parts of aqueous (1:1) British 
gum (dextrin) and 25 parts of mono- or dimethylolurea. By printing a fabric with 
this paste and then treating with steam, dark-blue prints, fast to rubbing and wash¬ 
ing, are obtained. 


French P. 766,829, 1934, to I. G. Farbcnmd. A.-G.; Chem. Ahs.. 1934, 28, 7556. 

“J. C. Vredenburg and F. A. H. Heynert, British P. 277,091, 1926, to British Bead Printers, Ltd ; 
Chem. Abs., 1928, 22, 2446. 

i*J. Chaloupka. U. S .P. 1,657,067, Jan. 24, 1928; Chem. Abs., 1928, 22, 1050. 

** A. S^neevoigt and A. Nowak, U. S. P. 1,871,087, Aug. 9, 1932, to I. G. Farbenind. A.-O ; 
Chem. Abi., 1982, 26, 5772. British P. 328,978, 1928} Bnt. Chem. Abs. B, 1930, 763. French P. 
678,510, 1929. 
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Heynert and Lucius^ used a composition consisting of 15-60 per cent of cellulose 
esters or ethers together with 85-40 per cent of a syrupy condensation product from 
urea or thiourea and formaldehyde for the ornamentation of fabrics and yarns. 
Paper, linen or other cellulosic material which is to receive color or design may 
be impregnated with urea resins and then hot-pressed.” 

Acid dyes, e.g., a dye obtained from 5-aminotoluene-2-sulphonic acid and 
^-naphthol, are converted into lakes in the presence of aqueous solutions of urea- 
formaldehyde resins.'® Urea resins dissolved in chlorohydnns are used in conjunc¬ 
tion with the usual printing media to render pigments and dyestuffs, applied to 
fabrics, fast to washing.^ The affinity of textiles for dyes may be varied by a 
previous impregnation or printing with an aqueous solution of a irea-formaldehyde 
condensation product.®® The condensate is rendered insoluble prior to the dyeing 
process. 

Impregnation of Paper and Cellulosic Materials with Urea Resins 

Mention has already been made of the treatment of paper with a urea con¬ 
densate. According to Atsuki and Matsuoka," urea resins in general increase 
the dielectric strength of pajier when used as an impregnant, although spruce sul¬ 
phite paper impregnated with a urea resin exhibits a lower mechanical strength 
than the untreated substance. Paper resembling ‘‘glassine” is obtained by adding 
a gel prepared by treating a 2 per cent urea solution with formaldehyde and 
acetic acid to the pulp contained in the beater.®® 

Lionne® modified the impregnation method by first preparing a gum-like material 
through the interaction of iOO parts of urea, 50 parts of acetaldehyde, 50 parts of 
glycerol (plasticizer) and 10 parts of glacial acetic acid. The reaction is carried out 
in the cold, and 100 parts of the stock so obtained are treated with 150 parts of form¬ 
aldehyde and 2-5 parts of ammonium sulphate. The resultant jelly, if allowed to 
stand, would change gradually into a hard resin, unsuited for mcorporation with paper 
Consequently, a ‘^retarder” is introduced pnor to the jelly-formation in order to re¬ 
duce the tendency of the jelly to pass into the higher condensation stages. Lionne 
states that a mixture containing 1(X) parts of water and 2.5 parts of Karaya gum 
accomplishes this aim. In preparing the paper, the weight of jelly taken varies from 
5-100 per cent of the weight of pulp, and the dispersion of the components is carried 
out in a beater. The paper is finally calendered (usually with heat) and then appears 
translucent and seemingly parchmentized. Simultaneously, the tensile strength and 
the chemical and electrical resistance are said to be improved. If the paper is hot- 
calendered, the resin is converted into its insoluble stage, reducing the flexibility of the 
product. 

Urea resins are utilized as a means of insuring the permanence of designs or 
decorations on paper and fabrics. The paper is dipped in the resin (urea- or 
thiourea-formaldehyde) solution; and, on the application of heat and pressure 
(by passing through heated rollers), a smooth lustrous surface is obtained which 
can be washed without marring the surface.®* The ipcorporation of finely com¬ 
minuted fibers has been suggested as a means of preventing the formation of 

wp. a. H. Hevnert and F. Lucius, British P. 376,540, 1931; Brit. Chem. Abs. B, 1932, 932. 

w British P. 376,791, 1931, to H. Rdmmler A.-G.; Bnt. Chem. Ahs. B, 1932 , 902. 

“British P. 359,643, 1930, to I. G. Farbenind. A.-G.; Chem. Abs., 1933, 27 , 427. French P. 717,606, 
1931; Chem. Abt., 1932, 26. 2875. 

Krzik^ia and A. Srhneevoigt, German P. 433,152, 1924, to I G Farbenind. A.-G.; Brit. Chem. 
Abe. B, 1927, 197. G. Bchwen and C. Scholler, German P. 562,382, 1931; Chem. Abs., 1933, 27, 853. 

“Q. Spencer, British P. 301,365, 1928, to Pollopas, Ltd.; Brit. Chem. Abs. B. ir29, 127. French P. 
669,926, 1928; Chem. Abs., 1930, 24, 1990. 

K. Atsuki and K. Matsuoka J. 8oc. Chem. Jnd. /apon, 1930, 3S5B; Chem. Abs , 1931, 25, 4123. 

“A. L. Clapp, U. S. P. 1,820,962, Sept. 1, 1931; them. Abs., 1931, 25, 5991. 

»B. Lionne, U. 8. P. 1,847,773, Mar. 1, 1932; Chem. Abs., 1932, 26, 2595. 

E. C. Rossiter and C. H. Cooper, British P. 246,886, 1924, to Brit. Cyanides Co., Ltd.; Chem. 
Abs., 1027, 21, 4C6. 
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fine cracks within the surface." In experiments carried out by Ellis" on the pro¬ 
duction of laminated paper with differently colored strata, a mixture of 1 piirt 
of acetone-formaldehyde resin with 3-4 parts of urea-formaldehyde resin is employed 
as an impregnant. A vari-colored effect is obtained by dyeing the paper with 
different colors or by treating the resin solutions with various pigments. A highly 
calendered, waterproof sulphite cellulose jiaper coated on both sides with a con¬ 
densate formed from urea and formaldehyde and then hardened was used by 
WickeP in the manufacture of drinking-straws. An additional method for the 
manufacture of transparent paper employs parchment paper which is treated 
with a urea-formaldehyde condensation product, dried, and heated to 120-150®C. 
to make it transparent.” Paper or other absorbent medium, impregnated with a 
resin from fonnaldehyde or furfural with phenol, cresol or urea, was used in the 



Courtesy Plaskon Co. 

Fig. 107.—A Scale Made of a Urea-Formaldehyde Resin. 


construction of acoustic diaphragms." Porous panels of cellulosic fibers can be 
impregnated with an alcoholic solution of a yrea-formaldehyde condensation product 
wliich is later made insoluble by heating at 100*C." Boards for building or fitting 
purposes can be formed by drying (with heat and pressure) sheets obtained from 
aqueous susi^ensions of wood fiber containing, in solution, utea, thiourea and an 
aldehyde.” A sound-record blank consists of a core of paper impregnated with 
urea resin and coated first with a nitrocellulose solution and then with one of 
cellulose acetate.”" 

Urea resins are produced as covering layers on various materials (e.g., asbestos 
plates, absorbent paper or printed material) by impregnating with a suspension 

**J. D. Cochrane, Jr., U. S. P. 1,097,3S8, Apr. 9, 1935, to Formica Insulation Co. 

"Oarleton EUw, Reissue 18,870 of U. S. P. 1,685,855, Mai. 1, 1932, to ElUa-Foster Co.; Chem. Ab«.. 
1932, 26. 3609. 

F. K. Wickel, U. S. P. 1.888,898, Nov 22, 1932. British P. 376,260, 1931, to Wickel 4 Co. Kom.- 
Qes.; Chem. Abs., 1933, 27, 3333. 

“German P. 551,856, 1926, to Real, des brevets Francais Amouroux 4 Cie.; Chem. Abs., 1933, 26, 
4953. See also V. Bausch and K. Frensel, U. 6. P. 1,856,067, May 3. 1982; Bnt. Chem. Abs. B, 1983, 
265. 

“British P. 816,203, 1928, to N.-V. Philips' Gloeilampenfahr.; Chem. Abs., 1930, 24. 1711. 

“ French P. 48,21L 1984, addn. to 748,854, to Soo. Nobel franc. ; Chem. Abs., 1984, 28. 5206. 

“ British P. 40'’,16i, 1984, to Aktiebolaget Mo och Domsjo Wnllboard Co.; Chem. Abs., 1984, 28, m05. 

S. Whyte. U. S. P. 1,997.398, Apr. 9, 1985, to Radio Corp. of Amenca. 
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of the condensate, drying and hardening with heat and pressure." The sus()en- 
sion consists not only of urea-formaldehyde condensate suspended in water or an 
organic solvent but also the solid resin swollen by the liquid phase. Fillers, pig¬ 
ments and plasticizers together with bronze powder or metal filings may be incor¬ 
porated with the solid resin, Lahousse" prepared impregnated paper for the 
manufacture of electric condensers by using amido substances (including anilides, 
thioamides, urea, ureines, ureides, thiourea and sulphonamides) with resins, waxes 
and paraffin. 

Combustible materials can be fireproofed by treatment with solutions or suspen¬ 
sions of fireproofing salts in urea-formaldehyde condensation products to which 
have been added pigments for the production of decorative effects.®* 


Non -Shattering Glass and Adhesives 

The quality of light-fastness which urea resins possess to a high degree has 
caused them to be suggested as adhesives in the production of safety glass." 

Davis" prepared a resin solution for use as an interlayer and adhesive in safety 
glass by first evaporating 10 parts of dicyanodiamide, 28 parts of thiourea, 22 parts 
of urea, 126 parts of 40 per cent formaldehyde and 1.4 parts of formic acid at 70®C. 
until the mixture corresponded to 134 parts by weight. Then, 10 parts of the pre¬ 
pared composition are shaken with 50 parts of acetone, and to 37 parts of the clear 
extract are added 6.1 parts of low-viscosity nitrocellulose dissolved in a mixed solvent 
containing 16.5 parts of acetone, 12 parts of alcohol, 18 parts of benzene, 1.8 
parts of benzyl alcohol, 9 parts of mono-ethyl ether of ethylene glycol and 5 
parts of butyl phthalatc. The adhesive solution is ^lamted or otherwise spread 
on one side of each of the glass sheets to be used and is allowed to dry for 2-10 
minutes. A cellulose acetate sheet is applied as an inU'ilayer between two such 
coated glass sheets, and the whole is subjected to a pressure of 500 lb. per square 
inch, heat being applied until the temperature reaches about 60®C. 

This procedure with a number of modifications is the basis for several proijosed 
methods of making nonshatterable glass. Various cellulose esters, ethers, plasticizers 
and dyes may be added,®’ and the hardening of the resin layer may be hastened 
by the addition of a hardening catalyst." Volumkin" used alcohol as the solvent 
for the urea resin, the alcohol being removed before pressing by drying at a tem¬ 
perature of about 100®C. Segond*® prepared a product suggested for use in safety 
glass by condensing urea with formalin m the presence of a mixture containing dry 
zinc powder, sodium chloride, trioxymethylene and hexamethylenetetramine. 

Ford and McCarroll*^ reconiniendod uniting sheets of rough, translucent glass and 
interposed cellulosic; sheets with compositions having the same refractive index 
as the glass. A composition achieving this result is composed of 56-55 per cent of 
cellulose nitrate, 20-25 per cent of urea-formaldehyde resin, 10-15 per cent of camphor 
and 10-15 per cent of tolyl phosphate. As an adhesive for the glass, Rossiter" used 
a mixture of about 30 per cent of urea resin and 70 per cent of gelatin. A dicyanodiam- 
ide-formaldehyde resin may be substituted for the urea resin, and the final adhesion 
after assembling the sheets is effected by compression at 80®C. These resins were 

M British P. 40.689, 1933, to 8oc. anon, pour Tind. chim 4 B&le; Chem. 1934, 28, 2928. 

MJ. Lahousse, British P. 261,970, 1925; Chem. Aba., 1927, 21, 1505. 

** German P. 532,578, 1929, in I. G. Farbenind. A.-G.; Chem. Aha/, ir32, 26, 569. German P. 
589,649, 1983; Chem. Aba., 1934 , 26. 2496. See also S. Tamura, Japanese P. 98.797, 1932; Chem. Aba., 
1033, 27, 5981. 

« Chem. Age {London), 1982, 27, 472. See also Plaatic Producta, 1934, 10, 131. 

MW. C. Davis, U. S. P. 1,864,988, June 28, 1932; Chem. Aba., 1932, 26, 4432. 

MBritish P. 345,758, 1929, to Brit. Celaneee, Ltd.; Chem. Aba., 1982, 26, 574. 

ME. Geisel, BrHish P. 313,269, 1928; Brit. Chem. Aba. B, 1929, 645. ' 

mn. I. Voluinkin, Russian P. 26,029, 1932; Chem. Aba., 1982, 26, 5720. 

ML. E. Segond, French P. 765,534, 1984; Chem. Aba., 1984, 28, 7044. 

Ford and R. H. McCarroll, British P. 385,828, 1931, to Ford Motor Co., Ltd.; Brit. Chm’ 
Aba B 1982 348. 

E*. C. Rossiter, British P. 844,047, 1930, to Brit. Cyanides Co., Ltd.; Brit. Chem. Aba. B, 1981, 492. 
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•similarly u.sed by Humoir^^ for making safety gla.ss. Uncoated gla^ss shect.s can bo 
united with an interposed lilm of plastic material containing on its .surface a com¬ 
patible synthetic resin adhesive, according to Moss and Crutchfield/* 

A cold adhesive is formed from the condensation products of urea, thiourea, alde¬ 
hydes, water and, if necessary, catalyst^ increasing the consistency of the adhe¬ 
sive.*® Taylor and Keller*® found that by heating urea, thiourea or their deriva¬ 
tives at OO^C: with paraformaldehyde in the presence of water or steam, a thin 
paste formed which could be evaporated to a syrupy consistency and then used 
as an adhesive or size. Layers of material can be bonded by the use of condensa¬ 
tion products derived from polyraerized formaldehyde and urea. A heat-treatment 
at 150®C. for 30 seconds effects the final hardening.*^ An adhesive containing nitro- 
cellulo.se, a softening agent, a solvent and a urea-aldehyde condensation product 



Courtesy Plaskon Co. 

Fig. 108.—Towel Holder Made of a Urea-Formaldehyde Resin. 

was prepared by Benteli.** Fuwa" employed a urea resin mixed with water glass 
:ind borax as an adhesive coating for the surlai^e of ultraviolet-ray reflectors. 

A network of organic fibers, such as wool or yarn, carrying a transparent or 
translucent synthetic resin prepared from urea and formaldehyde has been em¬ 
ployed for cold frames used in horticulture.®® An adhesive prepared from a urea 
resin and albumin can be used in making cellulo.se foils consisting of two layers 
of cellulose only one of which is r'apable of absorbing water." 

Brow;ne and Hrubesky'” found that by adding urea-formaldehyde condensation 
products to animal glues it was possible to render glued joints more water-re- 

R. P. F V. Hniiioii, Fronth P. 600.787, 1929; Chcm Abs., 1931, 25, 2827. See also French P 
673,668, 1M8, to ^c. anon, des manuf. de Saint-Oobam, Chauny et Cirey; Chem. Abs , 1930, 24, 2568. 

**W. H. Moss and K. 11. Ciutchfield, U. S P 1.884,809, Oct. 25, 1932, to Celaneae Coip «»f 
America; Chem, Abs., 1933, 27, 1127. 

French P. 697,874, 1930, and 769,588. 1934, tu I. O Farbenind. A.-G. ; Chem. Abs., 1931. 25, 3137 ; 
1935, 29, 528. 

«J. Tavlor and A. V. Keller, P. 331,428. 1929; Brit. Chem. Abs. B, 1930, 919. French P. 

699,968. 1930; Chem. Abs . 1931, 25. 3449. 

Allgem. Elektr.-Ges., British P. 316,194, 1928, to Int. Gen. Electric Co.; Chem. Abs., 1980, 24, 
1712 

^«A. Benteli, Swi.hs P. 161,052, 1933; Chem. Abs., 1934 , 28, 592. 

K. Fuwa, Japanese P. 93,961, 1931, to Tokyo Denki K.K.; Chem. Abs , 1933. 27, 1466. 

*» British P. 306,242, 1928, to I. G. Farbenind. A.-G.; Chem. Abs., 1929, 23, 5019. 

^•'R. Weingand, German P. 487,618, 1928, to Wolff & Co. Komm.-Ges. ; Chem. Abs., 1930, 24. 1979. 
•*^ee also German P. 578,878, 1983; Chem. Abs., 1934, 28. 868. 

F. L. Browne and C. E. HrubeSky, Ind. Eng, Chem., 1927, 19, 215. 
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sistant. A glue mixture containing urea-formaldehyde compositions gels like an 
untreated glue sol when it is chilled to room temperature while fluid. If the 
chilled jelly is kept at room temperature for a period longer than its working 
life, it cannot be melted again even on heating in a water-bath. 

Baldwin** used a cement containing urea-formaldehyde resins in the production 
of linoleum and other floor coverings. A thin sheet material, e.g., paper, is placed 
on a supporting linoleum or felt base with an intervening cementing material 
containing a resin, a plasticizer and a modifier. Such a binder contains 50 parts 
of urea-formaldehyde resin, 25 parts of cumarone resin, 25 parts of rosin, 20 parts 
of tricresyl phosphate and 20 parts of dibutyl phthalate. 

A resin developed by Eisenmann, Scholz and Wolf"* for the production of abra¬ 
sive paper is made by reacting hydroxyl-bearing esters of a fatty acid containing 
at least 10 carbon atoms with dimethylolurea in acid solution. 

A method given by these investigators involves the preparation of an ester from 
one mol each of glycerol and linseed fatty acids. Then 250 parts of the ester are dis¬ 
solved in 300 parts butyl alcohol and 50 parts ethyl alcohol; 13 parts of a 5 per cent 
solution (in ethyl alcohol) of urea nitrate are added, then 250 parts dimethylolurea. 
The batch is heated to 90*G. giving a solution of a resin. Later, 20 parts of tertiary 
sodium phosphate are added to neutralize. After settling, the phosphate is filtered 
off. A yellow-brown resin is obtained on evaporation of the solvent. Abrasive paper 
is made by applying to paper a 40 per cent toluol solution of the resin and distribut¬ 
ing carborundum grains over the surface. The resinous adhesive is hardened by heating. 

Urea Resins Used with Rubber 

A composition of alkyd resins with urea-formaldehyde condensation products 
and emulsified rubber or rubber substitutes was found by Baird and Bunbur>^ 
to give flexible, semi-glossy coatings with good weathering qualities. 

An alkyd-urea-formaldehyde resin is first made by heating 10 parts of alkyd resin, 
20 parts of glycol monoethyl ether and 10 parts of dimethylolurea for about 30 min¬ 
utes. The alkyd resin employed is prepar^ by heating 148 parts of phthalic anhy¬ 
dride, 62 parts of glycerol and 150 parts of castor oil at 190-200®C. for 3-4 hours while 
M current of carbon dioxide or nitrogen is passed through the reaction mixture. 
The coating is made by dissolving 30 parts of alkyd resin and 11 parts of the alkyd- 
urea-formaldehyde resin in 14 parts of solvent naphtha, 45 parts of butyl alcohol, 65 
parts of water and 10 parts of rubber substitute emulsion and passing the stirred 
mixture through a colloid mill. The product can be applied by coating, dipping, 
spreading or spraying and is dried at temperatures above 90®C. 

Uncured rubber doth can be coated with a lacquer consisting of a polyhydric 
alcohol-polybasic acid resin, a hydro^lated fatty oil and a urea-formaldehyde con- 
den^tion product.*® The coating is hardened and the rubber is simultaneously 
vulcanized by treatment with a solution of sulphur chloride in carbon disulphide. 
Urea-aldehyde resins modified with phenols may be used, according to Thompson," 
as adhesives for the attachment of rubber to metal, porcelain, glass or wood. The 
reaction product of thiourea and an aldehyde-ammonia serves, in small proportions, 
as an acceleratqr for the vulcanization of rubber.*^ Another group of accelerators 

«J. T. Baldwin, U. 8. P. 1.703.666 and 1,793.667, Feb. 24, 1931, to Sandura Co., ftic.; Chem. Ah$., 
1931, 25, 1313. 

*** VL EtfleDmann, E. Schols and K. Wolf, U. 8. P. 1,996,911, Apr. 9, 1935, to Unyte Corp. See also 
British P. 419,813, 1934, to Minnesota Mining A Mfg. Co.; Chem. Abt., 1935, 29, 2682. 

J^ird and H. M. Bunbuiy, British P. 349,903, 1929, to Imperial Chem. Jnd.; Brit. Chem. 
Abe. B, 1931, 789. 

"*E. A. Bevan and W. J. 8. Nannton, British P. 351,581, 1980, to Imp. Chem. Ind.; Chem. Abs.p 
1933, 27, 447. 

A. Thompson, British P. 388,778. 1933, to B. F. Goodrich Co.; Chem. Abe., 1938, 27. 5909. 

«rN. A. Shepard and 8. Krall, U. 8. P. 1,647,754, Nov. 1, 1937, to Firestone Tire A Rubber Co.; 
Chem. Abe., 1928, 22, 334. 
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is produced by mixing mercaptans or mercapto compounds with organic bases 
including thiourea and guanylureas.** 

By condensing urea with not more than 1 mol of formaldehyde in ammoniacal 
solution, Spiecker* obtained a preservative for latex. The material formed is 
soluble in water and remains liquid when concentrated as far as possible under 
reduced pressure. It is slowly decomposed on standing, evolving ammonia. 

A resin formed from phenol glycerol ether, urea and formaldehyde increases 
the resistance of rubber masses to chemical and electrical influences.*® By dis¬ 
persing rubber in a liquid urea-formaldehyde resin, a plastic composition is ob¬ 
tained.*^ 


Miscellaneous Uses op Urea Resins 


Rochet** reported the preparation of artificial silk directly from the condensa¬ 
tion products of urea and formaldehyde. 

As an example, 30 kg. of urea are dissolved in 80 1 of commercial formalin, and 
the resulting solution is treated with calcium carbonate and filtered. The filtrate is 
refluxed for 3-4 hours in an apparatus fitted with a condenser. The condenser is 
then removed and the solution is further boiled until a test-sample gives a precipitate 
when poured into water. At this moment, 3 I. of a saturated solution of disodium 
hydrogen phosphate are add(*d and the product is evaporated under reduced pressure 
until half of the water initially contained is removed. After cooling, the product 
is spun, using as a coagulating bath a saturated solution of magnesium sulphate (or 
sodium sulphate) to which sulphuric acid has been added until the solution turns 
bromophenol from blue to yellow. Cyanamide or dicyanodiamide can be used to 
replace the urea. Urea resins were incorporated by Dreyfu^ in cellulose esters or 
ethers for the manufacture of silk films and threads. 

The water-soluble types of urea resins are used in conjunction with deodorizing 
and preserving agents for the preservation of perishable animal products such as 
hides.** Taylor and Keller** employed a transparent, syrupy urea-aldehyde con¬ 
densation product for the impregnation of leather. The treated material was 
dried, mixed with pigments and finally molded. Tanned leather was given an 
after-treatment with an aqueous solution of a urea-aldehyde condensate by Berg- 
mann** in order to fix the residual tanning substances. Brunner and &heele*^ 
applied urea-aldehyde resins to the preserving of physiological specimens (e.g., 
insects, plants, reptiles and fishes). The specimen is covered with a free-flowing 
resin and air is drawn from the interior of the specimen by evacuating. Finally, 
the liquid condensation product is converted into an insoluble solid by heating, 
and the transparent mass is polished. Urea and other fertilizers which are hygro¬ 
scopic or have a tendency to cake during storage can be preserved by coating with 
a urea-formaldehyde condensate.** 

**British P. 284,740, 1020, to Rubber Service Labs. Co.; Chetn. Ah^., 1920, 23, 732. 

••F. W. Spiecker, German P. 570,473, 1028; Chem. Aba., 1933, 27 . 2541. 

Swiss P. 105,712, 1934, addn. to 103,553, to J. R. Geigy A -G. ; Chem. Aba., 1034, 28. 2040. 

D. F. iSriss and J. A. Wilson, British P. 408,142, 10^, to Dunlop Rubber Co., Ltd.; Chem. Aba. 

1084, 28, 8107. 

•*J. Rochet. U. S P. 1,051,004, Mar. 20, 1M4, to Comp, de prod. chim. A 4Iectroin^t. Alais, Froge** 
A Qamargue; Chem. Aba., 1984, 28, 8580. German P. 530,754. 1020; Chem. Aba., 1082, 28, 1121. French 
P. 712,005, 1080; Chem. Aba., 1082, 26. 2054. British P. 305.408, 1020; BHt. Chem. Aba. B, 1030, 813. 

«*H. Di^orfus, Flench P. 30,028, addn. to 702,174; Chem. Aba., 1032, 26, 1784. 

** German P. 584,^0, 1020, to Soo. anon, pour Kind. chim. k B&le; Chem. Aba., 1932, 26. 1040. 
Swiss P. 127,007, 1926, addn. to 124,035; Chem. Aba., 1920. 23. 2257. 

J. Taylor and A. V. Keller, British P. 888,750. 1920; Bnt. Chem. Aba. B. 1930, 1081. 

••M. Bergmann, U. S. P. 1,047,518, Feb. 20, 1084; Chem. Aba., 1034, 28, 2508. M. Bergmaim and 
A. Miekeley, Oeiman P. 006,140, 1084; Chem. Aba., 1085, 29, 1078. 

Brunner and E. Soheele, U. 8. P. 1,588,164, June 8, 1926; Chem. Aba., 1020. 20. 2515. British 
P. 268,074, 1026; Brit. Chem. Aba. B. 1027, 208. 

••British P. 359,168, 1030, to I. Q. Farbenind. A.-Q.: Brit. Cf^em Aba. B. 1032, 40. 
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Priifer and Dulik®® extended the use of urea resins to the production of light-sensi¬ 
tive layei>5 for photographic purposes. Thus, 20 cc. of a solution of a \irea-aldehyde 
condensation product that is soluble in warm water and contains the equivalent of 
20-30 per cent of solid urea are heated and emulsified with silver halide. The product 
18 cooled, washed and finally applied while warm to glass, film or paper. If a copy 
is to be made on a plate of zinc or copper, the metal is first thoroughly cleaned and 
then is covered with a chromated resin solution which is composed of 10 cc. of a 
urea resin containing 12-15 per cent of solid urea and diluted with 5-10 vc, of water, 
2 cc. of a 10-20 per cent solution of ammonium dichromate, 2 drops of a 5 per cent 
albumin solution and 2 drops of a 10 per cent solution of copper bromide (acting 
as an accelerator). The plate is next dried in a cen^^rifuge. A copy is made from 
a ruled negative m daylight or with artificial light and io developed for a few sec¬ 
onds under a water-jet. After the copy has been colored with an aqueoiis solution 
of a dyestuff and subsequently dried, the etching can be effected without a previous 
treatment with heat. 

Ink for use in intaglio printing can be prepared by incorporating finely divided 
or dissolved coloring matter with a ure.a resin dissolved in a volatile, organic 



Courtesy Paul O. Abb(, Inc. 


Fig. 109. —Large-size Pebble Mill, Jacketed for Temperature Control, and 
with Inching-Type Motor Drive for Grinding Urea Plastics. 

solvent.’® The solvents employed are alcohols (with less than 6 carbon atoms 
in the molecule), ketones and esters or hydrocarbons of the aromatic series. Thus, 
lampblack and the calcium salt of an azo dyestuff prepared from aniline and 2,6- 
naphtholsulphonic acid are triturated with a urea-formaldehyd^ condensation prod¬ 
uct dissolved in a mixture of isobutanol and ethanol. Laking of dyes with urea 
resins has been mentioned previously. Water-soluble urea-formaldehyde resins 
were used by Reindel and Ohmer’^ in the preparation of color lakes from acid dyes. 

Films may be manufactured from urea-aldehyde resins by applying viscous 
solutions of the latter, preheated to 100*C., to a travelling base and allowing 
them to solidify.’* This solidification is effected at temperatures of 70-100®C., 

••H. PrUfer and K Duhk. U. S. P. 1,964.136, June 26, 1934; Chem. Abs., 1934 , 28. 4993. See also 
I. Kxaidl, C. Roaen and K. Rutter, British P. 403,664, Ifi^, to Verein. chem. Fabr. Kreidl, Heller A 
Co.; Chem Ab»., 1934, 28, 3606. French P. 739,004, 1932; Chem. Abs., 1933, 27^ 1837. 

WH. Fleischmann and O. Jordan, U. 8. P. 1,787,239, Dec. 30, 1930, to I. G. Farbenind. A.-G.; 
Chem, Abe., 1931, 25, 833. British P. 307.877, 1929; BrU^ Chem. Abs. B. 1930, 26. French P. 671,082. 
1929; Chem. Aba.. 1930, 24, 1996. C/. .the use of urea-formaldehyde resins in transfer inks. French 

P. 774,481, 1934, to British Cyanides Co., Ltd., and H. £. Peace A Co., Ltd.; Chem. Aos., 1935, 29, 

2266. 

'«H. Reindel and A* Ohmer, U. P. 1,974,510, Sept. 25, 1934, to General Aniline Works; Chem. 
Abe., 1984, 28, 7554. 

«R. Weingand, British P. 318,580. 1928, to Wolff A Co.; Chem. Abi., 1930. 24, 2256. British P. 
298,631, 1927; Chem. Abi., 1929, 23. 2990. French P. 661,598, 1928; Chem. Abs.. 1930, 24, 476. 
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the films being removed when no longer sticky on the surface. Softening agents 
(glycerol or methylcyclohexyl adipate) should be added to the resin. 

Various other applications of urea resins have been suggested. Goldscheider 
and Tuschinsky’* prepared imitation frosted or stained glass by impregnating wire 
gauze or a fabric with a urea-formaIdehj^de-resin lacquer and applying granulated 
glass to the surface. Fibrous materials, soaked with urea- or thiourea-formalde¬ 
hyde condensation products and then hot-molded with small quantities of an 
acid condensing agent, were proposed as brake linings.’* As referred to in the 
section on the impregnation of paper, acoustic diaphragms for use in telephone 
transmitters can be manufactured from urea condensation products.’" Rickets™ 
l^irepared such diaphragms by treating paper, linen, silk, artificial silk or mer¬ 
cerized cotton with a urea or thiourea resin. Artificial cork masses can be manu¬ 
factured by impregnating cork meal with less than 30 per cent of its weight of 
unhardened urea resin together with a softening or plasticizing agent (e.g., glycerol) 
and compressing the resultant composition.” Aqueous solutions of urea resins 
mixed with acids and acid salts are employed in the treatment of wood.™ A layer 
of urea resin with added pigments has been used as a coating for ebonite panels 
to prevent deterioration by light.™ 

A product obtained by condensing urea with hexamethylenetetramine was used 
by Mossgraber®" as a ijrotective colloid for dispersions of metals or metalloids in 
organic liquids such as glycol, glycerol, hydrocarbons and animal or vegetable oils. 
The oily substance obtained by the prolonged refluxing of formaldehyde solution 
with di-o-tolylthiourea was employed by Schmidt**' as an inhibitor for sulphuric 
acid pickling baths. Schlacht” applied coatings of urea resins as a preservative 
for soil profiles. A sheet of celluloid is coated with a solution of the colorless, 
water-soluble urea resin and is pressed against a vertical, smoothly-faced profile 
wall. After 5-10 minutes^ the sheet is i^led off with a thin layer of soil adher¬ 
ing. When this sheet is dried, a permanent ^^monolith*’ of the profile is obtained. 

TSR. Goldscheider and I. Tuschin.sky, Biitish P. 2S8.012, 1926; Chem Ahn,, 1929, 23, 254. 

French P, 696,705, 1930, to 1. G Farbenuid A-G . Chein. Abu., 1931, 25, 2825. 

W. E. Goodwin, British P. 329,429, to Siemens Bios & Co , Chem. Ab^ , i930, 24, 5445. 

“"W. J. Rickets, British P. 302,746, 1927, Chem Abs , 1929, 23, 4309 

■"British P. 322,752, 1928, to I G Fnrhenind. A.-G ; Bnt Chem. Ab^ B, 1930, 138. 

■^ K. Vierling, M. Schmihmg and H Khngenberg, German P 550,647, i629, to I. G. Farbenind. 
A.-G.; Chem. Aba., 1932 , 26. 4932. 

E. Wells, Bnti.sh P. 303,814, 1927, to Bnt Hard Rubber Co, Ltd ; Chem Aba, 1929, 23, 4542. 

** E. Mossgraber, German P. 581,416, 1933, to Allgem. Elekt.-Ges ; Chem. Aba., 1933, 27, 5125. 

»^J. G. Schmidt, U. S. P. 1,807,711, June 2, 1931, to E F Houghton & Co , Chem. Abs, 1931, 25. 
4216. 

Schhicht, Z Pflam Dmiu , 1929. 13A. 426. Hnt Chem 4hs B. 1929. 7'»6 



Chapter 31 

Thiourea Resins. Mixed Urea-Thiourea Resins 


Thiourea, because of the water-resistance that it imparted, was heralded as an 
all-important constituent of molding compositions,' but it has proved somewhat 
intractable from the standpoint of the molder. Ordinary molds (see Chapter 28) 
are stained by thiourea-containing powders, necessitating the use of stainless steel 
or chromium plated molds. Thus, the molder was unable to employ his usual 
equipment and faced the necessity of purchasing new and more expensive molds. 
Another feature handicapping the development of thiourea-formaldehyde moldings 
IS their characteristic slow rate of cure. Thiourea resms require a curing time of 
about ten minutes, comparing very unfavorably with the rapidity with which 
Bakelite resins cure. As the molding industry has developed largely along the 
lines of piece work, the time involved in individual operations seriously affects the 
cost of the final product and the profit derived therefrom. Since urea resins cure 
much faster than thiourea products, the exjiedient of preparing a resin containing 
both urea and thiourea was tried. The compovSite resin cured more expeditiously 
and was resistant to water, but still exerted a deleterious action on the mold. In 
modern practice, water-resistant ware can be fabricated from urea resins alone, 
and hence thiourea-formaldehyde condensates are no longer manufactured ex¬ 
tensively. 


Production op Thiourea and Related Compounds 

Thiourea, as synthesized by Claus* in 1873, was a colorless crystalline compound 
melting at 172°C. It dissolved in water, was slightly soluble in alcohol and dif¬ 
ficultly soluble in ether. Inghilleri® described the synthesis of thiourea and am¬ 
monium thiocyanate by heating carbon disulphide and ammonium carbonate. 
Ammonium dithiocarbamate is first formed and is converted successively into am¬ 
monium thiocyanate and thiourea by further heating. 

The conversion of ammonium thiocyanate to thiourea (analogous to Wohler^s 
synthesis of urea) is conducted extensively on a commercial scale, since the wet 
process for the purification of illuminating gas offers a readily available supply 
of the thiocyanate.** A 35 per cent solution of ammonium thiocyanate obtained 
as a by-product in the gas industry is crystallized by concentration in a resistant 
vessel made of a non-ferrous metal. The crystals are then heated for several 
hours at 140-160®C. under atmospheric or reduced pressure. A 25 per cent yield 
of thiourea is obtained and separated from the unchanged thiocyanate which is 
further treated with heat. Donauer prepared thiourea by heating ammonium 

^ 8m s r«view by K. M. Chsnoe, Auttnlian Plattici and Allied Tradet Rev., 1983, 2 (2), 18; Chem. 
Abi., 1984, 28, 588. Although resins made from uiea and thiourea represent a type of amino linkage 
forming aminoplasts of a similar character generically considered (see Chapter 28), it should be noted 
that despite their general equivalency thidurea possesses certain disadvantages which render it leas useful 
than urea for various molding purpose!. 

* Claus, Ber., 1898, 6, 727. The melting point of thiourea la now considered to be 182*C. See, for 
example. 'Tntemational Critical Tables,*' MrGraw-Hill Book Co., N. Y., 1926, I, 177. 

*0. InghUleH, Oaee. ekhn. ital., 1909, 39 (I), 684; Chem. Abe., 1911, 5, 686. 

•• HritUh Pldetice, 1984, 5, 550. 
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thiocyanate in vacuo at IGO'^C., then allowing the material fo cool slowly to 110- 
120°C. when it was granulated.* The cooled product was added to sufficient water 
at 10-14®C. to maintain the unchanged ammonium thiocyanate in solution at —10°C. 
The undissolved material was then crystallized from hot water, yielding thiourea. 
A large proportion of the thiourea industrially produced is prepared from crude 
calcium cyanamide (see Fig. 110). If this compound is dissolved in water at a 
temperature low enough to prevent the substantial decomposition of the cyanamide 
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Fig. 110.—Flow Diagram for the Preparation of Thiourea from Calcium Cyanamide. 

(R. V. Heiiser.) 


present, filtered and treated with a solution containing sulphur and ammonium 
f^ulphide, thiourea is formed.** A process described by Heuser® utilized hydrogen 
sulphide and ammonia in conjunction with the cyanamide solution to form thiourea. 
Mayen and Wolfes® prepared an aqueous cyanamide solution, first, by extracting 

^ M. Donauer, U 8. P. 1,949,738, March 6, 1934, to Koppers Co.; Brtt. Chem Abt. B, 1935, 92. 

**F. S. Waihburn, U. S. P. 1,807,326, Nov. 16. 1926; Chem. Ab«., 1927, 21. 249. 

» R. V. Heuwr, U. 8. P. 1,991,852, Feb. 19, 1935, to American Cyanamid Co ; Chem. Abi., 1935, 29. 
2^80. See also G. A. Kirkhgof and E. A. Akoniants, Khim. Farm. Prom., 1934 (3), 17; Chem. Abs , 
1935. 29, 1781. ^ 

•H. Mayen and 0. Wolfes, German P. 452,025, 1924, to E. Merck; Brit. Chem. Abs. B, 1930, 315. 
See also W. Sohulenburg, U. 8. P. 1,977,210. Oct. 16. 1934; Chem. Ab»., 1035, 29, 181. 
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calcium cyanamide at 15®C, and precipitating the calcium with carbon dioxide. 
The filtered solution is then saturated (at 15-60®C.) with hydrogen sulphide in 
the presence of water-soluble bases (ammonia). After concentration, the thiourea 
is deposited in the form of crystals. In another preparative method,^ calcium 
sulphide is added to an aqueous solution of calcium cyanamide, and carbon dioxide 
is led in at a pressure of 5 atmospheres and a temperature of 75®C. The nascent 
hydrogen sulphide produced reacts with the cyanamide to form thiourea. A 
similar procedure® entails adding calcium cyanamide and calcium sulphide (in the 
theoretical proportions) to 5 times their weight of water, treating with carbon 
dioxide to precipitate all the calcium and then heating at 75°C. for 1-1.5 hours 
with stirring. The thiourea is recovered by filtration and evaporation. 

Flemming and Klein® described the preparation of thioureas from mustard 
oils and diarylguanidines, in inert solvents at temperatures below the decomposi¬ 
tion points of the products. The method is more applicable to complex, substi¬ 
tuted types. Thus, N,N'-di-o-tolyl-N"-phenylthiocarbamidoguanidine (m. p. 179- 
180®C.) was obtained in 93 per cent yield from di-o-tolyl-guanidine and phenyl 
mustard oil in boiling benzene. Diaryl thioureas are formed by treating carbon 
disulphide with an excess of an amine, without using neutral solvents or water 
Aniline, e.g., gives thiocarbanilide with carbon disulphide. 

The vapor-phase reactions of carbon disulphide and aniline were employed 
by 0'Brien“ in the production of thioureas. Carbon disulphide vapor is introduced 
at the bottom and aniline at the top of a tower divided into a number of compart¬ 
ments, connected by pipes arranged to insure an intimate mixing of the reactants. 
The temperature of the tower is maintained at about 130®C. by electric heating 
coils or superheated steam. Hydrogen sulphide escapes through the top of the 
tower, and the reaction product (diphenylthiourea) flows down into a trap con¬ 
taining benzene, from which it is separated and dried. A catalytic carbon disul- 
phide-amine process for thiourea was developed by Hand and Roberts.^ Aromatic 
amines are heated at 46®C. with 60 per cent of carbon disulphide in the presence 
of an alkaline catalyst volatile below 75°C. (0.1-0.25 per cent of concentrated am¬ 
monia solution). The evolved hydrogen sulphide vapors are scrubbed by passing 
through a tank containing a second charge of amine and catalyst, this charge 
being admitted to the mixer when the reaction is complete in the first charge 
and the excess of carbon disulphide and catalyst have been recovered by distilla¬ 
tion at 75®C. Bedford and Sibley'* employed a p-nitroso compound (p-nitroso- 
phenol or p-nitrosodimethylaniline) to remove the hydrogen sulphide formed in the 
condensation of aniline and carbon disulphide. The hydrogen sulphide combines 
with the nitroso compound, aniline and carbon disulphide to form a derivative 
of thiocarbanilide. This removal of hydrogen sulphide accelerates the produc¬ 
tion of thiocarbanilide. The mechanism of the carbon disulphide-aniline reaction 
w'as studied by Snedker'* who postulated the following reactions: 

‘'French P. 630,883, 1927, to Soc. d'Etudes Chim. pour Kind.; Bnt. Chem. Abs. B, 1930 , 409. 

* Swiss P. 119,471, 1926, to Comp, de I'Axote et des Fert. Soc. anon.; Bnt. Chem. Abs. B, 1929, 200 

* W. Flemming and H. Klein, German P. 464,319, 1928, to Silesia Verein chem. Fabr.; Chem, Aba, 
1928, 22, 4133. 

“’British P. 207,906, 1928, to Silesia Verein chem. Fabr.; Chem. Abs., 1930, 24, 131. Carboditolyl- 
imide wm used by G. H. Stevens (U. S. P. 1,856,506, May 3, 1032; Chem. Abs., 1032, 26, 3609') as an 
accelerator in the vulcanisation of rubber. 

W. a. O'Brien, U. S. P. 1,482,317, Jan. 29, 1924, to Goodyear Tiro A Rubber Co.; J.S.C.l,, 1924, 
43, 353B. 

uC. N. Hand and H. P. Roberts, U. S. P. 1,688,707, Oct. 23, 1928, to Rubber Service Labs. Co ; 
Bnt. Chem, Abs. B, 1920, 511. C. N. Hand and C. E. Smith, U. S. P. 1,724,580, Aug. 13, 1029; Chem. 
Abs., 1929, 23. 4710. 

^ C. W. Bedford and R. L. Sibley, U. S. P. 1,477,804, Dec. 18, 1923, to Goodyear Tire A Rubber Co.; 
J.S.C.I., 1924, 43, 288B. 

J. C. Snedkcr, J.8.C.I., 1925. 44. 74T. 
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Uedinov, Drozdov and Stepanov.'® in a study of the same reaction, found that a 
maximum yield of thiocarbanihde was obtained with a 10-20 per cent excess of 
carbon disulphide, but an excess of aniline greatly reduced the yield owing to a 
tendency to form triphenylguanidine. Diphenylguanidine is made by treating 
aniline with cyanogen chloride, distilling the excess aniline and adding a weak 
alkali.'* The reaction of a mercaptan and a cyanamide m aqueous or alcoholic 
solution yields isothiourea ethers.'^ The mercaptan is passed in vapor form 
through the solution. S-Ethyl-isothiourea is thus obtained from ethylmercaptaii 
and cyanamide. In a spectroscopic study of thiourea, Rivier and Borel'* con¬ 
cluded that thiourea and trimethylthiourea can exist only m the iso state and do 
contain the C—S group. Thiourea derivatives'” may be prepared by heating the 
mineral acid salts of amines such as aniline hydrochloride, p-phenetidine hydrochlo¬ 
ride and 4-amino-indazole hydrochloride with an alkali ihiocyanate in the presence 
of an inert organic solvent. 




Thiourea Resins 

The conditions under which urea or thiourea will form resins with formaldehyde 
which can be used in molding are limited and must be carefully controlled. Accord¬ 
ing to Novotny and Wilson,*’ the condensation markedly tends to form a gel, from 
which the mother liquor may be removed only with difficulty. Catalysts increase 
this tendency, and even when the water is removed, the resin is liable to be almost 
infusible and of little use for molding. As a result, many of these products, as 
described later, are cast rather than molded. 

Novotny and Wilson developed a method of removing water from the liquid con¬ 
densate without promoting gel formation. The reaction between thiourea and form¬ 
aldehyde is carried out in a slightly alkaline medium without heating. Specifically, 
1 part of barium hydroxide is dissolved in 160 parts of 36 per cent formalin and 
parts of thiourea are added with stirring. The temperature of the mixture is held 
below 40®C. and the reaction is complete in 2 hours. To counteract the slight acidity 
that may develop, 2 parts of ammonium hydroxide (sp. gr. 0.9) are added, giving a 
stable solution that may be kept for long periods. Carbon dioxide is led into the 
mixture to precipitate barium carbonate. The clear solution, prior to its evaporation, 
serves as a varnish and an impregnant (e.g., in the preparation of laminated mate- 
I'ials). Water may be removed from the aqueous condensate by freezing or by 
evaporation, giving an almost colorless, brittle product. The freezing treatment 

M. N. Uedmov, N. S. Drozdov and N. A, Stepanov, /. Chem, Ind. (Moscow), 1929. 6 . 37: Chem. 

^ 69 .. 1920. 23. 8214. 

R, V. Heuser, U. S. P. 1,727,060, Sept. 8 , 1929, to American Cyanamid Co ; Bnt. Chem. Abs. B, 
1929, 916. 

British P. 296,782, 1927, to Schering-Kahlbaum A.-G.; Chem. Abs., 1929, 23, 2447. 

“H. Rivier and J. Borel, Helv. Chm. Acta, 1928, 11. 1219; Chem, Abs., 1929, 23, 1115. 

^•British P. 414,452, 1934, to I. G. Farbenind. A.-G.; Chem. Abs., 1935, 29, 481. 

"E. E. Novotny and W. C. Wilson, U. S. P. 1,926,786, Sept. 12, 1988, to J. S. Stokes; Chem. Abs, 
1933, 27. 5996. 
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yields a mixture of ice and resin which is then finely divided in an impact pulverizer 
and earned through currents of air (air flotation) until the ice melts, separating 
from the resin particles. The resin is recovered in a cyclone separator as a tine pow¬ 
der. One advantage of this method is the possibility of control of the condensation 
which may be stopped at any point by subjection to the freezing process. The 
non-gelling character of the solution permits recoveiy of the resin by spraying the 
liquid through nozzles into a heated room or into a heated cyclone separator. 

A relatively early description of the use of thiourea in conjunction with formalde¬ 
hyde for resin formation is contained in the work of John,®^ who heated 1 part of 
urea or thiourea with 5 parts of commercial formalin until a part of the water had 
distilled and a glue-like mass remained. Prolonged heating gave a glassy, insoluble 
material. 

A solution of a thiourea-formaldehyde resin capable of heat-hardening and 
applicable as a varnish was produced by Schmidt® by carrying out the condensa¬ 
tion in an appropriate solvent. Thus, 100 parts of thiourea (part of which may be 
replaced by urea) are dissolved in 100 parts of ethyl lactate and a like amount of 
the mono-ethyl ether of ethylene glycol. Then 60 parts, by weight, of paraform 
are addeil, and the mixture is refluxed for 2-3 hours and filtered. The resulting 
solution can be used directly as a varnish, as a lacquer (with thinners) or as a 
component of molding mixtures. 

Uhe condensation is not necessarily carried out in a solvent. An aqueous solu¬ 
tion of formaldehyde (e.g., 650 g. of a 40 per cent solution) may be refluxed with 
thiourea (300 g.) for 1.5 hours.^ The addition of 1000-1500 cc. of water precipi¬ 
tates the resin, which is fusible at 100®C. and soluble in the organic resin solvents. 
This non-reactive resin is dissolved in a solvent, capable of dissolving paraformalde¬ 
hyde, for further treatment. Paraform (50-75 parts) is added to the solution 
which is then useful as a varnish or impregnant. The films prepared by hardening 
this resin are resistant to alcohol, acetone and benzene. The almost universal 
presence of formic acid in commercial formaldehyde which often gives the thiourea- 
formaldehyde resins an undesirable acid reaction caused Rossitei^ to attempt to 
remove it without the use of alkali by passing a stream of dry air or an inert gas 
through the liquid condensate during evaporation below 160°C. As with resins 
from urea itself, if thiourea and aqueous formaldehyde are condensed, the first 
product is water-soluble and may be concentrated to a syrup.This syrup is con¬ 
verted into a moldable material by adding a filler and an acid substance. The 
dried product, containing the condensate, wood flour and oxalic acid, sodium hydro¬ 
gen sulphate, potassium tetroxalate or aniline hydrochloride as hardening sub¬ 
stances, is hot-molded. 

A mixture of thiourea and urea may be employed to replace thiourea, or the 
two substances can be condensed separately with formaldehyde, and the water- 
soluble, initial condensates mixed in solution.® The mixture is concentrated by 
evaporation. As noted earlier in the chapter, slow curing is a disadvantage of 
thiourea resins; however, the combined urea-thiourea-formaldehyde resin cures 
more rapidly and yet retains the solubility of the purely thiourea-formaldehyde 
combinations. If 25 per cent or less of the thiourea is replaced by urea, clear 

nH. John, U. S. P. 1.355,834, Oct. 19, 1920; Chem. Abs., 1921, IS, 418. 

»J. H. Schmidt, U. S. P. 1,818,330, Aug. 11, 1931, to Bakelite Corp.; Chem, Abs., 1931, 25, 5585. 
German P. 559,835. 19M; Chem. Aba., 1933, 27, 858. J. H. Schmidt and R. S. Daniels, Canadian P. 
313,958, 1931; Chem. Aba., 1931, 25, 5305. Ganadiaiv P. 322,449, 1932; Chem. Aba., 1932, 26, 3686. 
British P. 358338, 1930; BrU. Chem. Aba. B, 1932, 118. 

**J. H. Schmidt and R. S. Daniels, U. S. P. 1,944,867, Jan. 23, 1934, to Bakelite Corp.; Chem. 
Aba., ION, 28. 2206. 

ME. C. RoMiter, British P. 248,4n, 19M, to Brit. Cyanides Co., Ltd.; Chem. Abt., 1927, 21, 828. 

MB. O. Rhssitsr, British P. 858.350, 1325, to Brit. Qyanides CSo.; Chem. Abe., 1327, 21, 3276. 

MB. C. ROiwitsr, British P. 166,088, 1925, to Brit. Cyanides Co.; Chem. Aba., 1328, 22, 505. German 
P. 588,262, 1963; Chem. Abe., 1934, 28, 270. Canadian P. 274,738, 1927; Chem. Abe., 1927, 21, 4073. 
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resin syrups are formed, but above this figure turbid products, which still cure 
rapidly, result. The turbidity is obviated by the incorporation of a small amount 
of ammonia. Traces of acid or alkali do not affect the solubility of thiourea 
resins. In an example illustrating the preparatipn of mixed resins, 95 lb. of thiourea 
and 74 lb. of urea are dissolved in 371 lb. of formalin containing 120 lb. of form¬ 
aldehyde. The mixture is warmed to 50-70° C. until all the thiourea and urea have 


Fig. 111.— 

Hydraulic Press Used in Making 
Laminated Sheets. 


Courtesy Bakelite Corp. 



dissolved. The turbid solution ob ned after stanv*..^ a few hours to effect 
condensation is evaporated at 70-80®C. by blowing a brisk current of air through 
it until the required consistency is reached. 

From 2 to 10 per cent of free thiourea has been added to function as an accel¬ 
erator in urea-aldehyde reaction products which are being ground in preparation 
for molding.*^ 

Gams and Widmer* also described a method of rosin formation based on the xiso 
of urea and thiourea. The formaldehyde is first condensed with not more than 1 inol 
of urea (per mol of aqueous formaldehyde) at a temperature of 100*C. until a sumplc 

^E. C. Rosaiter, British P. 851,094, 1930, to Brit. Qyanides Co ; C/irm. Abs., 1932, 26. 5392. 

«A. Qama and Q. Widmer, U. R. P. 1.854,$90, Apr. 19, 1932, to Soe. anou. pour Tind. chim. k B&le; 
Chem. Abi„ 1982, 26, 8892. British P. 275,995, 1927; BrU. Chetn. Abs. B. 1921, 219. 
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of the reaction mixture yields a precipitate on dilution with water. Thiourea is then 
added to bring the total amount of urea and thiourea to 1 mol for each 1.6 mols of 
formaldehyde, and the solution is evaporatedi and hardened. These proportions enable 
clear, glassy resins to be prepared from a minimum amount of formaldehyde. With 
urea and formaldehyde alone, a departure from the ratio of 2 mols of formaldehyde 
per mol of urea gives non-glassy or even milky films. Restriction of the amount of 
formaldehyde by using a urea-thiourea combination frees the final products from ob¬ 
jectionable aldehyde odors. A small amount (less than 1 per cent) of ammonium 
sulphate or ammonium thiocyanate added with the thiourea serves as a catalyst in 
hardening the resin. At the time of adding the thiourea, a considerable amount of 
free aldehyde is present in the solution. The fixation of the formaldehyde is normally 
accelerated by heating, but if the solution is made neutral or feebly alkaline, a slow 
reduction of the quantity present ensues on standing.® By this treatment, the resins 
give water-resistant varnishes. Thus, 120 parts of urea are dissolved in 334 parts of 
36 per cent formaldehyde, mixed with 30 parts of blood charcoal and filtered. The 
clear solution is heated for 6 hours at 98*^0. in an autoclave equipped with a stir¬ 
ring device. After neutralizing the product to litmus with a dilute sodium hydroxide 
solution, 45 parts of thiourea are added. On standing for 2 days at room temperature, 
the free formaldehyde is reduced from 6 per cent to 0.5 per cent by volume, and the 
viscosity of the solution remains unchanged. 

Kraus** described the preparation of resins, that can be molded under heat 
and pressure, by boiling urea, thiourea and urethan with aqueous formaldehyde 
in the presence of an acid catalyst (acetic acid) until a hydrophobe product 
separated on cooling. The products of the reaction are rapid-hardening, water- 
stable resins. 

An additional method^' of preparing urea-thiourea resins includes the use of a 
mixture of 1 mol of urea and 1 mol of thiourea pretreated in non-acid solution with 
2 mols of formaldehyde. This is then gi-adually added to a hot solution of 1 mol 
of urea and less than 2 mols of formaldehyde containing an acid condensing agent. 
The final molar ratio should be 1 mol of total urea and thiourea to 1.4-1.8 mols of 
formaldehyde. Specifically, 300 parts of urea are dissolved in 15(X) parts of previously 
neutralized, 30 per cent formaldehyde, and 5 parts of 10 per cent acetic acid are added. 
After heating to the boiling point, a solution of 562 parts of thiourea and 450 parts 
of urea in 1500 parts of neutral formalin is introduced during a period of 15-30 
minutes, and the boiling is continued for 45-60 minutes. At the end of this time, 
there are formed hydrophobe masses which precipitate on cooling. The,precipitated 
condensate is mixed with cellulose, dried at a low temperature, ground and hot-molded. 

A two-stage reaction of thiourea and urea with formaldehyde was carried out 
by Smidth.” First, 225 grams of urea are dissolved at a temperature of 25*-50®C. 
in 640 cc. of a slig;^htly acid, 35 per cent formaldehyde solution. This mixture is 
then vacuum distilled below 100*C. to remove most of the water. Next, 63 g. of 
thiourea are added and a second vacuum distillation is performed at 150°C. until 
nearly all of the water is removed and the jiroduct is as viscous as possible (but 
still can be cast). The resin, cast under pressure, is hard and brittle, but com¬ 
paratively soluble. It is finally heat-treated at 95*C. for three days and is trans¬ 
formed into a transparent, tough, insoluble and infusible product. Before final 
hardening, the cast resin may be ground, mixed with fillers and modifiers and 
molded. 

A variation of this method, designed tq improve the water-resistance of the 

**A. Oami, G. Widmer and K. Frey, U. S. P. 1,890,033, Dec. 6, 1932, to Soc. anon, pour Find, 
chim. k B&le; Chem. Abi., 1933, 27, 1724. British P. 313,615, 1029; Bnt, Chem. Aba. B, 1930, 1120. 
Swiss P. 140,428, 1928; Chem. Aba., 1931, 25, 1045. French P. 688,082, 1927; Chem. Aba., 1929, 23, 248. 
French P. 37,012, 1929, addn. to 638,082; Chem. Aba., 1981, 25, 1047. 

•0 W. Kraus, British P. 388,025, 1982; Chem. Aba., 1938, 27. 4481. 

Kunsthaisfabr. F. Poliak Q.m.b.H., 'British P. 375,609, 1982, to Pollopas Ltd.; Chem. Aba., 1988, 
27, 8887. French P. 719,139, 1981; Chem. Aba., 1932, 26, 3392. 

«L. Smidth, U. S. P. 1,704,847, Mar. 5, 1929, to £. O. Budd Mfg. Co.; Chem. Aba., 1929, 23, 
2000. Reissue 18.943, Sept. 12, 1983; Chem. Aba., 1988, 27, 5907. British P. 294,258, 1928; Brit. Chem. 
Aba. B, 1929, 1047. French P. 657,818 and 657,844, 1928; Chem. Aba., 1929, 23, 4542. 
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resins, entails the condensation of 2 mols of slightly acid, aqueous formaldehyde 
with 1 mol of urea and, after a few minutes, the addition of 0.2 mol of thiourea.** 
When almost all of the water has been removed by vacuum distillation, fonnic 
acid is added, and the mixture is cast in molds and subsequently dried in an 
oven. Kelley and Deisley*^ developed a further modification of the preparation 
of urea-thiourea-formaldehyde condensation products. A mixture with a pu of 
0 .2-7.0, containing urea, formaldehyde and ammonia solution, is first heated under 
reflux for a short time. Thiourea is then added, and refluxing is continued until a 
test sample no longer dissolves in water. The next step is the addition of a salt 
of a strong base and a weak acid (sodium acetate) in order to retard the gelation 
of the homogeneous, liquid condensate. By vacuum evaporation, 20 per cent 
of the water is removed, and the excess formaldehyde is converted by adding urea. 
As soon as 30 per cent of the aldehyde has reacted with urea, formic acid is 
introduced, and the concentration of the material is continued until the substance 
can be cast while hot in a mold. Other acids or acid salts (e.g., potassium phos¬ 
phate or aluminum chloride) may replace formic acid in the final phase of the 
jirocess. A molding composition suggested by Belfit**'* is prepared as follows. Urea 
and formaldehyde are condensed in solution at a pn of 5.5 or higher at 110'120°C. 
under pressure. Then a minor percentage of thiourea is added to the solution, 
followed by a fibrous filler and a dye The mixture is dulv dried below 100°C and 
ground to 20- or 30-mesh. 

W’ater-resisting resins wen also produced by Rothera, Blythen and Gillespie** 
through heating a mixture of urea and thiourea (previously treated with alkaline 
formaldehyde solution) with acids. The heating is continued until the resin pre¬ 
cipitates on cooling, and the products are further processed and hardened. Mains** 
used a 30-60 per cent solution of a urea-thiourea resin to impregnate wood foi 
making trays and bo.xes. Fireproof paneling*^ may be made by impregnating 
asbestos and wood veneer with a heat hardenable urea-thiourea resin and pressing 
the sheets together. A method not necessitating the admixture of urea consists 
in the condensation of 1 mol of thiourea with 1.5 mols of aqueous formaldehyde 
at a Ph of 3.** The solution, to which volatile solvents are added, is used for 
the impregnation of fabrics and asbestos. The material obtained is dried at a 
low temperature and consolidated by hot-pressing, or is disintegrated to form 
molding and die-casting powders. Thiourea is added, in another -method, in the 
final concentration of the syrup formed from 2 mols of formaldehyde and 1 of 
urea.** Sisley" prepared a mordant by condensing thiourea and an aliphatic alde¬ 
hyde (formaldehyde, acetaldehyde or crotonaldehyde) in the presence of a mineral 
acid. The product may he used on wool, silk, leather or furs but not on cellulose 
acetate. 

Eisenmann and Kuchenbiich^' ha>'c also prepared thiourea-foinmideljyde conden.sa- 

«»L. Smidth, U. 8. P, 1,704,348, Mar. 5, 1929, to E. G. Biidd Mf«, Co ; Chem, Abs., 1929, 23, 2000. 
British P. 294,254, 1928; Bnt. Chem. Aba. B. 1930, 338. 

»*G. L. Kelley and M. W. Deisley, Bntish P. 319,687, 1928, 1o E. O. Budd Mfg Co.; Ciiem. Aba, 
1930, 24, 2559. French P. 681,831, 1929; Chem. Aba., 1930, 24. 4363. Canadian P. 315.214, 1931, Chem. 
Aba., 1932, 26. 1730. 

R. W. Belftt, Canadian P 349.461, 1935, to Scovill Mfg Co.; Chem. Aba. 1935, 29, 4106 

*»W. S. Rothera, S. Blythen and H. R. Gillespie, German P. 553.502, 1930; Chem. Aba., 1932, 26, 
6166. 

G. H. Mains, U. S. P. 1,991,056, Feb. 12, 1935, to Westinghouse Elec. A Mfg. Co.; ('hem Aba, 
1935, 29, 2384. 

*7G. H. Gardner, British P. 418,727, 1984, to The Bushing Co., Ltd.; Chem. Aba., 1985, 29, 531. 

w British P. 874,914, 1981, to H. Rommler A.-G.; Brit. Chem. Aba. B, 1982, 808. French P. 716,189, 
1931; Chem. Aba., 1932, 26. 2334. German P. 583.563, 1983; Chem. Aba., 1984, 28. 1153. 

British P. 345,985, 1929, to Toledo Scale Mfg. Co.; Chem. Aba., 1932, 26, 2025. 

»J. P. Sisley, Bev. ghi, mat. cnlm., 1982, 36, 884; Bnt. Chem. Aba. B. 1932, 978. French P. 713,283, 
1980, to Soo. anon, des mat. color, et prod. chim. de Saint-Denis; Chem. Aba., 1932, 26v 1800. 

Eisenmann and J. Kiichenbuch, German P. 824,686, 1929, to 1. G. Farbenind. A.-G.; Chem. 
Aba., 1981, 25, 3782. 
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tion products for use in resin formation. The condensation takes place in the presence 
of organic solvents (ethyl alcohol or acetone). As an example of the procedure/* 
130 parts of trioxymethylene are dissolved in 320 parts of methyl alcohol and 18 parts 
of 50 per cent potassium hydroxide solution. Thiourea (152 parts) and an additional 
18 parts of the potassium hydroxide solution are then added. After a short time, 
dimethylolthiourea, which can be solidified by washing with acetone, separates. A 
mixture of 136 parts of the dimethylolthiourea and 120 parts of dimethylolurea is 
suspended in 500 parts of methyl alcohol. While stirringj 5 parts of sodium tetrox- 
'alate are added, and the mixture is heated to gentle boiling for 1 hour. The clear, 
viscous solution is neutralized and filtered. This product, mixed with various other 
resins, cellulose esters or cellulose ethers, can be used in lacquer manufacture. By 
evaporating the solvent in vacuo from the solution, a viscous material, that forms a 
resin with good electrical properties after heat treatment, is obtained. 

Ripper" produced molding compositions by condensing thiourea, or a mixture of 
thiourea and urea containing not less than 1 mol of the former per mol of urea, in 
boiling aqueous solution with formaldehyde. Not more than 3 mols of formaldehyde 
per mol of thiourea are used, or if the mixed ureas are employed, 2 mols of form¬ 
aldehyde are added for each mol of urea and thiourea. (Contact with cold water 
converts the resinous products to a fine powder that may be hot-pressed. Opaque 
final products are formed when the urea and thiourea are condensed simultaneously, 
whereas clear resins are given by initiating the reaction with thiourea before adding 
a solution of urea in formaldehyde. 

In forming condensation products of urea, thiourea and formaldehyde, von Knilling"* 
firoposed to carry out the reaction by fusion. In one example an intimate mixture of 200 
parts of urea, 52 parts of thiourea, 240 parts of trioxymethylene, 6 parts of sodium acetate 
and 20 parts of formamide is heated at 140°C. for 20 minutes. A viscous melt is formed 
which on cooling becomes a hard white mass that may be powdered for use in moldings 
or adhesives. 

Molding powders were made by Ripper** by heating aqueous formaldehyde with 
thiourea, alone, until a hydrophobe resin, which separated from a sample of the 
reaction mixture on cooling, had formed. On adding water, the condensation 
product was precipitated as a fine powder, which was separated, washed and 
dried. Bussard" also described the condensation of thiourea with aqueous formal¬ 
dehyde, using an acid catalyst (e.g., acetic acid). Neuss" sought to improve the 
flow of the product obtained by the acid condensation of formaldehyde and urea 
without heat, by substituting thiourea for 10-20 per cent of the urea. Starch, in 
an amount equal to a multiple of the quantity of urea employed, is used as has 
been noted before as a filler in the condensation of urea or thiourea with formal¬ 
dehyde." Kappeler" described the preparation of a resin from thiourea and fur¬ 
fural. The thiourea is dissolved in dilute hydrochloric acid and furfural added. 
The mixture becomes warm and a hard black mass forms. The formation of 
resinous substances in the condensation of nitriles with thioamides was reported 
by Ishikawa.*® 

In an investigation of the reaction between aryl thioureas and both aliphatic 
and aromatic aldehydes, Schmidt" obtained several species of resins. Thus, di-o- 
tolyl-thiourea (1 mol) is condensed with 2 mols of aqueous formaldehyde by re- 

Britiih P. 819,251, 1928, addn. to 261,029, 1928, to I. G. Farbenind. A.-O.; Bnt. Chem. Ab$. B, 
1929, 1047. 

«K. Rippar, British P. 287,56$, 1928; Brit. Chem. Abu. B, 1929, 863. 

«*W. von Knilling, U. S. P. 1,920,451, Aug. 1, 1933, to 1. G. Farbenind. A.-G.; Chem. Abtt., 
1983, 37, 4890. 

**K. Ripper, U. S. P. 1,899.109, Feb. 28, 1933; Cft€m. Abs., 1938, 27, 2771. 

4«C. Buaaard, French P. 667,832, 1929; Chem. Abe., 1930, 24. 1476. 

MO. Neusa, British P. 408,809, 1982; Brit. Chem. Ah$. B, 1934, 511. 

MI. Thom, British P. ^7,727, 1927, to Silur Techn. A Chem. Prod. Q.m.b.H.; Brit. Chem, Abe. B. 
1928, 419. 

MH. Kappeler, Swiw P. 138,887, 1927; Chem. Abe., 1980, 24, 470. See also Chapter 24. 

MB. Ishikava, Set. Papere Imt. Chem. Research {Tokyo), 1927, 7, 287; Chem.i Abe., 1928. 22. 1581. 

MJ. Q. Sehmidt, V. S. P. 1,919,185, July 18. 1088, to E. F. Houghton A Co.; Cheth. Abe., 1988. 27, 
4814. I. M. t^ipovskii (Russian P. 83,300, 1988; Chem, Abe,, 1984, 28, 8606) prepared plastic masses 
from diphenylthiourea and formaldehyde. R. P. Hunter iJ,C.8., 1926, 2956) obtained ah orang<e-red 
resin by treating phenylisoamvlthiocarbamide with bromine in chloroform solution. s-Phenylisobutylthio- 
eaibamide gave a red gum which changed to a crystalline mass, but resinified on treatment with ether. 
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fluxing, and an oil, which on continued heating forms a resin fusing at 50®C., 
separates. Organic solvents may replace water as the reaction medium. Benzal- 
dehyde and di-o-tolyl-thiourea give a stable, whitish reaction product (m.p. 160- 
177®C.) that is soluble in ether, alcohol, benzene, chloroform, acetone and carbon 
disulphide, but not in water. A product®* of viscous, or resinous, character may 
be prepared by heating ethylene or butylene glycol with thiourea. The latter 
is then boiled with formaldehyde under reflux. The thiourea can be replaced wholly 
or in part by urea, and other agents such as acetylaniline, cyclohexanone, benzyl- 
glycol and crotonaldehyde used instead of formaldehyde. 

Thiocyanate Compositions 

As stated in the section on the production of thiourea, ammonium thiocyanate 
rearranges under the influence of heat to form thiourea. The conversion, how¬ 
ever, is not complete; and, at 170®C., equilibrium is reached m about 1 hour, 
giving a mixture containing 25 per cent of thiourea.®* Several investigators have 
prepared resins directly from formaldehyde and ammonium thiocyanate, others 
have used thiocyanates in conjunction with urea- or thiourea-formaldehyde con¬ 
densations. 

Ammonium thiocyanate combines with formaldehyde in concentrated aqueous 
solution in equimolecular proportions without production of carbon dioxide. The 
condensation product can combine with further quantities of formaldehyde, form¬ 
ing bodies which, however, are less stable and readily part with some formaldehyde. 
The products are amorphous yellow compounds without definite melting points and 
are practically insoluble except in strong acids and strong alkalies, which presumably 
decompose them into their components.” 

Experiments conducted in the author’s laboratory with ammonium thiocyanate' 
and formaldehyde indicated a harder resin could be obtained by using formal¬ 
dehyde in excess of equimolecular proportions. Ammonium thiocyanate was dis¬ 
solved in the minimum amount of water required to put it into solution and 
admixed with aqueous 40 per cent formaldehyde solution, using equimolecular 
proportions. The mixture was heated to about 50°C. and the yellow solution 
became turbid. Then, a yellow resin precipitated. Water was poured off and 
the product was dried at 110°C. for several hours. When hot it was a yellow 
viscous liquid which solidified on cooling to an opaque light yellow mass. It was 
brittle and possessed a disagreeable odor. The resin was insoluble in alcohol, 
benzol, acetone and mixtures of these, either hot or cold. It w^s also insoluble in 
water. In aniline and phenol the resin dissolved and could be jirecipitated by 
adding alcohol or benzol. When two molecular proportions of fonnaldehyde were 
used the reaction progressed spontaneously after being started by gentle heating. 
The conversion proceeded with rising temperature and a hard amorphous precipitate 
formed and settled. This was collected and dried. It was found to be soluble 
in cresol on slight heating although there were some signs of decomposition. The 
odor of both of these resins when heated is very disagreeable. 

Jacobson” prepared an acetone-soluble product that was compatible with nitro- 

»M. Paquin, U. S. P. 1,988,067, Jan. 1. 1985, to T. G. Farbwiind. A.-O.: Ch*^. Abt., 1985, 29. 1180. 

£. Reynolds. Arm.. 1896, 150. 224. J. £. Reynolds and £. A. Weiner, J.C.S., 1903, 83, 1. A. 
Findlay, ibid., 1904, 85. 408. 

Schmerda. Z. angero. Chem., 1917, 30. 176; 1917, 36. 942. 

MR. A. Jacobson. U. S. P. 1,945,815, Jan. 80. 1984. to E. I. du Pont de Nemours A Co.; Chem. 
Abs., 1984, 28, 2480. See also British P. 848,480. 1929, to Imperial Chem. hid., Ltd.; Chew. A6s., 
1988, 26, 8070. L. H. England (U. S. P. 1,926,766, Sept. 18, 1988, to Victor Chemical Works; Chew, 
A6s., 19^, 27, 5712) used ammonium thiocyanate in coating composition.^! designed to prevent the nisting 
of metal surfaces. E. Sdderbftck (Ann.. 1988. 465. 184; Brit. Chem. Abe. A. 1988, 1^) found that an 
aqueous solution of sodium hydroxytetrathioo'anate gels even at a 0.08 molar concentration. 
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cellulose by heating ammonium thiocyanate and formaldehyde. A solution contain¬ 
ing 60 g. of ammonium thiocyanate, 360 g. of 37 per cent formalin and 15 cc. 
of 10 per cent hydrochloric acid is refluxed for 1-2 hours and then concentrated 
to about 145 g. A yellowish syrup is formed, insoluble in water and alcohol, but 
soluble in acetone. The acetone-soluble material may be incorporated with nitro¬ 
cellulose to form coating compositions, or it may be rendered insoluble by heating 
at 100-110®C. for 6-8 hours. A composition containing casein, ammonium thio¬ 
cyanate and paraformaldehyde was used by Pierson" as an adhesive in wood-working. 

On refluxing 1 mol of ammonium thiocyanate with 1.5-2 mols of aqueous formal¬ 
dehyde, a resin is formed that may be dried, powdered and molded." The excess of 
formaldehyde is condensed with urea, thiourea or resorcinol, added just before 
the molding operation; and an alkyd resin is added as a plasticizer. Free sul¬ 
phur usually separates in the initial condensation, but this is allowed to remain 
and functions as a filler. The molding powder is stable and can be stored., 

Gams and Widmer" prepared a resin solution by boiling, in a neutral medium, 
600 parts by weight (1 mol) of urea with 1500 parts by volume (2 mols) of 40 
per cent formalin. To 200 parts of this solution, 30 parts by volume of a 10 
per cent ammonium thiocyanate solution are added, and the mixture is poured into 
molds. After a few minutes the mass gelatinizes and hardens to a snow-white 
product (sp. gr. 0.8-0.9) on standing. Cellulosic textiles may be impregnated with 
soluble condensation products of formaldehyde and ammonium thiocyanate or am¬ 
monium sulphide in the presence of urea." The treated material is dried and heated 
to complete the polymerization of the impregnant. 

The addition of metal thiocyanates to urea-formaldehyde molding compositions 
is said to promote polymerization in the hot-press and improve the moldings." 
Urea, aluminum thiocyanate and formaldehyde are heated together in the presence 
of an alkali, giving a mucilaginous precipitate. The incorporation of the condensa¬ 
tion product of a metallic thiocyanate and formaldehyde with a urea-aldehyde re¬ 
action mixture has also been used in preparing a molding resin." If acid salts are 
added to an evaporated reaction product of calcium thiocyanate, thiourea and 
formaldehyde, a yellow resin is precipitated. 

“Q. G. Pierson, U. 8 P. 1,964,960, July 3, 1934, to Perkins Glue Co.; Chem. Abs., 1934, 28, 6192 

“A. M. Howald, U. S. P. 1,910,3^, May 23, 1938, to Toledo Synthetic Products, Inc.; Chem. Aba., 
1938, 27, 4110. 

A. Gams and G. Widmer, U. S. P. 1,831,706, Nov. 10, 1931, to Soc. anon, pour I’lnd. chim. k B&le ; 
Chem. Aba., 1932, 26, 815. 

“ French P. 753,559, 1933, to R^sines et vernis artihciels; Chem. Aba., 1934, 28, 1202. British P. 
434,585, 1934; Bnt. Chem. Aba. B, 1935. 450. 

■•British P. 864,069, 1929, to Pfenning-Schumacher-W^rke G.m.b.H.; Chem. Aba., 1933, 27, 1724. 

••British P. 864,068, 1929, to Pfenning-Schumacher-Werke G.m.b.H.; Chem. Aba., 1938, 27, 1724. 



Chapter 32 

Modified Urea Resins. Resins from Urea Derivatives 

As a class the resins made from urea and formaldehyde lack flexibility when 
hardened and for the most part are only sparingly soluble in organic solvents. 
In view of this, many suggestions have arisen concerning the problem of con¬ 
ferring greater toughness and flexibility on these resins by incorporation of other 
types. In some cases, no doubt, these added resins react with the urea resin 
group to form a complex. Since both urea and phenol react with formaldehyde, 
there have been numerous suggestions on methods of making composite resins 
in which a phenolic condensation product is a constituent. This has one disad¬ 
vantage, namely, that although the urea resins are light-stable, the phenolic resins 
as a class are discolored on standing exposed to light. Other resins, therefore, 
have been tested, including the alkyd resins, which as a group are more stable 
to light than the phenolic resins. In addition there is a multiplicity of suggestions 
for use of various other resins, some of which are too costly to be utilized for the 
purpose and others have disadvantages of one sort or another. Since urea has 
been made on a large scale for fertilizer purposes, its low price in consequence 
makes possible the production of molding compositions at a cost comparable in a 
large measure with those made from phenolic bodies. Any addition, therefore, 
which tends to increase the cost to a considerable extent is barred for this reason. 
Likewise resins intended for use in lacquers should be made at a cost comparable 
with other lacquer resins of equivalent properties. These points should not be 
overlooked in the study of commercially available products. 

Urea-Aldehyde Resins with Phthalic Acid-Glycerol Resins 

Hill and Walker^ averred that chemical combination occurred on mixing the two 
varieties of resin. Even a small proportion (5 per cent) of the urea-formaldehyde 
product produces in an alkyd resin a larger effect than they could account for by 
the formation of a physical mixture. The selection of the alkyd resin is deter¬ 
mined by the purpose for which the final product is intended. If hardness is the 
only requisite, a straight glycerol-phthalic anhydride resin should be employed. 
The use of castor oil-alkyd products leads to stock intended for making flexible and 
light-colored lacquers. To make resins compatible with nitrocellulose esters, the pro¬ 
portions of the two types must be properly adjusted (in this case 70 parts of alkyd 
resin are used per 30 parts of dimethylolurea). Drying oils or drying oil acids are 
stated not to effect the hardenability of the resin mixture, but their use is detrimental 
to the color of the product. 

The acidity of the reacting alkyd resin requires regulation and must not be too 
marked; although a small amount of acid serves as a hardening catalyst. Lacquers 
made with a resin containing upwards of 0.05 per cent of acid harden at room 
temperature, and similarly acid-catalyzed compound resins admixed with cellu- 

iR. Hill and E. E. Walker, U. S. P. 1,877,130, Sept. 13, 1032; Chem. Abtf„ 1933, 27, 300. British P. 
344,401, 1029, to Imperial Chemical Industries, Ltd.; Brit, Chem, Abt. B, 1931, 597. French P. 094.181, 
1030; Chetn. Abs., 1031, 25, 2013. 
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lose derivatives give films that are reported to become insoluble rapidly at ordi¬ 
nary temperatures. The acid catalysts used include sulphuric acid, hydrochloric 
acid, p-toluene sulphonic chloride, trichloroacetic acid and boric acid. Mixing of 
the two kinds of resin is performed in a solvent (ethylene chlorohydrin, dichloro- 
hydrin, glycol monoethyl ether, butyl alcohol or cyclohexanol). 

As an example of the method, 148 parts of phthalic anhydride, 62 parts of glycerol 
and 150 parts of castor oil are heated at 190-200®C. for 3-4 hours, while a current of 
carbon dioxide or nitrogen is passed through the reaction mixture. The resulting 
resin is a tough, flexible, moderately hard substance that is soluble in ketones, esters, 
hydrocarbons and hot alcoholic solvents. A solution of 14 parts of this resin in 14 
parts of butyl alcohol is prepared, and the Ph of the liquid is adjusted to 6. Next, 3 
parts of urea are added, heat being applied to complete solution, and 3 parts of para¬ 
formaldehyde are introduced into the hot mixture. After refluxing for the comple¬ 
tion of the aldehyde reaction, the solutionis diluted with 10 parts of solvent naphtha 
and filtered to remove suspended matter. The resulting lacquer gives transparent, 
colorless coatings after baking. The resin itself, which is compatible with nitrocel¬ 
lulose, may be isolated by solvent-evaporation in vacuo at low temperatures. Brown 
lacquers are obtained when linseed oil fatty acids are added to the resin composition. 

If 100 parts of the prepared alkyd resin are dissolved in 200 parts of glycol 
monoethyl ether with 100 parts of dimethylolurea, reaction occurs on refluxing 
for a half hour. Methylated spirits (85 parts) and toluene (85 parts) are added, 
and the lacquer is clarified by filtration. The addition of this lacquer to a nitro¬ 
cellulose solution containing small amounts of sulphuric acid gives a coating com¬ 
position that dries in slightly over one hour at room temperature after appli¬ 
cation. The acids already mentioned confer on these resins the property of 
hardening in the cold. 

To save the cost of expensive solvents, polyhydric alcohol-polybasic acids may 
be used as aqueous emulsions for coating purposes, and urea-formaldehyde resms 
can be incorporated with effects resembling those produced when solvents are 
employed.* 

Thus, 8 parts of a urea-fonnaldehyde resin (prepared from 2 mols of formaldehyde 
and 1 mol of urea with boric acid as a catalyst) and 025 part of ammonia are mixed 
with 95 parts of water. Then, 40 parts of an alkyd resin, prepared by heating 31 

g arts of glycerol, 74 parts of phthalic anhydride and 75 parts of castor oil for 3-4 
ours at 190-200®C., are dissolved in 32 parts of solvent naphtha and 28 parts of 
butyl alcohol with 4 parts of oleic acid. The two solutions are vigorously mixed, 
forming an emulsion that may be applied to material (e.g., rubber or leather cloth) 
and is hardened by heating at 115®C. for 2 hours. 

Goldschmidt and Mayrhofer* recommended the addition of the liquid or viscous 
product obtained from phthalic anhydride and polyhydric alcohols to an aqueous 
mixture of urea and formaldehyde. The addition may be made prior to, during 
or after an alkaline or acid condensation. The ratio of urea to phthalic anhydride 
must be considerably greater than 1. Transparent, vitreous products, that can be 
hardened in molds without cracking at a higher temperature than normally, are 
obtained. Synthetic resins of this class were also studied by Jaeger.* Although less 
readily obtainable compounds will give much the same results, glycerol and glycol 
are the most important polyhydric alcohols used, and phthalic anhydride is the 
]>rincipal acidic ingredient. A large variety of monocarboxylic acids (including 
abietic acid, cinnamic acid, linolenic acid, rape oil acids, stearic acid, whale oil acids 
and furoic acid) and the usual plasticizers and fillers may be incorporated in the 

«W. Baird, British P. 349.988 aiid 349,464, 1929, to Imperial Chein. Ind., Ltd.; Chcm. Abi,, 1982, 26. 
2671. 

*8. Goldschmidt and R. Mayrhofer, British P. 816,144, 1928; Chem, Abs,, 1930, 24, 1711. German 
P. 672.267, 1928; Chem, Ah«., 1983, 27, 8044. 

«A. O. Jaeger, II. S. P. 1,860.098, May 24, 1932. to Beldon CV>. : Chem. Ahn., 1982, 26. 3946. U. B. P. 
1,941,474, Jan. 2, 1984; Cht>m, A6«., 1984, 28, t88(). 
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resins. In an example of Jaeger^e method of making a powder for molding table¬ 
ware, a resin is first prepared by heating 1 mol of phthalic anhydride, 1 mol of 
glycerol, 0.5 mol of phthalide and 0.5 mol of benzoic acid at 180-210®C. From 1.5 
to 2 parts of this resin are mixed with 1 part of a urea- or thiourea-formaldehyde 
condensation product and a small amount (2-6 per cent) of a plasticizer (toluene 
>ulphonamide). The composite resin is then ground with cotton flock or wood flour to 
form the molding powder. The molded article is milky-white and is said to be le^s 
brittle than exclusively urea-formaldehyde products. A phenol may also be used in 
preparing these resins.'^ 

Ellis* has shown that phthalic acid, alone, is capable of acting as a catalyst in 
urea-formaldehyde condensations carried out at, e.g., superatmospheric pressures. 
Lougovoy^ examined the effect of a large number of organic acids on this re¬ 
action. It appears that phthalic acid actually combines to a large extent in the 
resin, which contains little free acid unless a large excess is used initially. Such 
a resin is readily formed by refluxing 50 parts of urea, 50 parts of phthalic an¬ 
hydride and 150 parts of aqueous formaldehyde and then evaporating. The prod¬ 
ucts range from syrups, that are miscible with alcohols or ketones and are useful 
as varnishes and impregnating agents, to glassy solids. The solid products can 
be molded with fillers and can also be applied to the making of glass substitutes. 

By fusing urea with phthalic anhydride and then reacting the product with form¬ 
aldehyde, Bitterich® obtained a clear resin which could be molded or dissolved to 
form a varnish. As an example, 50 kg. of phthalic anhydride and 40 kg. of urea 
are fused and held molten for a time at 200®C. After cooling the mass to 80®C., 80 kg. 
of 40 per cent formalin are added and the reaction is completed by heating for a half 
hour at 110°C. Water may be removed by distillation in vacuo. Acid catalysts toay 
be employed and the fusion can be carried out in a high-boiling solvent. 

A glycerol ester of phthalic acid may be fused and mixed with lithopone, 
sawdust, urea and paraformaldehyde, forming a mass that is brittle when cold.* 
After disintegration, the composition is hot-pressed. 

Resins from Urea with Alcohols or Ketones 

Urea and other organic amines were employed by Burke** as accelerators of 
the polymerization of ketone-formaldehyde condensation products (see Chapter 
25) in conjunction with fillers and other modifiers. The products are used with 
pyroxylin for coating compositions. 

Paquin's investigations** in this field concerned the condensation products of 
urea and thiourea (or their derivatives) with alcohols or ketones, many of which 
condensates were capable of further reaction with aldehydes. Urea and its deriva¬ 
tives normally condense with alcohols or ketones to form well-defined crystalline 
substances, but prolonged interaction was found to give oily or resinous products.** 
Other amino compounds may be employed in the condensation, but in any case 
the resulting products react further with aldehydes. By heating 139 parts of ethyl 
alcohol and 60 parts of urea for 5 hours at 180-190*0. under pressure, an oil is 

B German P. 626,169, 1927, to Jaroslaw's Erste Glimmewaren-Fabrik; Chem. Abs., 1931, 25, 4422. 

«Carieton Ellis, U. S. P. 1,897,978, Feb. 14, 1933, to Ellis-Foster Co.; Chem. Ab»., 1933, 27. 2831. 
See also Carleton Ellis, U. S. P. 2,009,646, July 30, 1936. 

7B. N. Lougovoy, U. S. P. 1,766,261, Apr. 29, 1930, to Ellis-Foster Co.; Chem. Abs., 1930, 24. 3122. 
For use of phthalic acid, salicylic acid and oxalic acid, see French P. 711.267, 1931, to Brit. Cyanides Co., 
Ltd.; Chem. Abs., 1932, 26. 1813. 

•F. Bitterich, U. 8. P. 1,971,476, Aug. 28, 1984, to Bakelite Corp.; Chem. Abs., 1984, 28, 6680. 

•British P. 818,888, 1929, to Bakelite Q.in.b.H.; Brit. Chem. Abs. B, 1980, 997. 

^•C. E. Burke, U. S. P. 1,766,099, Apr. 16, 1930, to E. I. du Pont de Nemouia A Co.; Chem. Abs., 
1930, 24, 2906. 

M. Paquin, U. S. P. 1,924,268, Aug. 29, 1988, to I. G. Farbenind. A -G.; Chem. Abs., 1988, 27, 6492. 

»M. Paquin, U. 8. P. 1.902,889, Mar. 28, 1^88, to I. O. Farbenind. A.-O.: CA«m. Abs., IW, 21, 
8800. German P. 606,968, 1926; Chem, Ab$., 1981, 85, 886. British P. 278.890. 1916; Chem. Abe., 
1928, 82, 2678. French P. 641,770, 1927; Chem. Abs., 1929, 83. 1227. British P. ^,909, 1981. 
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formed. The oil is separated from its content of iirethan and allophanic esters 
by vacuum distillation and is soluble in water and organic solvents. Urea (60 
parts), benzyl alcohol (200 parts) and glycerol (6 parts) form a similar, viscous 
oil, soluble in organic solvents. A water-soluble oil, that is purified by fractional 
distillation, is prepared also by heating 240 parts of ethylene glycol and 96 
parts of thiourea for 1.6 hours at 190-200® C. A light-yellow resin is obtained 
by refluxing 327 parts of cyclohexanone and 200 parts of urea for 1.25 hours in an 
apparatus heated with water at 90®C. The clear resin (100 parts) may be further 



Courtesy Bakelite Corp. 

Fig. 112.—A Rotary Preforming Machine which Compresses Tablets into 
Proper Shape for Molding. 

refluxed with 70 parts of 35 per cent formaldehyde, yielding a limpid product after 
expelling water. Toluene sulphonamide is also used in these reactions.” 

Metals react with these products, giving substances with high viscosities and 
improved solubility in water.” Thus, 180 parts of butylene glycol are heated in 
a reflux apparatus with 80 parts of urea and 5 parts of metallic calcium. Hydrogen 
is evolved and, after 45 minutes, a yellow, viscous oil is obtained. Zinc, cadmium 
and similar metals, introduced during or after the completion of the reaction 
between the urea and the alcohol or ketone, are also dissolved with evolution of 
hydrogen. These oils and resins are useful as softening agents for casein and 
gelatin. 

^ M. Paquin, German P. 608,796, 1027, addn. to ,500,963. to I. G. Farbenind. A.>G.; Chem. Abs., 
1931, 35. 835. British P. 387,095, 1927; Chem. Abs., 1929, 23, 533. 

>*M. PMuin, German P. 510,428, 1927, addn. to 506,963, to I. G. Farbenind. A.-G.; Chem. Abt., 
1931, 25, 1400. German P. 512,881. 1927, addn. to 510.428; Chem. Abs., 1031, 25, 1400. British P. 
290,192, 1928, addn. to 278,390; Bnt. Chem. Abs. BU1929, 709. 
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The urea-alcohol or ketone reaction requires no external heat when allowed 
to take place in the presence of strong mineral acids.'® As an example, 192 parts 
of 1,3-butyleneglycol are mixed with 120 parts of urea and 8 parts of concen¬ 
trated sulphuric acid. During this operation, the temperature gradually rises to 
40-60®C, and a clear solution is obtained! After stirring for 5 hours, a viscous, 
oily product is formed, which is freed from acid and purified by vacuum distillation. 
The condensation products of urea or its derivatives with an alcohol or ketone im¬ 
prove the dispersion of dyes in dye pastes and printing compositions and prevent 
the formation of crusts.'® 

The formation of resins (as opposed to oily products) in this group of re¬ 
actions depends on length of heating or on the presence of an aldehyde (notably 
formaldehyde). Prolonged heating will probably convert any of the oils men¬ 
tioned to resins, but this result is achieved more readily by the use of aldehydes. 
Thus, butylene glycol, urea and formaldehyde give a clear, resinous mass when 
heated together." If a low temperature is employed, the products are generally 
soluble in water or alcohols. 

Paquin'® described a lacquer composed of bronze powder mixed w^ith a vehicle 
obtained by reacting urea with a cyclic acetal derived from glycerol and acetalde¬ 
hyde. 

Urea or its derivatives will also condense with polyvinyl alcohol and other 
highly polymerized alcohols.'* The polyvinyl alcohol may be condensed with an 
aldehyde (formaldehyde) and simultaneously or subsequently reacted with phenol, 
urea or anilineAlternatively, the alcohol is condensed with a methylol compound 
(urea-formaldehyde or phenol-formaldehyde). The products are useful for sizes, 
emulsions or molded articles. 

• The two-stage, urea-formaldehyde process (see Chapter 27), wherein methylol- 
urea is first isolated, renders it possible to obtain resins of modified properties. 
Thus, by heating methylolurea (or methylolthiourea) or its polymers with a com¬ 
pound containing at least 2 free hydroxyl groups, water-soluble resins are ob¬ 
tained."' Such products, best condensed by acid in the presence of a buffer, serve 
as sources of artificial horn or casein.** 

Alternatively, the urea-formaldehyde condensation may be performed in the 
presence of excess of a compound containing at least 1 free hydroxyl group and 
another reactive group (the amino or carboxyl group). The later reaction of this 
additional group can be used to modify the product. Pungs, Eisenmann, Scholz 
and Kollmann*® have investigated the production and utilization of these modified 
types. The additional group in the condensate may be reacted with organic com¬ 
pounds capable of forming an oxygenated linkage (alcoholates, phenols, phenolates, 
alkylene oxides and acid chlorides or anhydrides). The reagents containing one or 
more hydroxyl groups and an additional reactive group include .ethylene chloro- 
hydrin, glycerol a-monochlorohydrin or a,i9-dichlorohydrin and esters of polyhydric 
alcohols with polybasic organic acids, as, eg., esters of phthalic acid, oxalic acid, 
succinic acid, adipic acid or tartaric acid of the type 

13 M. Paquin, German P. 608,795, 1926, addn. to 506,963, to I. G Farbenind A.-G.; Chem. Abs., 
1931, 25, 835. British P. 280,238, 1926; Chem, Abe., 1928, 22, 3056. 

“British P. 318,178, 1928, to I. G. Farbenind. A.-G.; Chem. Abe., 1930 , 24, 2307. 

“ M. Paquin, German P. 523,912, 1927, addn. to 506,963. to I G. Farbenind. A.-G.; Chem. Abe., 
1931, 25, 3856. British P. 292,595 1927; Chem. Abe., 1929, 23. 1518. 

“M. Paquin, German P, 529,990, 1926. to I. G. Farbenind A.-G.; Chem. Abe., 1931. 25, 5305 

“German P. 519,049, 1930, addn to 506,968, to I. G. Farbenind. A.-G.; Chem. Abe., 1931, 25, 3782. 

*>A. Voss. German P. 542,286, 1929, to I. G. Farbenind. A.-G.; Chem. Abe, 1932, 26, 2286. French 
P. 700,411, 1930; Chem. Abe., 1931, 25, 3782. 

British P. 320,915, 1928, to I. G, Farbenind. A.-G.; Chem. Abe., 1^30, 24, 2623. 

» French P. 651,036, 1928, to I. O. Farbenind. A.-G.; Chem. Abe, 1929, 23, 3315. 

*• W. Pungs, K. Eisenmann, E. Schols and T. Kolimann, U. S. P. 1,963,762, June 19, 1984, to I. G. 
Farbenind. A.-G.; Chem. Abe., 1934, 28, 5263. German P. 540.071. 1929; Chem. Abe., 1982, 26, 1812. 
British P. 860,909, 1980; Chem. Abe., 1938, 27, 1220. French P. 706,044, 1980; Chem. Abe.. 1932, 26, 267. 
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CUr-O—iXy-Ru—CO—O—Clii 
(iHOH)x ((*:hoh)s. 

^HiOH ('H2OH 

(in which R represents an aliphatic, cycloaliphatic or aromatic hydrocarbon radical, 
X and y are any whole numbers and n may be zero or a whole number) or esters of 
benzoic (or other monobasic aromatic or aliphatic, saturated or iinsaturated acids) 
with polyhydric alcohols. 

The condensation of monomethylolurea with glycol proceeds according to the 
scheme: 


NH«—C—NH-~CH 20 H -f HO—CH 2 ~-CH 2 -~ 0 H — 

jj 

NH2—C—NH—CH2—O—CH2—('ll OH 

II 

O 

The resulting compound gives an ester on further reaction with acetyl chloride, 
NH.—(^—Nil—CHu—O—C2H4—OH +Cl-( -(dl, —> 

II II 

o o 

N H—C:H2—O—C2H 4—O—C—CH, 


ii 


11 


an ether with sodium methylate, 

NHj—C— NH— CH2— O— C2H4-OH + NaOCH, 

n 

NHr-C—NH—CH2—O—C2H4--O—CH, 

a diester with the acid methyl ester of oxalic acid, 

NH,—C—NH—CH2—O—C2H4-OH -f HO—C—C—O—CH, 




& 6 


NH2—C—NH—CH2—O—C2H4—O—C—C—O—CH, 


& 


6 o 


and an ester^ether with glycol monoacetate, 


NHr- 0 ~NH—CH2—O--C2H4—OH + HO—CH,—CH*—O—C—CH, 

a li 

NHi—C—NH—CHr-O—G,H.—O—CjH.—O—C—CH, 

il u 
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The reaction of monoethanolamine with monomethylolurea i.s as follows; 

NH2—C—NH~CH2-~0--CH2~CH2—NH, 

jj 

The substance obtained reacts further with acetyl chloride giving an amide, 
NHj— C— NH—CHj— O— C,H,—NHj + Cl— C—CH, — 

& U 

NH2—C~NH—CH2—O—C2H4—NH—C—CHa 


and with the acid methyl ester of oxalic acid giving? an ester-amide, 

NHo—C—NH—(^Ha—O—C2H4—NH2 -f HO—C-C-O—CHs —> 


NH2~-C—NH—CH2—O—C2H4—NH—C—C—O—CH3 

n u a 

Similarly, a methylolurea may react with a hydroxy-carboxylic acid (HOR-COOH) 
with the formation of an ether or ester group. The remaining carboxyl or alcoholic 
group IS then further reacted. In each case the products correspond to the gen¬ 
eral formula 

H— r—N—CH2— *1 —OH 

L Z6—NH—CH2—O—R'—X—R"J^ 

in which x is an integral number greater than 1, Z denotes oxygen or sulphur, 
R' indicates an alkyl radical (in which hydrogen atoms may be replaced by oxygen, 
ether or ester radicals) containing at least 2 carbon atoms and which is linked 
through X (an ether oxygen atom, a carboxyl group, an amine group or a car¬ 
boxylic amide group) to a hydrocarbon radical, R". 

The reaction is usually performed with the halogen substitution products of 
the polyhydric alcohols, and the halogen content of the reaction products is 
determined to measure the amount of alcoholate or sodium salt necessary for 
the subsequent etherification or esterification. When used in excess, the reaction 
components serve as solvents. The separation of any excess can be carried out, 
before the conversion of the reactive groups in the primary products, by precipita¬ 
tion of the condensate or by steam distillation. 

In an example outlined in the investigations of Pungs, Eisenmann, Scholf and 
Kollmann," 80 cc. of a 5 per cent (by weight) ethyl alcohol solution of urea nitrate 
are added to 1200 g. of ethylene chlorohydrin at 96®C., 800 g. of dimethylolurea are 
then slowly introduced while stirring, and the whole is stirred for a further 20 riiinutea 
at 90®C. After cooling the solution, neutralizing with tertiary sodium phosphate and 
Altering, 6 times its volume of 95 per cent ethyl alcohol is added while stirring 
vigorously, the condensation product thus separating in a powdery form. The ^wder 
is washed with ether and dried in vacuo at 40-50*C. The subs^ce contains 9 per 
cent of chlorine. The alcohol-precipitated product (250 g.) is dissolved in 500 g, of 
ethylene glycol monomethyl ether, and 2()0 g. of the sodium soap of linseed oil 

** Loe. fit Pee alio K. Eisenmann, K. Pcholt and K. Wolf. German P. 588.420. 1W8, to I. G. Par- 
benind. A.-G.; CA#m. Ahn., 1934 . 28. 1500. 
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fatty acids are added to the solution. The reaction mixture is then heated at 120®C. 
for 12 hours with stirring and separated from precipitated sodium chloride. The re¬ 
action, which IS carried out with a quantity of sodium soap slightly exceeding that 
required for esterification^ proceeds practically quantitatively. The small amount of 
soap still present is removed by careful neutralization with a few drops of glacial 
acetic acid, the linoleic acid set free being then dissolved in the ether. By mixing the 
solution with 5-6 times its volume of ethyl ether, the condensation product is pre¬ 
cipitated. After repeated washing with ether and drying, a yellow-brown resin having 
an appearance similar to linoxyn is obtained. The resin probably corresponds to 
the formula: 

H— r—N— CH,— O n —OH* 

L 0 (!:—NH—CH,—O—CHf-CHs—O -il— rJ, 

“ \i tlip linseed oil radical. 


In another example, 100 parts of adipic l,T-diglyceride (prepared by the reaction 
of the sodium salt of adipic acid with a-monochlorohydrin) are diluted with 40 parts 
of dioxane, heated to 90®(j. and treated with 0.7 part of concentrated hydrochloric acid, 
50 parts of dimethylolurea being then added with stirring. After stirring for half 
an hour at 90®C., the reaction mixture is neutralized with tertiary sodium phosphate, 
and the condensation product is precipitated from the filtered and cooled solution 
by the admixture of 8 times its volume of 95 per cent ethyl alcohol. The dried, pul¬ 
verized product (6 parts by weight) is suspended in 100 parts by weight of pyridine 
To this suspension, 6 parts of benzoyl chloride are added, and the mixture is stirred 
while being cooled with ice until the reaction is complete. The reaction mixture is 
then poured into water; a pale-yellow oil separates and is washed with water. An 
ethylene glycol monomethyl ether solution of the oil leaves on a substratum after 
drying a coIorles.s, firmly adherent film that may be hardened at elevated tempera- 
Kirea (100-120®C). The product also possesses great adhesive power and probably 
corresponds to the lollowing formula 


H- 


— N-CH, 

0(!;-r 


NHCHiOCHiCHCH,! 




o 

d 


0 o 

(CH,)jjoCH2CHCn20^'-C.H, 

!:=o 


-OH 


In an additional example, 450 parts of glycerol are kneaded with 5 parts of oxalic 
acid and 900 parts of dimethylolurea and heated to 100°C. for 2 hours. The resulting, 
hard, white mass is pulverized in a mill, and 175 parts of the disintegrated substance 
are dissolved at 100®C. in 200 parts of distilled, commercial cresol.” After cooling to 
80®C., 4.5 parts of phosphorus pentoxide are added with stirring, raising the tempera¬ 
ture to 95®C. After 1 hour at 95°C., the resulting product, which is a tough, syrupy 
mass upon cooling, is washed with hot water (until the water remains neutral) and is 
freed from a remainder of cresol by treatment under diminished pre.ssure with steaiii 
heated to 130®C. Water is removed by fusing w vacuo at 110*C., giving a clear, yellow 
resin which may be represented by the formula 



*^Pur« m-cr68ol can be obtained from a mixture of cresols by treating with urea, separating the 
addition product and decomposing it with dilute mineral acids (French P. 060,091, 1928, to Schering- 
Kahlbaum A.-G.; Chem. Aba., 1930, 24, 180. BHtish P. 297,088, 1928; BHt, Ch4m, Abt. B, 1929, 978). 
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The products of the various methods can be i)ro(*osspd, by themselves or in ad¬ 
mixture with substances including cellulose derivatives, natural or synthetic resins, 
softening agents, fillers and coloring materials, to form lacquers or plastic masses. 
An adhesive for abrasives may also be jiroduced from the acid condensation of 
methylol derivatives of urea with hydroxylated esters of fatty acids, containing at 
least 10 carbon atoms, in the jiresence of a monohydnc alcohol as solvent The 
resinous product, after a heat treatment at 80-130°r., is soluble in esters, ketones 
and aromatic hydrocarbons. 

Luther"' obtained clear, water-soluble ma.sses by heating meth>loIureas with 
a polyhydnc alcohol. A suspension of 500 parts of dimethylolurea in 700 ])arts 
of glycerol together with 20 parts of acid potassium oxalate are heated to 100- 
110°C. until a clear solution is obtained. If the solution is neutralized by means 
of an alkali-metal carbonate and filtered, a viscous product is forinerl which can 
be employed as a plasticizer for gelatin 


Furfural-Urea Resins 


Black, lustrous resins resembling ebonite are produced by the acid condensa¬ 
tion of urea and furfural. Kappeler* prepared these resins by mixing 3 parts 
of urea (1 mol), 3 parts of 38 jier cent hydrochloric acid and 1-3 parts of water 
with 5 parts of furfural (1 mol). The liquid becomes dark and is poured into 
molds, in which a lively reaction soon begins. The molds are cooled until the 
reaction moderates. When interaction ceases, the solid obtained is gradually 
heated to 100®C., giving the ebonite-like resin that is insoluble in the usual sol-’ 
vents, infusible and unaffected by alkalies or dilute acids. The resin becomes 
tougher on being baked with an impregnating agent (linseed oil). If alcohol, 
glycerol or acetone is substituted for water m the reaction, the resulting pioducts 
possess a higher luster. The liquid mixture, prior to reaction, may be used for 
impregnating wood or cellulose. 

A mixture of 3 ])arts of urea with 1 part of aniline, toluidme or other amine can 
be used to replace urea in the process. Aniline, p-toluidine, ])-phenylenediamine 
and a- and /3-naphthylamine yield resins with furfural and urea." Furfural may be 
replaced with a mixture of furfural and another aldehyde. Thus, a mixture ot 
4 parts of furfural and 2 parts of 40 per cent formaldehyde may be employed 
The initial condensation of urea (3 parts) and furfural (5 parts) can be carried 
out at 100®C. in the absence of acid, giving a yellow resin that blackens and hardens 
on further heating with hydrochloric acid. Condensation of the reactants is also 
possible with 30 per cent sodium hydroxide solution. The product prepared in 
this manner is soft and soluble, but the black substance is again obtained when 
the condensation is completed with hydrochloric acid. In these reactions, furfural 
may also be replaced by furfuramide, and thiourea substituted for urea. Addi¬ 
tions of coloring matter, sawdust, cork powder, leather powder, heavy spar, asbestos, 
glycerol, camphor, naphthalene, ketones, phenols and amines can be included in 
the resin composition. 

In their investigations of urea-furfural resins, Novotny and Johnson" found that 


“French P. 753,001, 1933, to I. G. Farbenind. A.-G.; Chem. Ahs , 1934, 28, 920. British P. 404,664, 
1934; Chem. 1934, 28. 4190. 

5" M. Luther, U. S. P. I,9a5,937, Jan. 1, 1935, to I, G. Farbenmd. A -G.; Chem Abs., 1935, 29, 1180. 
«H. Kappeler,'British P. 203,872, 1927; Chem. Abs., 1929, 23, 1729 German P 507,419, 19Jg^, 

Chem. Abe., 1931, 25, 566. Swiss P. 131,597, 1927; Chem. Aba., 1929, 23, 5018. French P. 657,477, 
1928; Chem. Aba., 1929, 23, 4308. ^ ^ 

“H. Kappeler, Swiss P. 133,718, 188,714, 188,715, 138,716, 133,717, 133,718, 1929, addns. to JJ.JOT; 
Chem. Abe., 1980, 24, 1711. See also Swiss P. 183,707 to 133,712 and 133,887, 1927, addns. to 181,597; 
Chem. Abe., 1980, 24, 476. „ o t ^i. 

4»B. E. Novotny and W. W. Johnson, U. 8. P. 1,827,824, Oct. 20, 1981, to J. S. Stokes; Chem. Aba., 
1932, 26, 862. U. S. P. 1,951,526, Mar. 20, 1934; Chem. Aba., 1984, 28, 3606. 
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prolongation of condensation in the presence of hydrochloric acid gave products 
tending to become powdery and friable and that a small amount of a basic com¬ 
pound was a better catalyst for the reaction. With sodium carbonate or ammonia as 
catalyst, the condensation at 138®C. is readily controlled. Thus, a mixture com¬ 
posed of 100 lb, of urea, 300 lb. of furfural and 4 lb. of 26 per cent ammonia is 
refluxed at 104®C. for 2 hours, after which time the water and excess reactants are 
removed by distillation. During the distillation, the temperature should not exceed 
158®C., or the substance will become hard and infusible. If overheating is avoided, 
the resulting resin is soluble in alcohol, acetone and ether, but insoluble in ben¬ 
zene and water. These soluble resins are useful as varnishes for impregnating 
paper, cloth and asbestos. After the solvents have been evaporated, the products 
are hot-molded to harden the resin, the hardening process being facilitated by 
formaldehyde. The hardened material possesses considerable mechanical strength 
and high dielectric properties. 

Dry potassium or sodium carbonates, taken in quantities equivalent to 1 per 
cent of the total urea and furfural, are recommended by Novotny and Johnson 
to catalyze the reaction. A small amount (3 per cent) of a 20 per cent aqueous 
solution of potassium or sodium hydroxide may serve as a condensing agent. 

Various modifying agents, including tung oil, lanolin and camphor can be 
added to the reacting mass. With 5 per cent of tung oil, the furfural-urea prod¬ 
ucts have increased flexibility. A similar proportion of lanolin can be incor¬ 
porated after the condensation reaction is completed and gives a resin intended 
for cold-punching. 


Acrolein-Urea Resins 

Reaction between acrolein and urea occurs readily, its course depending on 
the relative proportions of the reactants, on the temi>erature and on the presence 
of catalysts, solvents or diluents. Gams and Widmer*^ made a study of the in¬ 
fluence of the various conditions on the reaction. They found that if the pro¬ 
portions were 0.5 mol of aldehyde to one of urea, a higlily viscous syrup could 
be obtained. With 0.75 mol of acrolein to 1 mol of urea, gelatinous, substances 
are formed, and larger proportions of acrolein give vitreous, solid products. With¬ 
out catalysts or solvents, the reaction is slow at ordinary temperatures, and it is 
best carried out in a closed vessel above the boiling point of acrolein (52®C.). 
The process occurs fairly quickly, even below 50®C., with a catalyst, and the 
reaction mixture must he cooled to prevent too violent an interaction. The 
catalysts used are inorganic or organic acids or bases, including sulphuric acid, 
acetic acid, sodium hydroxide solutions, ethylene diamine and acid or basic salts. 
Solvents, particularly when low temperatures are employed, advantageously facili¬ 
tate the starting of the reaction, although the whole of the urea need not be 
dissolved. Water, methyl alcohol, ethyl alcohol and glycerol are employed as 
solvents or diluents and may be separated from the products at the conclusion 
of the reaction. 

The urea-acrolein condensation can be performed in two stages. The first 
stage, using 0.5 mol of acrolein per mol of urea, 3del4s /jthe viscous, syrupy sub¬ 
stance, which, in the second step, is converted to a^elatinous or hard material 
by merely adding additional acrolein. Formaldehyde can replace acrolein in the 
hardening process. Thiourea, methylurea and other urea derivatives can b^ sub- 

*^A. Oftins and O. Widmer, U. S. P. 1,654,215, Dec. 27, 1927, to Soo. anon. pour. Vind. chim. i 
RAte: Chrm, 1928. 22, 849. Gemwn P. 554.552. 192.5; Chem. Ahn., 1932. 26. 6081. Hritiuh P. 
260,288, 1925; CAm. Abi., 1927, 21, 8482. See aleo C. Marx. Ploitki, 1928. 4, 194. 
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stituted for the urea, and similarly acrolein itself can be replaced by acrolein 
polymers (disacryl or acrolpin resins). 

Specifically, if 12 parts of urea are heated with 11.2 parts of acrolein for about 1 
hour at 100®C. in a closed vessel, a transparent, vitreous product results. On heating 
12 parts of urea, 5.6 parts of acrolein and 0.03 part of glacial acetic acid for one 
hour at 80°C. in a closed container, a highly viscous, transparent mass is obtained. In 
another example, 60 parts of urea, 5 parts of water and 0.8 part of 1 per cent sulphuric 
acid are condensed with 66 parts of acrolein at 40-50°C. The resulting clear syrup is 
cooled for some hours and allowed to stand at ordinary temperatures until a solid 
jelly forms. In an example of the use of acrolein resins, 5 parts of a wax-white resin 
(made from acrolein by alkaline condensation) are condensed with 2 parts of urea 
at 100°C. A soft, yellowish resin is produced, and this can be hardened by further 
additions of urea. 

The viscous syrups produced in these condensations serve as adhesives and 
varnishes. The hardened, vitreous products, because they are easily sawn, bored, 
cut, polished or shaved and are resistant to chemicals, are used for making all 
sorts of shaped objects. For special purposes, dyestuffs, fillers and agents im¬ 
parting extra elasticity are added to the resins. 


Condensation with Other Aldehydes 


The cost of formaldehyde and the instability (over long periods) of the initial 
condensation products were pointed out by Barsky and Wohnsiedler” as dis¬ 
advantages of urea-formaldehyde resins. Hence, the investigators prepared a 
resin in which part of the formaldehyde was replaced by acetaldehyde. Thus, 
300 parts of urea are dissolved in 510 parts of water, and 231 parts of acetalde¬ 
hyde are added at 20-30®C. After adding 200 parts of 0.5 N hydrochloric acid, 
the mixture is allowed to stand for from several days to 1 week at 20-30°C. The 
resulting precipitate of ethylidene urea is filtered, and 22 parts of it are mixed 
with 30 parts of 38 per cent formaldehyde and 15 parts of water. A small 
quantity of 0.5 N hydrochloric acid (0.2 part) is introduced, and the mixture is 
boiled to effect solution. This solution gives a clear, water-soluble resin, if made 
alkaline with sodium hydroxide and concentrated; or it gives a water-insoluble 
product by means of concentration and a heat-hardening treatment at 70®C. An 
aqueous solution of the water-soluble resin is used to impregnate paper or fabric 
and is then made insoluble by an acid treatment. 


The products can be cast or molded or incorporated with fillers to form molding 
powders. As an example, a mixture of 43 parts of ethylidene urea, 40 parts of 38 
per cent formaldehyde, 25 parts of water and 2 parts of 0.6 N hydrochloric acid is 
refluxed and filtered. The clear syrup (94 parts) is incorporated with 27 parts of dis¬ 
integrated paper pulp and dried to yield 75 parts by weight. When ground, this 
product forms a powder that can be molded at 145-160° under pressure. 


The oxidation of petroleum hydrocarbons by air or an oxygen-containing gas 
furnishes a complex mixture of aldehydes which Ellis” used for direct combination 
with urea or thiourea. The aldehyde mixture is heated with urea for several 
hours until a syrupy liquid, useful as an impregnant, forms. Further heating 
transforms the syrup into a resin, but the latter is liable to have an acrid odor 
that should be removed by stronger heating or steaming. 

Schmidt** described the use of aryl thioureas for reaction with formaldehyde, 


»a. Barsky and H. P. Wohnsiedler, U. S. P. re, Feb. 7, 1W3, to American Cyanamid Co.* 
Chem 1W8. 27. 2881. _ ^ 

••Carleton Ellis, U. S. P. 1,952,060, Mar. 27, 1984, to Ellis-Foster Co.; Chem. A6i., 1984, 28, 3606. 
•*J. G. Schmidt, U. S. P. 1,910,135, July 18, 1988, to E. F. Houghton A Co.; Chem, A6«., 1983, 
27^ 4814. 
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ficetaldehyde and benzaldehyde to form resins (see Chapter 29). Wayne”"" pre¬ 
pared a water-soluble resin with emulsifying and wettii^g properties by condens¬ 
ing 1 mol of aldol with 1 mol of urea at 110-120®C. 

Phenolic Substances as Modifying Agents 

In a study of phenol-urea-formaklehyde condensations, Barthelemy®* found 
that on the addition of aqueous alcohol to an alcoholic solution of the partially 
condensed product, a mixture of 2 colloidal suspensions is obtained. These sus¬ 
pensions can be separated into positive and negative components by the action 
of an electric field. The further condensation of the reactants depends on the 
nature of the catalytic ion and solvent employed and on the temperature. 

Ellis”" prepared an aldehyde-phenol-urea ,resm by first heating 210 parts of 
phenol and 150 parts of aqueous formaldehyde for 2 hours in an autoclave under 
a pressure of 100 lb. and at a temperature of l.‘18-143°C. On completion of 
the reaction, water is removed, giving a fusible and alcohol-soluble resin. Well- 
dried dimethylolurea (1 ])art by weight) added to 10 ])urts of the phenolic resin 
raised the melting point of the latter substance. By adding increasing amounts 
of urea-formaldehyde condensation products, a range of * molding powders can 
be obtained. 

The fusible condensation product of furfural with excess of phenol in the 
presence of a small quantity of hydrochloric acid can be incorporated with vary¬ 
ing amounts of dimethylolurea. Dimethvlolurea was also found capable of in¬ 
corporation with phenol-sulphur resins. As an example, 1 part of phenol is 
treated with 2-2.5 parts of sulphur monochloride, yielding a resin which is com¬ 
bined with 10 jier cent or more of dimethylolurea. Additions of sulphur resins 
make the material more readily fusible and capable of flowing freely under com¬ 
bined heat and pressure, thus yielding a sharp impress during the molding opera¬ 
tion.”® A molding composition is also prepared by combining dimethylolurea with 
a phenol-furfural resin. 

A light-stable, moldable product is made by condensing urea with a small 
amount of phenol and a large excess of formaldehyde.”” After adding an excess of 
jihenol and further amounts of formaldehyde, the mass is made alkaline, and 
water is distilled off in vacuo at 50®C. An organic acid (lactic acid) is added 
to neutralize the alkali, and the reaction water is removed in vacuo at 75°C. 
Lastly, the condensation product is molded and hardened at 80°C. 

A condensation product of urea, formaldehyde and a phenol was prepared b>’ 
Terwilliger^ who found that it possessed greater water-resistance than urea resins. 
With an addition of only 5 per cent of phenol, the water absorption by a particular 
urea-formaldehyde resin was reduced to a half or less. Increase of phenol content 
raised the water-resistance, but 10 per cent of phenol was considered most effi¬ 
cient in this respect. Furthermore, the addition of phenol tended to reduce 
formaldehyde losses. • In an example of the process, 40 parts by weight of urea 
are dissolved in 1(X) parts of a 40 per cent formaldehyde solution. The mixture 
is neutralized with ammonia, sodium hydroxide or calcium hydroxide until just 
acid to litmus, heated to 50°C. and filtered. The filtered solution is refluxed 
for 30 minutes and then evaporated until the initial boiling point of 97°C. is raised 
to 100-101 °C., during which about 65 per cent of the water is removed. Phenol 

“T. B. Wayne, U. S. P. 1,912,330, May 80, 1933; Chem. Ah»., 1933 , 27, 4066. 

•'» H. Barth41emy, Chtmie et industne, 1926. 16, ^7; Brit, Vhem. Ahn. B, 1926, 953. 

"Cferleton ElUa, U. 8. P. 1,636,881, May 5, 1926; Chem. Abs., 1925, 19, 1966. 

“Carieton Ellis, U. S. P. 1,897,978, Feb. 14, 1983, to EIlia-Foster Co. ; Chem. Abt., 1933, 27. 2831. 

•German P. 667jM9, 1927, to “Herold’' A.-0.: Chem. Abs., 1983, 27. 576. 

•C. O. Terwilliger, U. S. P. 1,678,024, July 24, r28, to F. v. Briewii; Chem. Ab$., 1928, 22. 3499. 
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(2 parts) is stirred into the hot solution which is then placed in a drying oven 
and kept at 75®C. for 2-3 hours, then at 85-95°C. for 4-5 hours and finally at 
110°C. until hard. 

Bender*^ prepared a resin by reacting a phenol with more than an equimolec- 
ular proportion of formaldehyde in the presence of a basic catalyst and by com¬ 
bining the excess aldehyde with urea or other resm-forming agents (thiourea 
or p-toluenesulphonamide) with the aid of an acid catalyst. In the method, 
145 parts of phenol and 412 parts of 40 per cent formaldehyde solution are heated 
with 1-5 parts of sodium carbonate as catalyst. Water is separated by evapora¬ 
tion under reduced pressure, and most of the excess formaldehyde dissolves in the 
resin as paraform. Then, 40 parts of urea are added together with sufficient 
lactic acid or phosphoric acid to make the mass acidic. Heating is continued to 
complete the urea-formaldehvde reaction, and a solvent is added at this point 



if a varnish or lacquer is the desired end product. The proportions used in the 
process should not be greater than 1 mol of urea for each 2 mols of residual para¬ 
form. The resins can be employed in the manufacture of transparent or colored 
articles, lacquers, enamels and white molding compounds. This type of resin 
was used by Lloyd** as a binder for mica sheets and tubes. Bender** also de¬ 
scribed the production of laminated products using these resins as binders or im¬ 
pregnating agents. The absence of any appreciable amount of free phenol or 
free formaldehyde in the binder gives the molded articles a light color. The odor¬ 
less nature of these resins make them useful in the production of articles 


coming into contact with foodstuffs. 

Another way of preparing phenol-urea-paraform resins was described by Crumj) 
and Lloyd** who melted the three constituents together without the aid of aqueous 
solution and completed the condensation by heating. The proportion of urea 
used is greater than that of the phenol, and the reaction mixture is kept neutral or 

L. Bender, U. S. P. 1,717,MO, June 18. 1M9, to Bakelite Oorp.; CAm. Abi., im, 23. 4090. 
British P. 280,320, 1926; Chem. Abe., 1928, 22, SSis. FiJ>nch P. 1927; C/iem. db#., 1W9, 23. 1617. 

"A. Lloyd, U. S. P. 1,784,787, Dec. 9, 1980, to Bakehte, Ltd.; Chem. Aba., 1981, 25, 389. BntwlJ 

P. 802,612, 1927; Chem. Abe., 1929, 28. 4808. . . .u iQ«i oe 9 m 

L. Bender, U. S. P. 1,944,148, Jan. 16, 1934. to Bakehte Chem. Abn., 1®34 28 , 2137. 

**J. W. Crump and A. Lloyd, British P. 886,178, 1929, to Bakehte, Ltd.; Chem. Abs., 1981, 25, 
1400. French P. 697,267, 1080; Chem. Abe., 1931, 25. 2867. 
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alkaline. The resins can be ground to a fine ])owder and are easily fusible, l^ut 
become infusible on further heating. Goldschmidt and Neuss*® heated urea and 
formaldehyde with an organic compound of acid character (phenol) that is capable 
of forming resinous products with formaldehyde. With small amounts of acid 
condensing media, clear or dull bodies were produced, according to the propor¬ 
tions of urea and aldehyde used. If larger amounts of acid media are employed, 
meerschaum-like substances are obtained. For example, 10 g. of phenol mixed with 
94 g. of 30 per cent formaldehyde and 0.096 g. of concentrated sulphuric acid are 
refluxed, 20 g. of urea added and heating is continued until a thick, viscous mass 
results. After cooling and removing water by pressing, the material is hardened 
and dried, yielding a compact, waterproof, ivory-like product. The use of the 
acid condensing medium is said to effect a 15-17 per cent saving of formaldehyde. 
Neuss^ also used resorcinol to replace phenol. 

Resorcinol and analogous phenols were used by Howald*^ to modify urea- 
formaldehyde resins. The urea and formaldehyde are condensed in aqueous solu¬ 
tion, water is removed and resorcinol is mixed with the dried condensation product. 
Quinob orcinol, pyrogallol and phloroglucinol give similar results. The molded 
articles prepared with the use of resorcinol are not quite water-white, but they 
can be delicately tinted by incorporating dyes in the initial aqueous mixture. 

Potter and Crump®* developed a method for converting the intermediate prod¬ 
ucts of the urea-phenol-formaldehyde condensation directly into the final hardened 
form by means of hardening agents. The first stage of the process consists in the 
combination of the 3 reactants by means of heat, followed by a dehydration which 
gives a syrupy resin." Th4* speed with which this resin will harden in a mold 
depends on the proportion of phenol to urea in the original syrup and on the 
nature and amount of the hardening agent The hardening agents used include 
strong inorganic or organic acids and salts capable of conditioning an acid reaction 
(aniline hydrochloride, urea nitrate or ammonium chloride). The larger the ratio 
of urea to phenol, the more rapid is the hardening. By adding 10 per cent 
(calculated on the weight of the syrup) of urea nitrate to a syrup prepared from 
100 parts of phenol, 34 parts of urea, 185 parts by volume of 40 per cent formal¬ 
dehyde and 0.01 part by weight of oxalic acid, the first hardening phase is com¬ 
pleted in 1 minute, and the resin becomes permanently hard and infusible in 
1 hour. 

Acid condensing agents have been utilized by a number of other investi¬ 
gators in the preparation of resins of this type. Nakamura" made a colorless and 
transparent resin by condensing phenol and formaldehyde in the presence of an 
acid catalyst and from 25 to 80 per cent of a urea-formaldehyde condensation prod¬ 
uct. The mixture can be dried and hardened at 80-130®C. A milk-white color 
is imparted to the resin by adding stearic or oleic acid or camphor oil. In making 

^H. Qoldnchmidt and 0 Neuss, U. S. P. 1,844,571, Feb. 9, 1932, to Synthetic Plastics Co., Inc.; 
Chem, Ab$„ 1982, 26. 2073. U. S. P. 1,835,398, June 28, 1982; Chem. Ab$„ 1932, 23, 4488. British P. 
208,761. 1922; Chem. Ab»„ 1924, 18, 1555. Austrian P. 95,663, 1924; Swiss P. 108,221; French P. 556,529; 
KumUtoffe, 1925, 15. 12. See also French P. 667,578, 1929, to Kunstharsfabr. F. Poliak Q.m.b.H.; 
Chem. Ab$., 1980, 24, 1236. 

Neuss, British P. 208,651, 1923; Chem. Ab$., 1924, 18, 313. German P. 490,257, 1922. addn. to 
484,972. to Kunstharsfabr. F. Poliak Q.m.b.H.; Chem. Abs., 1930. 24. 2558. 

M. Howald, U. 8. P. 1,928,493, Sept. 26, 1933, to Toledo Synthetic Products, Inc.; Chem. 
Abe., 1988, 27, 5998. British P. 878,184, 1982; Chem. Abe., 1988, 27, 8887. Cknadian P. 330,976, 1983; 
Chem. Abe., 1983, 27, 8569., French P. 711.395 and 711,388, 1981; Chem. Abe., 1932, 26, 1813. 

«*H. V. Potter and J. W. Crump, U. S. P. 1,667,875, Apr. 24, 1928, to Damard Lacquer Co., Ltd.; 
Chem. Abe., 1928, 22, 2072. British P. 264,601. 1925; Brit. Chem. Abe. B, 1927, 228. W. F. Fleet and 
H. V. Potter, Canadian P. 265,519, 1926; Chem. Abe., 1927, 21, 1021. 

^W. F. Fleet and H. V. Potter, British' P. 256,711, 1925, to Damard Lacquer Co., Ltd.; Chem. 
Abe., 1927, 21, 8187. German P. 601,589, 1984, to Bakelite, Ltd.; Chem. Abe., 1985, 29, 8748. 

•»M. Nakamura, U. 8. P. 1,775,135, Sept. 9, 1980, to Sankyo K. K.; Chem. Abe., 1930, 24, 5173. 
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similar resins, Crump” slowly added urea dissolved in part of the aldehyde to a 
solution of the phenol in the remainder of the formaldehyde, kept at the boiling 
point. Water and uncondensed reactants were removed from the initial con¬ 
densation product (still in a soluble form) by distillation in vacuo in the presence 
of a neutral dehydrating agent capable of forming a constant-boiling mixture with 
water (e.g., butyl alcohol), followed by open-pan boiling. An alkaline condens¬ 
ing agent may be added toward the end of the cbndensation and an acid catalyst 
(oxalic acid) during the vacuum distillation. The ratio of phenol to urea may 
vary from 0.5:1 to 5:1, the lower ratios giving products for the manufacture of 
molded articles and the higher ones for the production of varnishes. Rothera, 
Blythen and Gillespie” described a resin prepared by warming urea or a urea de¬ 
rivative with an aldehyde for a short time, and then heating the primary reaction 
product with phenol or naphthol in an acid medium until solids in the form of 
resins are precipitated, Spitzer” precipitated plastic masses from colloidal solu¬ 
tions of resinous condensation products (from aldehydes and phenol or cresol) 
by the addition of urea-formaldehyde hydrosols. In another method, plastic sub¬ 
stances are prepared by condensing urea with formaldehyde in the presence of 
phenol or a di- or polyphenol; rubber-like compositions being obtained on oxida¬ 
tion with a persulphate during or after condensation.” Cameron and Jackson” 
heated 1 mol of cresol at 100®C. with 2 mols of paraformaldehyde in the presence 
of triethanolamine, a dispersing agent (potassium bromide), urea and guanidine 
carbonate. The mixture is chilled rapidly to room temperature, and a liquid resin, 
that can be cured by heat, is formed. Melainid” submitted products obtained by 
condensing ketones and phenols with urea to a further condensation with alde¬ 
hydes. 

A colorless, transparent resin is formed by condensing phenol and formalde¬ 
hyde in the presence of alkaline catalysts, acidifying and then adding a solution 
of urea in 40 per cent formaldehyde.” Thiourea is used to clarify the final product, 
and the initial condensation can be made with an acid catalyst. Ostersetzer and 
Riesenfeld” carried out an initial phenol-formaldehyde condensation in the presence 
of aqueous caustic potash and used phenols or urea in an acid medium as a bind¬ 
ing agent for the uncombined aldehyde in the resinous product. Specifically, 1000 
g. of phenol, 3000 g. of 30 per cent formaldehyde and about 50 cc. of 8 A potas¬ 
sium hydroxide are refluxed for a short time. Then, 18 cc. of 8 N lactic acid 
and about 58 cc. of a solution of phthalic anhydride in glycerol are added. The 
whole product is distilled in vacuo, 60 g. of urea being added during the distilla¬ 
tion, and hardening being accomplished by heat treatment. Another species of 
synthetic resin is produced by fusing a non-hardening phenol-formaldehyde product, 
mixed with fillers, urea and paraformaldehyde.” 

A phendlic gum (gum accroides) may also be combined with urea and alde¬ 
hydes, according to Novotny,” forming a thermosetting, resinous product. Fibrous 
materials (paper, cloth or wood flour) are incorporated in the mixture which is 
then sheeted and hardened. An addition of 10 per cent of dicyanodiamide (cal- 


WJ. W. Crump, U. S P. 1,973,050, Sept. 11, 1934, to Bakelite, Ltd.; Chem. Abs., 1934, 28, 7044. 
British P. 309,849, 1928; Bnt. Chem. Abe. B, 1929,'484. 

“W. S. Rothera, S Blvthen and H. R. Oilleapie, German P 517,251, 1926; Chem. 1931, 25. 

2313. German P. 567,671, 1921, addn. to 563,037; Chem. Abe., 1933, 27 . 2541. 

** A. Spitzer, Swiss P. 153,843. 1931; Chem Aba , 1933, 27, 1U3 

®*M. van Roggen and J. de Bielise, French P. 660,949, 1928; Chem. Abft , 1930, 24, 212. 

“H. J. Cameron and E. H. Jackson, British P 364,304, 1930, to Brit. Thomson-Houston Co., Ltd.; 
Bnt. Chem. Abs. B. 1932, 272. 

“M. Melamid, French P. 678,282, 1929; Chem. Ahn., 1980, 24, 3662. 

French P. 7^,250 and 740,251, 1931, to Soc. Nobel Francaise: Chem. Abe., 1933 , 27. 2320. 

“A. Ostersetzer and F. Riesenfeld, U. S. P. 1,892,848. Jan. 3, 1933, to Pollopas, Ltd.; Chem. Abe. 

1938, 27, 2259. 

■•British P. 318,883, 1929. to Bakelite G.m.h.H.; Brit. Chem. Ah<<. ^ **>30, 917. 

B. Novotny, U. S. P. 1,902,461, Mar. 21, 1983, to J. 8, Stokes; Chem. Ahn., 1933, 27, 3851. 
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culated on the weight of the phenol) promotes the phenol-aldehyde reaction** 
Phenol or its homologues will also form plastic masses when added to an aqueous 
solution of albumin in the presence of urea, ammonia and formaldehyde.** The 
mixture is congealed by heating or by acid substances, and hardening of the 
product is effected by the application of heat and pressure. 

Phthalic anhydride was employed by Lougovoy** as a catalyst in forming phenol- 
urea-formaldehyde resins. A mixture composed of 120 parts of urea, 320 parts 
of 37-40 per cent formaldehyde, 94 parts of phenol and 20 parts of phthalic an¬ 
hydride becomes milky on 'heating, and a resin, which cools to a hard, white mass 
insoluble in hot alcohol, acetone or benzene, separates. The resin is crushed, dried 
and molded at 120®C. under 2000 lb. pressure, giving products free from any red¬ 
dish color. The milky solution formed in the early stages of the condensation can 
be diluted with an equal volume of alcohol and incorporated with fillers. The reac¬ 
tion can be carried out under anhydrous conditions, using paraform instead of 
aqueous formaldehyde. Hydrochloric or sulphuric acid can also be used in this 
process.** Using 100 parts of phenol, 25 parts of urea, 100 parts of aqueous 
formaldehyde and 2 parts of 50 per cent sulphuric acid and heating under reflux 
for 15 minutes, a slow-hardening resin is produced, that dissolves m hot acetone 
or in acetone-alcohol and benzene-methyl alcohol mixtures. The solutions dissolve 
nitrocellulose and are considered of value as coating compositions. 

Spitzer** made thermohardening, light-resistant resins that dissolve in low- 
boiling solvents by causing formaldehyde to react with a phenol, urea and p- 
toluenesulphonamide. 

Urea-formaldehyde-phenol condensation products were applied by Moss and 
Crutchfield** as an adhesive in t'he manufacture of laminated glass. The adhesive 
is prepared by refluxing 100 parts of phenol, 20 parts of urea and 150 parts of 40 
per cent formaldehyde at 125®C. for 2 hours and vacuum distilling the resulting 
brown liquid until a soft resin remains. The product is soluble in alcohol, benzyl 
alcohol, ethyl lactate and acetone. Coating compositions composed of 10 parts 
of this resin, 4 parts of diethyl phthalate, 30 parts of acetone and 10 parts of 
alcohol are used to hold a celluloid sheet between layers of glass. Glass sheets are 
joined to a cellulose derivative by means of a phenol-urea reaction product in con¬ 
junction with other adhesives, including Canada balsam or euphorbium resin.*’ 

Bccherer*^ prepared a water-soluble product by treating a pheiiol-urea-formaldehydo 
resin with additional phenol and then at a raised temperature with a sulphonating 
agent. As an example, 80 parts of a resin (made by condensing 100 parts of phenol 
with 20 parts of urea and 120 parts of a 38 per cent formaldehyde solution at 85°C. 
in the presence of 2.5 parts of 40 per cent sulphuric acid) are stirred with 100 parts 
of phenol at 70® C. until a homogeneous solution is produced. Then, at a tem¬ 
perature of 40-110®C., 1(X) parts of sulphuric acid (sp. gr. 1.8354) are introduced and 
stirring is continued until a sample of the product is soluble in its own volume of 
water. After neutralizing the excess acid with sodium carbonate, the soluble resin 
can be salted out or separated by evaporation. These resins can be employed, ac¬ 
cording to Becherer, as tanning agents, mordants and wool reserving agents in the 
leather and textile industries. 

«E. C. Rossiter and W. C. Davis, U. 8. P. 1,857,478. May 10, 1932; Chem. Ahn., 1932, 26, 3945. 

•■Gennan P. 573,516. 1933, to Jnro.slaw’s Erste Glinimerwarenfabr.; Chem. Abu., 1933, 27, 4363. 

••B. N. Lougovoy, U. S. P. 1,756,252, Apr. 29, 1930, to Ellia-Foster Co.; Chem. Abu., 1930, 24, 3122. 

«B. N. Lougovoy, U. 8 P 1,779,551. Oct. 28, 1930; Chem. Abs., 1931, 25, 224. 

«BA. Spitzer, British P. 409,490, 1933; Bnt. Chem. Abt. B, 1934, 591. French P. 752,231, 1933; 
Chem. Abs., 1934, 28, 920. 

••W. H. Mow and K. H. Crutchfield, U. S. P. 1,870.018, Aug. 2, 1982, to Celanese Corp. of America; 
Chem. Abt., 1932, 26. 5396. Canadian P. 823,574, 1932, to C. Dreyfus; Chem. Abt., 1932, 26, 4432. 

British P. 342,837 and 342,458, 1929, to Brit* Celanese, Ltd.; Brit. Chem. Abt. B, 1931, 395. 

^C. H. Field and D. Haslett, British P. 821,17$, 1928; Chem. Abt., 1930, 24, 2567. 

«F. Becherer, U. S. P. 1,982,619, Dec. 4. 1934, to J. R. Geigy 8 . A.; Chem. Abt., 1935, 29, 525. 
Gennan P. 596,716, 1934; Chem. Abt., 1934, 28. 5263. 
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Sulphonated phenols combined with thiourea-aldehyde or urea-aldehyde prod¬ 
ucts were used in tanning by Somerville and Raterink.®® These investigators found 
that urea derivatives act as retarding agents in the interaction of sulphonated 
phenols and aldehydes, thus controlling the reaction. The color of the condensed 
sulphonic acid is improved, and the synthetic tanning materials developed give 
white leather. The sulphonation of the phenol is performed by heating 94 lb. 
of phenol to 40°C., slowly adding 153 lb. of sulphuric acid (sp. gr. 1.8354) and 
heating at 95-100®C. for 2 hours. The solution is cooled, 70 lb. of water are added 
at 35®C., 15 lb. of thiourea stirred in during a period of 10 minutes, 63 lb. of 38 
per cent formaldehyde added rapidly, and the ture is then raised to 


Fig. 114.— 

Introduction of Dyes, etc., 
into Top of Polymerizing 
Kettle. 


Courtesy Cutalin Corp. 



80-85°C. for an hour. After cooling the solution, the free acid is neutralized with 
sodium hydroxide, and water is added until the weight is increased to 470 lb. 
The solution can then be employed in the tanning process. Tanning materials 
were prepared also by the condensation of sulphonated derivatives of phenols, 
cresols and naphthols with the reaction products from urea, formaldehyde and 
ammonium sulphide or ammonium thiocyanate.’® The resulting acid products are 
partially neutralized by oxides or hydrates of heavy metals. According to Pol¬ 
iak,formaldehyde or acetaldehyde may be condensed with a polyvalent phenol 
(resorcinol) together with urea and vegetable tanning materials at a temperature 
below 50°C. in the presence of an acid condensing agent. The final products are 
water-soluble tanning compounds. Condensation products of urea and formal- 

*1. C. Somerville and H. R. Rateriiik, U. 8. P. l,91ft.75«, .lulv 25, 1933, to Riihm uiul Haas Co ; 
Chem. Abs., 1988, 27, 4952, U. S. P. 1,951,564, Mar. 20, 1934; Brit. Chem. Ahs. B, 1935, 163. British 
P. 388,989, 1933; Chem. Abs., 1933, 27, 4715. 

French P. 728,318 and 720,712, 1936, to Progil (Soc, anon.) Chem. Abs., 1932, 26, 4204. German 
P. 562,826, 1930; Chem. Abs., 1983, 27, 1231. British P. 388,475, 1931; Brit. Chem. Abs. B, 1933, 400. 
British P. 388,381, 1981; Bnt. Chem. Abs. B, 1938, 117. 

^L. Poliak, British P. 858,872, 1980; Brit. Chem. Abs. B, 1931, 1149. 
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dehyde added to a sulphonated phenol give alkali-soluble compositions used as 
tanning substances and also for\weighting silk” 

Other investigators developed methods of alkaline condensation of urea and 
formaldehyde in the presence of substances (phenols, aniline and naphthylamine) 
capable of resin-formation with the aldehyde.” Kraus” formed a urea-formalde¬ 
hyde resin in the presence of hexamethylenetetramine. This worker also suggested 
t^t a hexamethylenetetramine-phenol condensate be incorporated with a urea- 
formaldehyde resin. Starch, glue or gum arabic may be added to further modify 
the product.” 

Salicylic acid was studied in connection with urea-aldehyde resins by Belfit.” 
The urea-formaldehyde resin is formed as an unhardened, liquid product, and to 
81 cc. of this condensate are added 5 g. of salicylic acid, using 50 cc. of ethyl lactate 
as a solvent. The resulting lacquer necessarily contains some water, but the 
aqueous content should be kept as low as possible. Films from this coating com¬ 
position (after hardening by a heat-treatment at 130-150°C.) are reported to 
be resistant to solvents and chemical reagents. If a small amount of castor oil is 
added to the lacquer, the resulting films are more pliable. Salicylic acid may be 
replaced by ammonium salicylate, acetylsalicyclic acid, hydroxynaphthoic acids, 
gallic acids, metal salicylates or salicylamide. Arnot^ also used salicylic acid, 
gallic acid and cresols for modifying urea resins. As early as 1904, Voswinkel 
and Lauch” produced for use in pharmacy a senes of condensation products from 
tannin or its derivatives, urea and formaldehyde. Goldsmith” described a thermo¬ 
plastic product that he obtained by subjecting gluten to the combined action of 
formaldehyde and /3-naphthol. Voswinkel” used gallic acid for condensation with 
urea and formaldehyde, hydrochloric acid being the condensing agent. 

Molding Compositions with Casein 

As early as 1910, Goldsmith” prepared a casein or gluten composition contain¬ 
ing urea and formaldehyde. The function of the urea, however, was to serve as 
a softening or fluxing agent, unlike the present-day use of urea in urea-formal¬ 
dehyde molding compositions. In this early work, urea was added (as one of a 
number of alternatives) to proteins (casein or gluten) and formaldehyde, forming 
a thermoplastic composition. 

The incorporation of protein bodies such as casein, gelatine or glue with urea- 
formaldehyde resins is found to improve the molding properties of the resin, and 
was applied to this purpose by a number of workers. Redman” mixed 100 parts 
of casein, 100 parts of urea, 100 parts of paraformaldehyde, 50 parts of water, 
40 parts of ethylene glycol and 13 parts of aqueous ammonia in a ball mill. The 
resin-forming reaction takes place on sheeting rolls to which the mixture is trans¬ 
ferred, and the volatile components, including the reaction-water, are largely driven 

W British P. 805,018, 1928, to J. R. Geigy A.-Q.; Chem. A6*., 1929, 23, 4844. 

‘^British P. 802,787, 1927, to Soc. anon, pour Find, chim. k B81e; Chem. Ahs., 1929, 23, 4357. 

Swiss P. 143,720, 1929; Chem. Abit., 1931, 25. 4^39 French P. 665.899, 1928; Chem. Abs., 1930, 24. 1530. 

T*W. Kraus, French P. 773,955, 1934; Chem. Ab$., 1935, 29. 2261. 

WW. Kraus, French P. 773,919. 1934; Chem. 19.35 . 29. 2261. French P. 777,663, 1935; Chem. 

Ab»., 1985, 29. 4103. 

‘“R. W BePU, TT. a:. P 1,898,709, Feb. 21, ^933, to Sco-ill Mfft. Co.; Chem. Abn., 1933, 27, 2831. 

^R. Arnot, British P. 290,827, 1927; Brit. Chem. Abe. B, 1928, 582. French P. 648,906, 1928; Chem. 
Ab$.j 1929, 28, 8115. 

*A. Voswinkel and R. Lauch, U. S. P. 828,908, Aug. 21, 1906; Chem. Aba, 1907, 1, 124. British P. 
28,569, 1904; J.8.C.I., 1005, 24, 108. 

’•B. B. Goldsmith, U. S. P. 964,964 and 965,137, July 19, 1910; Chem. Aba., 1910, 4, 2744. 

•®A. Voswinkel, German P. 171,7M, 1906; Chem. Zentr., 1906. 2, 469 

AB. B. Goldsmith, U. S. P. 965,137, July 19, 1910; Chem. Aba., 1910, 4. 2745 U. S. P. 964,964, 
July 19, 1910; Chem. Aba., 1910, 4, 2744. 

AL. V. Redman, U. 8. P. 1,782,588, Oct. 22, 1929, to Bakelite Cbrp.; Chem. Aba., 1930, 24, 258. 
British P. 829,628, 1929; Chem. Aba., 1080, 24, 6042. 



32 . MODIFIED UREA RESINS 


679 


off at this point. The almost anhydrous mixture obtained possesses good molding 
characteristics under standard conditions, yielding infusible articles little affected 
by neutral solvents. The surface appearance and water resistance of the molded 
products are enhanced by the addition of cellulose esters, and plasticizers (diethyl 
or dibutyl oxalates, tartrates or phthalates) improve the working qualities. 

Landecker®* found that a mixture of dry, powdered casein and urea added 
to w^ater formed a glue, joints made with this composition being hardened by the 
inclusion of formaldehyde in the casein-urea solution. On adding excess of water 
to the easein-urea solution, an albuminous precipitate is formed. When this is 
filtered off, dried and molded with heat and pressure, a transparent, artificial horn 
is obtained. The molding pressure is materially lower than that required to mold 
casein alone. According to Ott, Schussler, Luther and Henek,“ a mixture of 500 
parts of casein and 500 parts of dimethylolurea, on being subjected to a pressure of 
200 atmospheres for 3.5 hours at 100°C., gives a yellowish resinous mass. The 
casein is regarded by Schmidt" as a '^carrier substance'’ in such a mixture. Thus, 
urea or its derivatives is condensed with formaldehyde and then dehydrated at 
40-45°C. in the presence of carriers (casein, cellulose or its derivatives and certain 
natural or synthetic resins) in a kneading machine or between rollers. The final hot 
molding is similar to that used in processes already described. 

A plasticizer obtained by condensing thiourea and formaldehyde was used by 
Bubsard" to increase the fluidity of condensation products from ureides and formal¬ 
dehyde. 


Resins from Cyan amide and Allied Substances 

Cyanamide yields re«ins under conditions similar to those employed in the 
production of urea resins, and these resins show approximately similar properties. 
In acid solution, cyanamide hydrolyzes to urea,*' and in the following an acid 
medium is sometimes em])loyed. 

Dicyanodiamide, which is capable of functioning as the urea derivative 
cyanoguanidine 


NH—CN 


HN==C 


/ 

\ 


NHj 


was condensed by Wallasch®* with formaldehyde in the presence of mineral acids, 
giving a viscous resin said to be of use as an adhesive. 

Tomita** found that gelatinous products resulted on prolonged heating of a 
mixture of 300 cc. of a 3 per cent dicyanodiamide solution and 10 cc. of a 40 
per cent formaldehyde solution. By acidifying the mixture with acetic acid or 
nitric acid, however, the gelatinous substance is formed at ordinary temperatures, 
but no such compound results when any other acid is used. After drying in air 


*• M. Landecker, U. 8. P. 1,725,805, Aug. 27, 1929, to American Nuplax Oorp.; Chem, Ahs„ 1929, 
23, 5018. . . 

** K Ott H Schussler, M. Ltither and C. Henek, Canadian P. 284,967, 1928, to I. G. Farbenmd. 
A.-G ; Chem. Aba., 1929, 23, 942 British P. 268,804, 1926; Chem Aba., 1928, 22, 1447. 

•*F. Schmidt, British P. 281,993, 1927; Chem., Aba., 1928, 22, 3746. French P. 636,219, 1927; Chem. 
Aba., 1929, 23. 247 Genian P. 591,045, 1934; Chem. Ab.s., 1934, 28, 2556. German P. 597,349, 1934; 
Chem. Aba., 1934. 28. 5264. 

•• C. Bussard, French P 667,832, 1929; Chem. Aba., 1930, 24. 1476. 

H. Lidholm, Swedish P. 64.246, 1923. to Aktiebolaget Wargoens. Chem. Aba., 1928, 17, 3345. 
See also E. Johnson. Norwegian P. 44,060, 1927: Chem. Aba., 1928, 22. 4214. 

»H. Wallasch, German P. 323,665, 1915; J.S.C.L, 1920, 39, 759A. German P. 325,647, 1919; J.S.€,L» 
1921, 40, 55A. 

•»E. Tomita, J. Chem. Ind. Javan, 1924, 27, 774; Chem. Abe., 1C25, 19, 562. 



680 THE CHEMISTRY OF SYNTHETIC RESINS 

at 25-30®C., the product becomes an elastic, glassy material, softening at 40®C., 
and it is used as an adhesive for wood, glass and porcelain. 

Ripper®® dissolved 100 parts of dicyanodiamide with 71 parts of urea in 200 
parts by weight of a 40 per cent aqueous formaldehyde solution and refluxed the 
mixture for 2 hours. The water-clear reaction mixture is poured into water, and 
the resin separates as a flour-like powder which may be molded, after washing and 
drying, to give transparent articles. No catalysts or condensing agents are employed 
in this reaction. The condensation products of dicyanodiamide and formaldehyde 
with casein also furnish molding powders.*^ The casein is added during the con¬ 
densation of the other reactants. In place of dicyanodiamide, urea or thiourea 
may be used. A dry mixture of dicyanodiamide, an albuminous material and a 
polymer of formaldehyde may be molded under heat and pressure. 

The condensation of dicyanodiamide and formaldehyde may be carried out at 
a controlled pn of 8-10 in the presence of a buffering mixture and sodium 
hydroxide, with an addition of metal salts (copper sulphate or zinc chloride).®® 
This process yields a hydrophobic, heat-convertible resin. As an example of the 
manufacture of a resin of this type containing phenol,®® 100 parts of dicyanodiamide 
and 112 parts of phenol are refluxed with 200 parts of formaldehyde for 2.5 hours, 
and the mixture is poured into cold water. The solid resin obtained is powdered, 
washed and dried, forming a molding powder with excellent flow characteristics. 
The products molded from this powder are slightly yellowish and transparent. 

Variation in the proportion of formaldehyde used in the dicyanodiamide resins 
gives a wide modification of their properties.®* Thus, 1 mol of dicyanodiamide con¬ 
densed with 2 mols of formaldehyde for 3 hours at 60-80°C. yields a clear solution, from 
which a transparent resin, that can be mixed with urea or thiourea condensation 
products, is formed on evaporation. A molding powder, which flows easily and gives 
products that readily part from the mold, is prepared from 10 parts of dicyanodiamide 
and 10.7 parts of formaldehyde. Urea and thiourea serve as additional constituents 
in a large number of these resins. The interaction of 30 parts of dicyanodiamide, 58 
parts of formalin and 12,6 parts of formic acid, after some hours heating, produces a 
transparent jelly, soluble in water. On heating the jelly for several hours at 80-90°C., 
a clear, brittle resin is obtained which swells like gelatin (with which it is miscible) in 
water and then dissolves. As the amount of formic acid employed decreases, the 
water-solubility of the product also lessens. A highly adhesive resin solution is ob¬ 
tained by mixing 84 parts of a urea-thiourea-formaldehyde condensation product, 16 
parts of dicyanodiamide-formaldehyde resin and 1.3 parts of formic acid. The solu¬ 
tion is evaporated on a water-bath until it contains about 20 per cent of water. 

Sulphuric and hydrochloric acids give similar but less soluble jellies. The con¬ 
densation of dicyanodiamide and formaldehyde in the presence of linoleic acid 
or stearic acid leads to the formation of soft, pale yellow resins that harden on 
exposure to air and can be used in the manufacture of varnishes. Ricinoleic acid 
also gives a clear soft resin, insoluble in water and benzene, but soluble in alcohol, 
hot ethylene glycol or a mixture of cyclohexanol and benzene. The resin is formed 
in these cases by heating the constituents together and then evaporating. The 
condensation products formed by' using oleic, linoleic and ricinoleic acids are 
miscible with rubber and their use as plasticizers has been proposed. With oxalic 
acid, hard, white, brittle resins are obtained. Dicyanodiamide, in a quantity not 
exceeding 10 per cent of the amount of phenol, is used as a condensing agent in 

•OK. Ripper, U. 8. P. 1.951,772, Mar. 20, 1034; Chem, Aht., 1084, 28. 3540. German P. 548,871, 

1928; Chem. Abe., 1932, 26, 4190. Bntish P. 287,177, 1927; Chem. Abe., 1929, 23, 533. 

^K, Ripper, U. S. P. 1,952,941, Mar. 27, 1934; Chem. Abs., 1934, 28, 3849. British P. 297.488 and 
323,047, 1928; Brit. Chem Abn. B, 1930. 2Q4. German P. 559,105, 19M; Chem. Abe,, 1933, 27, 817. 

••K. Ripper, British P. 882,271, 1932, addn. to 287,177; Chem. Abs., 1938, 27, 4431. French P. 

719,711, 1931; Chem. Abe., 1932, 26, 3046. German P. 530,732, 1930; Chem. Abe., 1932, 26, 267. 

■•K. Ripper, V. S. P. 1,812,374. .Tune 30, 1931: Chem. Abe., 1981, 25. 4983. 

C. Roaaiter, British P. 814,858, 1927, to Brit. Cyanides Co., Ltd.; Chem. Abi., 1980, 24, 1529. 
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making synthetic resins from phenols and aldehydes.*® A formaldehyde- 
dicyanodiamide resin (30 parts) mixed with 70 parts of gelatin in aqueous solution 
can be used as an adhesive for glass sheets." Schmidt*^ condensed formalde'hyde 
and cyanamide in an aqueous solution containing a strong, inorganic acid by heating 
the mixture on a water-bath until the products separated in an amorphous con¬ 
dition. The condensation also may be carried out in a dilute, alkaline solution. 
A cyanamide solution prepared by treating crude calcium cyanamide with water 
may be used. John*® described the condensation with formaldehyde of a filtered 
solution obtained by leaching, at 30-50®C., calcium cyanamide with water con¬ 
taining carbon dioxide. The leached solution contains cyanamide, dicyanodiamide, 
urea, calcium carbamate and guanidine. It is concentrated slightly by evaporation 
and then condensed in the presence of a little hydrochloric acid with formaldehyde, 
forming a gelatinous and finally horny mass. Calcium salts are removed, before 
or after condensation, by the addition of very dilute sulphuric or oxalic acid. 

Thiodicyanodiamidine, already formed or prepared in situ by reacting cyanamide 
or dicyanodiamide with hydrogen sulphide, may be condensed with formaldehyde 
m alkaline solution.®* The product is neutralized or acidified and heated, and a 
urea-formaldehyde condensation product may be added. After evaporating in 
vacuo to a thick syrup, the resin is mixed with fillers and molded. Rothera, Blythen 
and Gillespie'" also prepared resins by the alkaline condensation of formaldehyde 
and thiodicyanodiamidine. 


Use op Guanidine 


Guanidine, prepared from ammonium thiocyanate, forms resins with formal¬ 
dehyde in the same way as urea.^'"' Guanidine thiocyanate and guanidine carbonate 
give crystalline or amorphous resins that may be pressed. Guanidine derivatives 
and thiourea also give molding products with formaldehyde. The presence of 
water makes the resin opaque and liable to crack, but this difficulty is minimized 
by an addition of glycerol. Stine'®* described the preparation of synthetic resins 
from guanidine salts or derivatives and aqueous formaldehyde. The formula of 
guanidine carbonate, typical of the salts employed, is: 

(NHj—C—NH,)* • H2CO, 

Ih 


Benzaldehyde, acetaldehyde and other aldehydes may be employed instead of 
formaldehyde. As an example, 40 parts of 40 per cent formalin are refluxed with 
15 parts of guanidine carbonate for 20 minutes. The resulting solution sets to a 
gel that forms a transparent resin on heating for 24 hours in a vacuum oven at 
50®C. Further heating at 100®C. makes the product hard and infusible. 

Guanidine was used in urea-formaldehyde condensations by Griffith.'** 


E. C. Rossiter and W. C. Davis, British P. 327,154, 1928, to Bnt. Qyanides Co., Ltd.; Chem. 

Ah%„ 1930, 24. 8173. French P. 606,210, 1928; Chem, Abs., 1930 , 24, 982. 

“E. C. Rossiter, British P. 344,047, 1929, to Brit. Cyanides Cb., Ltd.; Chem, Aba., 1932, 26, 3344. 
Schmidt, U. S. P. 1,791,433 and 1.791,434, Feb. 3, 1931, to I G Farbenind. A.-G.; Chem 
Aba., 1981, 25, 1645. British P. 319,822, 1928; Chem. Aba., 1930, 24, 2559. German P. 580,830, 1933, 
addn. to 522,056: Chem. Aba., 1934, 28, 261 

«H. John. German P. 394,488, 1919; 1924, 43, 840B. 

British P. 347,228, 1929, to Kunstharsfabr. F. Poliak Q.m.b.H.; Chem, Aba., 1932, 26, 2880. 
French P; 689,409 and 689,410, 1980; Chem. Aba., 1931, 25, 5050. 

“®W. 8. Rothera, 8. Blythen and H. R. Gillespie, German P. 532,881, 1930; Chem. Aba., 1932, 26, 569. 

8ee also W. Kraus, U. 8. P. 2,002,540, May 28, 1935, to American CV&namid Co.; Chem. Aba., 1935, 

29. 4479. 

Keller and W. NUssler, Ber. Gea. Kahlentech., 1931, 4, 34; Chem. Aba., 1932, 26. 1808. 

“•C. M. 8tine. U. 8. P. 1,780,636, Nov. 4, 1930, to E. I. du Pont de Nemours 4 Co.; Chem. Aba., 
1931. 25. 224. 

“•P. W. Griffith. U. 8. P. 1.658,597, Feb. 7. 1928, to American Cyanamid Co.; Chem. Aba., 
1928. 22. 1244. 
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Guanidine salts make it possible to obtain colorless urea-formaldehyde resins 
over a wide pn range. In the method, the guanidine carbonate-urea mixture is 
refluxed with 2 mols of formaldehyde solution, evaporated and then dried, yielding 
.a colorless, transparent resin. 

A colorless, vitreous material is made by condensing urea and guanidine with 
formaldehyde in the presence of powdered zinc, trioxymethylene and hexamethyl¬ 
enetetramine. After boiling 1-3 hours the mass is filtered, freed from water at 
25-40‘*C. and may be preserved as fluid or solidified.^"** 

Resins from Aldehydes and Urethanb 

The condensation of aqueous formaldehyde with urethan in the presence of 
hydrochloric acid forms methyleneurethan (CH*—N—COOCsHr) which gives 
trimeric methyleneurethan when boiled with dilute acetic acid.^"* If the oily reac¬ 
tion product is heated with acetic acid until all of the latter has been removed, 
resinous tetrameric methyleneurethan remains. A urethan such as met'hylol butyl 
urethan (2-5 per cent) is added to drying oil paints in order to obtain smooth, 
glossy finishes with white pigments (zinc oxide).'"'* Water-insoluble urea deriva¬ 
tives or urethans with equal amounts of cellulose derivatives are used in the pro¬ 
duction of patterned films, sheets and coatings.'"” N-Methylolurethans are prepared 
by treating urethan with a polymer of formaldehyde in the presence of an alkaline 
condensing agent.'"^ The methylol derivatives of urethan are stable at ordinary 
temperatures but yield formaldehyde when heated. A mixture of casein, meth¬ 
ylol butyl urethan, water, butanol and acetone gives an interesting molded product 
when hot-pressed,'** A mixture of urethan and urea will also condense with formal¬ 
dehyde in an acid medium."* With an acid contact agent and at high tem])eratures, 
urea and urethan condense with aqueous formaldehyde to form products that may 
be hardened."' 


Miscellaneous Modifications 


Sulphur derivatives (thioaldehydes) of formaldehyde or benzaldehyde give 
soluble condensation products with urea."* The actual process entails pouring 
ammonium sulphide solution into urea (which dissolves) and adding formaldehyde 
solution. The liquid mixture sets to a crystalline mass on standing for 2-4 days in 
contact with aluminum. The products can be made insoluble (in water) by evapo¬ 
ration or by treatment with acids or alkalies. Conversely, the insoluble material 
yields substances dissolving in alcohol or water when treated with ammonium thio¬ 
cyanate and additional formaldehyde. De Granville an^ Davion"* added a sulphide 

Segond, French P. 769,043, 1934, to Soc. anon, international Holding Radial; Chem. Aha., 
1935, 29. 534. 

M. Giua and G. Racciu, Atti arcadt. aci Torino, 1929, 64, 300; Chem. Aha., 1930, 24, 3212. The 
photosenRitivene<.<i of urethans was studied by A. Korcsynski and S. Grzybowski, Oazz. chtm xtal., 1923 
53. 04; Chem. Aha., 1923, 17. 2277. 

«»K. Ott and H. Bernard, U. S. P. 1,897,528, Feb. 14, 1933, to I. G. Farbenmd. A.-G.; Chem. Aha., 
1933, 27, 2829. 

w^Britiah P. 358,761, 1930, to I. G. Fnrbenind. A.-G.; Brd. Chem. Aha B, 1932, 31. 

British P. 309,108, 1928. to I. G. Farbenmd. A.-G.; Cheni. Aha., 1930, 24. 382. 

Ott and H. SchUsaler, German P. 575.927, 19^, to I. G. Farl^md. A.-G.;Chem. Aha., 1933, 

27. 4890 

'^0 French P. 724,943, 1931, to Bakelite G.m.b.H.; Chem. Aha., 1032 . 26, 4925. 

>^W. Kraus, German P. 589,969, 1933; Chem. Aha., 1934, 28, 24^.0. « 

British P.. 313.455. ’028. to Pfenning-Schiunacher-Werke G.m.b.H.; Chem. Aha., 1980. 24, 1189 
French P. 678,642, 1929; Chem. Aba., 1930, 24, 3615. French. P. 39,384, 1930, addn. to 678,642; Chem. 
Aba., 1932. 26. 2287. Briti«h P. 366,009 and 366,065, 1930, addna. to 313,455; Brit. Chem. Aha. B, 1932, 
360. German P. 589.236, 1933; Chem. Aha., 1934, 28, 1484. German P. 587,643, 1933; Chem. Aha., 1934, 

28. 1822. German P. 588,879, 1933, addn. to 587,648; Chem. Aba., 1934, 28. 2137. See also French 
P. 707,899, 1934, to Du Pont Viscoloid Co.; Chem. Abe., 1935, 29, 524. 

de Gmnville and L. Davion, French P. 701,177 and 761.178, 1984; Chem. Aba., 1934 , 28. 4256. 
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during the condensation of urea and an excess of formaldehyde, in a medium 
brought to a Ph of 7 by means of potassium bitartrate, to assist fixation of sul¬ 
phur on the resulting products. Colloidal sulphur, also, may be added to a con¬ 
densation mixture with a pn of 5. The mixture is then heated at 60®C. for 20 
minutes and cooled quickly to 15®C. The resin is dried at 85‘‘C. ajnd ground, 
during which process p-toluenesulphamide and aluminum stearate are added. 
Armenault^“ produced plastic materials containing combined sulphur by treating 
urea-formaldehyde solutions with nascent hydrogen sulphide (formed in situ by 
the addition of a sulphide or polysulphide and an acid). Resins stated to possess 
elasticity and water-resistance can be prepared by condensing urea and formalde¬ 
hyde in the presence of a compound containing the group -SS- (e.g., an alkali 
polysulphide or xanthate) 

Landecker“* prepared a resin by dissolving 100 g. of urea in a solution contain¬ 
ing 20 g. of ammonium sulphide and 250 cc. of commercial 40 per cent formalde¬ 
hyde. The cloudiness of the solution dksappears on warming, and a reaction 
which converts the liquid to a syrup and finally to a jelly takes place on boiling. 
The final product is a clear, highly refractive, solid mass which hardens on slow 
heating. A milky jelly, which can be molded into ivory-like articles, is obtained 
if sodium thiosulphate and formic acid are added to the urea-formaldehyde solu¬ 
tion. The general properties of these resins somewhat resemble those of the 
natural albumins. 

The problem of preserving urea-formaldehyde resins from deterioration due 
to liberation of formic acid was investigated by Lauteri” who added an aromatic 
sulphonamide to the product. This type of compound is capable of taking up 
formic acid as it is formed. Thus, 706 g. of a 50 per cent, alcoholic solution of 
formaldehyde and 171 g. of p-toluenesulphonamide are heated to boiling, 180 g. 
of urea are added, and the mixture is refluxed until condensation is completed. 
The liquid product is mixed with fillers and molded. 

Plastic products are obtained by condensing urea with formaldehyde and adding 
starch or flour in an amount equal to several times the weight of urea.'“ The 
addition can be made at any time during the operation. The products are hardened 
under pressure at 120-150°C. and are used for making buttons and similar arti¬ 
cles. Natural or S 3 mthetic resins may be used as additional constituents and serve 
to increase the water-resistance. Organic colloids (e.g., agar-agar, proteins) may 
be present during the urea-formaldehyde condensationGum tragacanth or 
starch were reported by Lionne^*" to retard the further condensation of urea- 
formaldehyde resins that were in the jelly stage. Proteins (e.g., casein) were 
added by Poulverel'^' during the resin-forming condensation of urea, phenol and 
formaldehyde in the preparation of plastic masses. 

Seebach'” prepared a hardenable product by treating ureil with acetamide and 

Armenault, French P 752 705, 1933, to Fabr de prod, de chim. org. de Laire; Chem. Abs , 
1934, 28, 1154. 

“®I. Krejdl, British P 416,661. 1932; But Chem Ah)^ B, 1934. 1022. Austrian P. 136,993, 1934; 
Chem. Aha., 1934, 28, 4616 French P 765,269, 1934, Chem Aba, 1934 , 28, 7044. The process n^ay be 
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139,451, 1934. nddn. to 138.993; Chem. Aha., 1935, 29, 1537 

Landecker, U S P 1,904,244, Apr 18, 1933; Chem Aha, 1933. 27, 3300 
Lauter, U S. P. 1.672,848, June 5. 1928, to Rohm A Haas Co.; Chem. Aba., 1928, 22, 2873. 
German P. 569,342, 1927, to “Silur” lech, und chem Produkte G.m.b.H ; Chem. Abs., 1933, 
27, 2260. British P. 287,727, 1927; Brtt. Chem. Aha B, 1928, 419. 

de Granville and L Davion, French P 769,225 1934; Chem Aha., 1935, 29, 525. 

“®E. Lionne, U. S. P. 1,901,373. Mar. 14. 1933; Chem. Aha., 1933, 27, 3095 

A. A Poulverel, French P. 662,227, 1928; Chem. Aba., 1930, 24, 476. It is reported that a resin 
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parts for automobiies. See Chem. Met. Ena., 1935 . 42, 313. 
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foimaldehyde. The resin is dried, powdered, incorporated with filling materials 
and plasticizers and molded, being hardened by hot pressing. By kneading initial 
condensation products of the urea-formaldehyde type with substances capable of 
swelling (e.g., casein, cellulose or starch), Schmidt^* obtained a dry composition 
that could be molded directly. 

Printing color compositions were prepared by Paquin’^* by treating urea with 
aliphatic aldehyde-ammonia at 60-150°C. These compositions produce points 
with enhanced depth of color when used with vat dyes such as those of the 
anthraquinone series. A resin can be obtained by condensing urea with formalde¬ 
hyde in the presence of aryl ethers of glycols, according to Frick.“® About 06 
mol of the glycol derivative is used for each mol of urea. Water-soluble resins 
having emulsifying and wetting properties are prepared by heating aldols with 
urea at 110-120®C.“* This product can be used to prepare wood and other surfaces 
for coating with cellulose lacquers.^^ Emulsifying agents are also obtained by 
condensing amino-alcohols with synthetic resin acids made by reacting natural 
resins with phenol-aldehyde and urea-aldehyde condensation products.^ 

By adding urea to fused chlorinated rubber and treating the mixture with 
formaldehyde in the presence of colophony or resin oils, Plauson^ prepared water- 
resistant resins intended to be used as insulating materials. Alternatively, the 
urea may be added to fused chlorinated rubber, the mixture emulsified in water, 
and then treated with aqueous formaldehyde to give an emulsion. 

The reaction between urea or its derivatives and solid polymerized formaldehyde 
can be effected in a melt of a solid hydrocarbon or a solid nitrated, chlorinated 
or hydrogenated substance."^" Urea-formaldehyde condensation products give 
special resin compositions when mixed with casein, proteins, plastifying agents and 
glycol^ A product which forms elastic films and that can be used in aqueous 
solution as a coating for wood, textiles or metal is made by adding /S-hydroxy- 
trimethylene sulphide to a urea-formaldehyde condensation product, during 
or after reaction.^* 

Spindleri** prepared an organic glass by reacting carbon monoxide with ammonia 
at high pressures and at a temperature of 150-400®C. in the presence of a catalyst 
(iron, nickel, cobalt, copper or their compounds), forming urea and formaldehyde 
that combined in the usual manner. A thermohardening, colorless resin is pre¬ 
pared, according to Walter,by condensing formaldehyde with p-sulphamino- 
benzamide (a by-product of saccharin manufacture). 

Levi^® found that ammonium N-disubstituted dithiocarbamates (NRR'—CS— 
SNHi) react with glyoxal to yield solids that resinify more or less rapidly. Roll 
and Adams^ described resins obtained from diphenyl carbodiimide. Auwers 
and Frese"' reported that amorphous products with high melting points were 
formed by condensing 5-methyl-7-aminoindazol with urea. A number of resins 
occur also among the methylenediamide derivatives prepared by Bogemann and 

“•F. Schmidt, German P. 591.045, 1934: Chem, Ab»,, 1934, 28, 2556. 
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Zaucker.*” The polyamides of polycarboxylic acids (e.g., of adipic, suberic, 
diglycolic, hydrazine dicarboxylic or ethylenediamine-N,N'~dicarboxyhc acid) can 
be condensed with formaldehyde (or related substances) to form resinous mate¬ 
rials.^*" Christopher^^*^ prepared an adhe.uve by adding water to a powdered mix¬ 
ture of casein, biuret, cyanuric acid and formaldehyde. Cyanuric acid may be 
condensed with formaldehyde in water or organic solvents to give resinous 
products.^^^ 

Formaldehyde was used by Christopher and Beukelaer'** to render giue or 
gelatin insoluble, and the product was then returned to a soluble form by the 
addition of urea. Lefebure“* mixed water-soluble urea-formaldehyde condensa¬ 
tion products, free from strong acids, with water-soluble salts of alginic acid and 
obtained compositions capable of forming stable solutions. Acetic acid or phenol 
are added to the mixture, and the jiroducts are used for paints, varnishes and for 
impregnating. Coloring matter incorporated with a urea-formaldehyde composi¬ 
tion was used by the same investigator,^*^ in the manufacture of decorated paper. 

Substances having both waxy and resinous properties were prepared by Pungs 
and Stade^** by combining crude or refined montan wax with urea-formaldehyde 
resins. 

The reaction of urea with formaldehyde in the presence of zinc chloride gives 
a stable, syrupy, clear liquid suggested for use as an adhesive, coating or sizing. 
The method of preparation is as follows: 50 pounds of zinc ehlonde are dissolved 
in 275 pounds of 37 per cent formalin and 100 pounds of urea added.'** 


Products with Cellulose Derivatives 


An aldehyde-urea condensation product may be added to an aqueous solution 
of a water-soluble alkyl cellulose (methyl cellulose), producing films or filaments 
on the removal of water.'**^ The film formation is accelerated by heating or by 
exposure to ultraviolet light. A composition for ornamenting fabrics, yams or 
paper, consisting of 15-60 per cent of a cellulose derivative with 40-85 per cent 
of the syrupy, intermediate condensation product of an aldehyde and urea or 
thiourea, was developed by Heynert and Lucius.'** From 1 to 2 per cent of boric, 
lactic or phosphoric acid is added, together with mineral fillers, pigments and 
dyes. A urea-formaldehyde resin mixed with cellulose derivatives is used as a 
reinforcemept coating for fragile glass or ceramic articles.'*® 

An oxidation product of paraflin wax with nitric acid is esterified with butyl 
alcohol, and the resulting ester serves as a plasticizing and softening agent for 
lacquers, films and plastics containing cellulose derivatives, urea-aldehyde reaction 
products and other resins.'** 
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Chapter 33 

Amine-Aldehyde Resins 


The general reaction between formaldehyde and primary and secondary amines 
entails the formation of methylolamines, which are unstable and lose water, form¬ 
ing higher products derived from methyleneamines. 

R-~NH,-fCH,0 R—NH—CH 2 OH 

a;R—NH—CH 2 OH —> (R~-N==CH 2 )x + 

Even ammonia at low temperatures forms trimethylolamine, which changes 
readily to hexamethylenetetramine. Under the influence of an alumina catalyst, 
however, pyridine was the main product of the interaction of ammonia with mix¬ 
tures of acraldehyde and acetaldehyde.^ 

The condensation of aniline and formaldehyde follows the general reaction, 
anhydroformaldehydeaniline, (C6H8N=CH,),, being formed. This is a six-mem- 
bered ring compound of the structure 


C«H* 

-CH, 


H,C 




N—CeH, 


''N- C'H, 

ioi. 


A higher polymer of the same empirical formula, C7R7N, is formed at the same 
time. In the presence of condensing agents, however, it is probable that formal¬ 
dehyde reacts with the aromatic nucleus as well. For example, by using a mixture 
of concentrated sulphuric acid and acetic acid, or preferably 10 per cent sulphuric 
acid, Kroneberg* obtained from o-toluidine and formaldehyde a polymeric com¬ 
pound, to which he assigned the questionable structures 



^A. E. Gbichibabin and M. P. Oparina, /. Rust. Phffs.-Chem, 3oe., 1924, 54, 601; /.C.S., 1924, 
126(1), 319. See also A. E. Chichibabin, prakt. Chem., 1924, 107, 122; Chem. Abs., 1924, 18, 1606. 

•A. M. Naetyukov and P. M. Kroneberg, /. Hmm. Phy$.-Chem. Soc., 1912, 44, 1200; Chem, Abs., 
1918, 7, 983. P. M. Kronebetv, /. Butt, Phyt.-Chem, 8oc„ 1918, 48, 305: Chem. Abt., 1917, 11, 582. 
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When the product was distilled, some diaminoditolylmethane, reminiscent of certain 





of the phenol-formaldehyde intermediates, was obtained. This does not show 
whether the diphenylmethane structure is actually present in the original product, 
or is formed during the distillation. The nuclear combination of formaldehyde 
is probable, since it is known that dimethylaniline and formaldehyde in the pres¬ 
ence of hydrochloric acid form p,p'-tetramethyldiaminodiphenylmethane. 

Researches, on the condensation of aromatic amines with formaldehyde in 
media containing acid, by Eisner and Wagner* have led to the isolation of several 
products of the amine-aldehyde reaction. The interaction of formaldehyde and 
p-toluidine was studied under conditions insuring a minimum formation of resinous 
higher-condensation products. The condensation was effected at or below room 
temperature in the presence of an excess of dilute hydrochloric acid, using slightly 
more than 1 equivalent of a 37 per cent formaldehyde solution. Final separa¬ 
tion of the resultants of the reaction yielded a small amount of resinous material, 
a base (Ca^HzTONs) melting at 140®C., a base (CnHisN*) melting at 135®C and 
an additional base (CieHieNa) melting at 162.5°C. which was identified as 3-p-tolyl- 
6-methyl-3,4-dihy(lroquinazoline. A steam-volatile oil obtained during the course 
of the experiment was found to contain p-toluidine, methyl-p-toluidine and 
dimethyl-p-toluidine which latter compound was unexpected. The effect of increas¬ 
ing amounts of formaldehyde on the composition of this steam-volatile liquid was 
studied in order to exi>lain the formation of the dunethyl-p-toluidine, and the 
results are shown in Table 33. 


Table 33. —Methylation of p-Tolvtdtne Hydrochloride by Formaldehyde, 


Molar Ratio 
CHjOiCrH.N 
1 0 
1 6 
2 0 
2 6 
5 0 


Composition of steam-volatile products 
Methyl-p- Dimethyl-p- 

Amine-H replaced 

p-Toluidine 

toluidine 

toluidine 

by CH, 

% 

% 

% 

% 

68 

27 

0 

2 3 

3 

20 

77 

7.7 

0 

0 

100 

6 7 

0 

0 

100 

8 5 

0 

0 

100 

9 1 


The effect of increase in the proportion of formaldehyde was not so much an 
increase in the number of p-toluidine molecules methylated as an increase in the 
thoroughness of methylation of the molecules affected. 

Wagner* heated aromatic amines (n-propylaniline, n-butylaniline, isoamyl- 
aniline, o-toluidine and m-toluidine) and a half equivalent of formaldehyde in 
acid solution. The resins obtained were found in some cases to be stable bases 
distillable in vacuo, but the quantities obtained were too small to permit further 
study. In the aniline reaction, a condensation product boiling at 329-334®C. (at 
1-2 mm. pressure) was formed, and its nitrogen content (13.75 per cent) and 
molecular weight (351) indicated a mixture of trinuclear and tetranuclear bases 
(e.g., C«HttN, and 


» Eiwier and E. C Warner, /.4.r.S.. 1934 , 56, 1938. 
* E. C. Wagner, J.A.C,S„ 1984, 56, 1944. 
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Benzidine reacts with terephthalaldehyde and isophthalaldehyde to form high- 
melting, insoluble substances. Adams, Bullock and Wilson® assigned the follow¬ 
ing structures to these products. 


C.H4 • N=CH 



C.H4 • N=CH 


C4H4 • N=CH 



Mann** found that aniline and acraldehyde reacted at 0®C. forming a resinous 
product according to the equation 

2 CH*=CH-~CHO-I- 2 C«H 5 —NH2 CisHioON,-f H2O 

With p-toluidine an analogous compound of the formula CaoHsiONj was obtained. 
The aniline derivative was a white amorphous precipitate, which rapidly developed 
a deep red color owing to oxidation. Littman and Brode® represented the condensa¬ 
tion of secondary amines with benzaldehyde by the following equation 

C4H6CHO + 2 HNR 2 —C4H5CH(NR2)2 + H 2 O. 

A further example of the isolation of definite compounds from amine-aldehyde 
condensations is furnished by the reaction between benzidine and formaldehyde, 
studied by Kondo and Ishida.*^ They found that drhydroxymethylenebenzidine 
was obtained as a grayish-white amorphous powder, sintering at 260® C. and melt¬ 
ing at 271-272®C., by adding 30 cc. of 35 per cent formaldehyde solution to 10 
grama of benzidine dissolved in 200 cc. of absolute alcohol. 

Schifif bases are condensation products of aromatic aldehydes and primary 
amines. Wagner* has carried out reduction studies on Schiff's bases of the simple 
type RCH=NR' (azomethines) to gain evidence of their structure. Methylene- 
p-aminophenol was prepared* in alkaline or neutral solution by the condensation 
of p-aminophenol and formaldehyde. Made in the presence of alkali, this com¬ 
pound is a white, amorphous powder that darkens and becomes resinous in air. 
Cryoscopic determinations of the molecular weight of methylene-p-aminophenol 
suggest that it can exist wholly or largely monomeric, but the degree of its poly¬ 
merization is indefinite. While investigating the catalytic hydrogenation of cyano 
derivatives, Rupe and Pieper^® reduced ethyl benzylidinecyanoacetate obtaining 
two products, the half aldehyde of benzylmalonic acid and an amino acid (a-benzyl- 
iS-amino-propionic acid). The two products condense together to form a Schif! 
base, which is obtained as a resin and can be separated into its components with 
mineral acid. Miller and Wagner^ found that the lower normal aliphatic alde¬ 
hydes other than formaldehyde when condensed with aniline gave the di-imine, 
the simple azomethine, C«H^=CHR, changing to the dimeric molecule, repre- 

»R. Adams, J. F. Bullock and W. C. Wilson, 1928, 45. 521. 

••F. O. Mann, 1022, 121, 2178: see also H. Schiff, Ann. Suppl., 1864, 3, 358. 

*J. B. Littman and W. R. Brode, J.A.C. 8 ,, 1630, 52, 1655. 

*H. Kondo and S. I^ida, J. Pharm. 80 c, Japan, 1922, 489, 079; Chem. Abi., 1923, 17, 1456. 

*E. C. Wagner, J.A.C. 8 ,, 1M2, $4, 660. L. Musago and M. Pepe (Oazz. chim. ital., 1931, 61, 910; 
Chem, Ab»., 1932, 26, 2737) obtained a black resinous substance by reducing furfurylidene-/5-naphthyla- 
mine with magnesium and extracting the oilv residue. 

•German P. 68,767. 1892. to Qea. fur chem. Ind., Basel; Chem.-Zentr., 1893, 2. 551. 

Rupe and B. Pieper, Helv. Chim. Acta, 1929, 12, 637; Chem. Abt., 1929, 23, 44^ 

O. Miller and E. C. Wagner, J.A.C. 8 ., 1982, 54, 3698. The behavior of isobutyraldehyde is 
referred to by E. Friedjung and Q. Mossier iMonateh., 1601, 22, 460; J.C. 8 ., 1001, 80 (1), 641) and 
that of iaovaleraldehyde by A. Eibner and G. Purucker (Ber., 1000, 33, 8658). Hexahydrobenraldehyde 
reacts with ammonia to form the imine almost exclusively which then polymerises to give a stable 
compound, (ChHuCH^NH)*. (C. F. Winans and H. Adkins, J.A.CJS., 1983, 55, 2058.) 
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sented, e.g., by the compound, C«H 5 NH~X:JH(CHa)—CHaCH=N—due to 
an aldol-like condensation. These products were oils. By condensing pure aniline 
and pure acetaldehyde, with chilling, ethylidene-dianiline 

(C6H5NH)2==CH--CH, 

a white crystalline solid, was formed. In their research on the character of nitrogen- 
containing synthetic resins (e.g., Schultz’s bases), Eibner and Koch’^ added 18 g. 
of acetaldehyde in 180 cc of water to a solution of aniline hydrochloride (64 g.) 
in water (640 g.) at 0°C. If the reaction mixture is neutralized at once, 10 per 
cent of a resin (which melts at 126®C. when crystallized from ether and is identical 
with Eckstein’s base) is precipitated. If, however, the mixture is allowed to stand 
for 4 weeks without neutralization, an alcohol-soluble resin (Schultz’s base) melting 
at 175-185°C. is formed. Schultz’s base proved to be a mixture of two compounds. 
Petroleum ether precipitates from an ether solution a resin melting at 175-185®C. 
and ether precipitates from a benzene solution a resin which sinters at 250®C. 
Schultz’s bases are the result of a polymerization of Eckstein’s base with the 
removal of the aniline group adjacent to the double bond. In the paint industry 
Schultz’s bases are of little value because they swell, discolor, are brittle and pre¬ 
vent hardening of the paint film. 

Levi“ has carried out an extensive investigation of the condensation reaction of 
aminophenols and aldehydes with a view to using the products in the rubber indus¬ 
try. A number of new' substances were described, some being crystalline and 
others amorphous, though no tests of their effect on rubber are recorded. The 
reaction was carried out in water solution, with the materials suspended in water, 
if insoluble, or between the aldehyde and a hydrochloric acid salt of the amino- 
phenol in the presence of ammonium acetate. Cdazer and Frisch^ have studied 
the condensation product's from acid amides and aldehydes either by melting the 
reactants together or by allomng them to react in alcoholic solution in the 
presence of hydrochloric acid In this case, also, definite crystalline products of 
known composition were obtained. 

Tar and resin formation has been recorded in other reactions, however. In 
condensing diethylaniline with phosphorus trichloride, Bourneuf® obtained a 
resinous product, although a similar treatment of dimethylaniline gave pure com¬ 
pounds. The sodium compound of N-benzylideneglycylglycin resinifies quickly 
on exposure to air, becoming red in colorA yellow amorphous mass was secured 
by Reissert and Handeler^*’ when an ice-cold solution of isatin, w'hich w^as acid 
to Congo red, was treated with formaldehyde and an excess of mineral acid. 
Klason“ observed the formation of tars in the reaction between paraldehyde and 
/9-naphthylamine hydrochloride. Pyman" reported much resin formation in the 
condensation of glyoxaline with formialdehyde. The reaction was effected at 
125-135®C. in a sealed tube with 40 per cent formaldehyde. On heating together 
aniline and /S-chlorobutaldehyde diethylacetal in a sealed tube at 220®C. for 5 
hours, a dark brown oil was formed, which on fractionation gave a large amount 

“A. Eibner and E. Koch, Z, angew. Chem., 1926, 39, 1514; Chem. Ahn, 1927, 21, 2808. 

i»T. G. Levi, Ga^z. rhim. ital, 1929 59, 544- Chem Ahn , 1930, ?4. 351. 

^*E. Glazer and S. Frisch, Arch Pharm., 1928, 266, 103; Brit Chem, .46*. A, 1928, 652. 

^ M. Boiirneuf, Bull. soc. chim , 1923, 33, 1808; Chem Ah^,, 1924, 18, 977. 

O. Gemgross and E. ZUhlke, Bcr,, 1924, 57, 1482; Chem ^b«., 1925, 19, 242. 

Reissert and A. Handeler, Ber., 1924 , 57, 989; Chem, Aba., 1''24, 18, 3058. 

^P. Klason, Ber., 1925, 58, 1763; Chem. Aba., 1926, 20. 399. The tnr romBinmg after the diHil- 
lation of a-naphthylamine in vacuo was analyzed by V. Lenkhold and E. Osfroumov (/. Chem. Ind. 
(Ruaaia), 1929, 6, 2i6; Chem. Aba., 1930, 24, 3009). Iron oxides, lubricating oil, 6 per c«it of Oi«H 7 NHa 
and traces of a- and ^-naphthol were found. 

» F. L. Pyman, J.S.C.I., 1927, 46, 1151. 
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of tar “ Gray*^ found that only tarry products were produced when d-glutamic 
acid and diphenylamine reacted at 240®C.; at lower temperatures, 1,2-pyrrolidone- 
5-carboxyamlide formed. KnoevenageP has reported .the resinification of the 
dimer of acetone-anil, 


(CHa)2C=N—CaHj. 

In a study of Dobner^s reaction” between aromatic aldehydes, amines and pynivic 
acid, Carrara” obtained high yields of resins and low yields of quinoline-Y- 
carboxylic acids. For instance, by adding drop wise 40 parts of pyruvic acid to 
a boiling mixture of aniline (67 parts) and benzaldehyde (76 parts) in an excess 
of ethyl alcohol and refluxing for 5 hours, 100 parts of a viscous, brown resin are 
given. Levine and Wehmhoff* have described a condensation product, deep red 
in color, of o-aminophenol and oxalic acid. This substance melts at 271-272®C. 
and decomposes when heated a few degrees above its melting point giving carbon 
dioxide and a tarry substance which could not be purified. Increased heating 
entirely decomposes the red product into carbon dioxide, water, o-aminophenol 
and an unidentified substance melting above 300®C. /9-Ethoxy-acrolein-acetal was 
reported by Konig and Seifert" to give a soft resin when reacted with dimethyl- 
aniline in the presence of zinc chloride. 

Electrolytic reduction of o-, m-, and p-chlorobenzylidine anilines yields the 
corresponding chlorobenzyl anilines, together with a resin. The amount of 
resin formed diminishes as the substituent group advances towards the center 
of the molecule. Thus I yields more resin than II. 

Cl 

C1-<^23>-CH=N— 

I II 



Electrolytic reduction of the tolylidene toluidines also yields resins. Less resin 
is formed in this case when the substituting groups are evenly distributed in the 
two benzene nuclei." 

Bytebier," in preparing diaminodiphenylmethane from aniline and formalde¬ 
hyde, observed that under certain conditions synthetic resins, similar in appear¬ 
ance to rosin, were formed. These substances were soluble in the organic solvents 
used in the paint industry, and also in warm acid solutions, showing them to be 
basic in character, A resin of this sort was obtained, e.g., on pouring 1 molecular 
proportion of formaldehyde at 0-5®C, into a mixture of 1,13 mols of hydrochloric 
acid, and 2.26 mols of aniline. After 1 hour the mixture is heated to 90-95*C. 
and maintained at this temperature for 10 hours, the resin being precipitated on 
making the solution alkaline with caustic soda. 

In the case of the reaction between aldehydes and amines the nature of the 
product is controlled very largely by the conditions. The character of the prod¬ 
ucts formed in the reaction of formaldehyde with diphenylamine depends on the 
relative proportions of the reactants." An excess of diphenylamine favors the 


»F. A. Mmou, 1W6, 127, 1035. Bee also O. Oerogross and M. Dunkel, Ber., 57, 780; Chem. 

Abt., 10S4, 18. 3886. 

*W. H. Gray, 1028. 1267. 

MB. Knoevenagel, Ber„ 1928, 56, 2414; Cfwm. Abs.. 1924, 18, 1299. 

MQ. DCbner and M. OieMke. Ann., 1887. 242, 290; 1?88, 54. 300. 0. Dttbnw. Ber., 1887, 20, 

277; /.C.S., 1887, 52, 604. See alM K. QartarolU-Thuralackh. Ber., 1899, 32, 2274; J.C.8., 1899, 76, 940. 
MQ. Carrara, Oaet, cMtn, ital., 1928, 58. 309: Chem. Aba., 1929. 23, 391. 

•A. A. Levine and L. Wehmhoff, /.A.C.5., 1929, 51, 1243. 

MW. XSnig and K. Seifert, Ber., 1934, 67, 2112. 

ME. Lftw, /.C.S., 1912, 102, 164. 

MA. Bytebier, Bev. chlm. M., 1986, 35, 866; Cbent. Aht., 1927, 21, 1020, 

»P, Ctmif, /.4.C.S., 1988, 55. 8783; 
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formation of a definite compound, CH,(C,H.NHC.H.)., whereas an excess or even 
an equimolecular proportion of formaldehyde results in the formation of resins. 
It is possible in some cases to isolate definite compounds, but in other circum¬ 
stances only the ill-defined resin is formed. It can be stated quite generally that 
the resinous substances are either higher polymers, or represent a greater degree 
of condensation than that in the identifiable derivatives 

Resin formation in these reactions is favored by (1) higher temperature and 
greater duration of reaction; (2) excess of the aldehyde and (3) the presence of a 
catalyst, especially an acid. In the following account of some of the chief amine- 
aldehyde resins little reference is made to the probable composition. It will be 
understood that in practically every case they represent the product of a more 
or less complex condensation reaction of the type already outlined. 


Resins prom Aniline and Formaldehyde 


The production of resins of this type’*® has been developed largely during the 
last ten years. An acid is used in most cases as a condensing agent, a feature which 
offers a parallel with the production of resins from aldehydes and urea." 

Bdhler” prepared a resin by heating anhydroformaldehydeaniline to a tempera¬ 
ture of 130-140°C. for 10 to 12 hours. A dense cloud of white vapors is given off 
during the reaction. The presence of aniline during the distillation is desirable 
as it appears to facilitate the reaction and to improve the solubiltty of the resin 
in benzene or alcohol. Slight amounts of acids or alkalies may be added to the 
reaction mixture. This synthetic resin is said to have the property of increasing 
the solubility of difficultly-soluble natural or synthetic resins and to improve their 
qualities otherwise. Soane” obtained a resilient composition for printers* rollers 
by treating a water-containing mixture of glue and glycerol with aniline-formalde- 
hyde condensation products Berend" prepared these substances by dissolving 
glue in equal parts of phenol and glycerol and adding shellac, dissolved in aniline 
and homogenized by heat with paraformaldehyde The temperature of the mix¬ 
ture is raised to 70°C. and glycerol-formaldehyde or additional paraformaldehyde 
is added. The tough mass which results is molded before solidifying. In the 
course of preparation of anhydroformaldehydeaniline from aniline and formalde¬ 
hyde Eberhardt and Weltei^"’ obtained some polymerized anhydro conijiounds and 
resinous bodies. 

Since 1928, investigators have introduced a number of adaptations and modi¬ 
fications of the general method of condensing aromatic amines with formaldehyde. 
One molecular proportion of aniline may be condensed with 1 mol of formalde¬ 
hyde in the presence of at least 0.25 of the equivalent amount of hydrochlonc 
acid, calculated on the basis of the amine. The resinous material precijutates as 
soon as the acid is neutralized. After removal of the acid, the resin (m. p., 180- 
200®C.) is dried, pulverized and then hardened with more formaldehyde.” The 
density of the porous product of such a condensation is increased by heat and 
pressure, e.g., by heating for about 1 hour at 150*0. and 100 atmospheres pres- 


“ For a review of amine-aldehyde synthetic resins see A. Dolius, Rev. chim tnd., 1923 , 32. 183, 
211; Chem. Aba., 1928, 17, 3796. See also British Plastics, 1931, 292. 

19J1, US. 142; Oenn.n P. 385,984, 191T: J.S.CJ., 1921. 40. 966A. 

*• C E Soane U S P. 1,228,745, Apr. 24, 1917: Chem. Ahs., 1917, 11, 1893. 

•*L Berend British P. 4154, 1909, to Commercial Products Co., Ltd.; Chem. Abs., 1910 , 4, 2581. 
EberhaVdt 1894, 27. 1805; /.CS., 1894 66 (1), 451 

P 141228 and 141.224, 1928, to Soc. anon, pour lind. Chim. h BAle; Chem. Ab*., 1931, 
25 British P 842 825 Chem Abs., 1981. 25, 5805. British P. 842,767. 1^; Bft. Chem. 

AbsB 1^31 508^ German P. 559,824, 1928; Chem. Abs., 1933. 27. 818. French P. 683,914, im-, 
CAe;n.®A6l.?i9S0?*i4. 5119. Swim P. 154 Ml 1981 jCAem. Ab.., 1938 27. 1118 Oi^n P 561,187, 1929; 
Ch^ Abs., 1933, 27, 1220. British P. 414,404, 1933; Bnt. Chem. Abs. B, 1934, 878. 
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sure ” The hydrochloric acid is eliminated by treatment with a 3 per cent sodium 
hydroxide solution. The heat and pressure treatment increases the specific gravity 
of the resin from 0.6 to about 1.0“ and improves the working properties and 
insulating capacity of the product. The compression of this condensation product 
may also be carried out in the presence of fluxes, such as a fusible non-hardening 
phenol-formaldehyde condensation product.*® A filling material (sawdust) may 
be impregnated with the amine-aldehyde condensation product before eliminating 
the acid. The condensation products are afterwards precipitated in the filling 
material by adding an agent to neutralize the acid (an acid binding agent), and 
the final product is washed, dried and hot-molded, hardening agents being added 
if required.*® The following example illustrates the use of these bodies in con¬ 
junction with a filler.*^ Aniline is condensed with formaldehyde in presence of 
hydrochloric acid. After being kept at 30®C. for half an hour, the resin is precipi¬ 
tated by being run into sodium hydroxide solution, and is then washed free from 
electrolytes. A fibrous or powdery filler (wood flour, asbestine or cotton) is mixed 
with the moist condensation product (before or after washing) and the mixture 
is eventually hot-molded. Aldehydic hardening agents, fluxing agents or coloring 
materials may be incorporated before molding.** Resins similarly prepared 
may be applied to supports and then subjected to heat and pressure.** A resin to 
which fillers or plasticizing agents may be added is formed by the reaction of a 
primary aromatic amine with more than 2 mols of formaldehyde and a large 
amount of strong mineral acid, at a high temperature.** The product is washed, 
dried and compressed by heating under pressure. Using filling materials (e.g., 
sulphite pulp, leather chips or cellulose) it is possible to make paper-like material 
(cardboard) and imitation leather by this process.** Insulators of the condenser 
type, for the terminals of high-tension transformers, are obtained by molding 
and compressing together an assemblage of metal s'heets coated with the product 
of the acid condensation of aniline anti formaldehyde.** 

The infusible (hardened) and insoluble condensation products obtained from 
an aromatic amine and more than 1 molecular proportion of an aldehyde may be 
converted into fusible and soluble products by heating them with a fusible alde¬ 
hyde condensation product of phenol, or with a non-aldehydic fusible synthetic 
resin as that from glycerol-phthalic acid.*’ As an example, aniline is treated with 
more than 1 mol of formaldehyde in the presence of hydrochloric acid, and a 

•^British P. 283,905, 1927, to Soc. anon, pour I’lnd. chim a Bale; Chcm Abs , 1928, 22, 4213. 

“British P. 284,589, 1927, to Soc anon, pour Tind. chim. k B51e; Chem. Abs., 1928, 22, 4740. French 
P. 640,021 and 646,922, 1928; Chem. Abs., 1929 , 23. 2257. 

“French P. 37,841, 1929, addn. to 646,922. 1928, to Soc anon, pour Find, chim & Bale; Chem. Abs., 
1931, 2S, 4673. German P. 562,440, 1929; Chem. Abs., 1933, 27 , 818, French P. 37,496, 1929, addn. to 
646,922, 1928; Chem. Abs, 1931, 25, 2531. Bntiah P. 342,730, 1928; Chem. Abs., 1931, 25, 5585. 

“French P. 37,696, 1929, addn. to 646,922, 1028, to Soc. anon, pour Find. chim. & B&le; Chem. Abs., 
1931, 25w 4673 German P. 562,518, 1931, Chem Abs, 1933 , 27. 1220 German P. 562,943, 1929; Chem. 
Abs., 1933, 27, 1113. British P. 342,723, 1929; Bnt. diem Abs. B. 1931, 503. 

♦^British P. 368,300, 1930, to Soc anon, pour Find. chim. & Bftle; Bnt. Chem. Abs B. 1932 , 519. 
See also British P. 371,481, 1931; Bnt. Chem. Abs. B, 1932, 688. Genman P. 599,488, 1934; Chem. Abs., 
1934, 28. 6004. 

“See British P. 342,325 and 342,326, 1929, addns. to British P. 284,589, 1928, to Soc. anon pour 
Find, chim k Bale; Bnt. Chem Abs B, 1931, 405 Swiss P. 142.936, 1928; Chem. Abs., 1931, 25, 2253. 
Swiss P. 144,226, 1928; Chem. Abs, 1931, 25, 4096. Swiss P. 146.009, 1928; Chem. Abs., 1932, 26, 267. 
French P. 728,916, 1981; Chem. Abs., 1932, 26, 6166. German P. 565,702, 1930; Chem. Abs., 1933, 27, 2541. 

“British P. 371,481, 1930, to Soc. anon, pour Find. chim. h B&le; Chem. Abs., 1933 , 27 , 3095. 

“French P. 757,038, 1933, to Soc. anon, pour Find. chim. k Bftle; Chem. Abs., 1934 , 28, 2656. Swiss 
P. 103,020, 1933' Chem. Abs., 1934 . 28. 2860. German P. 598,061. 1934; Chem. Abs., 1934, 28, 5694. 
British P. 415,555, 1933; Brit. Chem. Abs. B, 1934 , 972. 

“Swiss P. 154,520, 1930, to Soc. anon. )x>ur Find. chim. k B&le; Chem. Ah»., 1933, 27, 1113. French 
P. 726,138, 1931; Chem. Abs., 1932, 26, 4925 British P. 368,800, 1930; Chem. Abs.. 1933, 27, 2321. 

“ G. E. Haefely, British P. 323 348. 1928. to Micsnite 6c Insulators Co., Ltd.; Chem. Abs., 1930, 
24, 3007. For the application of dielectric-loss measurements, to aniline-formaldehyde resins see R. 
Kdhler, KolUrid>-Z., 1932, 59, 143; Chem. Abi., 1932, 26, 4285. 

“British P. 843,882, 1928, Swiss P. 146,275, 1928, to Soo. anon, pour Find. chim. k B&le; Chem. 
Abe., 1982, 26, 824. British P. 872,075 and 872.076. 1981; Brit. Chem. Abs. B. 1932, 688. German P. 
565,684, 1929; Chem. Abs., 1983, 27, 3591. See also A. Gams and K. Frey, U. S. P. 1.999,098, Apr. 28, 
1985, to Ciba Products Corp. 
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solution of a phenol-formaldehyde resin is added. The mixture is then neutralized 
with sodium carbonate, heated and the resm filtered off. The added substance 
here plays the part of a fluxing agent. Conversely, the fusible condensation prod¬ 
ucts prepared by the reaction of formaldehyde and primary amines in the 
presence of nearly equivalent quantities of acid may be made infusible by the 
action of fresh amounts of aldehydes at temperatures less than 140®C. The 
foal hardening is done at higher temperatures under pressure." The condensa¬ 
tion product from amines and aldehydes has been suggested for making joints tight 
against liquids, vapors and gases." 

By dissolving the condensation product from an aromatic amine and formalde¬ 
hyde, in presence of almost an equivalent quantity of acid, together with alde¬ 
hydes or agents liberating aldehydes in the common solvents, solutions are obtained 
which are used for the production of insoluble coatings stable to heat, and which 
have a high mechanical and chemical resistance.” Chlorohydrins are employed 
as solvents for the infusible condensation products. Additions of softening agents, 
pigments, cellulose derivatives, fillers, nibber, resins and diluents may Ije made 
to the solutions, which are proposed for use as lacquers." Glycol chlorohydrin or 
epichlorohydrin, mixed with swelling agents including cyclohexanone, ethyl lactate 
and chloroform, are generally used, solution being accelerated by heating.” Light” 
condensed equimolecular proportions of formaldehyde and a primary aromatic 
amine in the presence of an acid for 5 minutes at 70®C. and, subsequently, several 
minutes at 90°C. Further heat-treatment converts the resinous residue into hard, 
transparent, pale yellow to orange resins, which may be made opaque by boiling 
with water. 

An oil-modified resin is obtained by heating a drying oil (e.g., tung oil) with 
aniline and treating with anhydroformaldehydeaniline. The product is rendered 
thermosetting by reaction with formaldehyde.”* 


Impregnation of Pulp with Aniline-Formaldehyde Resins 


Kienle and Scheiber” carried out the condensation of an aromatic amine (aniline, 
1 mol) with an aldehyde (formaldehyde, 1 mol) in hydrochloric acid solution 
at 40®C. and added a fibrous pulp, with or without a filling materinl, to the clear 
acid liquid. After stirring for 1 hour to saturate the pulp, the mixture is diluted 
with water, and an alkali (lime) added to neutralize the acid and to precipitate 
the resin which is flocculated at 60°C. The stock is beaten and sheets formed 
from the stock on a paper-making machine, several such sheets being super¬ 
imposed. Molding of the product is carried out at 150®C. and at a pressure greater 
than 1000 lb. per square inch. The flocculated product may be diluted to a 
consistency of about 1 per cent and formed into sheets, whicfh are dried, calendered 
and heated under pressure. The following example gives some further details 


"French P. 719,636, 1931, to Soc. anon, pour Find. chim. k Bale; Chem, Abs., 1932 , 26, 3946. 

French P. 719,574, 1931; Chem Aba, 1932, 26. 3S86 French P 740.962 1933; Chem Aba, 1934 , 28, 665. 
"Swim P. 148,845, 1929, to Soc. anon, pour Find. chim. k BMe; Chem. Aba., 1933, 27, 1113. 

“French P. 719,929, 1931, to Soc, anon, pour Find, chim k Bale; Chem. Abs., 1932, 26, 3945. Swiss 

P. 153,498, 1930; Chem Aba., 1933, 27. 1220. German P. 564,525, 1930; Chem. Aba., 1038, 27, 1220. 

British P. 878,858, 1932; Chem. Abs. 1933, 27. 4107. 

•^German P 5^0.352 1929, to Soe anon pour Find. chim. k Bkle; Chem Aba, 1932 , 26, 1812. 

Swiss P. 148,505, 1928; Chem. Aba., 1932, 26. 4970 

"French P 684,317, 1929, to Soc, anon, pour Fmd. chun. k Bale; Chem. Aba, 1930, 24, 55io. 

British P. 348,031, 1929; Brit. Chem. Aba. B. 1931, 503. 

“L. Lurht British P. 275.725. 1926; rbew Abs.. 1928 . 22. 2475 

"•British P. 424,536, 1934, to Soc. anon, pour Find, chim k Bkle; Brtt. Chem. Aba B, 1935, 368. 
^ R. H. Kienle and W. J. Scheiber, Britwh P 352.140, 1930, to British Thomson -Hou^on Co., 
Ltd.; Brit. Chem. Aba. B, 1931, 852. See also R. H. Kienle. Onndinn P. 323,673, 1032, to Oanadinn 
General ElWtric Cb.. Ltd.; Chem. Abi.. 1M2, 2#. 4488. British P. 360,881 and 860,380 1^, lo BnMt 
Thomson-Houston Oo., Ltd ; Chem. Ab»., 1038, 27. 1220. R. H. Kienle and W J Scheiber, Canadian 

P. 823,870, 1982, to Canadian General Electric Co., Ltd.; Chem. Aba., 1932, 26, 4719. 
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of the process employed.® The initial condensation is carried out with a mixture 
of 15,000 lb. of water, 920 lb. of aniline, 990 lb. of 36 per cent hydrochloric acid 
and 912 lb. of 38.8 per cent formaldehyde, the ordinary paper mill beater serving 
as a reaction chamber. The reaction temperature is not allowed to rise above 
40®C., and condensation is complete in an hour. The pulp is now added, a quan¬ 
tity of 100 lb., calculated on a dry weight basis, being the usual amount. After 
the pulp is saturated, the mixture is diluted with 10,000 lb. of water, and 420 
lb. of lime, preferably as milk of lime, are added to neutralize the acid and 
precipitate the resin. The temperature is raised to 60®C., and the material is 
beaten to bring about an attachment of the resin flocculates to the fibers,® a step 
which may take from 2 to 40 hours, depending on the condition? and materials 
used. After heating, the stock is diluted to about 1 per cent and delivered into 
a paper-making machine, and the sheet jHilp is dried, calendered and pressed. 
(See Fig. 115.) A resin prepared in a similar manner may he used on and around 
the interlocked fibers of a wet paper pulp which is built up in layers to form a 


Fio. 115. 

Part of Laminating Press 
for Heating and Curing 
Finished Sheets. 


CourteMy Modem Plastics 


laminated product. The mass is dried and molded under heat and pressure.®^ 
The molded material is an inert, infusible body of great mechanical strength, and 
with good insulating qualities. It is used in the manufacture of various articles 
such as laminated products, insulating tapes, gears, slot insulating materials, 
transformer spacers and refrigerator strips. Laminated tubes are prepared by 
impregnating paper with fusible, non-hardening resins of the anhydroamino- 
benzyl alcohol type (e.g., from formaldehyde and aniline hydrochloride) and mak¬ 
ing up in a tube-rolling machine.® This type of resin is also used as a binder in 
making lamellar masses.® The layers are impregnated with the resin and assemr 
bled by the action of heat and pressure. The anhydro-p-aminobenzyl alcohol 
binding agent is also mixed with fibers, and various articles arc made from it by 
hotrpressing.® Kienle considers that the use of a strong alkali (caustic soda) 

*R. H. Kienle and W. J. Scheiber, V S. P. 1,812.749, June 30, 1931, to General Electric Co ; 
Chem. Abs , IWl, 25, 5027. Sec also Ficnch P. 694,669, 1930, to Compafrnie fian^aise Thoinson- 
Houaton; Chem, Abs,, 1931, 25, 2013. Fionch P. 38,868, 1930, addn. to 6''4,669; Chem. Abs., 1932, 
26, 1813. 

••At elevated temperatures (40-100*C.) larpo particle*? of resm are produced which adhere to the 
pulp fibers. (W. J. Scheiber and P. F. Schlingman, British P. 363,6^, 1029, to British Thonison- 
Houstoii Co., Ltd.; Chem. Abs,, 1933, 27, 1774 ) 

^ R. H. Kienle and W. J. S<‘heiber, British P 393,412, 1933, to British Thomson-Houston Co., 
Ltd, ; Chem, Abs., 1983, 27, 5910. 

British P. 405,491, 1933. to Soc. anort. pom I'ind. chim. 5 Bfile; Brit. Chem. Abs. B, 1934, 331. 

•*Q. P. L&ndt, Britidi P. 419,901, 1933, to Soc. anon, pour. Find. chim. h B&Ie; Brit, Chem. Abs. 
B, 1935, 111. French P. 754,100, 1933; Chem. Abs., 1934. 28. 1153. 

••Swiss P. 161,570, 1933, to ^c. anon, tiour I’ind. chmi. k B&le; Chem. Abs., 1934, 28, 591. 
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to precipitate the resin leads to a product which does not lend itself readily to 
molding." The product with sodium hydroxide lacks flow, which is a serious 
drawback when molding with fillers. To overcome this difficulty precipitation 
is carried out with calcium, barium, or magnesium hydroxide. An added advan¬ 
tage of the use of these agents is the production of more soluble salts on neu¬ 
tralization. Amine-aldehyde resins ot greater fluidity are also prepared by replac¬ 
ing aniline with toluidines, diphenylamines, naphthylamines or benzidines." 

Other Applications of Aniline-Formaldehyde Resins 

Vacher" developed a method of preparing a resin of the type under considera¬ 
tion by heating together 100 parts of aniline and 90 parts of 40 per cent aqueous 
formaldehyde with 25 parts of a phenol (especially cresol) as a catalyst. Unreacted 
material is distilled off under reduced pressure (5(X) mm.) and the product on 
heating to 170®C. is converted into an infusible, insoluble resin. Molding may be 
combined with this heat treatment. Before the final treatment, the product melts 
between 50-80®C. to a liquid with approximately the viscosity of water, and it 
may be used in this state for impregnating, or, dissolved in an organic solvent, 
may be employed as a varnish. Vacher also utilizes acids, bases and salts as 
catalysts in addition to phenols. The final hardening of the resins may be carried 
out by heating m the presence of a hardening agent (hexamethylenetetramine)." 

Anhydroformaldehyde compounds given by the condensation of salts of aro¬ 
matic amines with resm acids or fatty acids of high molecular weight and formal¬ 
dehyde were prepared by Berend" and may be used as substitutes for camphor 
and as solid solvents for nitrocellulose, in the manufacture of varnishes. For 
example, 80 g. of oleic acid are dissolved in 60 g. of aniline and warmed on a 
water-bath with 20 g. of paraformaldehyde until reaction ceases. An amorphous, 
yellowish-white mass, melting at 50®C., is obtained. The excess aniline is removed 
by boiling the product with water. 

The use of aromatic amines other than aniline is recommended by Schlingman," 
as giving an easily moldable resin. Benzidine and diphenylamine are mentioned in 
this connection, condensation with the aldehyde being carried out in acid solution 
and the condensation product precipitated with a base. The use of amines having 
a larger space arrangement in the molecule than aniline results in the formation 
of resinous compositions with increased flexibility and plasticity. 

Anhydrous aldehydes or their solid polymers (2 mols), and aromatic amines 
(1 mol), may be condensed in the presence of a polybasic organic acid, particu¬ 
larly phthalic acid, in a solvent (benzene, alcohol or aniline)." The condensa¬ 
tion of anhydrous formaldehyde and aniline may be effected in ethyl alcohol 
solution in the presence of phthalic acid and a contact substance such as stannic 
chloride." The reaction product is subsequently hardened. The softening point 

«R. H. Kienle, U. S. P. 1,878,527, Sept, 20, 1032, to General Electric Co.; Chem, Ab$., 1083, 
77 485. Allgem. Elekt. Ges , British P 414,303, 1933, to Int. Gen. Electric Co.; Bnt. Chem Abs. B, 
1984, 897. 

French P. 38,433, 1930, addn. to 694.669, to Compagnie frangaise Thomson - Houston; Chem. Ab$., 
1932, 26. 1144. 

«»F. Vacher, U. 8. P. 1,873,799, Aug. 23. 1982, to Cont.-Diamond Fibre Co.; Chem. Abs, m2, 2S, 
6166. See also British P. 282,435, 1926, to Soc. anon. la fibre Diamond; Chem. Ab»., 1928, 22. 8792. 

••French P. 644.075, 1927, to Soc. anon, la fibre Diamond; Chem. Abe., 1929, 28, 1764. 

••L. Berend, German P. 222.512, 1008; Chem. Abs., 1910, 4. 2884. 

••P. F. Schlingman, U. S. P. 1,982,486, Nov. 27, 1934, to General Electric Co.; Chem. Aba., 1985, 
29, 523. British P. 360.393, 1980, to British Thomson-Houston Co., Ltd.; Chem. Aba, 1933, 27. 616. 
Canadian P. 828,264, 1932, to Canadian General Electric Co., Ltd.; Chem. Aba., 1933. 27, 1219. 

French P. 717,931 and 717.027, 1031, to Allgem. Elekt.-Ges.; Chem. Aba., 1982, 26. 2880, 2881. 
Allgem. Elekt.-Oes., British P. 388,097, 1983, to Int. Gen,. Electric Co., Inc.; Ckem. Aba., 1983, 27, 
4701. H. Burmeister, German P. 598,444, 1934; Chem. Aba., 1934, 28. 5694. German P. 600,831. 1934; 
Chem. Aba., 1984, 28. 7564. , ^ 

« French P. 722.834. 1931. to Allgem. Elakt.-G6B.;. Chem. Aba., 1982, 26. 4191. Allgem. Elekt.-Gea.. 
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of these aniline-formaldehyde resins is raised by restricting the amount of the 
phthalic acid to not more than 0.04 equivalent (relative to the amine) and by a 
subsequent heat treatment.®® Molding substances may be manufactured in a 
single condensation step in the absence of solvents on heated mill rolls."^® Wood 
flour, paraformaldehyde, aniline, phthalic acid and coloring matter are processed 
in a rubber mill at 120-140®C. producing compact sheets which may be further 
worked. Similarly, a- or /9-naphthylamine, crotonaldehyde, benzoic acid and color¬ 
ing matter can be reacted and the product powdered for molding. Condensation 
products of this type are also applied in the utilization of waste rubber. A mold¬ 
ing material is produced by mixing rubber waste or dust with a binding agent, 
consisting of an aldehyde-amine condensation jiroduct, which softens within the 
temperature range at which the rubber becomes soft or plastic.'^^ Paraformalde¬ 
hyde-amine condensation products are also utilized as adhesives, layers of mate¬ 
rial being bonded by the resin, which is then hardened by heating to 150®C. for 
30 seconds.’^ Layers of a fibrous substance (paper, fabric) are processed m this 
manner to give laminated material for electrical insulationHaller and Kap- 
peler’* carried out the condensation below 100°C. between an aromatic amine 
(aniline, toluidine) and formaldehyde in the presence of hydrochloric acid, acetic 
acid or potassium bisulphate. The orange-red product is washed and then treated 
with alkali (a solution of sodium hydroxide, ammonia, milk of lime, sodium car¬ 
bonate or alkali sulphide). A whitish mass resembling bone or horn is precipi¬ 
tated. Alternatively, the base and formaldehyde may be condensed first in an 
alkaline medium, and the product condensed with more formaldehyde in an acid 
medium, followed by washing and treatment with alkali. Fillers, softeners and 
pigments may be added. This process was further modified by treating the 
amine-aldehyde condensation product with an organic base, a neutral or acid 
salt or an organic acid (e.g., with methylamine, jiyridine, aqueous ammonium 
chloride or acetic acid).’® The aldehyde-amine reaction is continued until a jelly 
forms; then the supplemental amine, for example, is added, and the mass washed 
and dried.’® The products have a wood-like, bony or horny appearance and are 
used as substitutes for bone and horn or as insulating materials. The product 
is further improved by adding salts soluble in water or alcohol to the amine. Thus, 
sodium chloride, ammonium chloride or ammonium nitrate is added to the aniline, 
hydrochloric acid and water before adding the formaldehyde.” 

Acid solutions of the condensation products of aromatic amines and aldehydes 
in the form of gels and containing fillers (sawdust or mica) are pulverized during 
formation and the acid is separated.’® After washing and drying, the material may 

British P. 387,045, 1033, to Int Gon. Klortno Co, Tnc ; Chem Abu, 1933. 27, 4701. British P. 388,030, 
3933; Chem. Abs , 1933 , 27 , 4701. 

Allgem. Blekt.-Ges., Briti.sh P. 388,451, 1923, to Iiit. Geii. Kliftnc Co., Inc.; Chem. Ab* , 1933, 

27, 4701. 

w Allgem. Elekt.-Ges , British P. 395,880, 1933, to Int. Gen. Electric Co , Inc.; Chem. Abs., 1934 , 28, 
919. See also French P. 740,556, 1932, to Allgem. Elekt -Ges ; Chem. Ahs , 1933, 27 , 2831. 

Allgem. Elekt-Ges., British P. 381,587, 1931, to Int. Gen Electric Co., Inc.; Brit. Chem. Abt. B, 
1933, 33. French P. 718,778, 1931, to Allgem. Elekt.-Ges.; Chem. Abs., 1932 , 26, 8408. See also H. 
Burmeister, U. S P. 1,989,543. Jan 29, 1935, to General Elec. Co.; Chem. AbB., 1935, 29, 1906. German 
P. 598,943, 1934, to Allgem Elekt.-Ges.; Chem. Abe., 1934 , 28, 7443. 

*** Allgem. Elekt.-Ges., British P 316 194, 1W8, to Int. Gen. Electric Co ; Chem. AbB., 1930, 24, 1712. 

Allgem. Elekt.-Ges., Biitish P. 395,507, 1W3, to Int. Qen. Electric Co., Inc.; Chem. Abs,, 1934, 

28, 236. 

’*P. Haller and H. Kappeler, Briti.«h P. 266,358, 1926; Chem. Abs., 1928, 22, 691. A bubble-free 
resin is obtained by the acid condensation of an amine and formaldehyde. See British P. 390,000, 1932, 
to Soc. anon pour Tind. chim. & BAle; Brit. Chem. Abu. B. 1933, 436. 

^P. Haller and H. Kappeler, British P. 274.801, 1926; Chem. AbB., 1928, 22, 2282. Swiss P. 127,950, 
1926; Chem. Aba., 1929, 23. 2256. Swi.ss P. 132.811. 1928; Chem. Aha., 1930, 24, 476, British P. 
306.972, 1928; Chem. Aba., 1929, 23, 5339. Canadian P. 282,036, 1928; Chem. Aba,, 1928, 22, 8498. 
German P.'487,654, 1927; Chem. Aba., 1930, 24,'1946 

«P. Haller and H. Kappeler, U. S. P, 1,939,691, Dec. 19, 1933, to Ciba Products Oorp.; Chem. 
Aba., 1934. 28, 1560. 

nv. Frailer and H. Kappeler, German P. 496,1^1. 1929; Chem. Aba., 1930, 24, 3615. 

’•French P. 755,146, 1933, to Soc anon, pour rind. chim. h BfUe; Chem. Aba., 1934, 28, 1484. Ger¬ 
man P. 594,926, 1934; Chem. Ab$., 1934, 28. 4548. 
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be compressed into desired shapes. Molding powders, also, may be prepared from 
a mixture of a filling material and an acid solution of an aromatic amine and an 
aldehyde, which has a tendency to gelatinize. This is accomplished by disintegrat¬ 
ing the gel during or after its formation but before solidification.'^ Thus, a solu¬ 
tion of aniline hydrochloride in water is treated with formaldehyde and wood 
flour stirred in; the product is neutralized with sodium hydroxide, washed and 
dried. Amine-aldehyde resins have some use as coatings. A resin of low soften¬ 
ing temperature with or without an added filling (quartz, kaolin) or softening 
material is selected and sprayed on the article to be coatedBy dissolving aniline- 



Courte^v Modem Plastics 

Fig. 116. — The machine illustrated cuts rolls of resin-impregnated paper into sheets for 
the production of laminated materials. 

formaldehyde condensation products in a chlorohydrin (glycolchlorohydrin or 
glyceroldichlorohydrin), Gams and Frey" obtained a solution of use in varnishes 
and lacquers. 

Amine-aldehyde reaction products give useful resins with phenols. Achtmeyer"* 
produced non-inflammable friction compositions by the interaction of phenolic 
bodies with methylenediphenyldiamine, CHa(NHCeH 5 ) 8 . This compound is pre¬ 
pared by allowing aniline, formaldehyde and potassium hydroxide to react in 
alcoholic solution at lOO^C.®* Specifically, the phenol friction-material is obtained 
by adding 1(X) parts of phenol to 75-100 parts of methylenediphenyldiamine in a 
steam-jacketed, open vessel provided with a stirrer. The mass is heated to 
boiling and heated further to remove water. This is treated with paraformaldehyde 
(7 to 10 per cent) and given a further heat treatment in order to convert the 

'^British P. 401,965, 1933, to Soc. anon, pour Tmd. chim. & B&le; Chem. Aba., 1934, 28, 2860. 

Allgem. Elekt.-Ges., British P. 308.070, to Int. Gen. Electric Co., Inc.; Chem. Aba., 1934 , 28, 

« A. Gams and K. Frey, U. S. P. 1,969,744, Aug. 14, 1934, to Ciba Products Cbrp.; Chem. Aba , 1934. 
28, 6330. 

««W. Achtmeyer, U. S. P. 1,429.267, Sept. 19, 1922; Chem. Aba., 1922, 16, 4023. Canadian P. 
237,679, 1924; Chem. Aba., 1024, 18, 1087. 

Eberhardt and A. Welter, Ber., 1894, 27, 1804; J.C.8., 1894, 66 (1), 451. 
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thin liquid product into a hard and insoluble resin. Dissolved in a high-boiling 
solvent (amyl acetate) before the final heat treatment, it may be used to impreg¬ 
nate porous and cellular materials. These compositions are baked at 300-400^0. 
and may be used as brake linings. 

Bender" prepared a fusible, potentially reactive resin by reacting anhydro- 
formaldehydeaniline with phenol. A fusible resin, soluble in organic solvents, was 
developed by Seebach" from a phenol, formaldehyde and aniline, toluidine or a- or 
i8-naphthylamine. More than 0.5 mol of phenol is used per mol of amine. Salts 
or derivatives (including, e.g., anthranilic acid, l-naphthylamine-5-sulphonic acid) 
of amines are also employed in the process. The resins formed are characterized 
by containing a constant proportion of nitrogen. 

Wayne" resolved petroleum emulsions by treating with a water-soluble con¬ 
densation product such as that formed from sulphonated aniline and formaldehyde. 
Amine-formaldehyde resins were used by Siedler and Moeller" to prevent pre¬ 
mature crystallization of supersaturated solutions of thiocarbanilide. 

Burke” has used the reaction between amines and aldehydes to purify alde¬ 
hyde-contaminated lower aliphatic alcohols. For example aniline was added to 
ethyl alcohol containing an aldehyde. The reaction product of amine and aldehyde 
was separated from the alcohol by distillation. 

Condensation of Other Amines with Formaldehyde 

Reaction between an amine (o-toluidine, aniline, a- or ^-naphthylamine) and 
at least one molecular jiroportion of formaldehyde may be brought about in the 
presence of water-soluble organic solvents for the amine, volatile by-products 
being distilled, off in vacuo from the reaction product.^" The reaction is carried 
out at 30-80®C. The resin from o-toluidine solidifies to a colophony-like mass, and 
has a softening point of 60®C. The addition of a salt of the amine or a further 
amount of the aldehyde increases the softening point. A bright yellow resin, 
softening at 80-85®C., is produced by heating 100 parts of o-toluidine and 70 parts 
of 94 per cent alcohol to boiling and adding 115 parts of formaldehyde with 0.4 
part of formic acid." Chlorotoluidines (1 mol) in alcohol (90 per cent) and 30 
per cent formaldehyde (1.4 mols) gave a resin softening at 30®C., while a-naph- 
thylamine (1 mol) and formaldehyde (1.15 mols) gave one melting at 125°C. 
The yield of resin was improved, and its softening point was raised, on adding up 
to 10 per cent of a salt of the amine to the free amine employed. These resins 
are resistant to alkali, and may be used as resists in batik dyeing and printing." 
They can be removed from the fabric by organic solvents, by weak acids or by 
treatment with hot water. The resins form brittle, clear yellowish to brownish 
masses of conchoidal fracture, which are soluble in many of the usual organic resin 
solvents. Solutions of the resins yield clear films (on glass, porcelain or metal) 
which are reported to be air-proof and, in some instances, light-proof. 

On allowing the molten resin from naphthylamine residues to fall into a 40 per 

«H. L. Bender, U. 8. P 1,955,731, Apr. 24, 1934, to Bakelite Corp.; Chem. Abs., 1934, 28, 4266. 
These reams in which anhydroformaldehydeaiiiline is used to react with phenol simply for the methylene 
groups It contains are described in Chapter 20 

«*F. Seebach, U. S. P. 1,683,701, Sept. 11. 1928, to Bakehte G.mb.H.; Chem. Ab»., 1928, 22, 4262. 

»T. B. Wayne, U. S. P. 1,912,330, Mnv 30, 1933; Chem. Abg., 1933, 27, 4066. 

««P. Siedler and A. Moeller, U. S. P. 1,780,634, Nov. 4, 1930, to I. G. Farbenind. A.-G.; Brit. 
Chem. Abf. B. 1931, 667. 

•’’J. P. Burke, U. S, P. 1,987,601, Jan. 15, 1935, to E. I. du Pont de Nemours & Co.; Chem. Abs., 
1935, 29, 1931. 

«*W, Hildebrand, U. S. P 1,777.140, Sept. 30, 1930, to 1. G Farbenind. A.-G.; Chem. Abe., 1930, 
24. 6042. French P. 693,750, 1930; Chem Ahn., 1031, 25, 1645. German P. 452,009, 1927; Chem. Aba., 
1938, 22, 4262. British P. 274,155, 1926; Cherh. Aha., 1928, 22, 2072. 

••W. Hildebnind, German P. 472,824, 1926; Chem. Aba., 1929, 23, 3114. 

^British P. 274,155, 19^, to I. G. Farbonind. A.-G.; Brit. Chem. Aba. B, 1927, 756. 
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cent solution of formaldehyde containing 37 per cent of hydrochloric acid, and 
then heating for a short time to 300‘*C., an odorless resin with a softenmg point 
of 120®C. is obtained.*' A novel application of amino resins, namely, in photog¬ 
raphy, is due to Beebe, Murray and Herlinger.” The following example illustrates 
the process: 35 g. of dimethylaniline, 14 g. of benzaldehyde and 4 g. of iodine 
are mixed and allowed to stand at room temperature for about 3 days. The 
result IS a viscous green product. Through the addition of 1 g. of lodofonn to 10 g. 
of the resin, a light-sensitive coating is produced which gives a print in about 
two minutes by optical projection in the usual manner. Benzylaniline, formalde¬ 
hyde, water and a trace of concentrated hydrochloric acid likewise give a con¬ 
densation product. When this is dissolved in benzene and iodoform added, the 
solution will give a light-sensitive film yielding a print in 30 seconds The print 
may be developed with benzene and turpentine The principal feature of this 
process is that the synthetic resin is capable of l)eing condensed under the action 
of light, the iodine or organic iodine compound serving as a sensitizer. The con¬ 
densed form of the resin is less soluble than the starting material, which intro¬ 
duces the possibility of obtaining a graded photographic image.*® 

As a substitute for copal and for resins used in sealing wax, Goldschmidt** 
proposed the employment of a resin formed by heating methylaniline or methyl- 
diphenylamine with formaldehyde and hydrochloric acid for 2 hours and then 
oxidizing. 

At an earler date, Goldschmidt*® reported the formation of an unstable product 
of high molecular weight m the reaction between asparagine, COOH—CHfNHg)— 
CHa—CO—NHo, and formaldehyde. 

Benzylaniline Resin 

Goldschmidt’s investigation led Herzog*® to experiments on the condensation 
of secondary amines in which a benzyl group forms one component. A re:un was 
obtained by heating for one hour (under reflux) 9 g. of benzylaniline, 10 g. 
aqueous formaldehyde (40 per cent), 20 cc. of water and 1 cc. of hydrochloric acid. 
A 94 per cent yield of a brittle, brownish yellow, transparent resin was the result. 
This product is probably a condensation of two jqoIs of benzylaniline with one 
mol of formaldehyde to form dibenzyldiaminodiphenylmethane, 

CHaCflHfi 

/ 

H,C 

\ 

C«H4—NH—CH.CeHs 

and finally by rearrangement*’ yielding diphenyldiaminodibenzylmethane, 

C«H 4 —€Hr-NH—CeHi 

CHr-NH—C,H, 

w A. Stemdorff, German P. 878,067, 1922, to Farbw. Meister, Lucius A Brtlning; J.S.C.L, 1923, 42, 
1O08A. 

«M. C. Beebe, A. Murray and H. V. Herlinger, U. 8. P. 1,587.272, June 1, 1926, to Wadswortli 
Watch Case Co.; CAem. Ab»., 1926, 20, 2292. See also Chapter 24. 

••See also British P. 269,806, 1926, to Wadsworth Watch Case Co.; Chem, Aba., 1928, 22, 1289. 
SwiM P. 126,216 and 126,217, 1926; Chem. Aba., 1929. 23, 572. 

••C. Goldschmidt, Chem. Ztg., 1905, 29, 38; J.S.C.L, 1905, 24. 552. 

»C. Goldschmidt, Chem. Ztg., 1898, 22, 374. 

••W. Herzog, Oeatgr. Chem.-Ztg., 1921, 24, 16; Chem. Aha., 1921, 15, 1410 

•^Note German P. 58,072, 1890, to Farbw. vorm. Meister, Lucius 4 Brilning; Chem. Zentr., 1891, 

2 , 888 . 
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The resin is easily soluble in benzene and trichloroethylene in the cold, and dis¬ 
solves in turpentine on heating. When the resin is prepared in alcohol as a dilut¬ 
ing medium, the product exhibits a redder tone. Neither organic acids nor alkalies 
act as resinifying agents. The product differs from the resin obtained by Gold¬ 
schmidt in that the reaction proceeds only to the formation of diphenylmethane 
derivatives, which according to Herzog furnish a stable resin of use in the varnish 
industry, while Goldschmidt's resin from methylaniline and methyldiphenylamine 
is a more complex product said to be subject to partial oxidation on exposure to 
air with the formation of strongly colored substances. Hence Herzog regarded 
Goldschmidt’s resin as useful only for sealing wax. 

Naphthylamink Resins 

Acetaldehyde reacts with /S-naphthylamine and with mixtures of a- and /S-naph- 
thylamine in the presence of solvents, e.g., benzene, to form a hard resinous com¬ 
pound and a product resembling Canada balsam, respectively. These products have 
been proposed for use in the manufacture of varnishes and tracing paper. A prod¬ 
uct resembling rosin can be prepared by treating a mixture of equal parts of 
a- and /3-naphthylamine with formaldehyde; the mixture is agitated at 100®C., 
and, after cooling and separating the aqueous layer, the material is purified by 
kneading under hot water and is dried at about 120"C. A mixture of a-naphthyl- 
amine and xylidine may also be used.“* 

Aniline, toluidine, xylidine or naiihthylamine, alone or mixed, are condensed with 
acetaldehyde, aldol or crotonaldehyde (or mixtures of these compounds) by heating 
at 80-100®C. in a varnish solvent with the addition of a small amount of a con¬ 
densing agent such as oxalic acid.“ Benzene and its homologues, solvent naphtha 
or tetrahydronaphthalene are the usual solvents. Varnishes are obtained which 
dry quickly and yield a bright surface, stable to water and alkali. Soluble dye¬ 
stuffs may be added and also linseed oil or copal. As an example of the prepara¬ 
tion of this type of varnish, o-naphthylamine is dissolved in xylene, oxalic acid 
is added and the mixture is treated at 80®C. with a xylene solution of acetaldehyde. 
Caustic soda is then added, and the sodium oxalate which forms dissolves in the 
water produced in the reaction and is removed. The odor of the varnish is pleas¬ 
ant and bears no resemblance to that of a-naphthylamine. A mixture of acetalde¬ 
hyde, aldol and crotonaldehyde may be condensed m boiling solvent naphtha with 
a-naphthylamine and aniline, in the presence of concentrated hydrochloric acid, 
and the acid removed with caustic soda or ammonia. When the solution is treated 
with naphtha-soluble black and diluted further with the solvent a deep black, 
rapid-drying varnish with a high luster is obtained. 

Manfred, in a process for the manufacture of horn-like masses with elastic 
properties, used an albuminous material with, among other possibilities, an alde¬ 
hyde-amine condensation product."® N-Methyl-p-aminophenols are prepared by 
reducing the condensation product of the corresponding p-aminophenol and formal¬ 
dehyde with activated aluminum in alkaline solution. Reduction and condensa¬ 
tion may be effected in a single operationBohler^®* found that mixtures of 
phenol-formaldehyde or resinotannol-formaldehyde and amine-formaldehyde resins, 
prepared either by fusing the components together or by using a common solvent, 

**QennAD P. 800,685 and 303,953, 1017, to Farbw. vorm. Meister, Lucius A Brilning; 1922, 

41, 882A. 

**K. Daimler, German P. 372,855, 1920, to Farbw. vorm. Meister, Lucius db Briining; J.S.C.I., 1923, 

42, 1040A. 

Manfred, British P. 281,223, 1927; BHt. Chem. Abs. B, 1928, 829. 

^British P. 306,1^9, 1928, to Chem. Fabr. Grttnau Landshoff A Meyer A.-G.; Chem. Abe., 1929, 
23, 5193. 

»»C. Bbhler, German P. 545,270, 1929; Chem. Abe., 1932, 26, 3126. 
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gave products which hardened less readily than the phenol or tannol resin alone, 
and could be used for making molded articles. A yellow resin, to which the name 
A.F.S. has been given, was prepared by the condensation of aniline, formaldehyde 
and sulphur. It appears to be serviceable as a substitute for Canada balsam 
in mounting microscopic objects, and is used in the same manner."* 

Resins from Amines and Other Aldehydes 

To a certain extent the processes already described using formaldehyde for resin 
l^roduction may be applied without further modification so as to utilize other alde¬ 
hydes. The present section is devoted, however, to the description of a number of 
reactions in which these higher aldehydes are mentioned specifically. 

The condensation products prepared from a primary or a secondary amine 
(o-toluidine, m-xylidine or cresidine) with an aliphatic aldehyde (e.g., formalde¬ 
hyde, acetaldehyde or crotonaldehyde) in the presence of hydrochloric acid are 
proposed mordanting agents for dyeing (with acid and chrome colors) vegetable 
fibers, viscose and cuprammonium silks. The formaldehyde-o-toluidine product, e g., 
gives insoluble lakes with acid and chrome dyes. The mordant may be used on 
wool, silk, leather or furs, but not on cellulose acetate fabrics."’* 

Crotonaldehyde, condensed with amines such as aniline or a-nai)hthylamine, in 
the absence of a condensing agent forms synthetic resins."*^ When aniline is 
gradually added to crotonaldehyde at a temperature below 50°C., the mixture 
being stirred for 3 hours and allowed to stand and finally heated in vacuo to 125°C., 
a brittle resin forms. The reactants may be dissolved in solvents (benzene, acetone 
or alcohol)."’* 

A synthetic resin prepared from aniline and furfural was found by Moss and 
White'^" to be compatible with cellulose acetate. When added to lacqm con¬ 
taining the latter, clear solutions were formed, which, on drying, produced clear, 
hard, tough and firmly adherent films, brown in the undyed or unpigmented form. 
In the preparation of the resin, equimolecular proportions of furfural and aniline 
are heated under reflux for from 1 to 3 hours at 170°C. The brittle, black 
resin formed is soluble in acetone or benzene, the solution in acetone being 
miscible with cellulose acetate solutions in the usual solvents. These resins lighten 
in color on exposure to light, whereas phenol-formaldehyde resins darken. A 
mixture of the two resins is reported to give a light-fast film. The following is 
the composition of a mixture for producing such a film: 

Cellulose acetate ... .... 10 parts 

Aniline-furfural resin. . . 5 ” 

Phenol-formaldehyde resin 5 ” 

Acetone.100 ” 

Natural resins, plasticizers and pigments may also be incorporated in these resins. 

Acetaldehyde or furfural-amine resins may be used in impregnating a fibrous 
pulp, as already described in the case of formaldehyde-aniline resins.^" Fur¬ 
fural may also be condensed with the fusible reaction product of an aromatic 

^Q. D. Hanna, Science, 1927, 65, 42, and /. Roy. Microscopical Soc., 1981, SO, 424; Chem. Abs., 
1931, 25, 1858. See also H. G. Fisk, Amer. J. Set., 1932, (5) 23, 172; Bnt. Chem. Abs. A, 1^2, 247. 

P. Sisley, French P. 718,2^, 1930, to Soc. anon, des matidres colorantes et produits chim. de 
Saint-Denis; Chem. Abi., 1982, 26. 1800. See also Rev. gin. Mat. Col., 1932, 36, 334, Bnt. Chem. 
Abt B 1932 978 

i««W. Kropp,*U. 8. P. 1,640,899, Aug. 80, 1927; Chem. Abs., 1927, 21, 3474. 

British P. 270,433, 1926, to I. O. Farbenind. A.-Q.; Chem. Aba., 1928, 22, 1696. 

""W. H. Moss and B. B. White, U. S. P. 1,902,255, March 21, ras, to Celanese Corp. of America; 
Chem. Aba., 1983, 27, 8350. W. H. Moss, U. S. P. 1.902,256 and 1,902,257, March 21. 1938, to Celanese 
Oorp. of America; Chem. Aba., 1933, 27, 8350. 

^R. H. Kienle and W. J. Scheiber, British P, 352,140, 1929, to British Thomson-Houston Co., 
Ltd.; Chem. Aba., 1932, 26, 4144. 
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amine and formaldehyde (formed with not more than 0.2 mol of acid per mol 
of amine), a filler may be added and the product hardened by hot compression,^*’ 
Cinnamaldehyde and aniline yield a synthetic resinAromatic amines have also 
been reported as reacting with a^-disubstituted acraldehydes forming condensa¬ 
tion products.^ Cherry and Kurath“* found that a condensation would take^ 
place between amines, organic acids and aldehydes, forming wax substitutes and 
plasticizing agents. The aldehydes used include formaldehyde and furfural. Ap¬ 
propriate acids are stearic, succinic, benzoic and oleic, and also rosin. Aniline, 
toluidine or naphthylamine represent types of amines which may be employed. 
As an example, 30 parts of rosin are heated to 170-200°C. with 10 parts of aniline 
for 3 hours. Nine parts of furfural are added and the heating continued at 
2(X)°C. for half an hour. The product is not as brittle as rosin, and has a plas¬ 
ticizing effect on phenolic molding compositions When half of the rosin is 
replaced by stearic acid, a substance with both wax-like and resinous characteris¬ 
tics results. Shepard^* found that products such as those formed in the condensa¬ 
tion between acetaldehyde and aniline may be freed from water by melting with 
about 10 per cent of a fatty acid (stearic acid) and heating to evaporate the 
water. 

Huxham'^ added 90 parts of a furfural-aniline resin to 100 parts of a fusible 
phenol-aldehyde condensation product dissolved in a high-boiling hydrocarbon 
solvent. The mixture is hardened at 150°C. for several hours and may be used 
as a cold-molding composition for the manufacture of insulators. Powell^® has 
made use of the synthetic resins from amines and aldehydes for preventing the 
rancidification of soap. Thus, 0.02 to 0.5 per cent of the product from aniline and 
acetaldehyde was sufficient. It is possible to add the amine to the raw oil or fats 
prior to their saponification, and to add the aldehyde to the saponified product, 
the two substances reacting while incorporated in the soap. 

A mixture of dimethylquinol and aniline on standing for a long period yields 
an oil which, on distillation, gives a soft resin.Carnahan and Hurd^^® obtained 
a yellow resinous solid melting at 76°C. by holding a mixture of acrolein and aniline 
at 10°C. On heating this mass it changed into higher-melting resins. 

Miscellaneous Products from Amines 

Daniels and SnelP“ have used diphenylguanidine and triphenylguanidine for 
hardening shellac. The following example illustrates the method of working. A 
mixture of shellac (50 lb.), denatured alcohol (15 gallons), triphenylguanidine 
(0.5 lb.) and wood flour (300 lb.) is thoroughly dispersed, and the alcohol then 
removed. Hot molding of the powdery product gives a finished article which is 
resistant to alcohol, and remains hard at temperature^ considerably above the 
softening point of natural shellac. Other agents which produce the same effect 
are aldehyde-ammonia, an aminonaphthalene, a secondary aromatic amine, a 

British P. 404,469, 1933, to Soc. anon, pour I’ind. chim. k Bftle; Brit. Chem. Abs B, 1934 , 244. 

^French P. 85,202, 1928, addn. to 644,075, to La fibre Diamond; Chem. Aba., 1930, 24. 2317. 

British P. 264,674, 1826, to I. G. Farbenind. A-G.; Brit. Chem. Aba. B. 1927, 230. 

A. CHierry ana F. Kurath, U. S. P. 1,800,815, April 14, 1931, to Economy Fuse & Mfg. Co.; 
Chem. Aba., 1931, 25, 3503. 

O A. Cherrv and F. Kurath, U. S. P. 1,894,580, Jan. 17, 1933, to Economy Fuse & Mfg. Co.; Chem. ^ 
Aba., 1933, 27, 2592. 

*WM. G. Shepard, British P. 276,627, 1926; Chem. Aba., 1928, 22, 2475. 

T. S. Huxham, U. 8. P. 1,606,943, Nov. 16, 1926, to American Insulator Corp.; Brit. Chem. Aba. 
B, 1927, 85. 

««J. R. Powell, U, 8. P. 1,672,657, June 5, 1928, to Armour k Co.; Chem. Aba., 1928, 22, 2677. 

Bamberger. Ber., 1927, 60. 977; Chem, AJba., 1927, 21, 2124. 

P. L. Carnahan and C. D. Hurd, J.A C.8., 1930, 52. 4590. 

^ B. A. Daniels and H. 8. Snell, U. S. P. 1,678,808 to 1,673308, June 19, 1928, to Western Electric 
Go.; Chem. Aba., 1928, 22. 2850. 
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piperidine-carbon disulphide addition product, and sodium /3-naphthoxide. The 
condensation product of aldol and diphenylguanidine is used by Chamberlain^'* to 
retard the action of the acid in a pickling bath on the metal itself, without inter¬ 
fering with the removal of scale or oxide. The products from formaldehyde, 
acetaldehyde or heptaldehyde and aniline, and those from furfural and diethylamine 
or diphenylguanidine may be used for the same purpose. 

Polymerization products of amides or imides with an aldehyde find use as 
bonding agents for abrasives on pajoer and other materialsA molding composi¬ 
tion for the production of insulators may be made by combining coal residues with 
aromatic amines.““ Resins have also been obtained from amines, aldehydes and 
drying oils. Thus a viscous oil is formed from tung oil, phenylamine and phenyl- 
amine hydrochloride. This oil is heated with anhydroformaldehydeaniline for 1-2 
hours at 200°C. and then treated with formaldehyde to give the final product.^ 

Acetylene Condensations 

Acetaldehyde, prepared by passing acetylene at 25 pounds per square inch into 
25-35 per cent sulphuric acid containing mercurous sulphate at 68-80°C., may 
be removed from the gaseous reaction product by combination with a primary 
amine (e.g., aniline, toluidines or xylidines). Absorption takes place in a senes 
of four scrubbing towers, each followed by a condenser and trap for removal of 
water formed. The acetylene escaping from the final tower is scrubbed and re¬ 
turned to the circuit.^ 

Resin-like condensation products are formed on treating primary aromatic 
amines with acetylene in the presence of a catalyst (a mercury compound) and 
in the absence of water or alcohol. Thus, aniline treated with acetylene in the 
presence of mercuric chloride gave a red resin, which melted at 70-104°C.“® These 
products are applied as lacquers or alkali-resistant varnishes and, in the rubber 
industry, as vulcanization accelerators and anti-oxidants; they may also be con¬ 
verted into new products by sulphonation, nitration, reduction or by treatment 
with aldehydes. As an example of the method, 280 parts of aniline are stirred 
into 27 parts of mercuric chloride in an atmosphere of acetylene at 30-50°C.^ 
until no more of the gas is absorlied. The product is dissolved in mineral acid, 
and the mercury deposit is filtered off. A reddish resin remains after removing 
unchanged aniline by steam distillation. 

When acetylene and aniline vapors are passed over alumina at 360-420°C., 
lepidine is formed. The same product can be obtained from acetaldehyde and 
aniline at 400-500°C.'^* Matheson'” conducted acetylene into aniline at 90°C. in 
the presence of cuprous chloride as a catalytic material, and found that the sub¬ 
stances conibliied in approximately equimolecular jiroportions. On fractionally 
distilling the product, the fraction boiling at 200-275°C. having a formula believed to 

i*>G. D. Chamberlain, U. S. P. 1,719,649, July 2, 1929, to R. T. Vandeibilt Co.; Chem. Aba., 1929, 

23 3395 

“I French P. 756,664, 1933, to Minnesota Mining and Mfg. Co ; Chem. Aba, 1934 , 28, 2490. 

French P.'764,338, 1934, to Studien- & Veiwertung-G.ni h H ; Chem. Aba., 1934, 28, 5612. 

“•French P. 770,400, 1934, to Soc, anon, pour I’lnd chim. Bftle; Chem Aba, 1935, 29, 524. 

C. N. Hand, British P. 269,556, 1927, to Rubber Service Lab Co.; Brit. Chem. Aba. B, »92S. 82. 

““German P. 525,905, 1928, to Soc. anon. pour. I’lnd. chini. k B&le; Chem. Aba., 1931, 25, 4726 
French P. 655,583, 1928; Chem. Aba., 1929, 23, 4090. Swi.«5«< P. 129 592, 1927; Chem. Aba., 1929, 23, 35«9. 
British P. 292,168, 1927; Chem. Aba., 1929, 23, 1518 Rwi.'^a P 131,274 to 131,276, 1927, addns. to 129,592, 
1927; Chem. Aba., 1929, 23, 3822. See also P. Schetelig anil T. Sutter, U. S. P. 1,893,249, Jon 3, 1933, 
to Soc. anon, pour Tind. chim k Bftle; Chem. Aba., 1933 , 27 , 2319. 

^ Chichibabin and M. P. Oparina, Btr , 1927 60, 1873: Chem Aba., 1928, 22, 83. 

“•H. W. Matheson, U. S. P. 1,788,778, Jan. 13, 1931, to Canadian EIcctio Products Co ; Chem. 
Abi., 1931, 25, 1120. Quinaldine and its homologiu>s, .sub'^tituted products and imlymers an* formed in 
this reaction. See British P. 296,428, 1927, to 1. G. Farbeiiind. A-G.; Chem. Aba., 1928, 14, 441; 
Bnt. Chem. Aba. B, 1929, 747. 
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be CJB[^—^NH—CH=:CH* was isolated and allowed to react with acetaldehyde. 
The product had good qualities as a rubber vulcanization accelerator. 

Rdtgcr and Schlecht^ obtained a tar-like mass by heating acetylene, aniline 
vapor and steam to 350®C. in contact with a catalyst obtained by soaking silica 
gel in zinc nitrate and heating. Silica gel is an efficient catalyst for the alkyla¬ 
tion of aniline, but is fouled by the polymerization products resulting from the 
combination of acetaldehyde (formed in the above reaction) and aniline.'^ The re¬ 
action between acetylene and aniline at higher temperatures (e.g., 700°C.) with a 
catalyst (e.g., nickel, silica of platinum) gave indole.^ 

Amine-Aldehyde Condensation Products as Vulcanization Accelerators 

Bysov'" stated that any substance soluble in rubber and callable of dissolving 
sulphur would function, by aiding the distribution of sulphur, as a vulcanization 
accelerator, and that any substance soluble in rubber and able to form a precipi¬ 
tate insoluble in rubber would serve in a like manner. 

The role of aniline as an accelerator of rubber vulcanization was studied by 
Kimishima“' who found that, at the temperature of hot vulcanization, amhtie 
reacts with sulphur giving hydrogen sulphide, dithioamline and a small quantity of 
thioanijine and resinous materials. In an atmosphere of hydrogen sulphide, dithio- 
aniline acts as a powerful accelerator. The mechanism of the accelerating effect 
is given as follows: 

2CeH|—NH, + 3 S —H2N—C«H4~kS--S—C.H 4--NH2-h HjS 
H2N--C«H4--B--B~CeH4--NH2 + H^S 2NH2~CJeH4—+ S (active) 

2 NHr~C(iHr-BH S (inactive) —NHa—C5H4—S-B—aH4--NFl2 + H^S 

Investigators in the rubber industry have found that many amine-aldehyde 
condensation products are satisfactory as vulcanization accelerators.”* Representa¬ 
tives of the following combinations have been prepared and are mentioned later 
in this chapter: primary aromatic amines with saturated aliphatic aldehydes, 
primary aromatic amines with aromatic aldehydes, primary aromatic amines 
with unsaturated aliphatic aldehydes, primary aliphatic amines with aliphatic 
aldehydes and ammonia with unsaturated aldehydes. Also, secondary amines 
and urea have been employed. Several investigators have used acid condensing 
agents. The proportions of aldehyde to amine have been varied and the initial 
reaction products have been combined with further amounts of aldehyde. Finally, 
the preparation of vulcanization accelerators has been varied by combining carlxin 
disulphide or various mercaptothiazoles with the amine-aldehyde condensation 
products. 

An example of the use of these amine-aldehyde condensation products is the 
semi-vulcanized gasket formed by incorporating with rubber the reaction product 
of an aliphatic aldehyde (3 mols) and a primary aromatic amine (2 mols) as 
described by Smith and Schreiner.”* Rubber to be used in the manufacture of 
various other products is combined with fragments, softening at 80-150®C., formed 
from colophony and aldehyde-aniline accelerators.”* 

R5tcer and L. Bchlecht, German P. 527,960, 1928, to I. O. Fnrhenind. A.-G.; CHem. Abs., 19:*1, 

25, 5259. 

A. B. Brown and E. E. Reid, J.A.C.S , 1924, 46, 1836. 

>»R. Majima, T. Unno and K. Ono, Ber , 1922, 55. 3854; Chem Abn , 1923, 17, 1016. 

J»‘B. Bysov, India Rubber 1925, 70, 859; Chvm, Abi., 1926, 20, 313. 

Kunlehima, /. Chem, Ind. Japan, 1922, 25. 1141; Chem. Aht^., 1923. 17, 3626. 

M. Farberov and A. Korunova, J, Rubber Ind., U. 8. 8. R., 1934, 10 (1), 25; Bnt. Chem. 
Abe. B, 1934, 807. 

“»A H. Smith and C. L. Schreiner, U. S.'P. 1,881,142, Oct. 4, 1932, to Rubber Service I>ab. Co.; 
Chem. AbM., 1983, 88, 631. 

F. Twim, Bntish P. 293,502, 1927, to Dunlop Rubber Cb., Ltd.; Brit. Chem. Abt. B, 1928, 

681. 
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Cadweir®® condensed aniline and acetaldehyde in a water medium having a 
hydrogen ion concentration between 1 X 10"“ and 2.5 X 10 '’ to produce a rubber 
vulcanization accelerator. A higher acid content lessens the accelerating proficiency, 
and too little acid decreases the yield of the product. The reaction temperature used 
is 135-140°C.'®* and other starting materials include: heptaldehyde and aniline, 
heptaldehyde and ammonia, butyraldehyde and aniline, aldol and aniline, nonalde¬ 
hyde and aniline and heptaldehyde with ethylamine, p-toluidine, benzidine, p-phenyl- 
enediamine, p-ammodimethylaniline or urea.^*” Halogen derivatives of the con¬ 
densation products are also employed.^^ In the condensation, aldehydes with a 
chain of carbon atoms (i.e., higher than formaldehyde) are preferjed.'** The re¬ 
action between 2 mols of an aldehyde (formaldehyde, acetaldehyde, benzaldehyde), 
2 mols of a primary amine (aniline, ethylamine, isopropylamine, hydroxyethylamine) 
and 1 or 2 mols of carbon disulphide was shown by Powers^*® to give accelerators. 
Similar products result when an aldehyde is treated with a substituted ammonium 
salt of a mono-substituted dithiocarbamic acid. SebrelP*®* accelerated vulcaniza¬ 
tion by employing an acetaldol-aniline reaction product. Mercaptonaphthothiazoles 
and mercaptomethylthiazoles combined with the reaction products of various alde¬ 
hydes and primary amines perform a similar function,^®*’ for the resulting resinous 
compounds are easily dispersed in rubber. The reaction product of 2-mercapto- 
benzothiazole (2 mols) with 2,4-diaminodiphenylamine (1 mol) condenses with 
acetaldehyde (1 mol), crotonaldehyde (1 mol), butyraldehyde and heptaldehyde 
yielding accelerating compositions.^*^ Using aldehydes, having a hydroxyl group 
substituted in an aromatic nucleus, and amines, Teppema'*® obtained rubber 
accelerators that also improved the quality of the final product. Thus, 1 mol 
of /3-hydroxynaphthaldehyde is refluxed for several hours with aniline. A yellow 
crystalline compound is obtained which on heating evolves an oil and leaves a 
resinous mass. This resin has accelerating properties not possessed by the yellow 
crystalline compound. 

ScotP** treated the amine-aldehyde reaction products with additional alde¬ 
hyde to give accelerating substances. As an example, 1 mol of aniline is heated 
at 80°C. with 1.5 mols of acetaldehyde or a higher homologue, and 40 per cent 
formaldehyde is added to the resulting material. A slightly modified procedure 
involves heating the amine-aldehyde product with formaldehyde br acetalde¬ 
hyde at 95°C. under increased pressure for 4 hours, and then under reduced 
pressure.^** The amine-aldehyde may also be treated, below 30°C., with 2 

i»S. M Cathvell. U S P 1,627,230, May 3, 1927, to Naugatuck Chein Co., Ckcm. Aba., 1927, 21. 
2137. British P. 216,478, 1923; J S C I.. 1924, 43. 848B 

M. Cadweli and A. T. Maximoff, British P. 259,033, 1926, to Naugatuck Ghent. Co.; Bnt, 
CViem Abs. B. 1927 , 893. 

M. Cadweli, Brit?i8h P. 259,933, 1925; Chem. Abs., 1927, 21, 3490 

I'^S. M. Cadweli, British P 298,537, 1926, to Naugatuck Chem Co.; Chvm. Abs., 1929, 22, 3376. 
Bnti.^h P. 279,815, 1926; Cheih. Abs.. 1929, 22, 3068. 

M. Cadweli, British P. 302,176, 1927, to Naugatuck aiem. Co ; hut. Chem. Abs. B. 1929, 4S5. 

D. H. Powers, U. S. P. 1,732,532, Oct. 22, 1929, to E. I. du Pont de Nciuouis A Co : Chem. Abs , 
1930, 23, 266. U. S. P. 1,975,588, Oct. 2, 1934; Chem. Abs., 1934, 28, 7244. U. S. P. 1,993,803, Mar. 12, 
1935. See also German P. 496,979, 1926, to E. I. du Pont de Nemouis Oi.; Chem. Abs., If30, 24. 
3615. Dibenzvlainine-fQnnaldohvdc condensation products arc also ticatcd uilh cHibnn disulphide bv 
W. Sc(*tt (U. S. P. 1,737,391, Nov 26, 1929, to Rubber Service Lab. Co.; Brit. Chem. Abs. B, 1930, 603) 
to give acceleiators. 

. B. Sebrell, U. S. P. 1,754,865, April 15, 1030, to Goodveui Tne & Rubber Co.; Chem. Abs, 

1930, 24, 2918. 

»*o»*L. B. Sebrell, British P 297,051. 1927, to Goodyear Tire A Rubber Co., Chem. Abs., 1929. 23, 
2603. See also British P. 2^,749 and 287,001, 1926, to Rubber Service Lab. Co. > Bnt. Chem. Abs. B, 
1928, 877. 

R. L. Sibley, German P. 568,266 and British P. 366,554, 1980, to Rubber Service Lab. Co.; 
Chem. Abs., 1083, 27. 2063. 

Teppema, ^nedian P. 286,103, 1929, to Goodyear Tire A Rubber Co.; Chem. Abs., 1929, 

1776. British P. 298.622, 1928; Brit. Chem. Abs. B. 1929, 652 

Scott, U. S. P. 1,6M,220,. Aug. 9, 1927, to E. I. du Pont de Nemours A Co.; Brit. Chem. 
Abt. B. 1927, 853. 11. $. P. 1,571.739, Feb. 2, 1926; Chem. Abs., 1926, 20, 1004. 

^O. 0. North, U. S. P. 1,689,957, Aug. 23, 1 27, to Rubber Service Lab. (>>.; Chem. Abs., 1927. 
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per cent of concentrated hydrochloric acid, neutralized and then heated with 
formaldehyde' or acetaldehydeAlternatively, the reaction can take place by 
heating at 100®C. and dehydrating at 105®C/‘“ North^*' prepared similar prod¬ 
ucts from aniline and acetaldehyde by subsequent reaction with additional 
acetaldehyde or other aliphatic aldehyde higher than formaldehyde. He also 
formed compounds from the reaction of carbon disulphide on these aldehyde 
derivatives of the Schiff’s bases An accelerating composition was prepared by 
North'*” by combining the reaction product from 3 mols of butyraldehyde and 1 
mol of amline with the product from 3 mols of acetaldehyde and 2 mols of aniline 
in a mixture of creosote oil and pine oil. The product of the condensation of 
butyraldehyde and aniline, on evaporating off the water formed and heating at 
100-145®C. for 2-20 hours, serves as an accelerating agent.'®’ North and Christen¬ 
sen'" employed crotonaldehyde and aniline as the basis for an accelerator. 

In the process of Cambron,'®* aldehyde-amine accelerators are produced, without 
the use of excess aldehyde, by condensing the reagents without water in the pres¬ 
ence of acidic substances (e.g., zinc cliloride, hydrochloric or sulphuric acid, alumi¬ 
num chloride, chlorodinitrobenzene). No solvent is used and the product can 
be finely ground without danger of subsequent lumping. An accelerating resin, 
from amline and ahjihatic aldehydes, known as “Vulcone,” retards iire-vulcanization 
in rubber compositions and is said to improve the plasticity of the product.'®* 
Unsaturated aldehydes also are employed in the preparation of vulcanization 
accelerators. Morton'" used a-ethyl-/3-methylacrolein with an amine (aniline), 
neutralized by abietic acid, in making a stable agent. a,/:^-Dialkyl-substituted 
acroleins were also emiiloyed by Kropp'“ to react with aniline in the presence of 
an inert solvent (benzene) and a condensing agent (zinc chloride). The reaction 
product of an unsaturated aldehyde (crotonaldehyde) and an amine gives a vul¬ 
canizing accelerator.'®* Unsaturated aldehydes with conjugated double linkings 
and aromatic amines serve the same purpose.'*^ Williams and Burnett'” made 

21, 3284. See also British P. 263,517, 1925, to E. I. du Pont de Nemours & Co.; Brit Chem. Abs. B, 
1927, 160. 

W. Scott, U. S. P. 1,630,903, Aug. 23, 1927, to Rubber Service Lab. Co.; Chem. Abs., 1927, 21, 

3284. 

i*«C. O. North, U. S. P. 1,659,151, Feb 14, 1928, to Rubber Service Lab Co.; Reisaue 17,511, Dec 3, 
1929 (Brit. Chem. Aba. B, 1930, 69); Bnt. Chem. Abs. B, 1928, 308. U. S. P. 1,659,152, Feb. 14, 1928; 
Brit. Chem Abs. B, 1928, 301. 

i*’C. O North, U. S. P. 1,619,953, March 8 , 1927; Chem. Abs., 1927, 21 , 1365; Bfit Chem. Abs B, 

1927, 392; Reissue 17,511, Dec. 3, 1929; Chem Abs. 1930, 24, 981. U. S. P. 1,467,984, Sept 11, 1923, 
J.a.C.I., 1923, 1088A, Bntish P. 251,005, 1925, Chem. Abs. 1927, 21, 1378 

i*»C. O. North, U. S. P. 1,732,770, Oct. 22, 1929, to Rubber Service Lab. Co.; Chem. Abs., 1930, 24, 

266. 

>*»C. O. North, U. S. P. 1,787,258, Dec. 30, 1930, to Rubber Service Lab Co. ; Chem. Aba., 1931, 25. 
1119. 

i«>C. O. North, U. S. P. 1,897,210, Feb 14, 1933, to Rubber Service Lab. Co.; Chem. Aba., 1933, 27, 
2845. 

^ C. O. North and C. W. Chrietenaen, U. S. P. 1,670,312, May 22 , 1928, to Rubber Service Lab. 
Co.; Brit. Chem. Abs. B, 1928, 533. 

A. Cambron, U. S. P. 1,754,010, April 8 , 1930, to Roeasler A Hasslaclier Chem. Co.; Chem. Abs., 
1930, 24, 2640. U. S P. 1,858,577, May 17, 1932; Chem. Abs., 1932, 26, 3960. C S. Williams (U. S. P. 
1,M3,570, Jan. 16, 1934, to E I du Pont de Nemours A Co ; Chem, Aba., 1934, 28, 2220) eliminated 
water from amine-aldehyde accelerators by adding calcium oxide 

S 0 C 1 M 6 du Pont de Nemours. Kunststoffe, 1925, 15, 114. See also L Stoll. Gnmmi-Ztg., 1925, 
40. 676; Chem. Aba., 1926, 20, 843; and A. D. Lutrmger, Caoutchouc et Outta-Percha, 1925, 22, 12, 
587; Chem. Aba., 1925, 19, 1792. 

“‘fl. A. Morton, U. S. P. 1,784,703,* Dec. 9, 1930; Chem. Aha, 1931. 25, 438. 

»W. Kropp, U. S. P. 1,884,849, Dec 1, 1931, to I. G. Fnrbenind. A.-G.; Chem Abs, 1932, 26, 

1157. U. S. P. 1,845,755, Feb. 16, 1932; Chem. Aha., 1932 , 26. 2347. U S. P. 1,616,878, Feb. 1, 1927; 

Bnt. Chem. Aba. B, 1927, 305 German P 546,692 1925; Chem Aba., 1932, 26. 3690. 

M»L. B. Sebwll, U. 8 . P. 1,676,838, July 10 , 1928, to Goodyear Tire A Rubber Co.; Chem. Aba., 

1928, 2^ 3818. 

^C. O. North and C. W, Christensen, Canadian P 258,626. 1925, to Rubber Service Lab. Co.; 
Brit. Chem. Abs. B, 1927, 398. See also British P. 264,673, 1926, to I. G. Farbenind. A.-G.; Bnt. 
Chem. Abs. B, 1927, 230. 

w»L Williams and W. B. Burnett, U. S. P. 1,780.826 and 1,780,834, Nov. 4, 1930, to E. I. du Pont 
de Nemours A Co.; Bnt. Chhn. Aba. B. 1981, 667. British P. 249,113, 1925; Chem. Abs., 1927, 21. 836. 
British P. 263,853, 1925; Chem. Aba., 1 28, 22 , 186. Sec also German P. 478.M8, 1926, to Grasselli 
Cbemical Co.: Chem. Aha., 1929, 23, 47ll The deterioration of amine-aldchvde compounds (e.g., 
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various amine-aldehyde products for use in rubber vulcanization by allowing 2-20 
mols of an aldehyde to react with an amino compound under conditions effecting 
the elimination of water. a-Unsaturated aldehydes are excluded, and the con¬ 
densation of n-butaldehyde with aniline or o-toluidine and heptaldehyde with 
n-butylamine is carried out in the presence of n-butyric, stearic, n-valeric, acetic 
or sulphuric acid. As the proportion of aldehyde in the product increases, the 
curing power rises to a maximum and then decreases. The condensation products 
of amines (aniline, butylamine or o-tolyl guanide) and saturated aldehydes (butyr- 
aldehyde, heptaldehyde or propionaldehyde) with, preferably, weak organic acids as 
condensing agents are unaffected by the presence of carbon black in the rubber 
mix.^ Additional condensing agents used are oleic acid, salicylic acid, picric acid, 
hydrochloric acid, phosphoric acid, zinc chloride, amine salts and acid anhydrides or 
halides. 

The ainine-aldehyde products were treated with a higher fatty acid by Bridg¬ 
water and Slack“® and then added to the rubber mix as accelerators. Thus, methyl- 
enediphenylimine, from aniline and formaldehyde at 70-80®C., is mixed with molten 
stearic acid and then incorporated in the rubber mix. Butylidenedianilide (from 
the reaction of 1 mol of butyraldehyde and 2 mols of aniline) or other alkylidenedi- 
anilines condense with heptaldehyde to form vulcamzation accelerators The 
reaction product of heptaldehyde and aniline may also be combmed with* a halogen- 
substituted toluene derivative (e.g., benzotrichloride) in the preparation of ac¬ 
celerators.'** 

The condensation product of ammonia with an unsaturated aldehyde pos¬ 
sesses accelerating properties.'** Ammonia-aldehyde compounds, such as hexa¬ 
methylenetetramine or crotonaldehydeammonia, and a mercaptol^nzothiazole are 
treated with an aliphatic aldehyde (formaldehyde or aldol) to prepare accelerat¬ 
ing substances.”* 

A secondary amine (dibenzylamine, 2 mols) reacts with an aldehyde (para¬ 
formaldehyde) and the product formed is treated while in ether solution with 
carbon di^phide.”* Diethylamine with paraformaldehyde and piperidine with 
furfural may also be treated with carbon disulphide, and the resulting compositions 
find use as accelerators in the vulcanization of rubber with sulphur.”* 

Shepard and Adams'*' mixed a water solution of hexamethylenetetramine with 
ethyl chloride in an autoclave and heated the addition product to effect hydrolysis. 
The compound formed is triethyltrimethylenetriamine which may be separated by 
settling after the addition of sodium hydroxide, and it is used to accelerate vul¬ 
canization. 

The reaction product of an amine and an aldehyde-bisulphite compound was 
condensed by Fritzsche'** with an aldehyde forming vulcanization accelerators. 


aniline-heptaldehyde) can be prevented by treatment with a polyhydroxy compound (S. I. Stnckhouaer, 
U. S. P. 1,805,194, May 12, 1931, to Naugatuck Chem. Oo.; Chem. Abt., IMl, 25, 3069. Britith P. 
344,690, 1980; BrU. Chem, Abt, B, 1931, 611. French P. 098,835, 1930; Chem. A&«., 1931, 25, 1537). 

u»W. B. Burnett and I. Williams, British P. 865,930 and 865,931, 1926; Chem. Ab»., 1928, 22, 518. 
^ E. O. Bridgwater and A. 6. Slack, U. S. P. 1,705,718, Mait^ 9, 19^, to £. I. du Pont de Nemours 
a Co.; Brit. Chem. Abt. B, 1929, 6U. 

***• C. O. North and W. Soott, U. B. P. 1,737,884, Nov. 20, 1989, to Rubber Service Lab. Oo.; Chem. 


Ab$., 1980, 24, 752. 

h^rend, U. S. P. 1,896,585, Feb. 7, 1983, to Rubber Service Lab. Oo.; Chem. Abe., 1983, 27, 
8845. U. S. P. 1,891,748, Dec. 20, 1032 ; Chem. Abe., 1938, 27, 2068. 

British P. 333,174, 1929. to I. Q. Farbenind. A.*G.; Brit. Chem. Abe. B. 1930. 959. 

Soott, U. 8. P. 1,747,188, Feb. 18, 1980, to Rubber Service Lab. Co.; Chem. Abe., 1C80, 24. 

1766. 

Scott, U. S. P. 1,787,391, Nov. 26, 1989, to Rubber Service Lab. Co.; Chem. Abe., 1980, 24. 
758. 

W. Scott. U. 8. P. 1,678,084, July 24, 1988, to Rubber Service Lab. Co.; Chem. Abe., 1928, 22, 3552. 
>"M. a. Sb««d Mid H. B. AdMM, U. 8. P. l,4n,m, Oct. 1«, ion, to Nuiffttock Chem. Q>.; 
C*«M. d6*.. HM. Ifc IM. . 

••H. PritMche. t. 8. P. tJUt,4U, June It, Md, to CUyton Aniline Oo., Ltd.: C^.Ab,.. lj». 26. 
M06. BritUi P. aM2(, tUS; Brit. CheM. AU B, ItM, (46. See eleo Frenoh P. 480,446, 1029, to 
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Thus, formaldehyde condensed with sodium anilinemethane-w-sulphonate and 
crotonaldehyde condensed with sodium aniline-ethane-a-sulphonate, 

H 

<!>—SOiNft 

give products with the desired properties. 

Rubber Preservatives 

Certain amine-aldehyde combinations preserve rubber compositions from rapid 
deterioration. Several terms are used to denote the function of these compounds; 
they are known as antioxidants, anti-agers and age-retarders. Ihe protective action 
of antioxidants, according to studies made by Kohman,^** is a negative catalysis 
rather than a preferential absorption. On the other hand, Kirchhof,^^ m a study 
of aldol-a-naphthylamine, found that anti-agers have intense colorations with cer¬ 
tain metallic chlorides (ferric and cupric chloride) and considered the products 
analogous te haemin inasmuch as the catalytic effect was suppressed by hydrogen 
cyanide. 

Naunton^^ classified antioxidants as natural, physical or chemical. The chemi¬ 
cal antioxidants, which include the amine-aldehyde preservatives, are chiefly of use 
for protection against heat-induced oxidation, and serve poorly as protection against 

light. 

Deterioration retarders from 1 mol of a-naphthylamine condensed with 2 mols 
of acetaldehyde in an inert solvent were made by Robinson These products 
may be heated to fusion with 0.3-0.5 mol of other aromatic amines (diethyl- 
aniiine, dimethylaniline, /3-naphthylamine) forming clear, brittle resins also used 
with rubber as age-resistors.”* Cronshaw and Naunton”* combined equal pro¬ 
portions of tt- and /3-naphthylamine and condensed the mixture with acetaldehyde 
in the presence of hydrochloric acid. The addition of 1.5 per cent of the product 
imparts good agipg properties to rubber compositions. a-Naphthylamines and 
aliphatic aldehydes may be condensed in the presence of water-soluble alcohols 
and acids, and the resins formed are further treated with water.”® Yellowish, 
odorless powders are obtained which are antioxidants and do not interfere with 
normal vulcanization. Acetaldehyde, aldol and crotonaldehyde are examples of 
aldehydes employed, and the acids used are formic and acetic, 

Aldol-a-naphthylamine was found by Winkelmann and Gray^^* to increase the 
durability of rubber and to have no accelerating effect on vulcanization. This com- 

Cluyton Aniline Co., Ltd.; Chem, Abs., 1930, 24, 4128. German P. 529,320, 1929; Clietn, Abs., 1931, 
25, 5056. 

«»G. T. Kohman, /. Phyn. Chem., 1929, 33. 228; Chem. Abs., 1929, 23, 2600. 

”»F. Kirchhof, Kautschuk, 1931, 7, 7; Bnt. Chem. Abs. B, 1931, 262. 

I’l W. J. B. Naunton, Trans.Inst. Rubber Ind., 1930, 5, 317; Bnt. Chem. Abs. B, 1931, 76. 

^'^R. Robmson, British P. 316,761, 1928, to Clayton Aniline Co., Ltd.; Brit. Chem. Aba. B, 192*), 
807. 

w*R. Robmson, U. S. P. 1,923,798, Aug. 22, 1983, to Clayton Aniline Co., Ltd.; Chem. Aba., 1938, 
27, 5577. British P. 817,205, 1928; Brit. Chem. Aba. B, 1929, 829. German P. 528,694, 1929; Chem. 
Aba., 1981, 25, ^5. 

»«C. J. T. Cronshew and W. J. S. Naunton, British P. 280,661, 1926, to Brit. Dyestuffs Corp., Ltd.; 
Chem. Aba., 1928, 22. 8818. 

British P. 852,549, 1980, to Z. Q. F^rbenind. A.-O.; Chem. Aba., 1933, 27, 444. British P. 
888.941, 102 ; Chem. Aba., 1981, 25, 718, E. Rietk and W. Hoffmann, German P. 589,181, 1929, to I. Q. 
Farbenind. A.-G.; Chem. Aba., 1982, 28* 1620. 

itsH. A. Winklemann and H. Gray, U. 8, P. 1,515.642, Nov. 18, 1924, to B. F. Goodrich*Co.; 
Chem. Aba., 1925, 19, 420. 
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pound (known as ''agerite resin””’) was studied by Chesnokov^’* who found that 
phenyl-jS-naphthylamine had the same action on rubber. Thermoplastic unvul- 
canized insulating compounds for deep-sea cables containing rubber, gutta-percha, 
balata and a plasticizer were preserved by Kemp and Ingmanson^’® with small 
amounts of aldo-a-naphthylamine, acetaldehyde-ethylenediamine^* and other anti¬ 
oxidants. 

By reacting aniline and acetaldehyde at low temperatures (approximately 0®C.), 
Sebrell’" produced a rubber preservative that is not a vulcanization accelerator. 
Crotonaldehyde and an aromatic amine, likewise, can be used to retard rubber 
deterioration. 

Aldehydes and diarylamines were condensed by Semon^® and resinous, non¬ 
accelerating products were obtained that are used as antioxidants in vulcanized 
rubber and as retarders of resinification and as depressants of tack in raw rubber. 
The reagents used include butyraldehyde, aldol, or formaldehyde with diphenyl- 
amine, phenyl-/3-naphthylamine, dinaphthjdamine or sym-diphenyl-p-phenylene- 
diamine. Formaldehyde or aldol also gives anti-agers by reaction with diarylalkyl- 
enediamines (e.g., diphenylethylenediamine) Unsaturated aldehydes and aniline 
or a-naphthylamine yield effective deterioration retarders when condensed in an 
acid mediumScott^®^ employed 2 per cent of the reaction product of a Schiflf 
base (e.g., crotonaldehyde-aniline) with phenol or a- or /?-naphthol in curing 
rubber. Iodine was utilized as a catalyst and the resulting substance was directly 
incorporated in the rubber mix prior to vulcanization. 

Equimolecular proportions of butyraldehyde and a primary aromatic amine 
condensed in the presence of at least 0.03 mol of a weak organic acid per mol 
of aldehyde were found by Williams^® to be age-resistors for rubber. Rubber con¬ 
tained in plants of the guayule type, after harvesting and during extraction, was 
treated for preservation by Spence^’ with a dilute solution of an amine-aldehyde 
condensation product. 

The material formed by heating together aniline, acetone and phenol or iS-naph- 
thol was made by ter Horst“® as an antioxidant. As an example of this investi¬ 
gator’s procedure, 144 g. (1 mol) of i3-naphthol, 93 g. (1 mol) of aniline, 600 g. 
of acetone and 2 g. of iodine are heated at 200-220®C. in a rotating iron auto¬ 
clave for 24 hours. A quantity (722 g.) of a dark-brown liquid is obtained, 
from which the excess of acetone, the water formed in the reaction and unre¬ 
acted aniline are removed by distillation. The product, a heavy oil, gave good 
results as an antioxidant when tested in a carbon black stock consisting of 100 

Agerite ream is prepared by the condensation of equimolecular proportions of acetaldol with 
a-naphthylamine. It is a cherry-red product, brittle at low temperatures and liquid at 100*C. (P. I. 
Murrill, private commuiucation). See also R. T. Vanderbilt Co., Vanderbilt News, 1931* 1 (3), 4; 
Chem. Abs., 1932, 26, 4206, and L. J. D Healy, Chem. Met. Bng , 1928, 35, 622. 

Chesnokov, J. Robber Ind. (t^ S. S. R.), 1933. 9, 400; Chem Abs., 1934, 28, 2942. 

R. Kemp and J. H. Ingmanson, British P. 391,5 0, 1933, to Electrical Research Products, Inc.; 
Chem. Abt., 1934, 28, 871. 

^ Known as V. G. B. See L. J. D. Healy, Chem, Met. Eng , 1928, 35, 622 

B. Sebrell, Canadian P. 282,347 and 282,848, 1928, to Goodyear Tire & Rubber Co.; Chem. 
Abs., 1928, 22, 8552. British F. 286,288, 1927; Chem. Abs., 1929. 23, 309 

“aw. L. Semon, U. S. P. 1,860,434, May 31, 1932, to B F. Goodrich Co.; Chem. Abs,, 1932, 26, 

3959. British P. 317,786, 1929; Bnt. Chem. A6s. B, 1930, 1122. Canadian P. 308,541, 1931; Chem. Abs., 
1981, 25, 1705. 

«»P. I. MurrUl and W. W. Evans, U. S, P. 1,755,703, April 22, 1930, to R. T. Vanderbilt Co., Inc.; 
Chem. Abs., 1980, 24, 2918. 

“*0. W. Bedford, U. S. P. 1,777,684, Oct. 7, 1930, to B. F. Goodrich Co.; Brit, Chem. Abs. B. 
193), 600. 

“«W. Scott, U. S. P. 1,859,801, May 24, 1932, to Rubber Service Lab. Co.; Chem. Abs., 1932, 26, 

3960. 

“•I. Williams, U. S. P. 1,908,093, May 9, 1983, to E. I. du Pont de Nemours & Co.; Chem. Abs, 
1933. 27, 3854. 

“^D. Spence, U. S. P. 1,753,184 and 1,753,185, April 1, 1930, to Intercontinental Rubber Co.; Brit. 
Chem. Abs. B, 1980, 823. 

“«W. P. ter Horst. U. S. P. 1,870,880, Auf. 9, 1932, to Naugatuck Chem. Co.; Chem. Abs., 1982, 
26, 5787. 
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parts of smoked sheet, 10 parts‘of zinc oxide, 42 parts of carbon black, 3.25 
parts of stearic acid, 3.25 parts of sulphur, 3.5 parts of pine tar and 1.25 parts 
of mercaptobenzothiazole. Coleman““ treated aniline with formaldehyde at 40®C. 
for 2 hours, separated water, and added aniline hydrochloride. The mixture is 
then heated at 80**C. for 24 hours, the acid is neutralized and water and unreacted 
aniline distilled off. The product, 4,4'-diaminodiphenylmethane, or its combina¬ 
tion with 0.5-1 mol of formaldehyde may be used to retard rubber aging. In 
strongly acid solution, 1 mol of aliphatic aldehyde gives rubber protective agents 
with 1 mol of an aromatic amine (aniline, o-, m- or p-toluidine, monomethylaniline 
or 4-amino-l,3-xylene)The hexahydro-l,3,5-triaiines obtained from formalde¬ 
hyde and ethylamine are both accelerators and anti-agers. Cadwell^” obtained the 
anti-aging effect by using an excess of the reagent over the amount required for 
vulcanization and by using a smaller proportion of sulphur. 

A small quantity of the resinous or syrupy product obtained by the interac¬ 
tion of a mono- or polysaccharide and an amine was found by Kallner'” to effect 
age-retarding in rubber. Aldoses and ketoses may be used with aniline, a- and 
/?-naphthylamine, m-toluylenediamine, urea or p-aminophenol. 

Miscellaneous Compositions 

When the benzylidene derivatives of aromatic amines are heated, resin forma¬ 
tion is observed (as already noted). Thus, for example, benzylideneaniline, heated 
with 25 per cent hydrochloric acid at 150®C., gave an elastic resin, insoluble in 
acids and alkalies but soluble in benzene and linseed oil. A similar product is 
obtained by heating a-naphthylamine, benzaldehyde, solvent naphtha and 25 per 
cent hydrochloric acid together under reflux. The products are elastic and good 
insulators. Fillers may be added either before, during or after formation of the 
resins."* 

The condensation of primary aromatic amines with derivatives containing 
active methylene groups (formaldehyde, anhydroformaldehydeaniline, anhydro-p- 
aminobenzyl alcohol) at a temperature below 120®C. in acid media yields poly¬ 
nuclear aromatic amino bases that may be used as additions to pickling acids, in 
the rubber industry or as starting materials for the preparation of resins."* These 
polynuclear bases have their nuclei directly or indirectly linked by methylene groups 
(present in the proportion of less than 2 methylene groups for each 2 mols of 
aromatic residue) and yield thermoplastic and thermohardening resins when con¬ 
densed with aldehydes."* Mono- or polynuclear phenols or phenolic esters which 
contain active —CHt groups have also been condensed with aromatic amines to 
give resins having low molecular weights."* 

As an example, 1 mol of diaminodiphenylmethane in alcohol is heated with 
2 mols of form^dehyde. The product is treated with aniline and glacial acetic 
acid and kneaded with wood flour, salicylic acid and formaldehyde. It is then 
dried, molded and heated."' 

Cblemaa, Britith P. 844,174, 1938, to Naugatuck Chem. Oo.; Chsm. Abt,, 1983, 26, 887. 

U0 8. M. Ckdwell, U. S. P. 1,636,784, May 8, 1927, to Naugatuck Chem. Co.; Chem. Abs., 1927, 21, 
3300. U. S. P. 1,865,886, April 26, 1983; CAem. Abe., 1983, 26, 8408. British P. 346,407, 1934; Chem. 
Abe., 1986, 20, 3868. 

^ 8. M. Cadwell, U. 8. P. 1,678,649, Juno 13, 1938, to Naugatuck Chem. Oo.; Brit. Chem. Abe. B, 
1938. 761 

^G. KUllner, German P. 660,846, 1937, to Silesia Verein Chem. Fab.; Chem. Abe., 1982, 26, 6787. 
Britiah P. 391,481, 1937; Chem. Abe., 1939, 28, 1808. 

»«H. Rauch, German P. 401,736, 1933; J.S.C.L, 1936, 44, 316B. 

M French P. 749,964, 1988, to 8oe. anon, pour Find. chim. A B91e; Chem. Abe., 1984, 28. 481. 

^ French P. 760.021 ^9it, to Soc. anon, pour Find. chim. A BAle; Chem. Abe., im, 28, 666. 
Britiah P. 401,685, 1988; BHt. Chem. Abe. B, 1984, 71. 

^French P. 778,680, 1984, to Boo. anon, pour Find. ohim. A BAle; Chem. Abe., 1886, 29, 1686. 

^Swiaa P. l^,lUtt, 1988, to 8oo. anon, pour I'ind. chim. A BAle; Chem. Abe., 1984, 28, 3880. Swiaa 
P. 166,408, 1984, addn. to 168,663; Chem. Abe., 1984, 28, 6611. 
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The addition of between 0.5 and 1 per cent of the condensation product of 
acetaldehyde and aniline to oil, used in impregnating paper for the wrapping of 
cables, is found to prevent deterioration of the oil. Lubricating oils and trans¬ 
former oils may be protected from deterioration by a similar addition. The prod¬ 
ucts from other aldehydes (e.g., formaldehyde, benzaldehyde, furfural or aldol) 
with other amines (e.g., aniline, a- and /3-naphthylamine, or ammonia) may be 
used for the same purpose."*® 

Compositions which are mixtures of organic polysulphide plastics and aldehyde- 
arylamine resins have been prepared. The products are obtained by dissolving the 
reactive halogenated hydrocarbon and alkali polysulphide in the amine and then 
adding the aldehyde."*® 

A mixture of an amine-aldehyde resin with an alkaline solution of a phenol- 
aldehyde condensation product in a water-miscible solvent forms a precipitate 
that may be used as a molding powder after neutralizing, washing and drying.*®* 
The amine-aldehyde resin is prepared by condensing the amine with aqueous form¬ 
aldehyde at room temperature in the presence of water. The phenol-aldehyde 
product is used when in the soluble or '^A** phase with a cure of 30-120 seconds 
on a hot-plate heated to 160®C. In electrical insulation products from phenol- 
aldehyde and other resins, the surface-leakage paths are reduced by applying an 
amine-aldehyde resin as a covering layer. The amine resin is scattered on the article 
during the pressing operation.**' 

Nop-sulphonated, water-soluble amine-formaldehyde resins are applied to hides 
previous to tanning. The tanning process is accelerated by these compounds 
either alone or with dilute tanning solutions or a mixture of alum and Glauber^s 
salt.*” 

Resins formed by condensing aromatic amines with aldehydes in the absence 
of solvents and with filling materials, catalysts, pigments and plasticizers are used 
in the manufacture of pressed articles.*” 

A. A. Somerville, U. S. P. 1,594,988, Aug. 3, 1926, to R T. Vanderbilt Co.; Chem Abs., 1926, 
20 8235 

WD. F. Twiss and A. E. T. Neale, British P. 420,386, 1933, to Dunlop Rubber Co., Ltd ; Brit. 
Chem. Abs. B. 1935, 111 

^ P F. Schlingman and R H. Kienle, British P. 400,698, 1933, to Brit. Thomson-Houston Co., 
Ltd.; Chem. Abs.. 1934, 28, 2137. 

Allgem. Elekt.-Oes., British P. 399,788, 1933, to Int. Gen. Electric Co., Inc.; Bnt. Chem. Abs. B. 
1933, 1069. 

*»B. Quendt, British P. 832.262, 1929; Brit. Chem. Abs. B. 1980, 919 

German P. 598,657, 1934, to Allgem. Elekt. Qes.; Chem. Abs., 1984, 28. 6003. 



Chapter 34 

Sulphonamide-Aldehyde Resins 

The development of sulphonamide-aldehyde resins has been largely a result 
of efforts to utilize p-toluenesulphonamide, a by-product in the manufacture of 
saccharin,^ The latter is made from toluene as indicated by the following series 
of formulas* 



v^SOaOH 


\/ 


CH, 

SO2CI 




CHa 

SO2NH2 


O 

C—OH 
—^ 
SO2NH2 



Toluene when treated with an excess of chlorosulphonic acid yields first, toluene 
o-sulphonic acid and then toluene o-sulphonyl chloride. The treatment of this 
latter compound with ammonia yields toluene o-sulphonamide, which, on oxidation, 
is converted into o-benzoic sulphonamide, and finally into saccharin, with the loss 
of 1 molecule of water.* 

In the sulphonation of toluene both the ortho and para sulphonic acids are 
formed, which by the above reaction are converted into the corresponding sul- 
phonamides. The ortho compound on oxidation yields saccharin, whereas the oxida¬ 
tion product of the para compound is tasteless, and therefore of no value in this 
particular synthesis. Hence other uses have been sought for the p-sulphonamide. 

One of the results of this search has been the production of sulphonamide-alde¬ 
hyde resins. (See Fig. 117). It was found that p-toluenesulphonamide and 
formaldehyde in equimolecular proportions condense to a semi-solid or viscous 
mass, which when heated to 110°C. yields a hard colorless resin* A mixture 
of 0 - and p-toluenesulphonamides when heated at 110-120°C. with paraformal¬ 
dehyde yields a brittle resin. If p-toluene-sulphon-ethylamide is heated with for¬ 
maldehyde and hydrochloric acid a soft resin is formed. 

It was then found that a great number of sulphonamides can be used, including 
ortho-, meta- and para-toluenesulphonamides, naphthalenesulphonamide, halogen- 
benzene- and nitrobenzenesulphonamides and N-mono-alkyl derivatives of these 
sulphonamides.® The resins formed from such compounds are soluble in alcohol 
and acetone, giving clear varnishes and lacquers wlfich are not affected by light. 
If the sulphonamides of tetrahydronaphthalene or its N-mono-substituted deriva¬ 
tives are condensed with formaldehyde, 

discussion of this subject has been made by W. Herxog iKvnitstaffe, 1926, 16, 165; Chem. 
Abi., 1920, 20, 2910; **D.e Verwertung der Nebenprodukte der Sacchatinfabrikation," Ferdinand £nke, 
Stuttgart, 1926). 

*8ee W. M. Gumming, I. V. Hopper and T. S. Wheeler, ‘‘Systematic Organic Chemistry,” D.sVan 
Nostrand Co., New York, 1931, 317. 

*The original work on saccharin was performed by C. Fahlberg and I. Remsen (Ber., 1879, 12, 469; 

1879, 36, 628). 

* German P. 359,676, 1919, to Farbw. vorm. Meister, Lucius A Brilning, J.8.CJ., 1923, 42, 279A. 

B German P. 369,644, 1919, to Farbw. vorm. Meister, Lucius A BrOning; J.8.C.I., 1923, 42, 614A. 
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resins are obtained which have higher melting points than those from the sub¬ 
stances named above * 
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Fig. 117. —Flow Sheet for the Production of Toluene Sulphonamide as a By-Product 
in the Manufacture of Saccharin. Dotted line indicates that although o-toluene sulphona¬ 
mide may be employed in resin-making, its principal use is the preparation of saccharin. 


Sulphonamide-aldehyde resins were found to be compatible with cellulose esters 
and ethers and to increase the adhesion and clarity of lacquers. Moss and White^ 
noted that ordinary p-toluenesulphonanaide-formaldehyde resins were objectionable 
when mixed with cellulose esters because of their softness and because they con- 

* A. SteindorfF and Q. Balle, German P. STO.iTS, 1921, addition to 869,644, to Farbw. vorm. Meister, 
Lucius A Brilning; J.S.C.L, 1923, 42, 1141A. 

^W. H. Moss and B. B. White, U. S. P. 1,908,159, May 9, 1938, to Oelanese Corp. of America; 
Chem. Aht., 1988, 27, 3887. British P. 817,456, 1929, to British Oelanese, Ltd.; Chem. Ahs., 1930, 24, 
2317. C3bnadian P. 818,858, 1981, to Camille Dreyfus; Chem. Aba., 1981, 25, 5305. 
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tain excess sulphonamide, which tended to form a “bloom” on the surface of films 
or plastics in which the resins were used. It was found that this fault could be 
remedied by heating the resin under reflux for 3 hours at 2(X)-260®C. The product 
then has a melting point of 35-40°C. The same result can be obtained by adding 
to the reactants 5-10 per cent of urea. 

Moss and White further noted that p-toluenesulphonamide-formaldehyde resin 
can be made to react with more sulphonamide to form a resin of higher melting 
point.* A method used by them is as follows: Equimolecular proportions of p-tolu- 
enesulphonamide and formaldehyde are heated under reflux at 100-150*0. for 16-20 
hours, yielding a soft, yellow resin. Purification with solvents and then heating 
in the open at 130-150®C. for 4-20 hours produces a hard, yellow resin, soluble in 
benzene. The addition of up to 25 per cent more p-toluenesulphonamide and 
further heating at 130-150®C. for lA hours produces a clear, hard resin (melting 
at 64-75*0.) soluble in acetone, alcohol and benzene. This substance is completely 
compatible with cellulose acetate and is adaptable for non-blooming threads, films 
and molded articles. The procedure may be slightly modified by adding to the 
original reactants 5-10 per cent of urea. 

The resin formed by using excess p-toluenesulphonamide was found to be un¬ 
stable. When heated for 4-8 hours at 175*0. it changed into a dark, greenish- 
brown mass consisting of two crystalline substances, one melting at 140-150*0. and 
the other at 160-162*0. and both practically insoluble in benzene. If to the crystal¬ 
line material up to 50 per cent of formaldehyde solution (40 per cent) is added 
and the mixture heated at 120-150*0. for from 6 to 12 hours, a soft, light brown 
mass is formed. Fusion of this mass in the open at 130-150*0. for 2-6 hours yields 
a transparent, light brown resin soluble in benzene and possessing a green fluo¬ 
rescence.* 

Other aldehydes besides formaldehydes haye been utilized in making sulphon- 
amide-aldebyde resins. Moss and White used furfural^ and benzaldehyde.^ Mix¬ 
tures of aldehydes with urea, phenol, aniline or acetone have also been employed, 
producing complex resins. 

The sulphonamides of aromatic ethers (e.g., etherified phenol, cresol, naphthol, 
resorcinol or pyrocatechol) may be substituted for p-toluenesulphonamide in mak¬ 
ing resins compatible with cellulose derivatives." 

Rispler, Luthy and Schilling^ foimd that in the condensation of sulphonamides and 
aldehydes, the presence of acid condensing agents causes the formation of crystalline 
substances. For example: 100 parts of p-toluenesulphonamide are heated with 17-20 
parts of paraformaldehyde at 100-150*0. until the mixture becomes a clear liquid. 
Then an acid condensing agent (0.1 to 3 parts of concentrated sulphuric acid or 0.5 
to 0 parts of zinc chloride) is added, converting the liquid into a white, crystalline 
mass (m. p. 160-170*0.). A modifi^ procedure involves addition of 20 parts of 
glacial acetic acid to the initial reactants at a lower temperature (60-120*0.) and the 
employment of more condensing agent (10 parts of either sulphuric acid or zinc chlo¬ 
ride). Instead of paraformaldehyde, formaldehyde, trioxymethylene or polyoxy- 
methylenes may be used. Also, other sulphonamides may be suMituted which also 

•W. H. Mose and B. B. White, U. 8. P. 1,878,848, Aug. 28, 1982. to Olaneae Corp. of America; 
Chrnn. Abi., 1982, 26, 6166. British P. 888.002, 1088, to British OeUnew, Ltd.; Chem, Ab»,, 1981, 25, 
2812. Canadian P. 819,781, 19^to ChmiUe Dreyfus; Chem. Abt., 1982,. 26, 2609. 

*W. H. Moss and B. B. ^^te, U. 8. P. 1,907,6M, May 9, IMU, to Oelanese Corp. of America; 
Chem. Abi., 1988, 27, 8629. British P. 888,084, 1^, addn. to 888,002, to British Celanese. Ltd.; Chem. 
AbM., 1931, 25, 2818. Canadian P. 817.881, 1981, to OamUle Dreyfus; Chem. Abs., 1982, 26, 1461. 

ioW. H. Moss and B. B. White. U. 8. P. 1,840,596, Jan. 12, 1982, to Celanese Corp. of America; 
Chem, Abs., 1982, 26. 1812. British P. 840,102, 1928, to British Celanese, Ltd.; Chem. A6s., 1981, 25, 
2867. Chnadiaa P. 808,607, 1980. to Camille Dreyfus; Chem. Abs., 1980, 24, 5518. 

UW. H. Moss and B. B. mite, U. 8, P. 1A40,597, Jan. 12, 1^82, to Celanese Corp. of America; 
Chem. Abs., 1982, 26, 1812. British P. 840,101, 1928, to British CManese, Ltd.; Chem. Abe., 1981, 25, 
Vn. Canadian R 819,729, 1982, to Camille Dr^us; Chem. Abs., 1982, 26, 2609. 

»British P. 417,798, IflM. to British Olahese, Ltd.; Chem. Abs., 1985, 29, 1585. 

WA. L. Rispler, M. Luthy and F. S. Bohiiling, Britirii P. 149.956, 1928, to Monmto Oiemical 
Works ; Chem. Abs., 1911, 26. ttOl 
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give crystalline substances. Usually these products when melted will not recrystallise 
on cooling, but form transparent, amorphous masses. They are similar to the resins 
of the other investigators mentioned and can be used for the same purposes. Analogous 
thermohardening resins are prepared by the reaction of formaldehyde with a phenol, 
urea (or urea derivatives), and an aromatic sulphonamide.^* The amount of sulphona- 
mide is not less than one-half of the amount of formaldehyde used. In one example 
60 parts of p-toluenesulphonamide are used with 6 parts of phenol, 26 parts of urea 
and 160 parts of 37 per cent formaldehyde. The resins are soluble in low-boiling 
solvents and are said to be resistant to light. 

Walter" prepared resins, which become infusible and insoluble when subjected 
to heat and pressure, by condensing aldehydes with aromatic sulphonamides con¬ 
taining, in addition to the sulphonamido group, at least one amino group, either as 
a carbamide group or as an additional sulphonamido group. Examples of these 
include m-sulphamidobenzamide, benzene-m-disulphonamide, mixed xylenedisul- 
phonamides, and aniline-2,4,6-trisulphonamide. 

Walter and his associates" have investigated the structure of sulphonamide- 
aldehyde condensates. Aryldisulphonamide-formaldehyde resin can be made in¬ 
fusible and insoluble, whereas arylmonosulphonamide-aldehyde resin cannot. These 
workers stated that the arylmonosulphonamide-aldehyde resins are probably made 
up of 3-membered methylenemethylolarylsulphonamide groupings carrying one 
terminal methylol group. 




CH, 



^—CH, 


\Oi H SO, H 

-<:h,oh 

k k 


The above compound, dimethylenemethylol-tri-o-toluenesulphonamide, was ob¬ 
tained in crystalline form from an arylmonosulphonamide resin. It was found that 
the aryldisulphonamide-formaldehyde resin is also built up of methylene-methylol 
groupings which in many cases can be converted into di-methylene-arylsul- 
phonamides of resinous character. 

Walter and Storfer obtained resins from aryl sulphonamido carboxylic acid 
amides by condensation with formaldehyde. These resins are hydrophilic whereas 
the ordinary sulphonamide resins are hydrophobic. Attempts to resinify aryl 
dicarboxylic acid diamides with formaldehyde were unsuccessful. 

In experiments of Walter and Lutwak, resins were obtained by the action of 
formaldehyde on 1,3,5-benzenetrisulphonamide, and phenol-2,4-disulphonamide. 
Resins from benzenesulphonanilide and from p-toluenesulphonanilide were obtained 
only in concentrated hydrochloric acid. 

Aniline-m- and p-sulphonamide were found capable of yielding hardenable 
resins with formaldehyde or acetaldehyde, thus indicating that reaction could be 
made to take place with both the phenylamino and sulphonamide groups, in ac¬ 
cordance with the theory that two reactive groups are necessary for the forma¬ 
tion of infusible products. Occurrence of such radicals in the ortho position or 
acetylation of the amino group eliminates one reactive position. Thus aniline-o- 


^«A. Spitaer, British P. 409,490, 1939; Bnt. Chem. Abs. B, 1984, 591. French P. 752,281, 1988; 
Cfi9tn Abt 1984 28. 920 

“*0. Walter,’British*P. 875,848, 1932, to Verein. Ghem. Fabr. Kreidl, Heller A Co.; Brit. Chem. 
Abi. B. 1932. 998. French P. 714,560, 1981; Chtm. Abs., 1932, 26, 1818. Q. Walter. British P. 359,522, 
1929; Chtm. Abt*, 1988, 27, 485. German P. 569,021, 1930; Chem. Abt^ 1933, 27. M21 

»G. Walter and A. GWck, KoU^id-Btih^U, 1988, 97. 843; G. Walter and E. Storfer, ibid., 378. 
Q. Walter and H. Lutwak, ibid., 885; Chem. Abt., 19tt, 27, 46 .'8. 
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sulphonamide gave with acetaldehyde a crystalline monoethylidene compound and 
with formaldehyde a fusible resin. Furfural formed hardenable resins of compli¬ 
cated structure except in the case of acetylated derivatives, when crystalline mono- 
furfurylene compounds were secured. Benzaldehyde reacted only with the nuclear 
—NHf groups and therefore only crystalline bodies were obtained. 

Wood and Battye“ prepared a light-stable, water-soluble amorphous substance 
‘ by condensing a sulphonamide with formaldehyde, but with a dimethylsulphonamide 
a crystalline product resulted, insoluble in hot water and decomposing at about 
185®C. They considered the reaction between p-aniline-sulphonamide and formalde¬ 
hyde to yield a mixture of p-sulphonamide formanil (CH 8 =NC 6 H 4 SOaNHa) and 
p-anUine-N-methylolsulphonamide (NHaCoH^SOaNHCHaOH). 

McMaster“ concluded from his investigations that the resins from o- and p- 
toluenesulphonamides and trioxymethylene or formaldehyde consisted of C-N ring 
compounds, similar in structure to those made by Magnus-Levy“® from benzenesul- 
phonamide and formaldehyde. p-Toluenesulphonamide yielded, with formaldehyde 
or trioxymethylene, 1,3,5-tri-p-toluenesulphon-hexahydro-sym-triazine. 

CHa 

CHaCeH^O^S— —SO.2C6H4CH3 



N—SO2C6H4CH3 

However, when Hug“^ carried out the same reaction in an acid medium he secured a 
resinous product which was considered to have the structure: 



In place of the sulphonamide-aldehyde reaction. Hug used arylsulphonyl chlorides 
and hexamethylenetetramine, in alkaline solution, to obtain tnmer bodies identical 
with the sulphonamide derivatives. For example, on stirring 1 mol of hexameth¬ 
ylenetetramine with 3 mols of p-toluenesulphonyl chloride at 60°C. in dilute sodium 
hydroxide solution, the above-mentioned cyclic trimer, p-toluenesulphon-hexahydro- 
sym-triazine, was formed. 

When an alkyl derivative of p-toluenesulphonamide was used,®^* no ring forma¬ 
tion occurred. p-Toluenesulphonmethylamide yielded: 


/CH, 

CH,CeH4SOaN<_ 

CH,C«H4S02N< 

^CHs 


17 O. Walter and H. Pollalc, KoUoid-Beihefte, 1934, 40, 1; Chem. Abs., 1034, 28, 7660. 
Walter and H. Engelberg, ibid., 29; Chem. Aha., 1034, 28, 7560. 

O. Wood and A. E, Battye, JB.C.I., 1933, 52. 346T. 

»L. MoMaeter, J.A.C.8., 1984, 56. 304. 

a»A. Magnuf-Levy, Ber., 1893, 26. 3148; J.C.S., 1809, 64 (1), 714. 

AE. Hug, Btill. foe. chim., 1934, (5) 1, 990; Chem:'Aba., 1935, 39. 752. 

•i* L. MeMaster, loc. cit. 


See also Q. 
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Uses op Sulphonamide-Aldehyde Resins 

The resins produced by Moss and White were recommended for use in conjunc¬ 
tion with cellulose esters or ethers in the production of lacquers, plastic composi¬ 
tions, artificial yarns and threads, adhesives for shatterproof glass, and photographic 
films. The resins can be decolorized by dissolving them in acetone, alcohol or ben¬ 
zene, and treating the solutions with bone black, carbon black, activated charcoal, 
fuller^s earth or silica gel at elevated temperatures.** 

For convenience in classification, the uses of these resins will now be considered 
under separate headings. 

Coating Compositions and Lacquers 

A coating composition suggested by Moss and White** consists of toluenesul- 
phonamide-aldehyde resin (1-20 parts) and cellulose acetate (10 parts) dissolved 
in acetone (100 parts). Instead of using acetone alone, the solvent may consist of 
acetone (50 parts), benzene (25 parts), alcohol (25 parts) and diacetone alcohol 
(20 parts). The same proportions of resin to cellulose acetate are used if the 
resin employed is that formed from an excess of toluenesulphonamide, but if a tolu- 
enesulphonamide-furfural composition is used the proportions are resin (10 parts), 
cellulose acetate (10 parts) and acetone (100 parts).** Other ketones, containing 
an unsaturated carbon linkage, such as methyleneacetone or methyl isopropenyl 
ketone, have been employed as solvents.*® 

Gardner*® utilized toluenesulphonamide-aldehyde resin solutions directly as 
lacquers without the addition of other material, though he found that the lacquer 
is improved by the addition of natural resins and drying oils (1 per cent of each to 
a solution of p-toluenesulphonamide, 50 parts, in benzene, 50 parts). By using 
nitrocellulose with the sulphonamide resin, Gardner obtained a lacquer which formed 
very tenacious films on clean metal. The lacquer was made by mixing a solution 
of nitrocellulose in butyl or ethyl acetate with a solution of p-toluenesulphonamide- 
formaldehyde resin in benzene. 

This same type of mixture was used by Gardner to produce a crystalline-finish 
lacquer.** To 100 parts of a solution of nitrocellulose (25 per cent) in butyl acetate 
are added 64 parts of a solution of powdered toluenesulphonamide-aldehyde resin 
(25 per cent) in acetone or ethyl lactate. The principle of the crystalline effect 
is that the resin is very soluble in acetone but only slightly soluble in butyl acetate. 
The acetone, being a low-boiling solvent, evaporates first, causing the sulphonamide- 
aldehyde compound to crystallize out in beautiful patterns. Use of ethyl lactate 
instead of acetone results in slower drying and the formation of larger crystals. 
P'or improved adhesion in lacquers of the cellulose acetate type, addition of a 
naphthalenemonosulphonamide-aldehyde resin is recommended.*® 

Benzene- or xylenesulphonamide-aldehyde resins were employed by Dreyfus** 

*>W. H. Moss and B. B. White, Canadian P. 318,931, 1932, to Camille Dreyfus; Chem. Aha,, 1932, 
26, 2072. British P. 342,614, 1929, and 344,413, 1928, to British Celanese, Ltd.; Chem. Aba., 1931, 25, 
4423, 4725. 

a»W. H. Moss and B. B. White, U. S. P. 1,907,554, May 9, 1933, to Celanese Coip. of America; 
Chem. Aba., 1933, 27, 3629. 

»*W. H. Moss and B. B. White, Canadian P. 319,151 and 319,152, 1932, to Camille Dreyfus; Chem. 
Aha., 1932, 26, 2070. See Chapter 24 

s* British P. 359,387, 1930, to British Celanese, Ltd.; Bnt. Chem. Aba. B, 1932, 31. 

“H. A. Gardner, U. S. P. 1,564.664, Dec. 8, 1925; Chem. Aba., 1926 , 20, 504. 

^ H. A. Gardner, Cire., 8ci. Sect., Educational Bureau, Am. PaMt, Vamiah Mfra. Aaaoc., 1929, 
348 327 

»British P. 416,946, 1933, to British Chlanese, Ltd.; Brit. Chem. Abi. B. 1934, 1070. 

»0. Dreyfus, British P. 315,807 and 315,808, 1929, to British Celanese, Ltd.; Chem. Aba., 1930, 24. 
1754. amadian P. 329,371 and 329,372. 1933, to Ctoiille Dreyfus; Chem. Aba., 1933, 27, 2050. 



718 


THE CHEMISTRY OF SYNTHETIC RESINS 


in making coating compositions or adhesives by incorporating them with cellulose 
esters or ethers (e.g., cellulose acetate) and then adding other synthetic resins, 
natural resins, or plasticizers. The mixtures are dissolved in acetates, ketones or 
alcohols. Brominated tricresyl phosphate is sometimes added as a fire-retardant.**“ 

A coating preparation similar to this was suggested by Moss and White," 
consisting of cellulose acetate, toluenesuiphonamide-aldehyde resin, a plasticizer 
(e.g., triacetin, diphenylolpropane, methylxylenesulphonamide and ethyltoluenesul- 
phonamide) and a solvent. 

A lacquer or coating composition is obtained when the mixture of cellulose de¬ 
rivatives and sulphonamide-aldehyde resins is dissolved in a vehicle which contains, 
in addition to the ordinary solvents, a glycol ether or one of its derivatives." 

Kollek" made lacquers by mixing aliphatic vinyl condensation products with 
sulphonamide-aldehyde resins For instance, a clear, glass-like lacquer is formed 
by mixing benzenesulphonamide-formaldehyde resin with polymerized vinyl acetate 
(see Chapter 51). A coating material prepared by Gardner" consists of toluenesul- 
phonamide-formaldehyde resin mixed with a natural resin or ester gum, and with 
chlorinated biphenyls (see Chapter 56). This mixture is incorporated with either 
nitrocellulose or drying oils. 

A fusible coating composition is made by melting together soluble cellulose 
bodies and a gelatinizing agent such as p-toluenesulphonamide, or cresol deriva¬ 
tives." The coats are applied to surfaces by painting, dipping, etc. A polish for 
surfaces lacquered with sulphonamide-aldehyde resin and cellulose preparations is 
made by mixing together an abrasive (tripoli), a diluent (benzene) and a soften¬ 
ing agent (an aromatic sulphonamide)." 

t Shatterproof Glass 

It is well known that shatterproof glass is made by placing between sheets of 
glass a layer of a cellulose ester, coated with an adhesive. One of the chief diffi¬ 
culties encountered in making such a product was to find a satisfactory adhesive 
which would be compatible with the cellulose ester and which would not be affected 
by light." Gelatin, dextrin and natural gums were first utilized but they tended 
to discolor and become less transparent through the action of ultraviolet rays. 

Gardner" noted that p-toluenesulphonamide resin, either alone or mixed with 
cellulose esters, possesses great resistance to decomposition by ultraviolet radiation 
and transmits relatively high percentages of light. He therefore proposed to 
use it for making laminated glass. A solution of the resin in toluene is applied 
to clean glass plates and, after a brief drying, the surfaces are pressed together. 
Also, a cement may be used, consisting of nitrocellulose (25 parts), butyl acetate 
(75 parts), p-toluenesulphonamide resin (50 parts) and toluene (50 parts). Other 
cellulose esters and ethers were suggested, and also viscose or celluloid. 

*** For investigations on the durability of cellulone acetate-toluenesulphonamide lacquers see A. M. 
Van Heuckeroth (Care., NatL Paint, Varnish, Lacquer Assoc., 1934, 4M, 97; Chem. Abs., 1934, 28, 
8602). 

•®W. H. Moss and B. B, White, U. S. P, 1,881,219, Oct. 4, 1932, to Cfelanese Corp. of America; 
Chem. Abs., 1983, 27, 613. Canadian P. 329,313, 1933, to Osmille Dreyfus; Chem. Abs., 1933, 27, 2030. 
British P. 317,436, 1929; Bnt. Chem. Abs. B, 1931, 128. 

nBritish P. 342,144, 1930, to British Celanese, Ltd.; Chem. Abs., 1981, 25, 4421. 

** L. Kollek, German P. 378,767, 1930, to I. Q. Farbenind. A.*G.; Chem. • Abs., 1933, 27, 2773. 
Freneh P. 721,717, 1931; Chem. Abs., 1982, 26, 4190. 

•>H. A. Gardner, British P. 831,687, 1980; Brit. Chem. Abs. B, 1931, 838. 

a* French P. 668,239, 1929, to Lonsa £lekt.-«Werke A Chem. Fabr. A.-G.; Chem. Abs., 1930, 24, 1329. 

British P. 832,347, 1936, to British Celanese, Ltd.; Brit. Chem. Abs. B, 1981, 893. 

^ For a diseusuon of ssfety^glass plastics see Plastic Products, 1934, 10, 181. 

•fH. A. Gardner, U. 8. P. 1,762,318, June 10, 1980; Chem. Abs., 1980, 24, 8872. British P. 888,284, 
1929; Brit. Chem- Abs. B, 1980, 906. Osnadian P. 802,911, 1930; Chem. Abs., 1980, 24, 4910. 
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Moss” used a film of toluene- or ethyltoluenesulphonamide-aldehyde resin as an 
adhesive to bind sheets of cellulose acetate to sheets of glass in the endeavor to 
make a shatterproof glass. Similarly a film of benzenesulphonamide-aldehyde resin 
has been used by Dreyfus.” The reinforcing layer for laminated glass may consist 
of a cellulose ester mixed with triacetin and applied with sulphonamide-aldehyde 
resin as a binder." 

An intermediate layer for safety glass which does not become brittle at low 
temperatures is made by mixing together toluenesulphonamide-formaldehyde resin 
and the polymerization products of acrylic acid or its derivatives.*^ 

Ford and McCarroll" suggested a number of substances as adhesives for the 
celluloid layer in safety glass, for example: cellulose nitrate, formaldehyde-toluene- 
sulphonamide resin, camphor and tricresyl phosphate, vinyl acetate, formaldehyde- 
toluenesulphonamide resin and dibutyl phthalate, and other cellulose esters, resins, 
and plasticizers. 

Fragile articles (glass or ceramic) may be reinforced by applying to them an 
external coating (0.005-0.03 inch thick) of toluenesulphonamide-aldehyde resin, 
either alone, or mixed with other resins and with cellulose esters or ethers." • 

Plastics 

Sulphonamides were perhaps first used by Schmidt" to plasticize cellulose esters. 
Nitrocellulose was mixed with p-toluenesulphonamide to form films and to act as 
a substitute for camphor in making* celluloid. Lindsay" made a plastic product 
by incorporating various sulphonamides and triphenyl phosphate with, acetylcellulose 
in acetone solution, adding methyl alcohol, and allowing the mixture to gelatinize. 

A study of sulphonamide derivatives as plasticizers for acetyl cellulose was made 
by Carswell." Experiments were performed on retentivity, light-fastness, tensile 
strength and weather-resistance of the plastic mixtures of eight different aryl sul¬ 
phonamide derivatives with the acetyl cellulose. The p-toluene methylene sul¬ 
phonamide (a resinous substance made by condensing p-toluenesulphonamide with 
formaldehyde) proved superior to any of the sulphonamides not combined with 
formaldehyde. See Table 34. Bender*’ reported that this same substance was of 
value in plasticizing phenol-formaldehyde resins. 

Dreyfus** mixed sulphonamides with cellulose esters and ethers for making 
pressed or molded articles, e.g., phonograph records or electric insulators. A blend 
of powdered cellulose acetate (100 parts) and p-toluenesulphonamide (45-55 parts) 
is melted and run into sheets, which are then ground to powder and incorporated 
with a filling material (180-200 parts), e.g., lampblack, ferric oxide or barium 
sulphate. This composition is kneaded on hot rolls and then pressed or molded 

“W. H. Mow, U. S. P. 1,M8,971, Apr. 10, 1984, to Celanese Cterp. of America; Chem. Ab«., 1984, 
28, 8857. Canadian P. 817,720 and 818,145, 1981, to Oamille Dreyfus; Chem. Ab»., 1932, 26, 1409, 1741. 

**C. Dreyfus, British P. 815,807 and 815,808, 1929, to British Celanese, Ltd.; Chem. Aha., 1930, 24, 
1754. See H. Dreyfus, British P. 826,520, 1929; BrU. Chem. Aba. B, 1980, 558. 

British P. 841,890, 1929, to British Celanese, Ltd.; Brit. Chem. Aba. B, 1981, 895. 

French P. 724,002, r81, to I. O. Parbenind. A.-G.; Chem. Aba., 1982, 26, 4929. 

Ford and R. H. McCarroll, British P. 365,828, 1930, to Ford Motor Co., Ltd.; Chem. Aba., 
1938, 27, 2260. 

British P. 845,748. 1929, to British Celanese, Ltd.; Chem. Aba., 1932, 26, 574. 

** A. Schmidt, U. S. P. 758,885, Apr. 26, 1904, to Farbw. vorm. Meister, Lucius A Brilning; J 8 C.I., 
1004, 23, 558. British P. 25,434, 1899; J.8.C.L, 1901, 20, 62. German P. 122,272, 1899; Chem. Zentr., 
1901, 2, 828. 

«W. a. Lindwy, U. 8. P. 1.041,118, Oct. 15, 1912, to the Celluloid Co.; J.8.C.I., 1912, 31, 1075. 

^T. 8. Ckrswell, Ind. Bng. Chem., 1929, 21, 1176. 

«H. L. Bender, U. 8. P. 1,650,109, Nov. 11, 1927. to Bakelite Corp.; Chem. Abs., 1928, 22. 505. 

^C. Dreyfua, U. 8. P. 1,595,506, Aug. 10, 1926, to American Cellulose A Chem. Mfg. Co., Ltd.: 
Chem. Aba., 1926, 20, 8849. See H. Dreyfus, Britirii P. 182,288 and 188,888, 1918, and 154,334, 1919; 
iJLCJ,, 1919, Ml 896A: 1990, 39. lU; 1921, 41. 4tA. 
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Table 34.— Sulphommide Derivatives as Plasticizers for Acetyl Cellulose. 



Reten¬ 
tivity* 
Per Cent 

Light- 

Fastness** 

Hours 

Tensile Strength 
Kilograms/sq cm. 

Weather- 

Resistance 

Condition 

after 

5 Weeks 

Derivative 

Plasticizer in Film 




25% 

50% 

100% 

p-Toluenesulphonamide. 

Benzene methyl sulphonamide 
Benzene ethyl sulphonamide.. 
p-Toluene methyl sulphonamide 
^Toluene ethyl sulphonamide. 
Xjdene methyl sulphonamide.. 

p-Toluenesulphonanilide. 

p-Toluene methylene sulphon¬ 
amide . 

No plasticizer. 

30 

100-h 
100+ 
40 

40 

100 

70 

200 

630 

724 

1140 

1534 

532 

39 

About 

2000 

408 

453 

414 

460 

380 

475 

335 

660 

335 

320 

290 

360 

350 

383 

408 

80 

115 

350 

349 

Poor 

Fair 

Failed 

Poor 

Failed 

Poor 

Good 


* Retentivity is defined as the per cent of plasticizer which can be incorporated in acetyl cellulose without 
“frostily.” 

*> Light-fastness is expressed as the time of exposure of a 0 4 mm film in the Fade-O-Meter before the 
appearance of a slight discoloration. 


into desired shapes. Dreyfus, Cameron and Schneider'® made a similar plastic 
mixture with cellulose acetate, p-toluenesulphonamide, p-toluenesulphommide, 
diethyl phthalate and rosin. A plastic material for phonograph records used by 
Rutstein" consists of cellulose acetate plasticized with an alkyltoluenesulphonamide 
and triphenyl phosphate together with shellac, cotton flock and fillers. 

Moss"' prepared a molding composition from cellulose acetate (30 parts), 
toluenesulphonamide-aldehyde resin (45 parts), vinyl acetate resin (100 parts), 
diethyl phthalate (10 parts), acetone (400 parts), benzene (100 parts), ethyl acetate 
(100 parts) and dioxane (100 parts). Moss and White"® found that diphenylol 
propane, mono-methylxylene-sulphonamide, ethyl toluenesulphonamide and triacetm 
are good plasticizers for mixtures of cellulose acetate and toluenesulphonamide- 
aldehyde resins. Among other plasticizers which have been suggested are N-alkyl 
sulphonamides of o-dichlorobenzene.“* 

Plastics made of cellulose derivatives and sulphonamide-aldehyde resins can be 
improved, according to Bren,"" by incorporating urea (see Chapter 32), thiourea, or 
guanidine. The plastic material comprises a cellulose derivative, a sulphonamide- 
aldehyde resin (from 10 to 150 per cent of the amount of cellulose derivative) and 
a urea (8-50% of the equivalent of aldehydes present). 

A transparent plastic material has been made by Walsh®* by adding plasticizers 
to a toluenesulphonamide-aldehyde resin melting below 100®C. but above room 
temperature. With added pigments the composition can be used for making imifca- 


<*C. Dreyfus, W. M. Cameron and G. Schneider, U. S. P. 1,^43,214, Feb. 2, 1932, to Celanese Corp, 
of America; Chem. Ahs., 1982, 26, 1731. 

»L. Rutstein, U. S. P. 1,727,040, Sept. 3, 1929; Chem. Abu, 1929, 23, 5284. 

aw. H. Moss, Ctoadian P. 318,758, 1932, to Camille Dreyfus, Chem. Abe., 1932, 26, 2052. 

“W. H, Moss and B. B. White, U, S. P. 1,881,219, Oct. 4, 1932, to Celanese Corp. of America; 
Chem. Abe., 1988, 27, 615. British P. 317,454, 1928, to British Celanese, Ltd.; Chem. Aba., 1930, 24, 
2292. 

aa L. P. Kyrides, U. S. P. 1,993,722, March 5, 1935, to Monsanto Chem. Co.; Chem. Aba., 1935, 

29, 2546. 

«B. C. Bren, U. S. P. 1,961.579, June 5, 1934, to Du Pont Viscoloid Co.; Chem. Aba., 1934, 28, 
4924. Oatuulian P. 883,879, 19^, to Canadian Industries, Ltd.; Chem. Aba., 1933, 27, 4670. 

M J. F. Walsh, U. S. P. 1,912,554, June 6, 1983, to Celluloid Corp.; Chem. Aba., 1988, 27, 4365. 
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tion food articles. Walsh and Caprio” have made preparations consisting of a cellu¬ 
lose ester and a plasticizer (e.g., triphenyl phosphate), employing toluenesulphona- 
mide-aldehyde resins (4-20 per cent of the weight of plasticizer) to prevent the 
exudation of the softener. 

Sulphonamide-aldehyde resin may be used as a binder for inorganic com¬ 
pounds. For instance very durable marble objects can be made by fusing the 
resin with twice its weight of powdered marble and molding the mixture into any 
desired shape.” 


Other Uses 

Toluenesulphonamide-aldehyde resins were employed by Gardner to deluster 
artificial silk so that it will more nearly resemble natural silk.'" The resin is mixed 
in with the cellulose spinning-solution, and as the filaments form, the resin pene¬ 
trates the filaments, rendering them opalescent. By using condensed aldehydes in 
addition to the resin, a much stronger filament is formed without sacrifice of soft¬ 
ness. A typical spinning-solution consists of nitrocellulose (100 parts), p-toluene- 
sulphonamide-formaldehyde resin (3 parts), paraformaldehyde (1 part), ether (200 
parts) and alcohol (200 parts). 

For the formation of threads from alkaline cellulose solution about 5 per cent 
(based on the weight of cellulose) of p-toluenesulphonamide-formaldehyde resin is 
dissolved in caustic soda and mixed intimately with the basic cellulose.” Threads 
and yarns produced from this mixture are said to have greater resistance to water 
than have ordinary viscose threads. If the viscose solution is to be made into films, 
from 10 to 20 per cent of resin is added. The films then possess improved electric 
resistance and water-repellent qualities. Thus ordinary cellophane is improved 
in resistance to ingress of moisture from air by the presence of this resin. These 
special films are useful for wrapping pipes to prevent corrosion, or as an insulating 
wrapping for telephone cables. In cases where the cloudy effect produced by the 
resin is undesirable it may be removed by passing the film over hot rolls. 

In place of incorporating the alkaline resin solution in the cellulose, the trans¬ 
parent films from the latter can be coated with the liquid, dried and washed to 
remove the alkali. This same treatment is adaptable for waterproofing paper, 
wood and concrete. A composition containing 100 parts of toluenesulphonamide 
resin, 8 parts of sodium hydroxide and 92 parts of water has proved satisfactory. 
Addition of barium sulphate or similar pigments is recommended for the prepara¬ 
tion of a cold water paint.” 

Gardner has also increased the electrical resistance of films of regenerated cellu¬ 
lose by applying to their surfaces coatings of sulphonamide-aldehyde resin and 
cellulose esters.” In insulating tests an ordinary xegenerated cellulose film 0.87 
mil in thickness had a volume resistivity of 125 megohm-inches. The same film 
coated on each side with a resin-cellulose ester composition so that the total thick¬ 
ness was 1.52 mils had a volume resistivity of 1,500,000 megohm-inches. The coat¬ 
ing used in this case consisted of cellulose acetate (5 parts), toluenesulphonamide- 
formaldehyde resin (5 parts), ethyl lactate (25 parts) and acetone (65 parts). 

Lahousse®^ used p-toluenesulphonamide to decrease the viscosity of metallic 

»J. F. Walsh and A. F. Caprio, U. S. P. 1,980,069, Oct. 10, 1933, to Celliiloid Oorp.; Chem, Ahs., 
1934, 28, 371. 

“French P. 731,431, 1932, to I. G. Farbenind. A.-G.; Chem. Abs , 1933, 27, 381. 

“H. A. Gardner, U. S. P. 1,768,401, June 24, 1930 and 1,864,428, June 21, 1932; Chem. Abe., 1930, 
24, 4392; 1932, 26, 4471. 

“H. A. Gardner, U. S. P. 1,864.426 and 1,864,427, June 21, 1982; Chem. Abe., 1932, 26^ 4470, 4471. 

“H. A. Gardner, U. S. P. 1,984,868, Dec. 18. 1934; Chem. Abs., 1936, 29, 854. 

“H. A. Gardner, U. S. P. 1.786,840, Dec. 28, 1930; Chem. Abe., 1981. 25, 649. 

E. G. Lahouase, U. S. P. 1302,619, Apr. 28. 1931; Chem. Aba., 1931, 25, 3746. See Chapter 37. 
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resinates for the impregnation of fibrous bodies to form insulating material. As 
an example, 10 kg. of p-toluenesulphonamide is heated to 150°C., 90 kg. rosin 
added and the temperature raised to 170®C. Zinc oxide is then introduced in 
small amounts and the temperature further increased to ISS-IQO^C. Paper con¬ 
densers and other articles are submerged in the molten mixture for 4-5 hours at 
150-200®C. After cooling to 120‘’C., the impregnated object is removed. 

Dreyfus and others®* produced artificial bristles, horsehair or straw from solu¬ 
tions of cellulose esters and synthetic or natural resins. For instance, a thoiough 
mixture of cellulose acetate (33.7 parts), toluenesiilphonamide-formaldehyde resin 
(2.1 parts), acetone (54.6 parts) and water (9.6 parts) is spun into a drying at¬ 
mosphere at 55-87®C. p-Toluenesulphonamide-formaldehyde resin was used by 
Seel" to coat the rear side of photographic films to render them non-static. A mix¬ 
ture of o- and p-toluenesulphonamide-foimaldehyde resins has been employed by 
Wedger®* as a softening agent in a cellulose acetate cement for uniting shoe parts. 


Miscellaneous Reactions op Sulphonamides 


The reactions noted here do not involve sulphonamide-aldehyde condensations 
but they are included to suggest other possible sources of resins from sulphonamides 
or their derivatives. 

A product useful as a plasticizing agent has been prepared by Carswell and 
Gump*® by the action of an acetylating agent on a sulphonamide derivative. Acetyl 
chloride or acetic anhydride acts on an aryl sulphonamide in which one of the 
free hydrogen atoms attached directly to the nitrogen atom is replaced by a hydro¬ 
carbon residue. In studies on the action of benzenediazonium chloride on p-toluene- 
sulphonamide in a cold alkaline solution. Key and Dutt"® found that the reaction 
proceeded very slowly, producing a brownish red resinous mass soluble in most 
organic solvents. 

In their investigation of benzenesulphonylguanidines, Clarke and Gillespie®’ found 
that arginine reacts with benzenesulphonylchloride in sodium hydroxide solution, 
forming a gummy mass (dibenzenesulphonylarginine). Esterification of this mate¬ 
rial with butyl alcohol produced a colorless resin. 

Aromatic sulphonylchlorides were employed by Pfister®® to esterify gum ac- 
croides (see Chapter 38). The natural gum, as it occurs, is highly acid in char¬ 
acter, whereas the resin produced by esterification is neutral, and can be used in 
varnishes. The resin from gum accroides and p-toluenesulphonylchloride is a tough 
mass which can be dried and powdered, and is soluble in benzene and in butyl 
acetate. Melamid®® obtained resins of high melting point by the reaction of aro¬ 
matic sulphonylchlorides on soft pitch or anthracene oil. For instance, soft coal- 
tar pitch (1(X) parts) is heated with sufficient aqueous soda to neutralize acidity 
and then cooled. A benzene solution of p-toluenesulphonylchloride is added, and 
the mixture is stirred for 12 hours. The benzene solution is then separated from 
the aqueous layer, washed with water until neutral, dried over calcium chloride 


«C. Dreyfus, W. Whitehead and H. W. Kuhl, U S. P. 1,930,220, Oct 10, 1933, to Celanese Oorp. 

British P. 342,340, 1929. to British Celanese, Ltd:; 
Brit Chem. Abs. B, 1931, 388. . 

Eastman Kodak Co.; Chem, Abi., 1928, 22, 4394. 

W. H. Wedger, British P. 399,825, 1933, to Boston Blacking Co., Ltd.; Chem, Abs . 1984 28 1824 

s,. to MonsaX ^eii.^.; CW 

Ao$*p 1C33* 27s 4o4l« 

“•A. Key and P. K. Dutt, 1928. 2089. 


883. 

’'iMS. 


T. Clarke and H. B. Gillespie, J.A.C.8., 1932, 54, 1904. 

••K. H. T. lister, U. S. P. 1,6^,421, Nov, 23, 1920, to Rdhm A Haas Co.; 


Chem, Abi,, 1927, 21, 


M. Melamid, British P. 138,712 and 133,713, 1919; Chem. Abs., 1920, 14, 882. German P. 380,828, 
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and vacuum-distilled, leaving the resin as a residue. Analogous resins are obtained 
from the action of aromatic sulphonylchlorides on the salts of resinic, humic, or 
lignoceric acids. 

Attempts to dibrominate 2-p-toluene-sulphonamidobiphenyl resulted in the for¬ 
mation of gummy masses containing 3,5-dibromo-2-aminobiphenyl in experiments 
performed by Bell.^® Much tarry material was formed when Orndorff and Shapiro” 
attempted to utilize dehydrating agents such as sulphuric acid or stannous chloride 
to increase the yield of hydroquinolsulphonephthalein from the action of o-sul- 
phobenzoic anhydride and hydroquinol. Phillips” obtained some black, tarry 
material as a by-product in making ethyl p-toluenesulphinate from p-toluenesul- 
phinyl chloride and ethyl alcohol, and in making 2-octyl-p-toluenesulphinate from 
p-toluenesulphinyl chloride and /-2-octanol. 

wp. Bell, 1930, 1071 

«W. R. Omdorff and C. V. Shapiro. J.A.C 8, 1928, 50, 1780. 

« H. Phillips, J.C.8 , 1925, 127, 2552. 



Chapter 35 

Miscellaneous Nitrogen-Containing Resins 
Nitro Resins 


Although resinous bodies are frequently encountered in the nitration of organic 
substances, not many of them have been adequately described, and very few have 
appeared to find commercial application. Some of these resins possess unattractive 
colors and odors and many are unstable, decomposing (in some cases rather vio¬ 
lently) when heated. In addition to nitro resins, materials of a resinous nature 
from various aliphatic and aromatic nitrogen compounds and from heterocyclic 
compounds are also considered in this chapter. 


Resins Produced During Nitration op Hydrocarbons 


Schaarschmidt and Raeck^ obtained resinous material when attempting to 
nitrate benzene with a mixture of nitrosyl chloride and aluminum chloride at 
60*80®C. The yield of resin at 80°C. was 10 times that at 60®C. An explanation 
proposed for the reaction is that a complex, 2AlCla*3CeH6*3NOCI, is formed, which 
decomposes to hydrochloric acid, nitrosobenzene and aluminum chloride, the nitroso- 
benzene then reacting with benzene to form resins. Xylene and mesitylene yield 
resinous material when treated with nitrogen tetroxide at room temperature.* A 
mixture of 80 g. of m-xylene and 23 g. of dry nitrogen tetroxide was allowed to 
stand for 15 days. A thick oily layer slowly settled out. This viscous mass was 
steam distilled, yielding 14 g. of a dark resin. Similar treatment of 70 g. of 
mesitylene with 7.6 g. of nitrogen tetroxide gave 4.5 g. of a dark brown, brittle 
substance. 

In the nitration of durene (1,2,4,5-tetramethylbenzene) in chloroform solution, 
Smith and Dobrovolny* observed that unless the chloroform solution is neutralized 
as soon as possible after nitration, considerable amounts of red tar are formed. 
Herzenber^ and Ruhemann* obtained from brown-coal tar a homologue of naph¬ 
thalene (presumably 1,4- or 2,4-methyl isopropyl naphthalene) which, when heated 
for severd days under reflux with dilute nitric acid, was converted into a viscous 
oil, solidifying to a resinous mass when cooled. 

Stilbene is readily attacked by nitrogen pentoxide, forming sticky, brown plastic 
iBfasBes.* Likewise, tarry products result from the action of oxides of nitrogen on 
phenanthreue * 6-Acetyltetralin when treated with nitric acid yields crude acetyl 
nitrotetralin, a dark brown resin.^ Resinous or tarry materials have been formed 
in the nitration of o-nitrotoluene-p-sulphonyl-p-anisidine,* 4-p-toluenesulphon- 


. and M. Raeck, Ber ., 1925, 5$. 34S; CAam. Ab »„ 1925, 19, 1557. 

. and R. SsnoUa, R«r., 1924, 57, 38; CAtm. 1924, IS, 2138. 

. iTSiiijtii and F. J. Dnbrovolny, /.A.C.S., 1925. 4$, 1430. 
lawaanbWr and S. Ruhemann, Bm, 1927, SO, m; Chm. Abt., 1927, 21, 2122. 

, B. Haim and Adkiiu, J.A.C.S., 1422. 

L lUkiaki and B. V. Ilaxarov, /; Chem* /ad. CATmota), 1928, 5, 459; Brit. Chm. Aht. B, 

and H. Bodena^, 1025. 59, 1915; CAi>m. Ah»., 1927, 21, 84. 

. Htih. cSm. 1024, 7, 557; Chm. Aht., 1924, 18, 2142. 
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methylamidobiphenyP and ethyl-bis-(4-aminophenyl)-methane hydrochloride^ and 
in the nitrosation of 3,5-dichlorodimethylaniline.^ In the nitration of m-aldehydo- 
phenyl carbonate to 4-nitro-3-aldehydophenyi carbonate, Mason“ obtained tarry 
products. Attempts to nitrate p-cresol with nitrogen peroxide have produced 
resinous material 

The nitration of triphenylcarbinol and of triphenylacetonitrile yields amorphous, 
tar-like nitro derivatives.^ Resinous products are also formed by the nitration of 
4,4'-diethylureidobiphenyl.“ Trimethylolethylmethane trinitrate, CfH 5 C(CHaONOa )8 
is a waxy compound melting at 48®C. and is explosive in nature. These properties 
have suggested the use of the substance as a coating material for explosives, pro¬ 
tecting them from moisture and at the same time increasing their sensitiveness.” 

In the experiments of Fittig^^ the addition of acetone in small portions to fum¬ 
ing nitric acid yielded a yellow, viscid explosive oil exhibiting the properties of a 
nitro compound. Hydrogen sulphide and ammonium sulphide decomposed the 
compound, forming brown tarry liquids. The nitration of mesityl oxide yielded a 
brown, tough resin soluble in alcohol. One of the products of the action of nitrosyl 
chloride on acetone is a yellow oil (possibly phorone dinitrosochloride) which resini- 
fies easily.” 

Treatment of 3-4-dichloroacetophenone with a mixture of fuming nitric and 
concentrated sulphuric acids at 15®C. has resulted in resinous material.” Gummy 
products are obtained in the nitration of benzoin unless the conditions are care¬ 
fully regulated.” Phenylcyclohexanone when treated with ethyl nitrite and potas¬ 
sium ethylate in ethyl alcohol at 0®C. formed a yellow oil." Ether extraction of 
this oil left a residual orange-red liquid which, when slightly acidified with sul¬ 
phuric acid, yielded a yellow wax. The ether extract of the yellow oil (men¬ 
tioned above) gives on evaporation and further extraction a vitreous mass. Various 
glassy materials resulted on similar treatment of phenylcyclohexanone with nitrous 
vapors obtained by the action of nitric acid on arsenious oxide. 

In the nitration of methyl cinnamylidenemalonate, a yellow solid was formed 
which decomposed to a semi-solid gum when placed over phosphorus pentoxide.® 
Nitric acid caused the resinification of diterpenes, obtained by Ikeda" from borneol 
by treatment with zinc chloride in benzene; and tarry material resulted when 
d-neomenthylamine was treated with nitrous acid." The oxidation of anethole 
(p-propenylanisole) with nitric acid and mercuric nitrate in acetic acid solution 
produced anisaldehyde, anisic acid and a resinous substance” (35 per cent). 

Nitro compounds frequently form resins when oxidized. The tar obtained on 
oxidizing o-nitrobenzylmalonate” with potassium permanganate and the forma¬ 
tion of complex amorphous substances in the oxidation of m-dinitro- and sym- 
trinitrobenzene" with mercuric oxide are examples. Likewise, the reduction of 

“F. Bell and P. H. Robinson, 1927, 1129. 

10 S. C. Hussey, C. S. Marvel and F. D. Hager, 1980, 52, 1125. 

u H. H. Hodgson and J. S. Wignall, /.C.S., 1927, 2221. 

i^F. A. Mason, 1925, 127, 1197, 

I’A. Purgotti, Ann. nt, super, agrar, Portici, 1929, (3) S, 41; Chem. Ahs., 1981, 25, 8682. 

i«D. Vorlander, Ber., 1925, 58, 1898; Chem. Abs., 1926, 20, 584. 

i«M. H. Werther. Rec. trav. ch\m„ 1988, 52, 657; Bnt. Chem. Abe. A, 1988, 945. 

10 O. P. Spaeth, Canadian P. 840,401, 1984, to Canadian Industries, Ltd.; Chem. A6t., 1984, 28, 8906. 

”R. Fittig, Ann., 1859, 110, 28; “Gmelin's Handbook of Chemistry," Translation of H. Watts, 
Cavendish Society, London, 1866, XIII, 468, 472. 

10 £. V. Lynn and F. A. Lee, /. Am. Pharm. Assoc., 1927, 16, 809; Brit. Chem. Abe. A, 1927, 544. 

10 E. Roberts and £. E. Turner, /.C.S., 1927, 1855. 

«?F. D. Chattaway and E. A. Ooulaon. /.C.S., 1928, 1082. 

01R. Poggi and V. Quastalla, Oaie. ^{m. itaU 1981, 61, 405; Chem. Abe., 1982, 26, 104. 

«J. W. Baker and A. Bodes, J.C,S., 1927. 2125. 

asT. Ikeda. Set. Papers, Inet. Phye. Chem. Heeeorch {Tokyo), 1928, 7, 48; Chem. Abe., 1928, 22, 
8157. 

J, Read and G. J. Robertson, J.C.S., 1927, 2178. , 

»»R. Horiuchi ana S. Uyeda. /. Chem. $oe. Japan, 1924, 45, 208; Chem. Abe., 1925, 19, 1081. 

•• T. W. Baker and A. Bedes, he. cU. 

•^H. H. Hodgson and B. W. Smith, /.C.&* 1980, 2085. 
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miration products^ often leads to resins and tars. For instance, resinous material 
has bees obtained in the reduction of m-dinitrobenzene* 2,4^-dinitrobiphenyl*' and 
the nitration products of acetylene.*® In the reduction of nitrobenzaldehyde thio- 
ether to the corresponding amino compound, an insoluble by-product is obtained. 
The anwobenzaldehyde tbioether itself resinifies on standing 

Besinous substances have been formed by the action of alcoholic potash on 
ft*nitro-7-ni^yl-2,4-bi8trichloromethylbenzodioxin** and on crude methyl-m-nitro- 
bemi^hnalonaie.®* Alcoholic ammonia splits off hydrogen cyanide from o-nitro- 
oinnam^yll^jtoolyl nitrile, aNCJB 4 CH=CHCH(OH)CN, and the rest of the mole¬ 
cule resiniffes.^ 


Condensations of Nitro Compounds 


In contact with potassiiun bicarbonate, l-nitro-l-propene polymerizes to a 
yellow-brown solid soluble in acetic acid and in caustic soda." 1-Nitro-l-butyne 
on exposure to the air is converted into a resinous mass.*® Extensive resinification 
takes place when nitro derivatives of stilbene are exposed to ultraviolet light.*^ 
ffimilarly, resinous material has been reported from ultraviolet-light- or sunlight- 
exposure of nitropiperonal,** an alcohol solution of 3-chloro-4-nitrosophenol*® and 
a chloroform solution of p-methoity cinnamylidene-m-nitroacetophenone." 

Nitro derivatives have sometimes been condensed with aldehydes to form 
resinous substances. For instance, in the presence of piperidine, 4,6-dinitro-m- 
xylene condenses with salicyl-, bromosalicyl- and p-dinitroamino-benzaldehyde.*' 

Resins have been produced in the author’s laboratory by condensing technical 
p-nitrochlorobenzene (m.p. 81-82®C.) with aldehydes. Acid reducing agents were 
found to be the best catalysts. Paraformaldehyde and p-nitrochlorobenzene, boiled 
for ten minutes with alcoholic hydrochloric acid and metallic zinc, give a dark, 
fusible resin (p7 per cent yield) which is still fusible after 12 hours heating. If 
aqueous hydrochloric acid is employed instead of the alcoholic solution no resin- 
formation occurs. However, the aqueous solution permits resinification when 
furfural is used in place of paraformaldehyde. In this case the dark resin ob¬ 
tained is soluble but not fusible. 

An aqueous solution of ammonium chloride, substituted for the hydrochloric 
acid, can be used successfully with paraformaldehyde. A rubbery mass is formed 
when equal parte of p-nitrochlorobenzene, paraformaldehyde and zinc dust are 
refluxed for one hour in an aqueous ammonium chloride solution. Heating this 
mass on a hot plate converts it into a dark, infusible resin. The production of 
the resin is accelerated by the addition of hexamethylenetetramine. In fact, the 
latter itself will condense with p-nitrochlorobenzene. Hexamethylenetetramine 
<25 parts) in aqueous solution refluxed with p-nitrochlorobenzene (50 parts) for 
1 hour produced a dark, fusible body (70 parts). Heating on a hot plate changed 


»a Adkint and R. Conner. /.A.C.S.. im, 53, 1001. 

T. MdltMi and L. F. Walti. /.S.C.I.. 1011, 50. 04T. 
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this to an infusible product soluble in water, alcohol and alcohol-benzene mixture 
(yield 35 per cent of original p-nitrochlorobenzene). 

According' to Korczynski" the resin-formation occurring in the condensation of 
di- or trinitrophenol with diphenylcarbamide’•chloride is a result of the photo¬ 
sensitiveness of the product. A trace of pyridine will cause otherwise stable 
p-nitrophenylcarbimide to polymerize in dry ether or benzene." 

Liquid mixtures of trinitrocresol (m.p. 101®C.) with other nitro compounds 
when cooled form eutectics as plastic masses." Resinification of a mixture of tri¬ 
nitrocresol and trinitrotoluene occurs when 30-50 per cent of trinitrotoluene is 
used. When equimolecular proportions of p-nitroaniUne and mercaptobenzothiazole 
are fused, or are heated together in alcoholic solution, a resinous product is formed 
which has been proposed as a feeble accelerator in rubber vulcanization." For the 
same purpose, a resinous mixture of di-o-tolylguanidine, 2-mercaptobenzothiazole 
and phthalic anhydride in stearic acid or acetone solution has been suggested." 

Bogert and Stull" obtained a yellow gummy material from the interaction 
of zinc-o-aminoSelenophenolate and o-nitrobenzoyl chloride in acetic acid solution, 
the gum apparently containing zinc in chemical combination. 

Considerable resin is formed in the preparation of o-nitrodiphenylarsinic acid 
from o-nitrodiazobenzene chloride and phenylarsinic oxide in alkaline solution." 
10-Ethyl-9-nitroso-9,10-dihydrophenar8azine is described as a thick oil which solidi¬ 
fies to a tough mass. Alkaline solutions of the 10-ethyl and 10-methyl derivatives 
deposit red resinous masses when allowed to stand." Partial resinification occurs 
when 2-nitro-6-methyldiphenylamine-6'-arsinic acid is dissolved in alcohol and 
hydrochloric acid and reduced with sulphur dioxide" 

Pernitrosoketocineole when treated with concentrated sulphuric acid at —15®C. 
yielded a light yellow, unstable solid, CioHmO (Lacetyl-3-isopropylidene-l-cyclo- 
pentene), which was converted into a sticky, brown pitch on exposure to air.® 
Gummy deposits have been found at times in the mains and meters canTing 
coke-oven gas or similar gases." Berkhofi" has found that such gums contain up 
to 8 per cent nitrogen and are insoluble in most organic solvents, but soluble in 
alkali, reprecipitating in acid solution. In the opinion of Berkhoff these resins are 
polymerization or condensation products of isonitrosites and nitrosates formed by 
gas-phase reactions between nitrogen peroxide" and unsaturated hydrocarbons 
such as styrene, indene and cyclopentadiene. (See Chapters 5, 9 and 11.) 

Investigations of gas-main vapor-phase gum have been made by Jordan, Ward 
and Fulweiler." The material is described as a dark brown, amorphous powder 
aggregated into lumps of various sizes. It contains an average of 4-7 per cent 
nitrogen and 22-32 per cent oxygen. The gum is unstable to heat, decomposing 


«A. Korciynski, 0<U9, chkn. ital,, IMS, 53 (1), M: IMS, 124 (1), S60. 

** C. W. vMi Hoofttratm, Bee. trav. chim., IW, SI, 414; Brit. Chem. Abf. A, IttS, 197. 

N. Bfranov ud A. N. Fikhomirova, 1, Run. Phyt.-Chttn. See., 1927, S9, ITS; Chem. Ab*., 
1928, 82, 2808. 

<*B. M. Banbury, W. J. S. Naunton and W. A. Sexton, Britidi F. 889,900, 1930, to Imperial Oiem. 
Ind., Ltd.; Chem. Ab$., 1988, 27, 484. 

-F. L. Kilboame, Jr., U. S. P. 1,988,881 and 1,988,882, Nov. 21, 1988, to Firertone Tire A Rubber 
Os.; Brit. Chent. Abt. B, 1984, 984. 

" M. T. Bogert nnd A. Stull, J.A.C.S., 1927, 49, 2013. 

-h. Kalb, Atm., 1921, 428, 89; Chem. Abt., 1921, 19, 2888. B. SaMlarloa, Ber., 1924, 87, 1814. 
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<•8*. R. L. Brown. Ptee. Am. Get Attoe., 1924, 1888; Chem. Abt., 1918 19. ttSf. 
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at 176®C, with the evolution of large quantities of gases. The studies 
confitmed observations of Berkhof! that nitrogen peroxide reacts with un- 
sa^rated oonstituents in the gas; and on subsequent pol 3 nnierization the gum 
is formed* There wm some indication that butadiene and cyclopentadiene (nor- 



Fig. 118. 

Gum Deposit in a Compressor. 
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mally present in the gas) catalyze the oxidation of nitric oxide to nitrogen per¬ 
oxide" 


N 1 TR 6 Resins from Petroleum 


A nitro resin has been obtained by Edeleanu and Filiti" through the nitration 
of petroleum oil or petroleum distillate (sp. gr. 0.870-0.S90). One part of petroleum 
distillate is run slowly into 3 parts of a well-stirred concentrated acid mixture 
(5 parts of sulphuric to 1 part of nitric). Unchanged oil is skimmed off and the 
nitro resin is precipitated by addition of water to the acid solution. It was stated 
that the product can be used in varnishes and lacquers, as a substitute for camphor 
in celluloid and as a constituent of explosives when mixed urith oxidizing agents. 
Heating with alkalies converts the resin into a dyestuff." In the writer’s labora¬ 
tory,.a dark brown to black resin has been obtained by passing oxides of nitrogen 
into the highly unsaturated light distillate obtained in the manufacture of Blau 


«W- 

According to Charbonneaux," treatment of Califomia petroleum oil with 5-10 
pdr cent of concentrated nitric acid produces various tats and resins. ^One of 
them, a brow sticky resin, can be dissolved (1-3 parts) in crude alcohol (100 
parts) to form a liquid fuel said to be superior to alcbhd alone. 


_ WTo prtv^ gw.fonmtion H i* miggccM that th« bwt method ie to remove the nitric oxide. See 
W. ItO m ItU, 207, Wi CAem. dhe., ItM, 28, 0277. K. Bimte, <7a« «. Waua-fath, 
>!!*> »•»<- “a A. L. Wwd nnd C. W. Jordan, V. S. P. I,««,r04, 0(47* 

ISM, to Piiit«)t Om pnttrovement Co.; <7W Abi., 1«M, 2S, 7«l. ' ' 

A- U, S. P. 7«S0*. Dee, 1, ItOt. British P. M», 1102; /.S.C.I., 
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One of the few real attempts to use nitro resins was made by Forrest and 
Meigs.®® Petroleum distillates, or distillates from native solid bitumens (particu¬ 
larly gilsonite) are nitrated to form resinous products. The distillates from the 
destructive distillation of gilsonite are best because of their high content of un¬ 
saturated material. 

Dilute nitric acid (sp. gr. 1.42) is added slowly in small portions while the oil is 
stirred. Since the reaction is exothermic and quite violent, no more than 1 part of 
acid to 2600 parts of oil is added at any one time, and the temperature must be kept 
below 104®C. The reaction is continued until the amount of acid added equals half 
the amount of oil. The nitro resin is precipitated either by cooling the reaction mix¬ 
ture to 10-24®C. or by running it into cold water. The substance resulting after wash¬ 
ing free of acid is* light yellow in color, soluble in alcohols and ketones but insoluble 
in water, dilute mineral acids, petroleum ether and carbon disulphide. The properties 
of the product vary with the fraction of distillate used. The fraction 65-204®C. pro¬ 
duces a viscous oil resembling nitrated castor oil, that from 200-316®C. a light yellow, 
semi-solid resin, and that from 316-370®C. a hard, solid body. The resins can be mixed 
with pyroxylin to form lacquers, leather dressings and artificial leather. 

Another nitro resin of this type has been made by Day.®^ Powdered gilsonite, 
grahamite or albertite is dissolved in nitric acid. After the light surface oil 
has been removed, the acid is diluted with water to precipitate the resin. A solu¬ 
tion of the resin in alcohol, ether, benzene or naphtha can be used as a coating 
composition. A varnish suggested for metals" consists of coal tar (75 per cent), 
benzine (18 per cent) and nitric acid (7 per cent). 

Tar has been converted into briquette-binding material in a process devised by 
Vivian." The tar is heated to about 87®C. and then treated with 5-8 per cent of 
sulphuric acid and subsequently with 2-3 per cent of nitric acid. When the action 
of the acids has ceased, paraffin oil is added to reduce the viscosity. The mixture is 
then cooled, causing the formation of two layers, one consisting of light oils and 
the other of the heavy binding material. The light oils are removed for subsequent 
treatment, and the binding-material remaining is freed from acids by wa^ng 
with water and alkali and is then run into molds to harden. Other uses sug¬ 
gested for the product include the making of road-paving blocks and electrical 
insulating material. 

According to Flexer," a mixture of kerosene and wood tar when nitrated yields 
a resinous product which can be used in paints and in plastic moldings and can 
be vulcanized with sulphur to form a rubber substitute. Plastic masses have been 
made by Reif" by mixing fibrous materials with a binder produced by the action 
of nitric acid on tars and oils. 


Nitrolignin 


Fischer and Tropsch" prejoared nitrolignin by treating 150 g. of lignin®' with 
1 liter of nitric acid (6 JV).®* The solution was first cooled, and then warmed 

N. Forrest and J. V. Meigs, U. S. P. 1,805,790, June 8, 1010, to Barber Asphalt Paving Ot>.; 
Chem. Aht,, 1019, 13, 8140. See A. J. Drinberg, A. A. Blagondrayova and B. M. Prik, /. Appl. Ckem* 
Rum,, 1984, 7. 1388; BHt. Chem. Abt, B, 1085, 810. 

«D. T. Day, U. S. P. 007,887, Aug. 10, 1010; Chtm, Abt,, 1010, 4, 8015. 

«*L. Msuerhofer, V, S. P. 1,458,4a, June 18, 1088; Chem, Ab»„ 1088, 17, 8040. 

WA. W. H. Vivian, BHUsh P. 810,009, 1088; Chem, Ab$,, 1984, 18, 1747. 
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until an orange ecdor appeared. Subsequent filtration, washing and air-drying 
produced the nitrdignin as a soft, yellow powder (60 per cent yield). Analysis 
indicated the composition C 4 jElMOMNa (containing 3 methoxyl and 6 hydroxyl 
groups). Attempts to reduce nitrolignin with tin and hydrochloric acid result^ 
in extensive polymerisation, yielding a brown amorphous product insoluble in 
most advents. 


Nitration op Natural Resins 


Re»nous material for use in varnishes has been obtained by Fry** by nitrating 
rosin or oil* of turpentine. The resins have been termed "Oxycolophones^' and 
‘^Oxyturpentines,” since they are actually oxidation products formed in the process 
by itecompotition of the nitrated substances. Notwithstanding this fact, the resins 
are mentioned in this chapter because, primarily, the procedure involves nitration. 

Nitric acid (10-30 parts, sp. gr. 1.42) is added slowly to powdered rosin (100 parts), 
the mixture being kneaded to facilitate the reaction and to avoid the formation ot 
lumps. Impure nitrocqlophony, an olive-green powder, is obtained by this treatment. 
Decomposition of the nitrocolophony is accomplished by fusing it in a porcelain con¬ 
tainer heated by boiling water, resulting finally in a yellow resin. In the nitration and 
deeompotition stages care must be taken because of the explosive character of the 
nitrocolophony. It is not advisable to work with large batches, since the reaction is 
exothermic. 

Venice turp^tine, or a mixture of oil of turpentine (1 part) and rosin (2 parts), 
is nitrated similarly to form resins. If a soft resin is desired, 10 parts of nitric acid 
are used for each 100 parts of the turpentine mixture, whereas 30-35 parts of nitric 
acid are used if a hard product is to be formed. The soft resin is superior to the 
hiud variety in solubility in boiled oil or in oil of turpentine. 

Rosin is more easily nitrated than Venice turpentine and the latter more easily 
than oil of turpentine. Consequently, in the nitration of rosin-turpentine mix¬ 
tures, the nature of the final product is affected by the time of reaction. To 
restrict the nitration chiefly to the rosin, the acid is allowed to act only two hours. 
In this short time the oil of turpentine is not greatly attacked, several days of 
treatment being required to convert it into a satisfactory resin. The nitration of 
a solution of rosin in a drying oil produces an alcohol-soluble resin. By heating 
•‘Oxycolophones'^ for several hours at 100-204®C. orange or red tints are developed, 
making bases for staining-varnishes. 

Nitrated colophony has been used directly in varnishes,**® and other nitrated 
resins either alone or with oils have been employed in varnishes containing cellu¬ 
lose esters and bitumens.” Other suggested uses for nitrated resins of this type 
include l^e making of dyestuffs” and fixatives for printing inks.” The fact ^t 
rosin is sometimes selectively nitrated has been used by Donath to detect its 
presence as an adulterant.” 
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Nitro-Resinic Acids 

One of the principal constituents of rosin is abietic acid. (See Chapter 37.) 
In various investigations on the constitution of this acid, nitro derivatives have been 
formed.’* In following up the work of earlier investigators, Dubourg’* obtained 
crystalline di- and trinitro derivatives, and in addition some resinous products. 
Abietic acid (20 g.) in an inert solvent, e.g., carbon tetrachloride (200 cc.), when 
treated with concentrated nitric acid (100 cc.) yielded a yellow-gray, viscous mass. 
An explosive, amorphous body was produced when water was added to a solution 
of abietic acid in concentrated nitric acid. 

In further studies of the action of nitric acid on abietic acid” there were ob¬ 
tained two principal products, one a crystalline dinitro derivative, and the other 
a yellow, amorphous mass containing nitrogen (decomposes above 100®C.). The 
yellow mass was found to be readily soluble in alkalies, the solutions absorbing 
oxygen avidly from the air. Attempts to esterify the sodium salt with alkyl sul¬ 
phates yielded tarry material. 

Amorphous or resinous substances containing nitrogen have been obtained by 
the action of nitric acid on other resinic acids such as a-elemic acid,” CtrHaO* 
(from Canarium commune)^ copal acid,” CwH^Oa (from Congo copal), and tsugic 
acid,” CJSsOt (from Teuza sieboldu, Carr). 


Resins from Aliphatic Nitrogen Compounds * 


Certain of the cyanamides have yielded resinous products in various investi¬ 
gations. For instance acetyl cyanamide and isovaleryl cyanamide have been de¬ 
scribed as syrup-like compounds which explode when heated, forming amorphous 
solids.” Madelung and Kern” found that dicyanamide very readily forms an 
amorphous polymer of high molecular weight. It is, of course, well known that 
cyanogen compounds yield cyclic trimers and that cyanogen itself will polymerise, 
likewise, hydrogen cyanide forms a trimer in alkaline solution,” the reaction pro¬ 
ducing at the same time a brown, humus-like body, known as azulmic acid, 
CJBUNiO. The simple ketene imines, H,C=C=N—R, e.g., ketene ethylimine, 
b^g very unsaturated, polymerize rapidly at room temperature.” It is reported 
that on long standing a,a'-tetraethyldiaminoadipic acid solidifies to a glassy hygro¬ 
scopic material.” 

In their work on the tetraethylammonium radical, Schlubach and Ballauf* 
obtained a deep blue solution by the electrolysis of tetraethylammonium iodide. It 
was found tl^t the addition of 2,6-dimethyl-l,4-pyrone to the scdution colored it 
yellow, and on subsequent evaporation a brown, resinous mass was formed. The 
electrolysis of potassium alkyl amidines in liquid ammonia to 83 rnthe 8 ize hydro¬ 
carbons has been found to result in resinous deposits on the anc^e.” 
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Fusion of such proteins as casein, fibrin, elastin and keratin with phthalic 
anhydride at 200^0. has yielded amorphous products of high molecular weight.** 
A hard and semi-transparent body results from the reaction of soya-bean protein 
(extracted with methyl alcohol) with formaldehyde.” Adhesive and plastic prod- 
are obtained by the action of acetaldehyde on casein.” A transparent, col¬ 
loidal m a s s resistant to solvent action has been obtained by condensing the gases 
evolved when gelatin (3 parts) is heated with wood creosote (4 parts) at 160- 
260®C. The material is recommended as a preservative composition for paintings.®’ 


Resins prom Aromatic Amines 


Aniline when mixed with water and exposed to strong sunlight produces 
resinous substances soluble in sulphuric acid. This effect is attributed to the de¬ 
velopment of oxidation products intermediate between aniline and nitrobenzene.” 
In the electrochemical oxidation of asym-m-xylidine to hydroxj^ylolquinoi^e, the 
use of a platinum anode instead of a litharge one leads to the formation of much 
resinous matter.®* 

K5nig and Buchheim” report that the condensation of o-toluidine with bromo- 
or chloroacetal formed a liquid (b.p. 225-230®C.) which on treatment with 
nitrous acid yielded small amounts of easily resinifying bodies. Methylene 
diphenyldiamine and phenol yield a semi-solid resin when heated together in 
nearly equal proportions.*® The addition of paraformaldehyde (7-10 per cent) 
hardens the-* material somewhat. One of the uses suggested for the resin is the 
impregnation of brake linings; in this case it is baked into the lining material at 
400®C. The condensation of resorcinol with 2,7-N-diacetyldiaminodiphenic an¬ 
hydride, using zinc chloride at 110®C., is reported to form a red glassy mass.®® 

Alkylene or arylene diamines when heated with naphthols yield naphthalene- 
substituted diamines, useful as antioxidants in rubber.’" Thus, for example, 
/?-naphthol reacts with ethylenediamine or with m-phenylenediamine. This is 
but one example of the many instances of the employment of weak bases as 
antioxidants for rubber. For this purpose resins prepared by condensing a 
polyhydroxy aliphatic amino compound (e.g., triethanolamine) with a substance 
containing an imino grouping, e.g., phenyl-a-naphthylamine have been utilized.®* 

Resinous material is obtained when diphenylamine is heated with d-glutamic 
acid at 240®C.*® Also in the manufacture of diphenylamine, tarry compounds are 
formed.”® The distillation of 2-2'-diaminodiphenylbutane with hydrochloric or 
sulphuric add results in a 40 per cent yield of p-isobutenylaniline. The latter 
compound after standing 4 days and then being heated for 1 day at 100®C. was 
converted (25 per cent yield) into a dark-red hard glass.”" 
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Heating dianilinothiourea, CeHs—NH—^NH—CS-—NH—NH—C«H«, with hydro¬ 
chloric acid for SO.minutes at 30°C. and then for 1 hour at 60-65°C. out of contact 
with air, yielded diaminodiphenylthiourea, NH*—CeH*—NH—CS—NH—C*H 4 — 
NH*. Black, tarry products resulted in attempts to isolate the free base or its 
hydrochloride, disulphide or metallic derivatives.^* 

Bromination of phenylisoamylthiocarbamide in chloroform solution gives an 
orange-red resin. Similar treatment of sym-phenylisobutylthiocarbamide results 
m a red gum which becomes crystalline on standing and resinous when in contact 
with diethyl ether or petroleum ether.“* 

The pyrolysis of allylaniline, diallylaniline and diallyl-p-phenetidine at 275- 
300®C. yielded in each case the parent priir \ry amine* gaseous hydrocarbons 
(mainly propylene) and considerable resinous material.“* If l-phenyl-4-anilino- 
butadiene is distilled, a red, rosin-like solid is formedThe main product of the 
thermal decomposition of malonanilide, CHa(CONHCeH«)* is a dark brown, brittle 
mass.“* This same resinous material results when aniline and ethyl malonate are 
heated together. Dark red to brown-black resins are developed on warming 
/8-2,4-dinitrophenylhydroxylamine or its benzoate or acetate."^ 

Vorlander and co-workers“* have found that the acetyl derivative of tri-p- 
aminotriphenylacetonitrile and the condensation product of the latter with anis- 
aldehyde are both amorphous substances. When phenylmethylacetonitrile is added 
to a mixture of sodium ethoxide solution and ethyl cyanoacetate, there is formed 
ethyl a-cyano-^/3-imino-a-phenylvalerate. This compound, when treated with sul¬ 
phuric acid, yields ethyl 2,4-diamino-l-methylnaphthalene-3-carboxylate, which 
changes very readily into a black, resinous mass."* 

Scheibler and Baumgarten“® report that ethyl N-a-cyanppiperonylaminoacetate, 
CHgOa—CeH*—CH(CN)—NH—CH*—COaCaHs, is a viscous liquid, which may be 
converted by the action of alcoholic potash into 3,4-methylenedioxybenzylidene- 
glycine, a pale brown, viscous syrup which solidifies to a glass-like resin. In the 
benzoylation of trans-phenylserine, CeH*—CHOH—CRNH*—COOH, there resulted 
a small amount of a colorless by-product, which when heated at 160°C. was 
changed into a yellow resin 


Diazonium Resins 


The aromatic diazo compounds contain the group —N=N—. They are of in¬ 
terest because of their great activity and because they constitute the starting 
point in the preparation of many dyestuffs. The reactivity of these compounds 
has often led to the formation of resinous material. 

The instability of diazonium hydroxides in aqueous solutions was noted by 
Hantzsch,“* who found that, even in the cold, decomposition takes place with the 
formation of a large amount of diazo resin. This reaction was studied further 
by Angeli and JoUes.^ Aniline was diazotized in the usual maimer and then 
the solution was made alkaline with potassium hydroxide and allowed to stand 


C. Quha and H. VL Banerjee, /. Indian Intt, Set., 1928. IIA, 281; CKem, Ab$., 1929, 23, 2137. 
F. Hunter, /.C.S., 1926^ 2933. 
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tot 7 days untU no more nitrogen was evolved. The principal reaction product 
was a diaso resin 70 per cent yield). 

The work was continued by Jolles studies being made on the resinifying action 
of alkaline solutions of the ^azonium compounds of aniline^ o^ and p-anisidine, 
m- and p-toluidine, p-phenetidine, o- and p-aminobenzoic acid and a-naphthyl- 
amine^ by allowing their solutions in alkali to stand. Yields of 70-93 per cent 
were obtained together with traces of the corr^ponding hydrocarbons. It was 
supppeed that the resinification is caused by the oxidation of one diazotate by 
another. From the nitrogen content of the resin^ JoUes suggested that the 
diaabtised aniline reacts as follows: 

4CeH*N«=N-OH C,4HigON, + 3H,0 + 3Ni 

The presence of the —N=N— grouping in the resin is assumed from the fact 
that aniline is formed when the resin is reduced with tin and hydrochloric acid; 
and when the resin is oxidized one of the products is benzoic acid. Resins identical 
with that from diazotized aniline are obtained from phenylazoxycarboxamide and 
from nitrosoacetanilide on prolonged treatment with alkali. 

Hellerman and co-workers“® have found that j8,/9'-diphenyldiazoethane, 
(CiHa)tCHCH(Nt)/can be kept below —10®C. for several hours without de¬ 
composition, but at O^C. or higher it loses some of its nitrogen and changes to a 
yellow, resinous mass. 

The diazotization of p-nitroaniline sometimes produces resinous substances. For 
instance, gummy materials have been formed in certain cases when nitrogen 
tetroxide was used as the diazotizing agent,“* A considerable amount of a brown 
resin was obtained when p-nitroaniline was diazotized and then coupled with 
isosafrole.”’ 

Busch and SchMner“* found that when aniline is diazotized in hydrochloric 
acid solution, rendered alkaline and poured into an aqueous solution of potassium 
nitromethane, a brown-red resinous mass is precipitated, a further quantity being 
thrown down from the supernatant liquid by carbon dioxide. 

Attempts made by Bischler and Brodsky^" to reduce p-nitrobenzenediazonium 
chloride to p-nitrophenylhydrazine, using stannous chloride, yielded resinous mate¬ 
rial. Purgotti^ tried to accompli^ this same reduction using sodium bisulphite. 
Although some p-nitrophenylhydrazine was formed, the major product was a 
resinous mass. The experiments of Purgotti were repeated and confirmed by 
Davies.^ It was found that the resin formation can be prevented almost com¬ 
pletely by using sodium sulphite in neutral or alkaline solution, giving a good 
yield (80 per cent) of p-nitrophenylhydrazine. If the solution is allowed to 
acidify, there is obtained an orange-red precipitate of sodium p-nitrodiazobenzene 
sulf^onate, which readily decomposes to form a resin. 

In ocmverting fi-aminosalicylic acid into the corresponding thiocyanogen de¬ 
rivative by use of the Sandmeyer reaction, resinification occurs when a tempera¬ 
ture higher than is employed.^ The pyrolysis of diazoamino-p-toluene at 
160^170^0. yields consklerable resinous material of a basic nature.^ Methyl and 
ethyl , p-azoxycinnamate yield on hydrolysis p-azoxycinnamic acid as a yellow, 
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amorphous solid insoluble in thu common organic solvents but soluble in 
alkali.*" 

Resins from Hydrazine and Related Substances 

The hydrazines, hydrazones, alkazines and hydrazides are to be considered to¬ 
gether because of their simLarity in structure, all of them having the =N— 
linkage. 

The addition of phenylhydrazine to an alcoholic solution of chloroacetophenone 
mixed with an aqueous solution of sodium acetate produced a resinous mass when 
the mixture was heated to 40®C. and stirred" Similarly resinous products have 
been obtained from a mixture of phenylhydrazine and 2-ethyl-l-hydrindone heated 
at 130®C. for 7 hours." In studies of the action of cyclohexyl bromide on aryl- 
hydrazines it was found that the reaction of a-naphthylhydrazine with cyclohexyl- 
bromide resulted in resin formation." Dimethylpyrone reacts with hydrazine 
hydrate to form a viscous, almost colorless liquid.’ Heated at 240®C. imder 10 
mm. pressure, the liquid becomes a faint-yellow glass-like mass. On further 
heating, ammonia is split off and a hard, bright-yellow substance, CxJiifNf, 
results." 

A semi-transparent gel is formed by heating anhydrous hydrazine with cellu¬ 
lose in a closed bomb tube. On opening the tube, ammonia is evolved and the 
residue turns to a green glassy substance as it is dried over sulphuric acid." 

It was noted by Ottolino" that the interaction of phenylhydrazine hydro¬ 
chloride (2 mols) and benzaldehyde (3 mols) produces a dark green, friable resin 
(40 per cent yield). When the condensation is carried out in the presence of 
arsenic acid, the resin is harder and a higher yield is obtained (60 per cent). 

Previous experiments by Ciusa and Ottolino" showed that this resin also 
results on heating zinc chloride with phenylhydrazine and benzaldehyde. The 
suggested formula for the product is 

C„H«N4HC1-2H,0 

In these experiments an intense green resin of the same type was formed by 
the action of dry hydrogen chloride or of hot concentrated hydrochloric acid on 
hot alcoholic solutions of aromatic arylhydrazones. 

The resinifying action of zinc chloride on hydrazones was mentioned by 
Minunni;" who found this tendency was a difficulty to be overcome in his synthesis 
of pyrazolecarboxylic acids by the interaction of aldehyde hydrazones and aceto- 
acetic ester in the presence of zinc chloride. 

Studies on the thermal decomposition of azines, principally aldazines and 
ketazines, were made by Howard and Hilbert." The pyrolysis of benzaldazine at 
290-310®C. yielded as a residue a hard brown resin (82 per cent yield), from 
which some crystalline substances were obtained by ether extraction. Resinous 
materials were obtained also in the pyrolysis of anisaldazine, p-tolualdazine, benzo- 
phenoneketazine and acetophenoneketazine. 

B. NisW, /.C.S., 1927, 2084. 
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The hy<i|*eeide8 of aromatic carboxylic acids are usually prepared from the 
esters of tbes0 acids by the action of hydrazine hydrate. Alexa and Gheorghiu”* 
found that, with some acid anhydrides, hydrazine hydrate forms dihydrazides, but 
that in the case of succinic, glutaric and maleic acid anhydrides, non-crystalline 
gums are developed. 

Witte^^has prepared hydrazides of nitrobenzenesulphonic acids by the action 
of hydrazine hydrate on the corresponding sulphonyl chlorides. Some of the 
preparations resulted in crystalline compounds, but in the case of sym-2,2'-dinitro- 
dibenzenesulphonhydrazide resinous products were formed. 

Curtius and Moll"* report that the dihydrazide of o-carboxyphenoxyacetic acid 
when heated with methyl, ethyl or benzyl alcohol is converted into an impure 
diurethan. A resinous product results when the diurethan is hydrolyzed by hydro¬ 
chloric acid. Resins were obtained by Bertho and Holder*" by heating, in ethyl or 
methyl alcohcd, the dihydrazide of l-p-xylyl-l,2,3-triazole-4,6-dicarboxylic acid. 

Oxidation of the dihydrazide of diphenic acid with potassium ferricyanide in 
ether and ammonium hydroxide yielded the monohydrazide and some resinous 
aldehydic matter."* 


Pyrazoles and Indazolbs 


In the pyrazole group are included all compounds with the skeleton ring con¬ 
taining 3 carbon and 2 nitrogen atoms. Pyrazole, pyrazoline and indazole have 
the following structures: 


H 

N 


HC^ \r H,C^ 

hI-Ih Hji- ^Ih 


H 
N 



pyrazole 


pyrazoline 


indazole 


Indazoles are related to the pyrazoles, their ring system consisting of a con¬ 
densed benzene-pyrazole nucleus. 

One of the methods of preparing pyrazolines consists in reacting unsatu¬ 
rated ketones with hydrazines. Auwers and Kreuder"* found that l-phenyl-3- 
isobutenyl-5,5-dimethylpyrazoline (from phorone and phenylhydrazine) forms a 
dark bfown resin in contact with the air. When l-nitroso-5-phenylpyrazoline is 
heated with mineral acids the nitroso group is split off and a resinous product 
is formed."® 

Auwers and Strddter"* found that 3-p-anisylindazole changes to a resinous mass 
wh0n distilled at 206®C. under 10 mm. pres.sure. They noted also that the 
esters of indazole-1-carboxyIio acid when heated lose carbon dioxide, forming 
amorphous products and sm^ amounts of 1- and 2-alkylindazoles. Attempts made 
to replace the hydroxyl hydrogen of 2-hydroxy-3-phenylindazole by the acetyl, 
benzoyl or methoxyl group produced resinotis substances.^ 

Auwers and Mauf^ prepared N-methyl-N-benzirnidazolium iodide from ben- 

my, Mm Mid Q. Qh«on^itf, BvU* aoe. chim., 2M1. (4) 49, 1112: Chm A6t., 1922, 25, 720. 
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Curtins and K. Moll, J.prakt CAsm., IMO, 125, 105; Brit. Chm Ahz, A, 1980, 755. 

mkBwm imd F. HSktert h mdtt. Chem., im J12, 169; Chm Abe., 1928, 22, 8411. 
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zylimidazol and methyl iodide. The product was converted into a resin when 
heated at 260-270®C. 

Nitrogen-Containing Aldehydes and Eetonbs 

The nitro-aubstituted ketones and aldehydes have been discussed in a previous 
section of this chapter. Rojahn and Seitz*" found that the 3- and 5-pyrazolealde- 
hydes are oily liquids resembling aromatic aldehydes in general reactions. How¬ 
ever, in the Cannizzaro reaction there are formed only traces of the corresponding 
carboxylic acids, the major product consisting of resinous bodies. 

In experiments conducted by Freri'^ the action of fuming nitric acid on 
acetylene produced a,/3-di-isoxazole ketone to which was assigned the structure 

H 

N-O O (>.N 
H—B ^C—C'^ (!) 

V 

i 

Mixtures of this ketone with benzene and with toluene formed pitchy masses if 
exposed to sunlight. 

The reaction of benzoyl cyanide with resorcinol in cold dry ether, in the pres¬ 
ence of zinc chloride and hydrogen chloride, yields a tough, red-brown resin."* 
Boiling acids decompose 4-hydroxy-l-azidoacetylbenzene, Ni—CHg—CO—CeHiOH, 
forming green resinous products."’ 


Resins from Pyridine 


Resinous products have been derived from both the reduction and oxidation of 
pyridine and its derivatives. A considerable amount of resinous matter was ob¬ 
tained in the oxidation of pyridine with dibenzoyl peroxide."* Shaw"* noted that 
if 95 per cent alcohol is.used with sodium in place of absolute alcohol, the reduc¬ 
tion of pyridine by Ladenburg's method"® yields no piperidine, but ammonia 
is evolved and the main product is a brown, non-nitrogenous resin. The dehydro¬ 
genation of pyridine through the agency of anhydrous metallic salts, e.g., ferric 
chloride*" or cobaltic chloride,"* results in the formation of resinamines.”* 

Emmert and Werb*" prepared a colorless, crystalline compound, 1,2,4,6- 
r,2',4',6'-octamethyltetrahydro^,4-bipyridyl, by methiodination and subsequent re¬ 
duction of 2,4,6-trimethylpyridine. It was found that this compound rapidly resini- 
fied when exposed to the atmosphere. In alcoholic solution it decolorized iodine 
with the formation of an. amorphous mass. Treatment of diisoamylpyridylium 
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iodide solution with silver oxide and subsequent hydrogen-reduction of the filtrate 
at 95®C. leads to the formation of a black resin.“® 

Amorphous products were obtained in the reduction of 2-phenyl-5-benzoyl- 
pyridine with amalgamated zinc and hydrochloric acid.“® It has also been noted 
that 2-methyl-5-acetylpyridine reacted with ethyl formate and sodium ethylate 
to form the sodium salt of 2-methyl-5-(hydroxymethyleneacetyl) pyridine. Subse¬ 
quent treatment of this salt with sulphuric acid and copper sulphate resulted in 
a yellow oil (presumably the free ketone) which resinified on exposure to air. 

The reduction of 2-methyl-6-phenylcinchomeronic acid (5 g.) with sodium 
amalgam (76 g., 2.5%) /lelded a-benzoylmethyl-v-valerolactone as an exceedingly 
viscous oil."' A^en twice as much sodium amalgam was used the product ob¬ 
tained was a-(^-hydroxypropyl)- 7 -phenyl- 7 -butyrolactone as a yellow, semi-solid, 
glassy mass. The barium salt of this acid is glass-like and brittle. 

\^en methyl-2-diphenyl-4,6-pyridinephenyr'mine is heated in alcoholic solu¬ 
tion, rearrangement occurs forming o-aminobenzyl-2-diphenyl-4,6-pyridine.“* 
Resinous substances result when this is treated with concentrated hydrochloric 
acid, and also when treated with methyl iodide. 

Scholtz" reports that p-xylenedipiperidide reacts with m-xylene bromide in 
chloroform to give a mixture of a- and i3-m-xylene-p-xylylenedipiperidinium di- 
bromides. The same result is obtained when m-xylenedipiperidide reacts with 
p-xylene bromide. Whereas Scholtz described both bromides as crystalline sub¬ 
stances, Meisenheimer and his co-workers'" in repeating this work found that al¬ 
though the /3-bromide is crystalline, the a-bromide is obtained either as an amor¬ 
phous powder or as a glassy mass. 

Pyrollopyridine derivatives, or indolizines, were prepared by Chichibabin'*' by 
the reaction between a-halogen aldehydes and ketones and a-alkylpyridines. With 
quinaldine the resulting benzo-indolizines were obtained as resins, presumably 
pol)nners of the indolizines. Quinaldine and dibenzoylperoxide reacted to form 
dibenzoylquinaldine and a resinous substance. Also, the halogen addition product 
of indolizine was changed to an oily base in potassium hydroxide solution, this oily 
body oxidizing to a red resin in the air. Le Fevre"* has obtained gummy products 
in the reaction of piperidine with 6-nitropiperonal and with 2,7-dibromo-4,6- 
dinitroxanthene. 

Attempts made by Vorlander and his associates'" to methylate or ethylate 
p-hydroxyphenylpyridone led to the formation of tars. N-phenyl-y-chloro- 
pyridinium chloride (obtained from N-phenylpyridone and thionyl chloride) forms 
a brown resin in cold sodium hydroxide solution. When p-nitrobenzylpyridinium 
halides are treated with sodium hypobromite, p-nitrobenzoic acid is obtained. 
The use of benzylpyridinium halides (without the nitro group) leads to resins 
practically insoluble in alkali."* 

Chichibabin"® noted that the reaction between phenacyl bromide and 
a-aminopyridine produced the hydrobromide of 2-phenyJpyrimidazole and of 
another base, N,N'-diphenacyl-a-pyridone imide. The hydrochloride of this latter 
compound is a colorless, viscous resin. Almost equal weights of phenacyl bromide 
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and phenyl pyrimidazofe when melted together produce a transparent, nearly 
colorless resin, easily soluble in water. At lOO^C. a-picoline reacts with alkali 
iridohexachlorides to form crystalline tnchloro-tri-a-picolino-iridite. The reac¬ 
tion at 60*C., however, yields resinous products."* 

Resins from Quinoline 

The reduction of quinoline with sodium amalgam (25 per cent sodium) yields 
a small amount of biquinoline and a large amount of a yellow, resinous base."' 
Resinous products were obtained by ConoUy" from the action of sodium on 
6-methylquinoline, 7-methylquinoline and 8-methylquinoline, respectively. 

Studies on the Beyer synthesis^** of quinoline derivatives have been made by 
Roberts and Turner.”* Their method consists essentially in the reaction of sub¬ 
stituted anilines with a mixture of paraldehyde, acetone and hydrogen chloride 
in nitrobenzene. Resinous or tarry materials were obtained in attempts to con¬ 
dense the following: 2,4,5-trichloroaniline, p-nitraniline, 3-chloro-6-nitraniline and 
3,4-dichloro-6-nitraniline. Tars were also secured in some of the efforts at reduction 
and diazotization of the quinoline derivatives. 

When quinoline is heated at its boiling point with barium oxide there is formed 
some carbostyril and a large amount of a dark, thick resinCondensation of 
quinoline with epichlorohydrin in sodium hydroxide yields a dark red, semi-oily 
mass which solidifies in a dry atmosphere.'” Extraction of this mass with alcohol 
removes a small amount of a red compound, CnH,«N„ and leaves resinous mate¬ 
rial. The action of acetic anhydride on 2-phenyl-4-aminoquinoline also yields a 
resin-like mass.”* 

The yellow picrate of l-methyl-2-isobutyl-l,2-dihydroquinoline easily changes 
into a mixture of resinous material and a red picrate.”* Considerable resin is also 
formed in the conversion of 2-isobutylquinoline into its picrate. When 1-methyl- 
2-phenyl-l,2-dihydroquinoline is heated at 250*C. in an inert atmosphere a resinous 
polymer is formed. 

Resinous products have been obtained from isoquinoline derivatives by Haworth, 
Perkin and ^nkin,”* by Child and P)nnan”* and by GuUand and Virden.'” 

Certain oxyaminoquinolines used as pharmaceutical products have been described 
as yellow oils which solidify to glassy masses. Among these are 6-methoxy- and 
6-ethoxy-8-aminoquinoline”* and 8- (2-dimethylaminocyclohexylamino) -6-methoxy- 
quinoline.'” 

The oxidation of p-aminophenol with silver oxide yields quinone monoimine.”* 
The quinone imines tend to polymerize, especially in the presence of acids, though 
the presence of alkyl groups in the nucleus lessens this tendency."* 

‘••M. Guillot, Compt. rend., im, 182, 1090; Chem. Abi., 1920, 20, 2298. 

«»C. G. Willimm*, Chem. New$, 1881, 48, 145; 1881, 40, 613. 

^ E. J. V. ConoUy, J.C.8., 1925, 127, 2084, 

^C. Beyer, /. pmkt. Chem., 1886, 33, 393; J.C.8., 1886, 50. 629. 

Roberts end E. E. Turner, J.C.8., 1927, 1832. 

E. Chichibabin, Ber., 1023, 56, 1879; Chem. Ab$., 1924, 18. 394. 

vnM. Giua, Oaeg. ehim. iiai., 1922, 52 (1), 349; J.C.S., 1922, 122 (1), 681. 

John, Ber., 1926, 59. 1451; Chem. Abe., 1926, 20, 3010. 

J. Meiaenheinier, E. Stots and K. Bauer, Ber., 1925, 58. 2320; Chem. Abe., 1926, 20, 1081. 

w»R. D. Haworth, W. H. Perkin, Jr. and J. Rankin, J.C.8., 1925, 127, 1448. 

R. Child and F. L. Pyman, J.C.8., 1929, 2010. 

J. M. Gulland and C. J. Virden, J.C.8., 1929, 1802. 

»«W. Schulemann, F. Schdnhdfer and F. Meitaach, U. S. P. 1,703,365, Feb. 26, 1929, to Winthrop 
Chemical Co.; Chem. Abe., 1929, 23, 1995. 

^ W. Schulemann, F. SchdnhCfer and A. Wingler. Canadian P. 284,097, 1928, to Winthrop Chemical 
Co.; Chem. Abt., 1929, 23, 080. 

“»R. WillatHtter and A. Pfaimenatiel. Ber,, 1904, 87. 4605; J.C.8., 1905, 88 (1), 69. 
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Resins from Pyrrole 

Pyrrole, CiHgN, is similar in structure to pyridine but is much less stable. It 
dissolves slowly in dilute acids but is rapidly resinified in concentrated mineral 
acids. The addition of alkali to dilute hydrochloric acid solutions of pyrrole and 
its derivatives does not regenerate the original bases but causes resin formation. 
The substances obtained are polymers of pyrrole and its derivativesAlthough 
concentrated hydrochloric acid resinifies pyrrole, the introduction of dry hydrogen 
chloride into an ether solution of pyrrole causes no resinification,^ but forms the 
hydrochloride of tripyrrole, (C 4 H 5 N) 8 *HC 1 . 

Pyrrole can be converted into tripyrrole by dissolving 25 cc. in 100 cc. of 
hydrochloric acid (20 per cent), diluting the solution with 500 cc. of cold water 
and adding'ammonia slowly until no more precipitate forms.^** The tnpyrrole is 
recovered from this amorphous precipitate by ether extraction. This trimer is 
unstable and is soon transformed into a higher polymer (m.p. 121 ®C.) which is 
not soluble in ether. If tnpyrrole is heated to 100“C., ammonia is evolved and 
a bright brown, glassy mass results. If this mass is further heated to 300°C. it 
breaks down into indole and pyrrole. Ammonia is also evolved from dilute acid 
solutions of pyrrole when they are heated, leaving an amorphous, red powder 
known as pyrrole red. 

The analysis of tnpyrrole by Tronov and Popov'*® indicates the formula 
C„Hi<rNaPf These workers stated that tripyrrole has never been isolated as the 
oxygen-free base. In their experiments the action of alkalies or of ammonium 
hydroxide on th,e hydrochloride of tnpyrrole caused the formation of the pyrrole 
red, CitHuNaO, mentioned above. Tnpyrrole has been obtained from pyrrole by 
the condensing action of ethylene glycol and of glycerol.'®® 

The oxidation of pyrrole and its derivatives yields syrupy mixtures which 
solidify to vitreous masses.”' Considerable work has been performed by Freri”®* 
on the oxidation of pyrrole and tripyrrole with ozone. Depending on the condi¬ 
tions and the solvents used, resinous substances of various colors are formed in 
some cases, and in others the products resemble the pyrrole blacks obtained with 
other oxidizing agents. 

A study of the pyrrole blacks has been made by Quilico,”® who expressed the 
belief that all the blacks are formed by the condensation of oxypyrrole nuclei, 
(C 4 NO). Although pyrrole blacks are usually formed by oxidation, Illari”® has 
obtained a compound of this type by condensation in a strongly reducing medium, 
through the action of formic acid on pyrrole. Black, amorphous condensation 
products of high molecular weight result”' when either a-dichloro- or a-trichloro- 
acetylpyrrole is boiled with aqueous potassium hydroxide (5 per cent solution). 

Both 4-methyl-2-ethylpyrrole and pyrrole-N-carboxylic acid are unstable. The 
former resinifies in contact with the air'®® and the latter in dilute mineral acids.'®® 

^O. Ciamician and C. M. Zanetti, Ber., 1893, 26, 1711; 1891, 64 (1), 802. 

^ M. Dennstedt and J. Zimmermann, Ber.. 1888. 21, 1478. 

Dennstedt and F. Voigtlander, Ber., 1894, 27, 476; J.C.8., 1894, 66 (I), 259. 

»B. V. Tronov and P. P. Popov, /. Ru%$. Fhye.-Chem. Soc., 1926, 58, 745; Chem. Abs.. 1927, 
21. 3619. 

A. K. Plisov, Ukrain. Khem. Zhur., 1928, 3 (Sci.), 471, 477 Chem. Aba., 1929, 23, 3223, 3224. 

^ A. Pieroni and P. Veremeenco, Qazz. chim. ital., 1926, 56, 455; Chem. Aba., 1927, 21, 243. 

»»M. Frari, Oazt. chim. ital., 1932, 62, 600; 1933, 63, 281; Chem. Aba., 1933, 27, 85 4795. 

^A. Quilioo, Oazz. chim. ital., 1932 , 62, 882; Chem. Aba., 1983, 27, 504. 

Illari, Gazt. chim. ital., 1933, 63, 591; ^Chem. Aba., 1934, 28, 1842. 

Sanna and P. Athene, Oazz. chim. ital., 1933, 63, 479; Chem. Aba., 1934, 28, 763. 

Fischer and J. Klarer, Ann., 1926, 447, 48; Brit. Chem. Aba. A, 1926, 412. 

Chelinsev and B. Maxorov, Ber., 1927, 60, 197; Chem. Aba., 1927, 21, 1648. 
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Feist'** found from his experiments that pyrrole derivatives with more than 
1 hydrogen atom in the ring will combine with aromatic aldehydes in molecular 
proportions. In most of the reactions of this type crystalline compounds were 
obtained, although resinous masses were formed in the reaction of 2,4-dimethyl- 
pyrrole with benzaldehyde and with p-nitrobenzaldehyde and of the ethyl ester 
of 4,6-dimethylpyrrole-3-carboxylic acid with cinnamic aldehyde and with salicylic 
aldehyde. 

If acetaldehyde and pyrrole are heated together in a sealed tube the mixture 
is converted into a dark brown gum, perhaps a product of polymerization."® Tars 
are formed when pyrrole is condensed with some ketones such as methylethyl and 
phenylethyl ketones and 1- and 2-methylcyclohexanones.'^ Resins applicable 
in photography are formed by the reaction of five-membered mono-heterocyclic 
compounds (e.g., pyrrole) with methylethyl ketone, aniline or a-naphthylamine.'*^ 

Pictet and Rilliet'*^ noted that formaldehyde (40 per cent) and pyrrole react 
readily, yielding an insoluble, hard, red mass. If 4 per cent formaldehyde is used 

there is formed formaldehydepyrrole, CnHiaONg, a white, insoluble compound 
which will not crystallize. 

It was observed by Chelintzev and Maksorov'** that pyrrole and formaldehyde 
(4 per cent), condensed with hydrochloric or sulphuric acid as a catalyst yield an 
amorphous, rose-colored polymer (m.p. 82-83°C.) containing a residue comprised 
of 6 to 8 of the following groupings: 

H H 

i_ i-. H 

4 U- 


When this polymer is heated to 140®C. and then cooled it forms a transparent, 
vitreous body. 

Equimolecular proportions of pyrrolidine and formaldehyde (as trioxymethyl- 
ene) when heated together in sealed tubes for 6 horn's at 145-150®C. yield a 
homogeneous amorphous mass.*” If this mass is dried with potassium hydroxide 
and distilled (at 30 mm) a dark resinous residue is obtained. From the distillate 
two liquids, pyrrolidinomethyl alcohol and N,N'-dipyrrolidinomethane, 


N- i 

H,/ Nh, ^ 

hJ-1h, 


■N 



are recovered, the latter possessing a strong tendency to resinify. 

Feist, Ber., 1902, 35, 1647; 1902, 82 (1), 490. See also U. Colacicchi and C. Bertoni, 

Atti. accad. Lincei, 1912, (5) 21 (1), 600; 1912, 102 (1), 653. 

K. Plisov, loc. at. 

iwB. V. Tronov and P. P. Popov, /. Ruts. Phys.-Chem. 8oe., 1927, 59, 327; Chem. Aba., 1928, 22. 
2561. See also V. V. Chelintiev and B. V. Tronov, /. Ru»t. Phyt.-Chem. Soc., 1916, 48, 105; Chem. 
Abt., 1917, 11, 452. 

M. C. Beebe, A, Murray and H. V. Herlinger, U. 8. P. 1,587,269, June 1, 1926, to Wadsworth 
Watch Case Co.; Chem. Aba., 1936, 20, 2292. See the last sections of Chapters 21 and 24. 
i««A. Pictet and A. Rilliet, Ber., 1907, 40, 1166; Chem. Aba., 1907, 1, 1569. 

^V. V. Chelintzev and B. V. Maksorov, /, Ruaa. Phya.-Chem. 8oc., 1916, 48, 748; Chem. Abe., 
1917, 11, 783. 

*»N. J. Putochin, Ber., 1922, 55. 2749; Chem. Abe., 1923, 17, 1016. 
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If gaseous formaldehyde is passed into magnesylpyrrole in ether, and the mix¬ 
ture then heated on the water bath for 2 hours and subsequently decomposed with 
ice-cold aqueous ammonium chloride, resinous products are obtained.®” Mag- 
nesylpyrrole, sulphur and benzoyl chloride have been found to form a black 
infusible, insoluble substance.** 

Black pigments have been produced by Giua** from pyrrole and oxalyl chloride, 
(COCl)i. Pyrrole (6.4 g.) dissolved in absolute ethyl ether (100 cc.) at —6*C. 
is treated with oxalyl chloride (12 g.). The temperature is allowed to rise and 
the mixture is heated on the water bath. Hydrochloric acid is evolved in the reac¬ 
tion and a black pigment precipitates out. This pigment is infusible and amorphous, 
soluble in hot concentrated inorganic acids. Another brown infusible, insoluble pig¬ 
ment is formed when the liquid from the above reaction is evaporated to dryness 
and the residue extracted with ether and benzene. 

Sanna and Chessa®” prepared pyrroie-a-ketomethylcarbinol ethyl ether, 
CiHuNOa, by the action of ethylglycolyl chloride on magnesylpyrrole in anhydrous 
ethyl ether. The compound is a thick, brown liquid which forms with hydriodic 
acid a black, insoluble resin. Resinification of 3-carbethoxy-2,4-dimethylpyrrole- 
5,j9-acrylic acid, 

O 

C,H,0—H:—C-C—CH, o 

H,C—li—C=C—ii—OH 

k k 
k 

occurs when it is treated with hydrogen bromide and glacial acetic acid.** 

Robinson** reports that 2,3-(2'-phenylpyrrolo-4',6')“N-methyl-quinoline, 

N 



resinihes when heated above lOO^C. 


Resins from Indole 


Indole, CsHtN, or benzopyrrole, contains a benzene nucleus condensed with a 
pyrrole nucleus. It is a solid melting at 62®C. 


NH 



and boiling with partial decomposition at 245®C. Like pyrrole it is easily resinified 
with hydrochloric acid.*” The action of dry hydrogen chloride on a solution 


*AQ. Mingoia, Oomb. chtm. ital., 1982, 62, 844; Chem. Abi., 1988, 27, 603. 

Oddo Mid Q. Mingoia, Gobx. ehim. ital., 1982, 62, 299; Brit. Chem. Abi. A, 1982. 768 
*»M. Qiua, OoBB. chim. ital., 1^, 54, 698; Chem. Abx., 1926, 19, 280. 

A. Sanna and O. Oiasaa, Gobb. ehim. ,ital., 1928, 58. 121; Chem. Abe., 1928. 22. 2662. 

•»W. KOater, IS. Brudi and S. KoppeohMer, Ber., 1926, 58, 1014; J.C.3., 1926. 128 (1). 972. Cf 
TSL. Fiachor and B. Waladi, ibM., 2818; Chem. Abe., 11M, 20, 1620. 

MO. M. Bobinaon, J.C.8., 1929, 2961. 

M Q. Ciamkian and C. ISatti, Ber., 1889, 22, 1977. 
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of indole in benzene yields the colorless diindole hydrochloride** melting at 145- 
150®C. Free diindole has been obtained as an amorphous mass (m.p. 100-102®C.) 
by treating the hydrochloride with ammonium hydroxide.** Triindole has been 
formed by the action of nietaphosphoric acid on indole,"® and by the interaction 
of indole and diindole hydrochloride.*" It has also been recovered from the residue 
of the distillation of indole."* Oddo“* found that if a 10 per cent alcoholic solu¬ 
tion of indole is exposed to air and sunlight for 2 months, a yellow compound, 
Ci«Hi,ON„ is formed. If this compound is treated with hydrochloric acid it is 
converted into a resin. 

Resinification occurs when 7-methylindole is treated with benzoylchloride and 
when 5- and 7-methylindoles are shaken with hydrochloric acid (5 per cent).*“ 
In benzene solution, 1- and T-methylindoles polymerize when treated with hydrogen 
chloride, and although 3-methylindole (skatole) behaves similarly, 3-ethylindole 
does not.*“ 

In the preparation of indole derivatives by the Grignard reaction, resinous 
substances often result. Indolylmagnesium iodide and ethyl acetate react to form 
1-acetylindole which partly resinifies"* when heated to 300-350®C. A small amount 
of pitch and a considerable amount of a red amorphous powder (insoluble in 
water and in ether) are formed when magnesylindole and phthalylchloride react 
in ether solution."’ The ethyl ester of /3-indoleglyoxylic acid (from magnesylindole 
and ethyl chloro-oxylate) reacts with benzene diazonium chloride to give an 
unstable compound which resinifies easily."* Magnesylmethylketole is oxidized 
by hydrogen peroxide to 3-hydroxy-2-methylindole (m.p. 40®C.) which quickly 
decomposes to a black, sticky mass."* Resinous bodies are formed in the prep¬ 
aration of /3-indolylacetonitrile from indolylmagnesium iodide and chloro- 
acetonitrile in cold anisole.*** 

Oxalyl chloride and 2-methylindole react to form crystalline 2-methyl-3- 
indoleglyoxyl chloride which when heated in neutral solvents yields a magenta-red 
resin.*" Reduction of the oxime of 2-methylindole-3-aldehyde yields the corre¬ 
sponding amine. If hydrochloric acid is added to an ether solution of this 
amine, a resin precipitates out in 25 per cent yield.*" An extensive study of the 
condensation of indole derivatives with aldehydes has been made by Burr,*" in his 
investigations on humin formation. Resinous substances were obtained in many 
cases. Blount and Robinson*** describe /3-3-dihydroindofylpropionic acid as a pale, 
viscous oil, and its crude benzoyl derivative (formed by action of benzoyl chloride) 
as a gum. 7-3-Dihydroindolylbutyric acid and its benzoyl derivative are both 
resinous. 

Isatin can be considered a derivative of indole because it is formed by the 


See also B. Oddo, OaMt. chim. tied., 
Chem. Ab9., 1930, 24. 274«. 


•MK. Keller, Ber., 1918, 46, 728; 1913. 104 (1), 403. 

1913, 43 (1). 385; J.C.S., 1918. 104 (1), 755. 

*^0. Bohmita-Dumont and B. Nioolojannia, Ber,, 1930, 63, 323; 

WeiMgerber. Ber„ 1911, 44. 1140. 

*uo. SohmiU-Dumont and others, /. prakt. Chem., 1931, (2) 131, 146; 132, 39; Brit. Chem. Ah 9 . A, 
1931, 1165, 1429. 

*** K. Keller, toe. cit. For suggested structures of di- and trimdole see B. Oddo and Q. B. Cripiw, 
AttL acead. hineei, (5) S3 (1), 31; J.C.8., 1924, 126 (1), 427. 

«UB. Oddo, Oa»9. chim. Hal., 1916, 46 (1). 823; J.C.B., 1916. 110 (1), 502. 

«4 0. Kruber, Ber.. 1926. 59, 2752; Chem. Ab$., 1987, 21, 912. 

««0. Schmits^Dumont and K. H. Qeller, Ber., 1983. 66, 766; Chem. Abi., 1933, 27, 3710. 

Putoohin, Ber., 1926, 59, 1987; Chem. Abe., 1927, 21. 86. See also R. Majima and T. 
Shigemateu, Ber., 1924, 57, 1449; Chem. vibe., 1925, 19, 279. 

B. Oddo, ante. chim. Hal., 1928, 58, 569; Chem. Abe., 1929, 23, 1634. 

"•B. Oddo and A. Albanese, Ooee. chim. Hal., 1927, 57. 827; Chem. Abe., 1988, 22. 1776. 


Ingraffia, Oaee. chim. Hal., 1933. 63. 175; Chem. Abe., Itm, 27. 3710. 

R. Majiiha and T. Hosbino, Ber., 1925, 58. 2042; J.C.8., 1925, 128 (1), 1450. 
Otua, Oasu. chim. Hal, 1924, 54, 593; I.C.8., 1924, 126 (1), 1107. 

■“N. Putochin, lot. cH. 
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oxidation of indigo blue and also by the oxidation of oxindole. Resins have 
resulted from the condensation of isatin with various ketones®*® such as furfurylidene- 
acetone, methylcinnamenylvinyl ketone and benzalethyl ketone. Resmifieation of 
isatin and of N-methyl isatin occurs when they are used as catalysts in the 
dehydrogenation of amino acids.®*® Silver isatin and benzoyl chloride react in 
benzene or in ether to form isatoid (mp. 178-182°C) which can be obtained in 
crystalline form only from acetic acid solution. When dissolved in any other 
solvent it is precipitated as an oil by the addition of water. Evaporation of 
these solutions yields brilliant reddish-yellow lac-like residues.*®* 

Resins from Carbazole 
Carbazole, or dibenzopyrrole, 



is a stable compound melting at 238°C. It occurs in crude anthracene obtained 
from coal tar. Perkin and Tucker®* found that when potassium permanganate is 
added to a hot solution of carbazole in acetone a vigorous oxidation reaction sets 
in, giving a small yield of crystalline isomeric bicarhazoles and a major yield of an 
amorphous substance (m p. 175°C ). This substance was investigated by McLintock 
and Tucker,*" who found that treatment with hydnodic acid for 20 hours at 150°C. 
gave as the principal reduction product a substance identical with carbazole. 
There was also formed in the reduction a small amount of a cream-colored 
amorphous mass (m.p. 300-310‘'C.). 

Resinous jiroducts are produced by the reaction between carbazole (or its 
derivatives) and olefins containing 3 or more carbon atoms.**’ The reaction is 
carried out under pressure in an inert solvent, using a contact agent such as 
aluminum chloride or fuller’s earth. Soft resins are formed from projiylene and 
carbazole and from propylene and N-ethylcarbazole, whereas from carbazole and 
cyclohexene a hard resin results. These bodies are presumed to be mono- or 
polyalkylated carbazoles. Pale, transparent resins can be obtained from such 
products by condensation with aldehydes using sulphuric or hydrochloric acid 
as the condensing agent."^ Diisopropylcarbazole when condensed with formaldehyde 
yields a resin melting at Sulphonation of the alkylated carbazoles produces 

materials which can be used to increase the wetting and emulsifying power of 
aqueous solutions.*** 


Resins from Alkaia)ids 

An attempt has been made here to classify some of the many resinous mate¬ 
rials obtained from alkaloid derivatives. Because of the variety of reactions involved 

*28 H. John and F Kahl, / prakt Chem.. 1928. 113. 14; Chem Aba., 1928 22. 1180 
*»W. Lagenbeck, Ber., 1927, 60, 930; Chem. Abs., 1927, 21, 2126. 

A. Hant3.sch, Ber., 1925, 58. 685; Chem, Abs., 1925, 19, 2050. 

H. Perkm, Jr. and S. H. Tucker, J.C.S , 1921, 119, 217. 

22»J, McLintock and S. H. Tucker, J C S., 1927, 1219. See also G. E. K. Branch and W W Hall. 
J.A.C.8., 1924, 46, 443. 

«®R. Michel, U. S. P. 1,916,629, July 4, 1933, to I. G. Farbenind. A.-G.; Chem. Abe., 1933, 27, 
4700. U. S. P. 1,972,232, Sept. 4, 1934; Chem. Abe., 1934 , 28. 6444 British P. 327,746, 1928; Bnt. 
Chem. Abe. B, 1930, 625. German P. 550,494, 1927; Chem. Abe., 1932, 26, 4065. French P 661.718. 
1928; Chem Abe., 1930, 24, 1236. 

»»R. Michel, F. Frick and H. Buschmann, German P 552,605, 1929. to I. G. Farbenind A-G • 
Chem, Ab$., 1932, 26, 5778 British P. 354.840, 1930; Brit. Chem. Abe. B, 1931, 1019. 

*WR. Michel and H. Buschmann, German P. 552,606, 1930, to I. G. Farbenind. A.-G. ; Chem. Abe. 
1932, 26. 5714. * 



35. MISCELLANEOUS NITROGEN-CONTAINING RESINS 745 


only brief mention is made of the methods by which the resinous substances are 
obtained. The original work should be consulted for details. Resinous masses 
have been obtained from some of the derivatives of aporphine alkaloids*** and 
from the methohalides of various derivatives of strychnidine,*®* brucidine**® and 
neostrychnidine.*** In efforts to synthesize alkaloids similar to protopine, resins 
were formed from the derivatives of homopiperonylic acid.*®^ The derivatives of 
pseudaconine and pseudaconitme”* and of sparteine**® have yielded varnish-like 
materials in various reactions. 

The following alkaloid derivatives have been described as resinous in character: 
neopine,**® dibromoniquine,®*' tetrahydro-normethylmorphinethine,*** and the 
hydrochloride of N-tryptamine (from calycanthine).*** Certain alkaloid deriva¬ 
tives are sometimes obtained in crystalline or powdery form, but later resmify 
on air-exposure. Among these are quinotoxineoxime,*** derivatives of quinineamine,**® 
akuammine perchlorate,®** and dihydrodesoxycinchonine.®*^ Amorphous products 
have been obtained in the reduction of a-chlorocodide (from codeine),®*® and in 
the oxidation of quebrachamine*** and of hydroxyacanthine ®®® 

If the hydrochloride of hydroxyacanthine is dissolved in dilute potassium 
hydroxide and then concentrated potassium hydroxide is added, the potassium 
salt separates as a resinous mass. The methyl ether of hydroxyacanthine is also 
resinous.*®^ A gum is formed when protoberberinium chloride is heated in potas¬ 
sium hydroxide solution.®®* The hydrochloride of the methyl ester of lupinic acid 
(from lupinine) is converted into a resin by thionyl chloride.®®* Diversine pro¬ 
duces resinous substances in its reaction with benzoic acid, phenylhydrazine, 
ethyl chloroformate and with bromine in glacial acetic acid.*®* Many of the 
alkaloid salts of the hydrogen phthalate of n-propylvinylcarbinol and of the 
hydrogen succinate of Qthylvinylcarbinol are of a gummy nature.®®® Resinous or 
tarry products are formed when cocaine is heated with p-nitrobenzyl chloride or 
with saligenin.*®* 

Amorphous substances have been formed in many cases in the condensation 
of aromatic aldehydes with a-hydroxylepidine and with v-hydroxyquinaldines.*®^ 
Similarly, gummy materials have resulted from the condensation of formaldehyde 
with l-benzyl-l,2,3,4-tetrahydro isoquinoline,®®* and of methylal with 1-homo- 

*“J. M. Gulland, R. D. Haworth and otherb, 1928, 686; 1929, 658, 1666. 

«»*G. R. Clemo, W. H. Perkin, Jr., and R. Robinson, /.C 5 , 1927, 1609, 1620. 

»»J. M. Gulland, W. H Perkin, Jr., and R. Robinson, J.C.S , 1927, 1647. 1655, 1656, 1657. 

»»0. Achmatowicz, W. H. Perkin, Jr., and R. Robinson, J.C S., 1932, 491, 496, 498. 

T. S, Stevens, J.C.S,, 1927, 182, 184, 187. 

*«T. M. Sharp, J C 8., 1928, 3094 

Wmterfield, with F. W. Holschneider, Arch. Pharm., 1929, 267, 433; Chem. Abs., 1929, 23, 
6187; xhid., 1928, 266, 299; Brit. Chem. Abs. A, 1928, 806. 

*«>C F. van Duin, R. Robinson and J. C. Smith, J.C8., 1926, 906 

»«J Suzko, Roczmkt Chem, 1925, 5, 358; Chem. Abs., 1926, 20, 1993. 

***J. von Braun and R S. Cohn, Ann., 1926, 451, 55; Chem Abs., 1927, 21, 1124. 

*«R. H F Manske, Can. J. Research, 1931, 5, 592; Chem. Abs, 1932, 26, 725. 

***S Frankel and N. Diamont, Ber., 1925, 58, 554; J.C 8., 1925, 128 (1), 574. 

**®S. Frankel, C. Tntt, M Mehrer and O. Herschmann, Ber., 1925, 58, 544; Chem. Abs., 1925, 19, 
2055 

T A. Henry and T M Sharp, JCS, 1927, 1955. 

Schopf, O. Thoma, E. Schmidt and W. Braun, Ann., 1928, 465, 97; Chem. Abs., 1928, 22, 

4532. 

*«E. Mosettig, F. L. Cohen and L. F. Small, J.A.C 8 , 1932, 54, 793. 

Field, J.C.S., 1924, 125, 1449. 

*“J. Qadamer and W. von Bruchhausen, Arch. Pharm., 1926, 264, 193; Brit. Chem.. Abs. A, 1926, 
627. 

»1E. Spath and A. Kolbe, Ber., 1925, 58, 2284; Chem. Abs., 1926, 20, 1085. 

S. N. Chakravarti, R. D. Haworth and W, H. Perkin, Jr., J.C.8., 1927, 2275. 

C. Schdpf, O. Thoma, E. Schmidt and W. Braun, loc. cit. 

*«H Kondo and T. Nakazato, J. Pharm, 8oc. Japan, 1924, 511, 691; Chem. Abs., 1925, 19, 1708. 
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piperonyl-6,7-dimethoxytetrahydro isoquinolineA gummy compound is derived 
by the action of formaldehyde on 6'*nitroveratrylnorhydrohydrastinine."® In studies 
on the constitution of isochondodendrine it has been found that the trimethyl ester 
of 3,4-dimethoxy,l,l'-diphenylether-5,6,3'-tricarboxylic acid is a resinous sub- 
8tance.*“ 

8. Buck and W. H. Perkin, Jr. J.C.S, 1924, 125, 1582. 

^R. D. Haworth and W. H. Perkin. Jr.. J.C S., 1925, 127, 1448. 

«F. Faltis and K. Zwerina, Ber., 1929, 62, 1039; Chem. Ab$, 1929, 23, 4222. 



Chapter 36 

Resins from Wood 
and from Carbohydrates 

The resins considered in this chapter are representative of some of the progress 
made in the utilization of waste products from wood and other plant materials. 
Because of undesirable properties possessed by many of them they have been 
used but little. The resins from carbohydrates, included at the end of the 
chapter, are probably of more interest than the others. 

Wood consists principally of cellulose, lignin and sap, the latter containing 
resins and dissolved materid. An extensive study of the composition of lignin 
has been made by Klason* who has found two principal constituents: o-lignin, 
(CioHuOile, 64 per cent, and /3-lignin, CioHi, 04 (C;H. 04 COCH*),, 36 per cent. The 
average lignin content of wood is about 26 per cent. WUlstatter and Kalb* observed 
in their studies on lignin that boiling hydriodic acid and phosphorus convert it 
into a colorless, weakly acid resin, soluble in alcohol and acetic acid. 

In the investigations of Legeler* it was noted that treatment of wood with 
phenol and small amounts of hydrochloric acid freed the wood from lignin but at 
the same time caused the formation of resins from the condensation of phenol and 
lignin. This reaction was also noticed by Jonas^ who described the phenol-lignin 
as an amorphous, brown product. 

Various resins have been produced by the action of phenols on lignin-containing 
materials, particularly wood. For instance, phenols and sawdust, using as catalyst 
either sulphuric or hydrochloric acid, yield a product resembling asphalt or pitch.* 
In the process of Hartmuth,* resinous materials for lacquers or adhesives are 
produced. Wood is heated with phenols either in concentrated form or diluted 
with water, alcohol or liquid hydrocarbons, the phenol combining with the lignin 
of the wood and leaving the cellulose unchanged. Catalysts include inorganic or 
organic acids and acid substances such as the chlorides of tin, zinc or aluminum 
and also ammonium chloride. The phenol-lignin compound contains free hydroxyl 
groups and can be methylated.’ 

The phenolic digestion of wood under pressure yields a resinous derivative of 
phenol and cellulose.* Wood flour is heated with 4 times its weight of phenol 
at 250®C. for from 2 to 20 hours depending on the product desired. Uncom- 

ip. Klason, Ber., 1929, 62, 2623; 1980, 63. 702; 1931, 64, 2738; Bnt. Chem, Abt, A, 1929, 1248: 
Chem. Abt., 1930, 24, 3496; 1932, 26, 1235. 

•R. Willstatter and L. Kalb, Rar., 1922, 55, 2687; Chem. Abt., 1923, 17, 982. 

*E. Legeler, Cdhdoteehem., 1923, 4, 61; Chem. Abt,, 1923, 17, 8249. 

^K. Q. Jooae, Z. angew. Chem., 1921, 34, 289; Chem. Abt., 1921, 15, 3663. See also W. Schrauth, 
and K. Quaeebaith, Ber., lOM, 57, 854; Chem. Abt., 1^, 18, 3053. 

•O. HUbsch and E. K&rpiti, French P. 643,766, 1927; Chem. Abt., 1929, 23, 1748. Britiah P. 
298,968, 1927, Chem. Abt., 1929, 23, 3060. 

*R. Hartmuth, German P. 326,705, 1919, and ita addition 328,788, 1919; J.8.C.I., 1921, 40, 144A, 
312A. 

»Y. I. Chulkov, I. A. Spenmakaya and V. K. Kumetaov, PUut. Mauui, 1984 (2), 16; Chem. Abt., 
1934, 28, 6836. 

_B. Notovny C. J. Romieux. U. S. P. 1,781 J15, July 16, 1929, to J. S. Stokea; Chem. Abt., 

1929, 23, 4357. Sea JHattiet, 1930, 6, 149. . * 
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bined phenol is removed by distillation leaving behind a brownish-black resin of 
high melting point. If the period of heating is short, some of the wood remains 
undigested and can serve as a filler for molding. Modification of the product 
was effected by the addition of ammonia or various aldehydes. A small amount 
of sulphuric acid may be employed to accelerate reaction.® 

A somewhat similar method was used by Prentiss^® Wood, in finely divided form 
(100 parts), is digested with phenol (29 parts) in alkaline solution (12 parts ammo¬ 
nium hydroxide, sp. gr. 0.90, in 800 parts of water) for 4 hours under a pressure of 
200-300 pounds per square inch. The reaction product is boiled for 1 hour under re¬ 
flux after a solution of formaldehyde (29 parts in 43 parts of water) has been added. 
The solid material is then freed from liquids and molded into desired slr^pes using a 
pressure of 1000 pounds per square inch at ISO^C. A composition for high-pressure 
molding is formed by the action of phenol (10 parts) on finely ground wood (100 
parts) using hydrochloric acid (0 3 part) as a catalyst.^' 

Peanut hulls were utilized for resin production by Jones’® who heated them with 
phenols and acid. A black sticky mass was formed, which was ground under water, 
boiled and washed to remove acidic substances Barium carbonate^® is also recom¬ 
mended to neutralize the mixture. The ground material, after drying, can be 
hot-molded. Wood shavings, oat and cottonseed hulls, corn cobs and cotton are 
other cellulosic materials that may be substituted. Use of an aldehyde hardening 
agent is reported to yield a highly resistant plastic substance 

Wood pulp from hemlock or spruce was disintegrated and treated with phenol 
or cresol by Lowen and BensonHydrochloric acid was added and the whole 
mass heated 6 hours at 70®C., air-dried for several days and ground in a ball mill. 
The powder was then heated at about 80°C. to plasticize it, molded and finally 
baked at a rising temperature (up to 150®C.) till hard. Some results obtained by 
these investigators are given in Table 35. 




Table 35 .—Composition of Wood Pulp Plastics. 

Pulp 

Phenol 

Cresol 

Acid 



g- 

g- 

g- 

g- 

Plasticizer 

Remarks 

175 

175 


18 

None 

Hard, black solid 

60 

66 


10 

None 

Similar to above 

50 


38* 

10 

None 

Hard but slightly brittle 

50 


25 

10 

None 

Brittle 

50 


62 5 

10 

None 

Hard, slightly brittle 

50 


75 

10 

None 

Very plastic. Hard after 

50 


62 5 

10 

Castor oil 

Strong and hard 

50 


62.6 

10 

Glycerol 

Very strong 


Lignin also has been condensed with aldehydes and amines to give resinous 
products. Black resins of various degrees of hardness and luster were obtained 
from lignin (from corn cobs) and aromatic amines, including aniline, o- and 
p-toluidine, benzidine and a- and /3-naphthylamine.“ As a part of the same 
experimental work black resins were made from lignin and furfural, using as a 
catalyst either hydrochloric acid, calcium oxide, sodium carbonate or pyridine. 
Similarly, a molding composition is formed by heating furfural and hydrolyzed 


eE. E. Novotny and C. J Kendall, U S. P 1,886.353, Nov. 1, 1932, to J S. Stokes: C?iem Ahs., 
19g, abo^Cwiadian P. 249,168, 1925; Chem. 1925, 19, 3166 and British P. 208,193, 

w. PrentiM, U. S. P. 1,892.409, Dec. 27, 1932, to Pctlach Fortets, Inc.; Chem. Alfs., 1933, 27, 

“■E. O. Sherrard and E. Beghnger, U. S. P. 1,923,756, Aug. 22, 1933, to the U. S. Gov’t and 
People; Chem Abe , 1933, 27, 5493. 

R. Jones, U. S. P. 1,917,038, July 4, 1933; Chem. Abe., 1983, 27, 4640. 

«L. R. Jones, U. S. P. 1,961,588, June 5, 1934; Chem. Abe, 1934, 28, 4849. 

“ L. Lowen and H. K. Benson, Ind. Eng. Chem , 1934, 26, 1273 

»M. Phillips and H. D. Weihe, Ind. Eng. Chem., 1931, 23, 286. M. Phillips, U. S. P. 1,760,908, 
March 18, 19^] Chem. Abe., ^4. 2623. A v^wh of furfural and lignin in various solvents has 
also been made by I. Phillips (U. S. P. 1,899,526, Feb. 28, I 988 ; Chem. Ab$., 1988, 27, 3098). 
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wood with a mineral acid as catalyst.'* Wood is hydrolyzed with steam (pressure 
120 pounds per square inch) m the presence of 3 per cent sulphuric acid. The 
resulting fibrous material (100 parts) is acidified with hydrochloric acid (0.5 
part), mixed with furfural (5 parts) and molded at 120°C. under a pressure of 
2000 pounds per square inch. Within 15 minutes a hard resinous product is 
secured. If one part of an aromatic amine is added to the mixture before molding 
the water-resistant qualities are improved. 

Fiberboard may be manufactured by treating cellulosic material in aqueous 
suspension with an agent (urea, phenols or aldehydes) capable of combining with 
the cellulose. By sheeting the fibrous mass, drying and subjecting to heat and 
pressure, hard boards are secured." 

In the method of Lauter'* finely divided wood (sawdust) is acted on by an alde¬ 
hyde, but reaction does not take place with the lignin of the wood but rather with 
the natural resins it contains. For this reason pine or spruce wood is used. The 
finely divided wood is moistened with formaldehyde or acetaldehyde and then 
molded at 115°C. under 1000 pounds pressure. Ushakov and Freidberg'* pre¬ 
pared plastic materials from birch or fir sawdust by treatment with phenol before 
condensing with formaldehyde. Stein" condensed the nitro and acetyl derivatives 
of cellulose with phenols and aldehydes to prepare resins. 

It may be of interest to note here certain methods of recovering the natural 
resin from resin-rich wood. If wood such as Swedish pine is heated under pressure 
with concentrated alkali and sodium chloride solution, it disintegrates, and the 
resins are converted into alkali salts." Fatty acids and lignin are precipitated with 
the resin, but their properties are sufficiently related to those of the resin to have 
no harmful effect in its use. According to Konig," if wood is heated under pres¬ 
sure with dilute mineral acids or dilute alkalies, a liquid is obtained from which 
resins can be precipitated by the addition of ammonium hydroxide or calciutia 
carbonate. 

The action of mineral esters of polyhydric alcohols on such substances as wood, 
straw or peat furnishes compositions said to be useful as coating or binding mate¬ 
rials." For instance, the residue from the saccharification of peat when heated 
with ethylene dichloride at 140°C. in an autoclave gave a solution which may be 
applied directly to wood or mixed with varnishes. Evaporation of the solution 
yielded asphaltic materials, but if water or a salt or alkaline solution is added a 
finely powdered pigment is formed. Residues from the saccharification of peat or 
wood may be converted also into plastic materials by mixing with sulphur, tars or 
pitch." The coatings or molded articles produced in this way are reported to be 
resistant to acids. 

A resin suggested as a substitute for natural resins (pitch, asphalt and lac) 
is made from wood, wood waste or grass* by heating with phenol to a sufficient 

E. C. Shermrd and E Beglinger, U. S. P. 1,932,255, Oct. 24, 1933, to the U. S. Gov’t, and 
People; Chem. Ahs„ 1934, 28, 592. 

” British P. 407,161, Mar. 15, 1934, to Aktiebolaget Mo och Domsjo Wallboard Co.; Chem. Abs., 
1934, 28. 5205. 

i«F. Lauter, U. S P. 1,697,248, Jan. 1, 1929, and 1,702,013, Feb. 12, 1929, to Lignel Corp.; Chem. 
Abe., 1929, 23, 1242, 1483. French P. 663,640, 1928; Chem. Abs., 1930, 24, 707. 

“S. Ushakov and E. Freidberg, Ktmstetoffe, 1934, 24, 277; Chem, Abs., 1935, 29, 2257. 

»C. Stein, French P. 678,283, 1929; Chem. Aba., 1930, 24, 3662. 

^German P. 315,731, 1916, to Aktiebolaget Oellulosa; J.S.C.I., 1920, 39, 307A. 

“J. Konig, British P. 8006, 1914; Chem. Aba., 1916, 10, 75. 

*R. Griessbach and E. Koch, German P. 525,089, 1928, to I. G. Farbenind. A.-G.; Chem. Aba., 
1931, 25, 4138. 

** French P. 685,567, 1929, to I. G. Farbenind. A.-Q.; Chem. Aba., 1930, 24, 5950. 

*»C. Glaessen, British P. 160,482, 1919; Chem. Aba., 1921, 15, 2355. 
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degree only to open up the fibers. The cellulose is separated and excess phenol 
removed from the residue. 

Treatment of finely-divided wood with an alkylene oxide (at temperatures up 
to 180®C.) in the presence of a weak base or acid gave materials which may be 
molded into desired shapes.** Wood in pieces may be treated similarly, yielding 
a non-porous product said to be superior to the initial wood in mechanical prop¬ 
erties. Insoluble plastic bodies are formed when cork meal is suspended in an 
inert medium such as chlorobenzene and esterified with acetic anhydride or phos¬ 
phorus oxychloride in pyridine.*^ 

The treatment of cellulose or other vegetable matter with a specific enzyme 
from latex yields a substance which may be polymerized or hardvined by the 
action of an aldehyde or ketone in either alkaline or acid mediums. The resultant 
product** is reported to resemble rubber in its properties. A modification in the 
procedure involves maceration of the plant matter in sodium bisulphite and phenol 
solutions.** 

Substances resembling horn in texture have been obtained by Schorger in studies 
on the gelatinization of lignocellulose.** Both hard and soft woods were gelatinized 
with dilute alkali and then flocculated with acetic acid. The mass was washed 
and dried at 30-40°C., yielding the horn-like material. A neutralized suspension 
of gelatinized aspen when spread on a smooth surface and allowed to dry at room 
temperature yielded a pale yellow, translucent film. A product resembling horn 
has also been formed from lichenin (from Iceland moss)." The pentanitrate was 
produced by the action of nitric and sulphuric acids and then gelatinized with 
a solvent. 

According to Berl and Biebesheimer,** cotton treated with alkalies (e.g., N-caustic 
soda solution) at 310-330°C. under 180-2(X) atmospheres pressure is converted 
into carbon dioxide, hydrogen and a highly viscous material which on exposure 
to air became a black resinous mass, slightly soluble in alcohol and ether and very 
soluble in acetone. Hydrogenation of this mass at 420-460°C. yielded a liquid 
resembling petroleum. 

Concentrated sulphurous acid reacts with lignocellulose to furnish soluble 
lignone derivatives. Oxidation of a solution of these derivatives with chromium 
oxide gives rise to insoluble gel-like materials.** If the gels are used to impregnate 
wood or fabrics they may be formed within the structure of the wood or fabric 
by controlling the temperature of the solution. To illustrate, a mixture of the 
lignone solution and chromic acid is made and inunediately applied to wood. 
If the temperature is kept at about 16°C. gel formation will not occur for 24 
hours. Viscous colloidal solutions have also been obtained by the action of 
triphenylchloromethane on cellulose or starch." 

Tanning compounds were obtained by Jaeger and Witzel** by the condensa¬ 
tion of cellidose, phthalic anhydride or aldehydes, and aromatic hydrocarbon resi¬ 
dues, using sulphuric acid as a catalyst. A lighter color may be secured by bleaching 
the product with chlorine or sodium hypochlorite. 


** H. Suida, Auatrian P. 125,229, 1931; Chem. Abit., 1932, 26, 1436. 

•'British P. 291,773, 1927, to I. O. Farbenind. A.-G.; Chem. Abs., 1929, 23. 1268. 

••F. Bailly, French P. 768 051, 1984; Chem. Ab$., 1935, 29, 643. 

••F. Bailly, French P. 48,758, 1984, addn. to 768,051; Chem. Abs., 1935, 29, 1684. 

» A. W, Schorger, Jnd. Eng. Chem., 1923, IS, 812. Bee F. Fischer and H. Tropsch (Oe«. Abhandl, 
Kmnt. Kohle, 1921, 6, 271; jJS.C.I., 1924, 48, 169B) for the action of alkali on lignin. 

»J. Reilly, M. Hayes and P. J. Drumm, Free. Roy. Irish Acad., 1931, 40B, 102; Chem. Abs., 
1913, 26^ 488. 


••E. Berl and H. Biebesheimer, Ann., 1988, 504, 88; Brit. Chem. Abs. A, 1983, 929. 

•»C. F. Ooee, U. 8. P. 1,558,220, Sept. 8, 1925; Chem. Abs., 1925, 19, 3504. Qmadian P. 245,858, 
1925; Chem. Abs., 1925, 19, 1848. ' ’ 

MB. Helferich and H. Koester, Ber., 1924, 57, 587; Chem. Abs., 1924, 18, 2878. 

•A. 0. Jaeger and H. W. Witeel, U. 8 . P. 1,941,475, Jan. 2, 1984, to Selden Co.; Chem. Abs., 
1984, 28, 1888. 
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Resins from Wood Distillation 

Although the main constituents of pyroligneous acid are wood alcohol, acetic 
acid and tar there are also small amounts of aldehydes, ketones, amines and 
phenols. Methods of preparing phenol-aldehyde resins from pyroligneous acid 
were developed by Bardy and Duchemin.** One procedure consists in boiling 
tar-free pyroligneous acid under reflux for several hours, and another in heating 
phenolic oils with formaldehyde in hydrochloric acid. 

The principal method is to pass pyroligneous acid vapors (freed from tar) into an 
absorption vessel containing alkali carbonates or milk of lime. In order to get the 
largest yield of resins, each absorption vessel is connected to a battery of retorts in¬ 
stead of to a single retort, because in such destructive distillation the bulk of alde- 
hydic material is liberated before phenols. With a battery of retorts the phenolic 
vapors from the end of one distillation will meet the aldehyde vapors from the begin¬ 
ning of another. In each absorption vessel dark-colored liquids are formed which, 
when acidified, become yellow and then deposit a black resin (melting at 60-70*C.). 
The resin is soluble in alkalies and is reprecipitated by acids. It is also soluble in 
acetone, methyl alcohol and methyl acetate but the solubility is decreased by heating 
the resin to high temperatures. If it is heated to 200°C. and then cooled a hard, black 
mass of conchoidal fracture is obtained. Although the total yield of resin is only 
about 0.5% of the weight of wood used, the recovery of resin facilitates the purifica¬ 
tion of methyl alcohol and sodium acetate, which are the desired products from pyro¬ 
ligneous acid. Crude methyl alcohol gives a small amount of light-yellow resin when 
it is distilled over alkali. Resinous material is derived also from the mother-liquors of 
sodium acetate. 

Resin formation in crude methyl alcohol by the action of alkalies was noticed 
also by Chute." In his process of making wood alcohol the addition of excess 
alkali to a pyroligneous acid distillate resulted in the development of a yellow 
resin which (Chute suggested) could be used as a dyestuff since it imparted a 
bright-yellow color to organic material when properly applied. 

Two kinds of tar are formed during the distillation of wood. As one is soluble 
in pyroligneous acid and the other is relatively insoluble they are distinguished 
by the terms ‘"dissolved tar” and “settled tar.” Hawley and Calderwood* have 
found through studies on tar from hard maple that dissolved tar contains a large 
proportion of phenolic and acidic constituents* and is sensitive to the decomposing 
or polymerizing action of heat at temperatures far below those at which portions 
of settled tar distil without decomposition." 

A molding resin has been made from the soluble tar of wood distillation by con¬ 
densation with formaldehyde, trioxymethylene or hexamethylenetetramine.*^ A frac¬ 
tion of the tar taken between 195-2W°C. is mixed with formaldehyde and heated under 
reflux for half an hour at 9(>-100*’C. Then a small amount of ammonium hydroxide 
is added and heating is continued for 12 hours. In a typical example, 145 parts 
by weight of the tar fraction are used with 121 parts of formaldehyde (40 per cent 
solution) and ammonium hydroxide equivalent to 3 parts of ammonia. After 12 
hours of heating a viscous oily layer is formed which is decanted from the aqueous 
mixture and heated for 2 hours in an open container at 170-180®C. The result is a 

»P. Bardy, French P. 402.007, 1008, to Pages Camus et Qe.; J.8.CJ., 1000, 28, 1880. German P. 
234,806, 1008; Chem. Abt., 1011, 5, 3175. R. P. Duchemin, BulL »oc. chim., 1010, (4) 7, 473; Chem. 
Abs., 1010, 4. 2873; BuU. omoc, chim. suer, dxst., 1010, 27, 1101; J.S.C.l., 1010, 29. 748. 

«7H. O. Chute, U. S. P. 824,006, July 3, 1006; Chem. Abs., 1007, 1, 114 

ML. F. Hawley and H. N. Calderwood, Jr., Ind. Eng. Chem., 1025, 17, 140. 

Min the opinion of R. P. Duchonin (JLoc. cit.) the tars of wood- distillation are mwely solutions 
of resins in unreacted phenols. 

MSee also O. Du Pont and J. L. Lussaud, Bull. inst. pin., 1020, 301; Brit. Chem. Abs. B, 1031, 
467; I. J. Postovski, N. A. Apollov and B. P. Lukovkin, Ann. inst. polytech. Oural, 1027, 6, 241; 
Chem. Abs., 1028, 22, 4787. 

^ J. C. Carlin and C A. Hochwalt, U. S. P. 1,011,480, May 80, 1083, to Tennessee Products Oorp.; 
Chem. Abs., 1083, 27, 4111. Canadian P. 831,165, 1088; Chem. Abs., 1088, 27, 8620. 
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dark brown resin, hard and not melting but capable of softening when heated. It may 
be mixed with fillers and molded into articles said to possess strength and good elec¬ 
trical- and heat-insulating properties. The resin is unaffected by acids and alkalies 
and IS partially soluble in benzene or solvent naphtha. 

In another procedure, the tar from coniferous wood is saponified wdth con¬ 
centrated alkali, separated from unsaponified material and then warmed with 
formaldehyde." The viscous mass obtained is washed with water and well dried. 
The resulting resin is soluble in solvent naphtha, forming a paint said to give 
moisture-resistant coatings. 

A resinous material for yarnishes has been produced by the hardening action 
of lime on pine-tar fractions, freed from oily constituents." For instance, light 
pine tar is distilled at 100-160®C. with superheated steam until oily constituents 
are no longer obtained in the distillate. About 20 per cent of the tar is thus con¬ 
verted into a light distillate containing turpentine oil and 70 per cent remains as 
a viscous residue. The addition of 5 per cent calcium hydroxide hardens this 
residue and it can then be dissolved in a solvent to give varnishes, light to dark 
brown in color. It is reported that these varnishes dry rapidly to a glossy, but not 
sticky, finish. 

A modification of the above procedure consists m substituting acids for 
alkalies." Wood tar or wood-tar oil is treated with concentrated sulphuric acid 
and the resulting water-soluble sul^stances are removed. After separation of 
oily constituents by steam, air or solvents, the residue is soluble in alcohol or 
acetone and can be used for black varnishes or paints Coatings of this material 
are stated to be waterproof and resistant to alkalies, benzene or lubricating oils^ 

If wood tar is heated and agitated with chlorine (either liquid, aqueous or 
nascent) a brittle black-brown resinous mass results" A rapidly drying varnish 
giving a lustrous coating is obtained by dissolving the resin in alcohol. 

Hamburger" prepared a resin by heating wood tar with zinc oxide (or oxides of 
other heavy metals) at llO^C. As much as 12 per cent of zinc oxide can be 
added without injuring the properties of this resin. A binder for artificial stone 
was made by Flexer*’ by oxidizing wood tar, treating the product with con¬ 
centrated alkalj and then digesting it with a thinning medium (dilute ammonium 
hydroxide or alcohol). The solid product is washed with water and pressed dry. 
It is then melted and mixed with 4 to 5 times its weight of sand or gravel and 
molded into desired shapes. 

A balsam-like viscous liquid has been obtained by Pallas" from pyroligneous 
acid tar. The tar is washed several times with boiling water and then made 
alkaline with calcium hydroxide and saturated with sulphur dioxide. A clear 
liquid results, which on evaporation yields a viscous balsam substance intended 
for use as a salve base and in textile finishing. 


Resins prom Wood-Pulp Manufacture 

Many attempts have been made to recover resinous material from waste liquors 
in both the soda and sulphite processes of making wood pulp. Schmid^® stated 

" German P. 338,854, 1919, to Chem. Fabr. Flbrsheim H Noerdlinger, J SC I . 1921 40 742A 

See also K. A. Lingner, French P 329,971, 1903; J.8.C 1 , 1903, 22, 10 4 . . • 

German P 320,656, 1916, to Chem. Fabr Floreheim H Noerdlinger; Chem Abs 1921 IS 1083 

« Florsheim H. No^dhnger; / i.C./ ' im. 

35, 106, 610. 

German P. 320,620, 1918, to J. D Riedel A.-G.; Chem Abs, 1921 15 1990 
^ S. Hamburger, German P. 324,876, 1917; J.S C.L, 1920, 39, 792A. ’ 

«A. S. Flexer, Raw Matenalt Review, 1922, 1, 180; Chem *Abs 1923 17 195 
«E. Pallas, Phwrm, ZetUr., 1980. 71, 609; But.-Chem. Abs. B, 1930, 1054. Chem Tech Rund 
•cAflti, 1980, 45, 578; Chem. Abs., 1980, 24. 4382. 

"W. Schmid, PapieT’Fahr., 1931, 29 {Tech.~Wist. Teil), 1; Chem. Abs., 1931, 25, 3165. 
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that the average yield of liquid rosin from alkali pulp waste liquors is 30 kg. per 
ton of pulp made, varying of course with the process and the type of wood used. 

One method of extracting resins from liquors of the soda process was devised 
by Greenwood.®" The alkaline liquor remaining after the digestion of wood is 
known as ^^black liquor,'^ and contains all the non-cellulose constituents of the 
wood. Floating on the surface of the liquid is a foam known as ''crude rosin 
soap,’^ containing both saponified and unsapomfiable resins. The "soap’^ is 
brought into intimate contact with a solvent (petroleum ether, gasoline or naphtha) 
by emulsification. Upon the addition of a mineral acid, resin acids are released 
and dissolve m the solvent. The mixture is heated moderately, causing the 
solution of resin acids to float on top. This layer is treated with a second solvent 
(methyl alcohol) immiscible with the first. Abietic acid is selectively dissolved 
by the second solvent and the two layers are separated. Evaporation of the 
second solvent yields crystalline abietic acid which is converted into rosin by 
heating. The residue from recovery of the first solvent contains a less pure rosin. 

A somewhat similar procedure was used by Bergstrom.®^ Resinates from the 
alkaline liquor are treated with sulphuric acid and then with turpentine oil (cold 
at first and then heated). A clear solution is formed which is distilled under vacuum 
to obtain resins. The black liquor from the alkaline digestion of esparto grass 
yields a coagulated resinous precipitate when treated with an excess of .sulphuric 
acid,“ The resin is insoluble in ether, oils and turpentine, but is soluble in acetic 
acid, acetone, phenol, alcohol, aniline and alkalies. Its use as a varnish and for 
sizing and waterproofing purposes has been suggested. Resin from black liquor can 
be mixed with fibrous material and small amounts of jihenol re.sin and glue added 
to form a molding composition.®® 

French®* recovered impure resin from alkaline liquors (used to digest resinous 
wood) by passing an acid gas, e g., sulphur dioxide, into the liquor A hydro¬ 
carbon solvent (benzene, toluene or gasoline) is used for purification by vacuum 
distillation. The precipitated resin may be converted into water-soluble resinates 
by treatment with sodium carbonate solution, followed by crystallization.®® 

Lange®® obtained a binding agent for briquettes from the liquors produced 
by the action of sodium carbonate on finely-divided wood. A sludge containing 
resin-soap and lignin is deposited in the liquor when cooled. The soap is con¬ 
verted into large flocks by sodium hydroxide and then treated with sodium 
peroxide to oxidize the lignin. A binding agent is secured after the liquor has 
been treated for the recovery of soda, 

A great deal of investigation has been made on the constituents of waste liquor 
from the sulphite process of pulp manufacture. Klason®^ has studied particularly 
the ligninsulphonic acids. Naphthylamine hydrochloride precipitates from the 
sulphite liquor substances known as a-ligninsulphonic acids which melt at high 
temperatures to form a pitch. In cold water this pitch hardens to a friable resin. 
If a solution of a salt of a-ligninsulphonic acid is treated with the hydrochlorides 
of hydroxylamme and /9-naphthylamine a white precipitate is formed which when 
heated slightly yields a yellow resin." A dark brown resin was found by Konig" 

F. E. Greenwood, U. S. P. 1,560,420, Nov. 3, 1925, to Pine Waste Products Inc.; Chem. Aba., 

1926, 20, 290. See U. S. P 1,593,656, July 27, 1926; Chem Aba., 1926, 20, 3236. 

»'K. G. Bergstrom, French P. 633,416. 1928; Chem. Aba., 1930, 24, 739. 

Biidfle, J.S.C.1, 1916, 35, 401. 

MT. M. Vinson, Gentian P. 538,799, 1929; Chem. Aba., 1932, 26, 2318. 

®*E. H. French, U. S. P. 1,693,586, Nov. 27. 1928; Chem Aba, 1929. 23, 722. 

»E. H. French, U. S. F. 1,889,405, Nov, 29. 1932; Chem. Aba., 1933, 27, 1530. 

WA. Lange, German P. 314,445, 1918; J.S.C.L, 1920, 39. 241A. 

»7P. Klason, Svenak. Kern. Tide., 1928, 40, 3; Chem. Aba., 1928, 22, 3635. 
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Celluloaechem., 1925, 6, 29; J.S.C.L, 1925, 44. 441; Papier^Fabr., 1926, 24, 449, 483; Bnt. Chem. 

Aba B, 1926, 911. 

6»F. Konig, Papier-Fabr., 1925, 23, 501: J.S.C 1., 1925, 44, 753B 
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as a residue in the distillation of the oily layer from sulphite waste-liquor. 
Pinabietic acid, C^HioO,, which resinifies readily, has been isolated from sulphite 
liquor by Aschan and El^olm.* (C/. abietic acid, Chapter 37.) 

A plastic resin was produced by Wallace" by condensing sulphite waste-liquor 
with a phenol and aldehyde using ammonium chloride as a catalyst. The quantity 
of phenols used is at least 25 per cent, and that of aldehydes at least 5 per cent, 
of the amount of sulphite liquor. The resin is soluble in alcohol and insoluble in 
water. 

Knight® suggests fermenting the liquor and removing the alcohol by distillation. 
The residue, on treatment with phenol or cresol, using various catalysts (hydro¬ 
chloric acid, caustic soda or potash, lime, zinc chlonde), yields a resinous con¬ 
densation product which on further heating becomes insoluble. It is recommended 
for varnishes or as a shellac substitute. An interesting variation in this method 
is to retain the alcohol generated by fermentation and oxidize it to acetaldehyde 
by addition of potassium dichromate. The phenol is then added and a double 
condensation is carried out. In one example, fermented waste-liquor containing 
100 g. of solids .and 1 g. of alcohol was treated with 101 g. of phenol and 8 g. of 
potassium dichromate. The dichromate not only oxidized the alcohol, but the 
chromium salt derived in the reaction served as the condensing agent. 

A method used by Schmidt® to make a resin from sulphite liquor consists in 
evaporating it to 25 per cent of its volume and treating the concentrate with 
chlorine for 2 hours. The precipitate is separated and oxidized with a chlorate 
and hydrochloric acid until the reaction product contains 20 per cent chlorine. 
The resulting material is stable and can be used as a tanning agent or as a 
substitute for natural resins. The process was modified by Stinnes" who used 
nitric acid or hydrogen peroxide as an oxidizing agent instead of the chlorate and 
hydrochloric acid. 

Treatment of sulphite waste-liquor with a solution of water glass yields a 
gelatinous precipitate.® When this is dried a resinous substance is obtained which 
may be mixed with fillers for various purposes. For instance, by mixing it with 
blast-furnace slag a road-making or building material can be formed. 

Several other methods have been suggested for the recovery of resins from 
sulphite liquor.® If the latter is treated with hydrogen sulphide and then with 
air and a small amount of nitric acid the resins collect in a scum on the surface. 
Separation of resins is also effected by the addition of crude salt to the liquor. 
A road-building material can be made by neutralizing sulphite liquor with sodium 
carbonate or calcium hydroxide, evaporating the solution until it contains 10 
per cent moisture and then adding 2-10 per cent of gas tar or pitch. Saponified 
resins formed by the action of sodium carbonate on sulphite liquor are purified 
by electrolytic hydrogenation in a 2-compartment cell, the resins being placed in 
the negative compartment and a 13 per cent sodium carbonate solution in the 
positive. 

The liquid resin obtained in digesting wood to wood pulp is known as tall oil 
(or tallol). Fahrion® described it as a dark brown, fairly thin oil, soluble in 


**0. Atehan and K. E. Ekholm, Fin$ka Kem. Medd,, 1918; J.8.CJ., 1919, 38, 048A. 

«F. J. Wallaca, British P. 370,732, 1931, to Robeson Process C5o.; Brit. Chem. A6s., B, 1932, 614. 
Frmch P. 719,894, 1931; Chem. Abt., 1932, 26, 8945. German P. 398,505, 1984; Chem. Abs., 1984, 28, 


W. Knight, U. 6. P. 1,143,174, June 22, 1913; Chem. Abt., 1913, 9, 2318. 

••A. Schmidt, Britiih P. 178,104, 1922; /.5.C./., 1928, 42, 765A. 

** H. Stinnes, German P. 8^,604, 1921; 1923, 44, 986B. 

••German P. 468,387, 1927, to Oiterreiohisohe-Alpine Montangea; Chem. Abt., 1929, 23, 1768. 
••French P. 619.861, 1923, to L. Petit-Devaucelle; Brit. Chem. Ahn, B, 1928, 188. 

•^W. Fahrion. g. ongew. Chem., 1909, 22, 582; Chem. Abt., 1909, 3, 1697. Bee also H. BergitrCm, 
JPapHr-Mtr.. l»li, 10, Ml, IN; Chm. Ab,.. IMl, S. »». , w w. ww n. i>«vnn>n.. 
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alcohol, ether and acetone. He found that on distillation tall oil gives products 
similar to those from common rosinFrom the results of several investigators* 
the following principal constituents of tali oil are indicated: 

Resin acids. 30-46 per cent 

Fatty acids. . 46-60 ” ” 

Unsaponifiable matter. 6-12 ** 

The unsaponifiable portion is a yellow viscous oil containing waxy or pitchy 
material. 

Crude tall oil was described by Hiibscher'^® as a dark brown, viscous liquid con¬ 
taining a crystalline sediment of abietic acid (4 per cent). From this crude oil 
a yellow distillate containing 18 per cent Unsaponifiable matter was obtained.” 
The calcium soap of tall oil was found to be a viscous, sticky mass insoluble in 
alcohol.but soluble in benzene. Its use in plasters and flypaper was suggested. 
Hiibscher isolated tall oil pitch as a glassy, brittle mass (melting at 85®C.), soluble 
in benzene. He suggested it be used for insulation and as an ingredient in cheap 
grades of black varnish. Wolff* found that drying agents harden tall oil so that 
it forms a brittle film and can be employed as a constituent of paint. 

A refined tall oil was produced by Patch and Dambacher*” by the oxidation 
of the crude material. Polymerization and condensation also took place during 
the reaction, which could be carried out either by bubbling oxygen through the 
oil or by use of compounds which liberated oxygen in the nascent state (e.g., 
sodium perborate or sodium persulphate). Temperatures of 85-195°C. for 20-50 
hours were ’employed and in some cases iron, aluminum or manganese resinate 
served as a catalyst. A clear, odorless, dark oil was obtained. This is recom¬ 
mended as a cutting oil or for coating metals, due to its corrosion-retarding 
properties. 

By the fractional vacuum distillation of tall oil, de KegheP effected a separa¬ 
tion into fatty acids, resin acids, rosin oil, unsaponifiable matter and pitch. The 
distilled fatty acids (tallolein) boiling at about 240®C. were suggested for the 
making of soft soaps, liquid soaps and toilet preparations, and as a base for various 
greases and oils. The resin fraction (boiling at 290-320®) was described as a 
brown, resinous, sticky, saponifiable liquid useful in dark-colored printing inks 
and in axle greasesIt was stated that sulphonation of the resin acids yielded 
a product which can replace Turkey red oil for some purposes. 

Another method is that used by Rolf* in which selective saponification is 
effected in an organic solvent. The resin soaps form first and can be withdrawn 
readily from the fatty acid soaps. 

Schultze” removed the fatty acids from resin acids by an esterification process. 


**The use of this resin as a substitute for colophony was suggested by P. Klemm {Chem.-Ztg., 
1910, 34, 1363; J.S.C.L, 1911, 30, 37). 

•M. de Keghel. Rev. chim. ind., 1920, 35. 170, 202; Chem. Aba., 1927, 21, 1354.. Duesberg, 
Beifenaieder^Ztg., 1925, 52, 873; Chem. Aba., 1926, 20. 514. M. Dittmer, Z angew. Chem., 1926, 39, 
262; Chem. Aba., 1926, 20, 2072. E. Pyh&m, Chem. Umachau Fette, Ole, Wachae u. Harze, 1927, 34. 
145, 189; Chem. Aba., 1927, 21, 3472. K. Dittler, Chem.-Ztg., 1928, 52, 577; Chem. Aba., 1928, 22, 
4^. H. Sandquist, Z. wigew. Chem., 1922, 35, 531; Chem. dbs., 19^, 17, 339. 

~J. Hiibscher, 8eifenaieder-Ztg., 1921, 48, 231; Chem. dhs., 1921, 15, 2177. 

nSee also K. Fricke, Allgem. Of-u. Fettetg., 1927, 24, 45; Chem. Aba., 1928, 22. 3794. 

«H. Wolff, Farben-Ztg., 1919, 24, 653; Chem. Aba., 1919, 13, 2289 

‘^R. H. Patch and F Dambacher, U. S. P. 1,988,532, Deo. 5, 1983, to E. F. Houghton and Oom- 
pany; Chem. Aba., 1934, 28, 1207. 

de Keghel, loc. cit. Cf. W. Schultse, U. S. P. 1,828,224, Oct. 6, 1931; Chem. Aba., 1932, 26, 
618. Also British P. 281,687, 1927, to Oel-u. Fette-Chemie Q.m.b.H.; Brit. Chem. Aba. B, 1929, 254. 
German P. 477,829, 1926; Chem. Aba., 1929, 23, 4842. 

^See W. Schmid, Fnrben-Chemiker, 1931, 2. 8M; Chem. Aba., 1981, 25, 5582. 

WR. Roll, German P. 448,960, 1923; Brit. Chem. Aba. B, 1928, 60. 

«W. Schultse, U. 8. P. 1,786,802. Nov. 26, 1929; Chm. Aba., 1980, 24, 744. Also British P. 278,697, 
1927, to 0^-u. Fett-C2iemie Q.m.b.H., Brit. Chem. Aba. B, 1929, M. German P. 484,248, 1926; Chem. 
Aba., 1980, 24, 984. 
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A mixture of talJ oil (100 parts), alcohol (25 parts) and concentrated sulphuric 
acid (4 parts, specific gravity 1.84) is heated under reflux for two hours, causing 
esterification of fatty acids but leaving the resin acids unaffected. Sulphuric acid 
is removed and the ester mixture is treated with caustic soda solution in slight 
excess of that needed to neutralize the resin acids and the residual sulphuric acid. 
The mixture is then stirred with benzene, resulting in the formation of two layers, 
the upper one containing fatty acid esters disvsolv^d in benzene, and the lower 
one the sodium soaps of resin acids in water-alcohol solution. The layers are 
separated and the fatty acids and resin acids recovered. 

In the method of Franzen and Held^® the resin and fatty acids were esterified 
simultaneously with a polyhydric alcohol (eg., glycerol or ethylene glycol). The 
resulting mixture was heated with water in the presence of a catalyst, thus 

hydrolyzing the fatty esters but not the resin acid esters. Free fatty acids were 

then separated from resin acid esters by steam distillation. In one instance 

refined tall oil was treated with excess glycerol and a small amount of tin powder. 
Esterification was complete after 4 hours heating at 230°C. The fatty acids 

were liberated by heating the mixed esters with water at 180°C. in an autoclave 
with zinc dust as a catalyst. Still another procedure consists in treating a 
warmed solution of tall oil in mineral oil with sufficient sulphuric acid to effect 
separation of resins.’® Levi*® removed pitchy material from tall oil by precipitation 
with petroleum benzine. 

By mixing tall oil (2 parts) with glue or gelatin (1 part) and water (1 part) 
an emulsifying agent for oils or bituminous substances is formed.*^ A core¬ 
binding composition for castings is made from the oil blended with a drying 
oil (linseed oil), a solvent (pine oil) and either dextrin, molasses, glue or starch.*® 
The ingredients may be emulsified with an alkali or with cobalt linoleate. Addi¬ 
tion of cresols, hydrocarbon oils, or wood tar to tall oil yields a jireservative coating 
for wood.** An adhesive for catching insects consists of chlorinated tall oil incor¬ 
porated with such substances as carnauba wax, castor oil, blenched wax acids and 
esterified ozokerite.** 

An emulsifying agent is obtained when tall oil is esterified with an alijihatic 
polyhydric alcohol (glycerol), using calcium or magnesium glycerate as a catalyst, 
and the ester is sulphonated with sulphuric acid, oleum or sulphuric acid mono¬ 
hydrate at temperatures below 40®C."° Also, sulphonation of other esters or 
amides** derived from this oil, or of a mixture of the oil (100 parts) and phenol 
(30 parts) gives water-soluble products which may be utilized in the textile 
industry,*^ for example, as dispersing agents. Partial reduction of tall oil con¬ 
stituents gives aliphatic ketones which may be sulphonated to yield wetting 
or dispersing agents.** Textile oils*® or cleansing agents are made also by emulsify¬ 
ing tall oil with a fatty acid soap and aniline,®® or by mixing the oil with vegetable 

7«H. Franzen and R. Held, U S P. 1,921 566, Auk 8, 1933. to I G Farbenind. A-G ; Chem. 

1933 , 27 , 6207. Gennan P. 578,843, 1933; Chem Aba. 1934 , 28, 922 

Gennan P. 434,924, to Chem. Fabr. Florsheim H NoerdlinKei A -G ; Bnt. Chem Aba. B 
1627, 258 

®®R. Levi, German P. 424,031, 1924; Kunatstoffe, 1926, 16, 178 

H. Disney and J C Kernot, British P 274,142, 1926, Brit Chem Aba B, 1927, 755. 

H M Bunbury, British P, 348,315, 1930, to Imperial Chem Industries, Ltd ; Chem. Aha, 
1932, 26, 3081. 

N. A. Alexander, British P. 229,296, 1924; Chem Aba, 1925, 19, 354. 

British P. 306,906, 1928, to I G Farbenind A-G.; Chem. Aba., 1929, 23, 5286 

«H. M. Bunbury and R. P McGlvnn, British P. 369,985, 1930; Chem. Aba, 1933 , 27, 3046. 

“British P. 340,272, 1929, to I G Farbenind A.-G.; Chem. Aba., 1931, 25, 4136. 

Swiss P. 156,113, 1931, to J R. Goikv A -G.. Chem. Aba , 1933, 27, 1212 

“British P. 343,098, |929. to I. G Faibemnd.'A-G.; Bnt Chem Aba, B, 1931, 579. 

“Oils for textdes were made by hvdrogenatinR tall oil in the process of M. Melamid fBritish 
P. 169 962 and 170,562. 1921; J.8.C.I., 1923, 42, 22A). tnrius i 

“German P. 479,085, 1925, to Hem & Compagnie; Chem Aba., 1929 , 23, 4842. 
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oils and heating the mixture in vacuo, treating with superheated steam, and then 
allowing the liquid to cool m an inert atmosphere.®^ 

Grohn“ prepared coating compositions by dissolving in benzine (or a similar 
solvent) the esters derived from tall oil and polyhydric alcohols or phenols. Drying 
oils, pigments and driers can be added if necessary. A sizing composition for 
paper consists of ordinary rosin size incorporated with not more than 30 per cent 
of refined tall oil resin. This procedure lowers the melting point of the composition.” 

Plastic masses for electrical or heat-insulation are made by mixing the distilla¬ 
tion residues of tall oil, or of natural resins, with sulphur, heating the mixture 
until it becomes ropy, and then incorporating it with fillers (e.g., asbestos) and 
the condensation products of acetylene or of aldehydes, e.g., phenol-formaldehyde.®* 

Resins from Carbohydrates 

Although many of the products mentioned in this section can be considered 
modifications of synthetic resins discussed elsewhere in the text (eg, phenol-alde¬ 
hyde and urea-aldehyde resins), they are grouped together because of the con¬ 
venience of classification. Since in this work classification is primarily one of 
starting materials, those resins derived from carliohydrates, viz , plant materials, 
are assembled here. Carbohydrates are aldehyde-alcohols, ketone-alcohcls or com¬ 
pounds which are converted by hydrolysis into aldehyde-alcohols or ketone-alcohols 
Formaldehyde has been polymerized to carbohydrates by the action of bases.” 
Carbohydrates would be expected, therefore, to be convenient and cheap sources 
for the production of synthetic resins by reaction with urea or phenol.” 

Resins said to be suited for molding or forming into sheets and films were 
made by Ford®^ by the condensation of saccharides with aldehydes and urea." 
When sucrose was used as the saccharide the product was colorless and trans¬ 
parent. The employment of molasses and cane sugar resulted in dark resins. 
As an example cane sugar (300 parts) is dissolved in 36 per cent formalin solu¬ 
tion (250 parts) and the mixture is heated gently (lOO-lOS^C.) until all reaction 
ceases. Then the liquid is heated to boiling and a small amount of hexamethylene¬ 
tetramine (10 parts) IS added. Boiling is continued and urea (75 parts) is intro¬ 
duced in small quantities at a time. When all the urea has reacted, the viscous 
material is immediately poured into molds and allowed to harden in the air. 

A resin with different characteristics is obtained if phthalic anhydride is used 
instead of urea." Reaction is carried out as described above until after the hexa¬ 
methylenetetramine has been added. The mixture is heated to 180°C. and then 
phthalic anhydride (300 parts) is added in small portions. When reaction is com¬ 
plete the mass is cooled to 90®C. and maintained there for several hours to remove 
water. The liquid is poured into molds to cool, yielding a water-white, non-resilient 
substance. It is somewhat brittle, giving a sharp fracture, and is soluble in ace- 

Gcnnan P 485,944, 1923, to Continentale A -G. fur Chemie & Reichverkehrsbanke G.m b H.; 
Chem. Abs., 1930 , 24, 1241 

MR Grohn, German P. 526,491, 1928, to Firma Ewald Dbiken; Chem Abs , 1931, 25, 4725. 

“E, J. Johnstone, U S P 1,929,115. Oct, 3. 1933, Chem Abs, 1933, 27. 5978. 

German P. 455,551, 1923, and its addition 471,835, 1924, to Smit A.-G ; Brit, Chem. Abs B, 
1930, 157, Chem Abs., 1929, 23, 2540 

“See O. Loew, Ber., 1888, 21, 270. H Schmalfuss and K. Kalle, Ber., 1924. 57, 2101; Chem. Abs., 
1925, 19. 1403. H. Schmalfuss, Bwchem. Z., 1927, 185, 70; Bnt. Chem. Abs. A, 1927, 648 

“A short summary of carbohydrate resins is given by J. Pokornv, Kmiststoffe, 1927, 17, 31; 
Plastics, 1927, 3. 158. 

A. S. Ford, U. S. P, 1,949,831, Mar. 6, 1934, to Industrial Sugar Products Corp.; Chem. Abs,, 
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“Resins of this type have the trade name Sakaloid. See A. S. Ford, Plastics, 1931, 7, 448; Chem. 
Abs., 1931, 25, 5303. 

“A. S. Ford, U. S. P.'1,949,832, Mar. 6. 1934, to Industrial Sugar Products Corp ; Chem. Abs, 
1934, 28. 3255. 
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tone and similar solvents. If moisture is removed by heating at temperatures 
higher than 90®C. the products will range in color from light yellow to jet black, 
depending on conditions. The black color is obtained by heating at 250°C. for 10 
hours. The phthalic anhydride resin can be pulverized and mixed with inert bodies 
(e.g., powdered glass wool), synthetic or natural resins, cellulose derivatives, drying 
oils or reclaimed rubber or it may be dissolved in ether, acetone, amyl acetate or 
toluene for use as a varnish. 

The employment of phthalic acid in place of the anhydride as well as the 
use of tartaric, malic and similar aliphatic acids yielded clear, water-white bodies 
with the same general characteristics.^®® 

A variation of this method'®^ involves reacting urea directly with a carbohydrate 
(e.g., cornstarch), using 50 per cent sulphuric acid to assist condensation. A 
methylene hardening agent is then added and the final product obtained by heating. 

Hawerlanderi®* has hardened sugar-formaldehyde resins either by heating or by 
exposure to the atmosphere. For instance, brown cane sugar is dissolved in twice 
its weight of 40 per cent formaldehyde and the solution is heated at 40‘’C. for 10 
minutes^ The resulting liquid is then ready to be used as a binder in making 
molded articles from fibrous material. The solution will set within 24-48 hours 
in the air or in 6-10 minutes at 200°C., yielding a hard, plastic material. Setting 
may be accelerated by adding about 2 per cent (of the weight of sugar) of 
sodium sulphite to the reaction mixture. Plastic masses are formed also by the 
condensation of formaldehyde with starch, using as accelerators various organic 
acids together with a small amount of an inorganic acid'®® (e.g., sulphuric acid 
with lactic acid or phthalic anhydride). 

A textile finish'®* is obtained from starch by condensing it with an aldehyde 
or with hexamethylenetetramine while cold. When used to treat fabrics and dried 
in a slightly acidic condition, resistance to washing is secured. 

Meigs'®* has described the condensation of carbohydrates with phenols, amines 
and organic acids. The products are black in color, water-insoluble and said to 
be useful in baking-type lacquers and molding compositions. The following is an 
example of the reaction between carbohydrates and organic acids: Glucose (126 
parts), dextrin (54 parts), salicylic acid G38 parts), aniline (20 parts) and water 
(100 parts) are mixed together and refluxed for 45 minutes, yielding a black, re¬ 
silient mass. For treatment with amines one procedure is to reflux for 2 hours 
a mixture of glucose (360 parts), aniline (150 parts), water (125 parts) and oxalic 
acid (5 parts), forming a semi-solid material which becomes infusible when heated 
above 125®C. 

To effect combination of carbohydrates and phenols, a mixture, for example, of 
glucose (360 parts), phenol (170 parts), water (200 parts), aniline (30 parts) and oxalic 
acid (4 parts) is heated under reflux for 3.5 hours yielding a black resin (360 parts) 
which can be hardened by the addition of 6 per cent of hexamethylenetetramine and 
heating to 160®C. 

Sucrose'®* also condenses with phenol, with either mineral or organic acids as cata- 

S. Ford, U. S. P. 1,974,064, Sept. 18, 1934, to Industrial Sugar Products Corp.; Chem. Ab$., 
1984, 28, 7044. 

British P. 209,697, 1922, to J. S. Stokes; J S C.J„ 1924, 43, 224B. See also British P. 208,191 
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A. Hawerlander, U. S. P. 1,837,216. Dec. 22, 1931, to Halizite Corp.; Chem. Aba., 1932, 26, 1412. 

*«• German P. 807,997, 1987, to “Herold" A.-G.; Chem. Aba., 1931, 25, 784. 

British P. 414,876, 1938, to I. G. Farbenind. A -G ; Bnt. Chem Abs, B, 1934 , 880. 

w»J. V. Meigs, U. S. P. 1,801,082 and 1,801,058, April 14, 1931, to Meigsoid Corp.; Chem, Aba., 
1981, 25, 3803. See British P. 274,146, 1926, and German P. 529,323, 1927; Chem. Abs., 1928, 22, 2072; 
1981, 25, 8050. 

wj, V. Meigs, U. S. P. 1,848,314, Feb. 16, 1932, to Meigsoid Corp. This application and the 
application for U. S. P. 1,832,038, Nov. 17, 1931, were involved in interference with applications of 
Melnto^ corresponding to V. S. Ip. 1,783,030, April 1, 1930, and 1,^0,816, Aug. 28, 1931, to Gbn- 
tinental Diamond Fibre Co. 
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lysts, to form a black, almost tarry mass which can be hardened by heat or exposure 
to air, as well as by use of a variety of condensing agents including acids, bases, salts 
and benzyl chloride.^ Phenol (600 parts) and 500 parts of a sugar containing M per 
cent dextrose are heated with 6 parts of sulphuric acid, the water being removed 
through a fractionating column as fast as it is formed."* Excess phenol is removed by 
vacuum distillation. The black resin secured by the apparent interaction of 1 mol 
of dextrose and 2 mols of phenol melts to a viscous liquid which may be hardened 
by heating to 140®C. with 3-10 per cent of hexamethylenetetramine. Other mate¬ 
rials (e.g., furfural and aniline, the naphthols, glycerol and naphthylamines) may be 
used instead of phenol. It has been stated that greater proportions of hexamethylene¬ 
tetramine (10-20 per cent of the weight of phenol-carbohydrate) tend to increase the 
mechanical strength of molded objects made from these resms. 

It was reported by Meigs“® that the properties of phenol-carbohydrate resins 
are modified by certain fillers usually employed in molding compositions. The 
more difficultly water-soluble metallic bases in particular are said to improve elec¬ 
trical properties of molded articles. It is considered that these bases react with 
other constituents of the resin, probably with decomposition of water-soluble sub¬ 
stances. Insulation resistance is reported to be increased ten-fold by the incorpora¬ 
tion of about 10 per cent of calcium hydroxide.^® The usual procedure is to add 
the metallic compound to the fusible carbohydrate-phenol resin, together with a 
hardening agent, followed by hot-molding at 150-180®C. Another method^^ in¬ 
volves the use of fatty oils, or pitches from the distillation of these oils. For ex¬ 
ample, 960 g. phenol, 400 g. corn sugar (85 per cent dextrose), 240 g. tung oil 
and 13.6 g. concentrated sulphuric acid were heated at 180-190°C. until most of 
the water was removed. Apparently the oil took part in the condensation, since 
the reaction product, a reddish-brown mass, dissolved completely in alcohol, which 
is not a solvent for tung oil. 

A dark, viscous body was obtained by McIntosh'“ by heating equal parts of 
starch, phenol and water, with sulphuric acid as a catalyst, for several hours under 
reflux. This material was soluble in acetone, alcohol and benzene and consequently 
was suggested as a varnish base. Hardening was attained by heating at 125*C. 
for 10-12 hours, the reaction being accelerated by pressure and by addition of hexa¬ 
methylenetetramine, benzichne-acetone or sodium-acetone-bisulphite. The ultimate 
product was hard, infusible and insoluble in most solvents. By impregnating 
fibrous or porous material with a resin of intermediate stage and molding in lami¬ 
nated form, a composition useful in making gears, insulators and sound-records 
was secured. The final resin was improved by removing or neutralizing the cata¬ 
lyst after the initial condensation. Modifications in the method include substi¬ 
tution of sugars or of other carbohydrates for starch as well as the use of other 
phenols and the employment of pyridine, aniline hydrochloride or sulphur mono¬ 
chloride as catalysts. 

The use of catalysts, especially mineral acids, in condensations of carbohydrates 
and phenols has the disadvantage of introducing in the resin substances which in¬ 
crease moisture-absorption, decrease electrical strength and corrode metal dies dur¬ 
ing molding. Moreover, these undesirable features are difficult to eliminate. By 
carrying out the reaction between starches or sugars and phenols in a closed vessel 

vwj. V. Meiss, U. S. P. 1,832,038, Nov. 17, 1031, to Meigsoid Corp.; Chem. Ab 9 ., 1932, 26, 8622. 

«*J. V. Meigs, U. S. P. 1,693,342, July 20, 1926; Chem. Ab«., 1926, 20, 3242. British P. 274,146, 

1926; Chem. Abi., 1928, 22, 2072. German P. 629,322, 1926; Chem. Abi., 1981, 25, 6060. 
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>»J. McIntosh, U. 8. P. 1^768,030, April 1, 1980, and 1,820,816, Aug. 26, 1981, to Continental Dia¬ 
mond Fibre Oo.; Chem. Abs., 1980, 24, 2624; 1981, 25, 6780. British P. 221,663, 1928; Chem. Abs., 1926, 



760 


THE CHEMISTRY OF SYNTHETIC RESINS 


at 200-260‘’C., Novotny and Romieux“® succeeded in condensing these materials 
without a catalyst. The pressure generated during the reaction, as well as the 
high temperature, facilitated the process. A brownish-black, hard lustrous resin 
was obtained by heating 100 pounds of corn starch and 150 pounds of phenol in a 
pressure kettle at 250*C. for 2-3 hours and then removing uncombined phenol 
by distillation. The product may be more fully cured by additional heating and 
by use of the usual aldehyde type of accelerators. Urea has been suggested as a 
substitute for phenol 

Konther^^ suggests that phenol-carbohydrate resins, after washing with water, 
be dissolved in methyl or ethyl alcohol to give a black enamel varnish which is 
resistant to heat. As a modification, 20 parts of rubber are dissolved in the resin 
by the application of heat and pressure.^'® 

Phenol, formaldehyde and a carbohydrate were condensed with an alkaline 
catalyst by Loetscher'” to a sufficient degree only to form a water-soluble resin, 
which could be used in aqueous solution for laminated or veneered articles, or 
dried and admixed with wood flour for molding purposes. One such product is 
secured by heating phenol, 40 per cent formaldehyde and a 50 per cent cane 
sugar syrup in equal parts at OS-IOS^C. with about 2 per cent of dilute sodium 
or potassium hydroxide solution. The reaction is stopped just before the resin 
reaches its water-insoluble state. When starch is substituted for cane sugar, much 
larger quantities of water and caustic alkali are required. 

The resistance of fusible phenol-carbohydrate resins to ammonia and to water 
was improved by Meigs‘S by a heat-treatment at 240-270°C. for 2-3 hours in a 
high-boiling solvent (b.p. 270-300®C.). The resultant compound is firm and hard, 
yet fusible enough for molding or milling on hot rolls and soluble in alcohol, ace¬ 
tone and benzene. In one instance, 800 g. of the intermediate substance were 
heated with 190 g. of creosote oil residue (bp. over 300®C.). The resin obtained 
was mixed with wood flour and hexamethylenetetramine and cured in a mold at 
120®C., to yield a glossy, moisture-resistant material. 

An alcohol-soluble body was produced by Bau'^" by condensing formaldehyde, 
a phenol and an aldose (e.g., glucose) in the jiresence of liydrochlonc acid at 65- 
70^0. According to Bau, the hydroxybenzyl alcohol resulting from the interaction 
of phenol and formaldehyde forms a glucoside, and subsequent polymerization takes 
place. 

Hard infusible products were made by Tarassov”’"* by the condensation of 
wheat starch, potato flour or potato molasses with formaldehyde, a phenol and a 
sulphonated hydrocarbon (e.g., najihtha sulphomc acids). 

Meigs also obtained resins from carbohydrates and polyhydric alcohols.^** In this 
procedure a small amount of a mineral acid is used and presumably decomposes the 
carbohydrate into humic acid derivatives which then combine with the alcohol to form 
a resin. Reaction takes place in a vessel equipped with a reflux condenser maintained 
at such a temperature that water vapor will escape but alcohol vapors will be con¬ 
densed to return to the reaction vessel. To 400 parts of glycerol at 100°C. are added 
6 parts of sulphuric acid (sp.gr. 184), followed by 400 parts of corn sugar (crude 

^ E. E. Novotny and C. J. Romieux, U. S. P. 1,815,930, July 28, 1931, to J. S. Stokes; Chem. 
Ab*., 1931, 25, 5481. Cf. E. E. Novotny and C, J. Romieux, U. S. P. 1,721,315, July 16, 1929, to 
J. a Stokes; Chem. Abe., 1929, 23, 4357. 

U4 British P. 209,697, 1922, to J. S. Stokes; 1924, 43, 224B. 

F. Konther, German P. 380,764, 1921; J.8.C.I., 1923, 42, 1186A. 

usF. Konther, German P. 402,541, 1923; J.8.C.L, 1925, 44, 17B. 

WE. C. Loetschor, U. S. P. 1,959.433, May 22, 1934; Chem. Ab»„ 1934, 28, 4610. 

wj. V. Meigs, U. S. P. 1,923,321, Aug. 22, 1933, to Plastix Corp.; Chem. Abs., 1933, 27, 5203. 

WA. Bau, British P. 218,054, 1923; Chem. Abe., 1925, 19, 581. 

Tarassov, British P. 102,751, 1916; Chem\ Abe., 1917, 11, 1027. . British P. 171,729, 1920, to 
H. Renner A Co.; /.S.C./., 1922, 41, 69A. 

wj, V. Meigs, U. S. P. 1,908,485, May 9, 1938, to Sweets Laboratories, Inc.; Chem. Abt., 1938, 27, 
3789. 
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dextrose) and the mixture is heated for 4 hours at 190-230®C. The reaction product 
is washed with hot wa'ter and then dried at 100“C. yielding a dark brown, glossy, 
thermoplastic mass, which can he mixed with fillers for the preparation of molded 
articles. The resin is made infusible by heating it for about 1 hour at 130-160®C. A 
modification of this method^^' is to digest a carbohydrate, e g , dextrose, molasses, starch 
or levulose, with caustic soda to form sodium salts of organic hydroxy acids, after 
which butyl alcohol, glycerol, diethylene glycol or other alcohols are added, together 
with hydrochloric acid. The latter liberates the organic acids from their salts and 
acts as a catalyst to bring about a reaction between these acids and the alcohol. 
Resinous substances are formed, compatible with cellulose compounds and soluble m 
ethyl and butyl acetate or other esters and m alcohols The product may be purified 
by washing with water to remove salts, or by extraction with alcohol. 

Light-colored, resinous bodies are said to be formed by the condensation of 
cyclic ketones with carbohydrates and with polyhyclric alcohols (other than a 
polyvinyl alcohol) containing at least 6 carbon atoms(With some of the re¬ 
agents the products are crystalline.) In one case, 100 parts of sucrose are suspended 
in 100 parts of methyl alcohol to which 0 25-0.5 per cent of concentrated sulphuric 
acid has been added. The sugar is dissolved by heating under reflux on a water 
bath. The solution is cooled and 300-400 parts of 2-methylcyclohexanone and 40 
parts of concentrated sulphuric acid are added. This mixture is agitated at 0-5‘’C. 
for 4 hours and then neutralized with sodium carbonate. After the removal of 
excess methylcyclohexanone there is obtained a solid, transparent resin which is 
soluble in many organic solvents but only slightly in benzine. 

Weiss‘““ produced a water-soluble resin by reacting dextrose with acid anhy¬ 
drides. Thus 50 parts of maleic anhydride and 75 parts of phthalic anhydride 
are heated with 180 parts of dextrose at 150°C. Further heating tends to reduce 
the solubility. 

Sucrose and other carbohydrates when heated with persulphates yield hard, insolu¬ 
ble and infusible oxidation products according to Bohler.^-* Eg. 50 parts of crude 
sugar are dissolved in 50 parts of alcohol (50 per cent) and treated with 3 parts of 
ammonium persulphate. The solution is evaporated and the residue heated to 180°C. 
yielding a water-insoluble mass. The hardness and elasticity of the resin are modified 
by the addition of oils or other resins to the above solution before evaporation. The 
material can be mixed with fillers to make molded products. 

The action of phloroglucinol on sugars without the application of heat was 
studied by Fischer and Jennings^* but they did not succeed in isolating any stable 
substances. Councler^^ obtained conderisation products of phloroglucinol with 
various aldehydes and sugars (e.g., with acetaldehyde, dextrose, mannose, galactose, 
levulose and arabinose). A solution of 6 g. of dextrose and 5.4 g. of phloroglucinol 
in 30 cc. of wate^', on treatment with hydrogen chloride gas, slowly thickened and 
turned reddish-brown. The product, when purified, was an amorphous yellow- 
green to olive-green precipitate. It was almost insoluble in water, ether and ben¬ 
zene, but dissolved in alcohol. Heated to 200°C. it carbonized but was non¬ 
combustible. The analysis gave its empirical formula as CisHiaO*, which represents 
the condensation of 1 mol of dextrose arid 1 mol of phloroglucinol with the elimina¬ 
tion of 3 mols of water. Other results are shown in Table 36. 

Resinous substances were also obtained by Councler“® from phloroglucinol and 
formaldehyde, acetaldehyde, propionaldehyde and isobutyraldehyde. 

12U. V. Meigs, U. S. P 1,982,822, Dec 4, 1934, to Sweets Laboratories, Inc.; Chem Abs,, 1935, 29. 

626. 

122 British P 385,139, 1932, to I. G. Faibemnd A.-G ; Chem. Abs, 1933 , 27, 4247. 

J. M. Weiss, U. S. P. 1,999,380, Apr. 30, 1935, to Weiss A Downs, Inc. 

Bbhler, German P. 552,880, 1929; Chem, Abs., 1932, 26, 4426. 

12* E. Fischer and W. L. Jennings, Her., 1894. 27. 1355 

125C. Counclcr, Ber., 1895. 28, 24; Chem.-Zto., 1894, 18. 1617; Ch^. Zentr., 1894, 2, 864. 

12® C. Councler, Chem.-Ztg., 1896, 20, 585, 599; Ber., 1897, 30, 990R. 
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Tabus 36. — Phloroglucinol-Sugar Condensations. 


Sugar Mois Sugar Alois Phloroglucinol Mole HjO Eliminated 

Arabinose. 3 3 6 

Xylose. 3 3 6 

Galactose. 3 3 8 

Dextrose. 3 3 9 

Levulose. 3 3 10 


Various processes for the utilization of hulls and spent glutens have been de¬ 
vised. Gluten and waste from starch works, for instance, can be kneaded with 
phenolic materials which form an insoluble compound with the vegetable proteins, 
according to Basset."' The paste of gluten and phenol may be used for the manu¬ 
facture of plastic substances or treated with acetone or a similar solvent to sepa¬ 
rate the gluten from the phenol. Preparation of resins from spent grains or malt 
is also described by Basset."" These materials are condensed with phenolic bodies 
using sodium hydroxide, zinc chloride or sodium zincate as a catalyst. Formalde¬ 
hyde may also be used in the operation. The resulting resin has been suggested 
for thermal and electrical insulation. Resinous material soluble in organic solvents 
was prepared by Tzonev and Yavnel"* by heating the hulls of sunflower seeds at 
over 100®C. with phenol and a mineral acid catalyst. The reaction was assumed 
to be a condensation of phenol with furfural, glucose, xylose and other products of 
hydrolysis. 

A distinction is made by Maksarov and Andrianov"® between resinous starch 
esters, which they term semi-synthetic resins, made from pure starch, and the 
benzylated derivatives of starchy substances such as potatoes, flour and bran. The 
latter contain proteins, amino acids and other analogous compounds in addition 
to carbohydrates and form condensation products, which are considered to be 
true resins and are classifiable as '^benzylamylonic esters.^^ 

Molasses and molasses residues are suggested as a source of non-sugar organic 
matter capable of conversion into hard, heat-resistant resins for making bricks 
and tiles. According to Vazquez'" the molasses is extracted with a mixture of 
sulphuric acid, alcohol and organic solvents (e.g., chlorinated hydrocarbons) which 
do not dissolve sugar. After stirring at 25-30®C. until the mass is uniform, a 
dark liquor is allowed to separate. This contains the solvents and organic s^ts 
and other impurities from the molasses. On evaporation, a residue is left which 
solidifies on cooling and hardens at 100®C. or higher to an insoluble, infusible 
resin, which may be ground and used with a binder for molding. If the liquor 
from the extraction operation is concentrated to a thick syrup it can serve as a 
binding agent for the hardened product. The mixture is adaptable for cold mold¬ 
ing followed by baking at gradually rising temperatures to 250'*C. 

Methods for the preparation of resinous condensation products of pectous 
matter obtained from plants have been devised by Hawerlander."" The non- 
flbrous constituents of cereal straws, plant stalks and grasses are obtained by agitat¬ 
ing the plant material with water or steam. The aqueous solution of non-fibrous 
substances is removed by pressing the fibers and is then evaporated, yielding the 
pectous residue as a dark brown, viscous mass. This is mixed with an equal 
volume of 40 per cent formaldehyde and the mixture thoroughly agitated. The 
temperature is raised to 30*C. and small quantities of sodium sulphite (or other 

i«P. E. BasMt, French P. 079,671, 1928; Chem. Abw., 1930, 24. 8128. 

u*p. E. Baeeet. French P. 649.168. 1987; Chem. 1029, 23. 2772. British P. 298.486. 1927; 

Chem. Abs., 1929. 23. 1708. ^ .... 

«*N. Tionev and N. Yavnel, Mailobemo ZhurQvoe Deto, 1931. (11). 22; Chem. Ab»., 1082, 26. 4408. 

i*»B. V. Makfarov and K. A. Andrianov. Pla$t. Maeeui, 1933 (6). 1; Chem. Abs., 1984, 28. 7041. 

«tB. A. VaiQuei. V. 8. P. 1,976,590, Ort. 9. 1084; Chem. Aht., 1984, 28. 7444. 

WA. Hiwerlandet. U. 8 . P. 1.041.849 and 1.941,880. Dec. 26. 1988, to Albert D. 8tewart; Chem. 
Abi., 1984. 28. 1484. 1536. 
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condensing agent) are added from time to time until the amount used equals about 
1 per cent of the volume of reactants. External heating is not necessary because 
of the exothermic nature of the reaction. When the mixture has attained a tem¬ 
perature of 70®C. it is cooled to about 25*C. The product is fusible and water- 
soluble but becomes insoluble on exposure to air. The material can be mixed 
with fillers and fibers and molded; heat and pressure rendering it infusible. 

Hawerlander produced a resin possessing many of the characteristics of phenol- 
formaldehyde compounds by condensing pectose with an aldehyde and a ketone 
This resin, which he terms a pectose resin, is clear and amber-like, melting at 70®C. 

As an example of the preparation of such a resin, equal parts of pectous residue 
(mentioned above), formaldehyde (36-40 per cent) and dimethyl ketone are mixed 
together and stirred for 6 hours at 35®C. Caustic potash is added during this treat¬ 
ment. When the liquid is subsequently allowed to settle three layers form, the top 
containing the fat and wax constituents, the bottom a residue and the middle (85 per 
cent of the total) the desired reaction mixture. The middle layer is removed and 
treated further with caustic potash, yielding a gummy liquid which solidifies when 
neutralized with dilute nitric acid. Evaporation of volatile liquids yields a residue 
of clear amber-like resin. This can be used in lacquers and in molded materials. 
It is made infusible and insoluble by heating with a hardening agent (eg., hexamethyl¬ 
enetetramine) . 

The possibility of the commercial production of xylose from cottonseed hulls'" 
led to investigations on the formation of varnish resins from this sugar.'* Equi- 
molecular proportions of xylose and aniline (150 parts and 92 parts, respectively) 
when heated at 75-80®C. for 10 minutes yield a clear red resin soluble in acetone. 
The solution is said to give on wood a varnish resistant to hot water, alkalies 
and acids (except nitric).'" The varnish can be made more cheaply by using 
impure cake-xylose and aniline oil.'^ 

It was observed that methylated xylan (by action of methyl sulphate in alkaline 
solution) tends to form gummy products.'" The mono-allyl ethers of corn and 
potato starches and of dextrin and inulin have been described as gummy sub¬ 
stances.'* Sucrose octa-acetate (obtained from sucrose, sodium acetate and acetic 
anhydride) possesses a crystalline form, but when fused (melting point 69®C.) and 
cooled it changes to a clear, transparent glass suggesting its use in resins and 
plastics.'*® Condensation of dulcitol, CJIiiOfl, with o-nitrobenzaldehyde yields 
l,2,5,6-bis(o-nitrobenzylidene)dulcitol, which when isomerized by the action of 
light, produces a resin.'*' 

^ Hashitani'** reports that some derivatives of yeast-gum are amorphous or 
resinous in character. Thus, benzoyl yeast-gum, C«H» 05 (CeH 8 C 0 )*, is a whitish, 
amorphous material, soluble in pyridine and melting at 223-225®C. Depolymeri¬ 
zation of yeast-gum with glycerol at 210-220®C. for 4-5 hours gave a substance, 
a-yeast-gum, which was white, amorphous, hygroscopic and soluble in water. 

u«A. Hawerlander, U. S. P. 1,041,851 and 1,941,352, Deo. 25, 1933, to Albert D. Stewart; Chem. 
Abi„ 1984, 28, 1559. 

W. T. Schreiber, N. V. Geib, B. Wingfield and 8. F. Acree, Ind. Eng. Chem., 1980, 22, 497. 

J. P. Montgomery, Ind. Eng. Chem., 1981, 23, 781. 

^However, H. A. Gardner (Ctrc., Am. Paint and VamUh Mfn. Aisoe., 1932, 410, 170, 411, 159; 
Brit. Chem. Ab$. B, 1983, 78; Chem. Abt., 1982, 26, 3938) found that a coating of xylose-aniline resin 
on maple failed after 1 week exposure. 

^ The cost of this varnish was estimated by Montgomery (loc. dt.) at $1.00 per gallon. 

«»H. A. Hampton, W. N. Haworth and E. L. Hirst, /.C.S., 1929, 1739. 

u>C. G. Tomecko and R. Adams, J.A.C.8., 1923, 4S, 2700. 

^ Q. J. Cox, J. H. Ferguson and M. L. Dodds, Ind. Eng. Chem., 1933, 25, 959. Sucrose octa-acetate 
ie manufactured by the Niacet Chem. Co., Niagara Falls, N. Y. 

Tanasescu and E. Maoovski, Butt. $oc. ehim., 1933, 53, 1097 ; Chem. Abt., 1934, 28. 1830. 

M«Y. Hashitani, BuU. Agr., Chem. Soe. {Japan), 1927, 3, 8; Chem. Ab*., 1928, 22, 1141. 



Chapter 37 

Hardened Rosin. Resinates 


Among fche natural resins the most important is common rosin or colophony 
obtained from various species of pine trees. Until the advent of tung oil varnishes/ 
rosin was much despised as a natural resin because of the harmful effect pro¬ 
duced by its acidic constituents. The present discussion deals with the disadvan¬ 
tages of rosin in its natural state and presents many of the attempts made to 
convert the resin into a more useful material. The melting point of rosin averages 
about 80°C., the acid number about 160 and the saponification number about 165.® 
The amount of gum rosin produced yearly in the United States is at least 
300,000-325,000 tons and of wood rosin is about 100,000 tons.* Gum rosin is ob¬ 
tained as the residue in the separation of spirit of turpentine from crude tur¬ 
pentine pitch by distillation and wood rosin is procured by naphtha extraction 
of waste pine-wood after it has been steam distilled to recover pine oil and tur¬ 
pentine.* The principal uses for rosin are in the paper, soap* and paint and 
varnish industries.* Of growing importance £tre its uses m modified synthetic 
resins, adhesives, emulsifiers, waterproofing material and dehairing preparations. 
Although rosin is a natural resin it is rarely used directly (because of its acid 
nature) but is converted into soaps or esters.* The fact that it is usually made 
into a modified product justifies the consideration of rosin in a work on synthetic 
resins. 


Abietic Acid 


The principal constituents of American rosin are abietic acid (more than 90 
per cent) and a small amount of non-acid material called resene.* ^Considerable 
work has been done on the determination of the structure of abietic acid. Ruzicka 
and his co-workers^^ give as the structure the following: 

^ See Chapters 38-39. 

*The physical properties of wood rosm have been studied by J. M. Peterson, Ind. Eng. Chem , 
1932, 24, 138. A comparison of French and American gum rosins was made by A R Hitch, Ind. Eng. 
Chem., 1931, 23, 1135. For a discussion of wood rosin and gum rosin see A Zinoviev, Maslobotno 
Zhirovoe Dko, 1928 (10), 24; Chem. Zentr., 1929, 1, 3040. A study of the viscosfty-teinperature re¬ 
lationship of molten rosin is given by J, M. Peterson and E. Pragoff, Jr., Ind. Eng. Chem., 1932, 24, 173. 
See also H. E. Nash, ibid., 177. 

• O. Wilson, Ind. Eng. Chem. News Ed , 1934, 12, 170 The estimated world production of rosin is 
600,000 tons. The paper industry absorbs 38 per cent, the soap trade 24 per cent and the varnish in¬ 
dustries 21 per cent of this amount. See A. J. Gibson, J.S.C.I., 1934 , 53, 989. 

* See R. C. Palmer, Ind. Eng. Chem., 1934, 26, 703. 

»See A. Campbell, Ind. Eng. Chem , 1934, 26, 718. 

•J. McE. Sanderson, Ind. Eng. Chem., 1934, 26, 711. See also F. W. Hopkins, Am. Paint J., 1930, 
14 (88), 68; Chem. Abs., 1930, 24, 4409. 

f O. A. Pickett and J. M. Sohantz, Ind. Eng. Chem., 1934, 26, 707. 

> Rosin esters are considered in (I^apter 38. 

•For some of the analyses of rosin see E. Stock, Farben-Ztg., 1921, 27, 156, et aeq.; Chem. Abs., 
1922, 16, 504. L. P. Zhereboff, Bumathnaia Prom {Russia), 1923, 2 (1), 59; Chem. Abs., 1924, 18. 
1197. E. Knecht and N. B. Maurice, /. Soc. Dyers Colourists, 1925, 41, 356; Chem Abs., 1926, 20, 
299. D. N. Shaw and L. B. Sebrell, Ind. Eng. phem., 1926, 18, ri2. A study of color tests for 
abietic acid was made by W. A. LaLande, Jr., J.A.C.S., 1933, 55, 1536. 

*®L. Ruzicka, P. J. Ankersmit and B. Frank, Helv. Chim. Acta, 1932, 15, 1289; Brit. Chem. Aba. A, 
1932, 1254. L. Ruzicka, H. Waldmann, P. J. Meier and H. H6sli, Helv. Chim. Acta, 1933, 16, 169; 
Chem, Abs., 1933, 27, 2154. See also R. D. Haworth, J.C.S., 1932, 2717. 
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Much of the new light on this structure was given by studies in the diene synthesis. 
(See Chapter 40.) The reaction of methyl abietate and maleic anhydride at 160®C. 
yields an additive compound of the formula CmHjmOb which on hydrolysis passes 
over into the anhydride-carboxylic acid C^HaaOB. This same compound is obtained 
from American colophony by direct treatment with maleic anhydride. The fact 
that maleic anhydride does react indicates that a diene system exists in part.'^ 
There is only a partial reaction of ethyl abietate with maleic anhydride, showing 
that the natural acid is a mixture of isomerides. 

All investigators do not agree with the above formula. There is still some 
disagreement on the position of the carboxyl group^^ though the principal con¬ 
troversy is on the position of the two double bonds. Vocke*® placed them in the 
7, 8 and 9, 14 positions whereas Arbuzov^ suggested either the 7, 8 and 13, 14 or 
the 6, 7 and 5, 13 positions.^® 

Many methods have been devised for obtaining pure abietic acid from rosin.“ 
(Crystals of abietic acid are shown in Figure 119.) The presence of resene exerts 
some influence on the reactivity of abietic acid, interfering with esterification and 
promoting oxidation.” One of the earliest ways of procuring pure abietic acid 
was to digest rosm with 70-90 per cent alcohol, precipitate with hydrochloric 


“See B. Arbuzov. ^ Gen Chem {U. S. S. R ), 1932, 2, 806; Chem Abu, 1933, 27, 2688; Bnt. 
Chem. Abs. A, 1933, 392. 

^ For instance, M. Fanica (Bull. i7i8t. pm., 1933, 151, 181; Chem. Abs , 1934, 28, 160) places the 
carboxyl group in position 4 

«F. Vocke, Ann., 1932, 497, 247; Chem. Abs., 1932 . 26, 5950. 

“ B. Arbuzov, loc. cit. 

P'or other work on the constitution of abietic acid see A Tschirch and B. Studer, Arch. Pharm., 
1903, 241, 495; J C S., 1904 , 86 (1), 79. L Ruzicka and J. Meyer, Helv. Chtm. Acta, 1922, 5, 315; 
Chem Aba, 1922, 16, 2500 L Ruzicka, H. Schinz and ,J. Meyer, Helv Chtm Acta, 1923 , 6, 1077; 
J C S., 1924, 126 (1), 171. L Ruzicka and M. Pfeiffer, Helv. Chtm Acta. 1925, 8, 832; Chem. Abs., 
1926, 20, 421. S P. Serebrovski and M. M. Soloveva. Zhur. Pnklad. Khim, 1930, 3, 1199; Chem. 
Aba., 1931, 25, 3349. L. Ruzicka, M. W Goldberg, H. W. Huyser and C. F. Seidel, Helv. Chtm. Acta. 
1931, 14, 545; Chem. Aba., 1931, 25, 3657. P. Levy and H. Tillmanns, Ber., 1931, 64, 2441; Chem. Aba., 
1932 , 26, 470. R. D. Haworth, B. M. Letsky and C. R. Mavm, /.C.S.. 1932, 1784. J. C. Bardhan and 

S. C. Sengupta, /.C.S . 1932, 2798. L. Ruzicka and H. Waldmann, Helv. Chtm. Acta. 1933, 16, 842; 
Chem. Abs., 1933, 27, 4809. See also O. Aschan, Ber., 1922, 55, 2944; Chem. Aba., 1923, 17, 1228; Chem.- 
Ztg, 1925. 49, 689; Chem. Abs., 1925, 19, 3485. A. Madinaveitia, Analea aoc. espah fia. guim., 1922, 
20, 183; Chem. Aba., 1923, 17 , 288. 

^ An approach to the synthesis of an acid oi the abietic series has been made by M. T. Bogert and 

T. Hasselstrom (Proc. Natl. Acad. Set., 1982, 18, 417; Chem. Aba., 1932, 26, 4326). 

“ C. C. Kesler, A Lowy and W. F. Faragher, J.A.C.S., 1927, 49, 2898. 
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acid, and reoryatallize in methyl alcohol “ In the method of Steele^ rosin is boiled 
under reflux for 2 hours in 98 per cent acetic acid. The mixture is then filtered 
and the filtrate allowed to crystallize. 

In the opinion of Dupont and co-workers" abietic acid is not present as such 
in rosin, but is formed by isomerization at high temperatures” or under the influ¬ 
ence of strong acids. Isomerization is obtained by passing a slow stream of 
hydrogen chloride through fused rosin at 150®C. for 15 minutes or by boiling an 
alcoholic rosin solution with concentrated hydrochloric acid. Abietic acid is puri¬ 
fied by suspending rosin in alcohol and adding enough alkali to neutralize one-fourth 
of the acid.” An acid salt, C»H»OtNa • 3C»H«)0„ crystallizes out* which may 
be separated and further saponified to yield pure rosin soaps or may be decom¬ 
posed by strong acids to regenerate pure abietic acid.* 



Fro. 119. 

Typical Cl*u8ter of 
Abietic Acid Crystals. 
(0. A. Pickett and J. 
M. Schantz.) 


Cowrtety Indwtrial and 
Snginaering Chemistry 


Kressman* employed a distillation method for tne separation of abietic acid 
and resene. The distillation is carried out at less than 10 mm. pressure in order 
to avoid decomposition. Under these conditions resene distils principally at 206- 
240®C. and abietic acid at 240-260®C. A somewhat similar method was used by 
Gammay.* He assumed that no resene is present in crude turpentine gum but 
that it is formed in the usual distillation method for obtaining rosin and spirit 
of turpentine. By distilling crude gum in vacuo below 110®C. with a small amount 
of saturated steam, Gammay obtained in 72 per cent yield a rosin with 0.8 per 
cent resene. 

The vacuum-distillation (2 mm. press.) of wood rosin yields a fraction contain¬ 
ing 93 per cent abietic acid which can be purified by dissolving in 80 per cent ethyl 


UH. Mach. Manatth., 1808, 14. 186; J.C.S,, 1893, 64 (1), 582. 

»L. L. Steele, JJi.C.8., 1921, 44, 1888. 

•BQ. Dupont and R. Uiao, Chimxe tt indwtrie^ 1925, (Sept. Special No.), 482; Chem. X&t., 1926, 20, 

612. 

>^See L. Firjatinski and S. Nasakin, Ma$lobo%no-Zhir. Dalo, 1030, 60-1, 56; Chem. Aba., 1932, 36. 

***‘*a, H. Dupont, U. 8. P. 1,628,586, May 10, 1927; Chem. Aba., 1927, 21, 2187. Britiah P. 244,980, 
1926; Brii. Chem, Aba. B, 1926, 202. 

■ Sm Q. Dupont, L. Desalbree and A. Bernette, Ball. aoc. chvn., 1926, 39, 488; BrU. Chem. Aba. A, 


1926, 611. 

^By using essentially this same method C. C. Kesler (U. S. P. 1,668,764, Mar. 27, 1928, and 
1394,874, Jan. 17, 1988, to Pine Institute of America, Ino.; Chem. Aba., im, 22, 1698; 1988, 27, 2691) 
recovered resene for use in varnish. Similarly, b«isene was used as the solvent and alcoholic potash as 
the sapcHOtifying agent by K. Sehmidinger (U.S.P. 1,668,788, Mar. 27, 1028; Chem. Aba., 1928, 22, 1696). 

itTW.Knmata, Britidt P. ItW: Chtm. Abt., im. it, SM. Franeh P. tSt.ni, ItaO; 

Chtm. AU, im, as, l«n. Oundiu P. I10,m. IMl; Chmt. Ab$.. ItSl, 25. 8155. 
mn. aimuv. l^naoh P. 6M,55S, I5lt! CHtm. Ab$., 1581, 25, MOO. 



37. HARDENED ROSIN, RESINATES 767 

alcohol and recrystallizing” The mother-liquor is concentrated and its residues 
are fractionally distilled for further recovery of abietic acid. 

Pure abietic acid can be prepared also by steam-distillation.” It is believed 
that highly superheated steam causes a physical dispersion of the aggregated mole¬ 
cules in rosin so that in steam-distillation very little decomposition occurs. Abietic 
acid is obtained in 86-96 per cent yield in distillation at 240-250®C. 

Gnaedinger* obtained a-abietic acid by heating French rosin with oxalic acid 
at 140-160*’C. The resulting product is purified by crystallization in alcohol. 
Abietic anhydride (m.p. 149®C.) is obtained by boiling pure abietic acid with 
acetic acid anhydride.” Another method of obtaining abietic anhydride was used 
by Mossgraber.” Rosin is dissolved in ethyl alcohol containing 10 per cent of 
caustic soda. The solution is treated with acetyl chloride, and upon heating, ethyl 
acetate distils off leaving a residue of sodium chloride and abietic anhydride. The 
use of the latter in insulating-varnishes was suggested. 

Purification of Rosin 

Low-grade rosins are objectionable in the making of soaps because of the dis¬ 
coloration imparted by impurities. Consequently a number of methods have been 
devised for purifying rosin.** In one method, after the usual distillation of crude 
turpentine the distillation is continued under very high vacuum to produce a pure 
colophony.** For the purification of wood rosin it is distilled repeatedly at 270- 
330®C. under such sufficiently reduced pressure that very little decomposition 
occurs.** A continuous process for low-pressure distillation of wood rosin was 
devised by Schultze.** The material is heated to 180-256“C. and the resulting 
liquid is spread in a thin layer 3 to 4 mm. thick on a surface heated to about the 
same temperature as the liquid introduced. The desired pressure (as low as 1 mm.) 
is maintained over this surface, the vapors are collected and condensed and the 
non-volatile portion is removed from the surface continuously. An analogous 
method was used by Gubelmann and Lee.” It is stated that partial decoloriza- 
tion of low-grade rosin is effected by low-pressure distillation (10-20 mm.) at 
250-290*C. in the presence of 0.3-1.0 per cent boric acid or borax.” 

In a distillation method used by Hitch” the rosin is dissolved in turpentine 
or gasoline and the solution is sprayed into a zone heated to about 340^0. and 
kept under high vacuum so that vaporization is almost instantaneous. The puri¬ 
fied rosin is collected by fractional condensation, it condensing at a lower tempera¬ 
ture (about 210®C.) than the color-containing impurities (about 270®C.). 

It was found by Hall** that the dark color of some rosins is caused by the oxida¬ 
tion or decomposition of constituents of acid and carbohydrate nature. Since these 
constituents are water-soluble in the original oleoresin it was suggested that lighter 

*^1. Qub«lmann, C. O. Henke and H. R. Lee, U. S. P. 1,S40,639, Feb. 23, 1932, to Newport Industries, 
Ino.; Chem. Ab$., 1982, 26, 2586. 

«H. H. Wislioenus and H. Liang, Z. angmp. Chem., 1927, 40, 1500; Brit. Chem. Abt. B, 1928, 177. 

»J. Qnaedtnger, French P. 665,424 and 665,425, 1928; Chem. Abi.. 1930, 24. 984. 

**£. Fonrobert, Chem. Umschau Fette, Oele, Wachse, Horse, 1^, 36, 373; Chem. Abt., 1930, 24, 
1386. 

«E. Mossgraber, British P. 867,874, 1930; BHt. Chem. Abt. B, 1932, 475. 

** Purification as applied here refers to the removal of objectionable constituents. 

«C. Qranel and J. Boulin, French P. 720,759, 1980; Chem. Abt., 1982, 26, 4191. 

M I. W. Humphrey, U. 8. P. 1,832,864, Nov. 24, 1981, to Hercules Powder Co.; Chem. Abt., 1932, 26, 
1148. See also M. O. Donk, U. 8. P. 1,219,413, Mar. IS. 1917; Chem. Abt., 1917, 11, 1758. 

»W. Schultse, U. 8. P. 1,908,578, April 11, 1938; Chem. Abt., 1933, 27, 3350. 

*1. Qubelmann and H. R. Lecu tl. 8. P. 1,846,681, Feb. 23, 1932, to Newport Industries, Inc.; 
Chem. Abt., 1982, 26, 2586. 

•rj. N. Borglin, U. 8. P. 1,849,587, March 15, 1932, to Hercules Powder Co.; Chem. Abt., 1982, 
26, 2879. 

••A. R. Hitch, U. 8. P. 1,904,464, Apr. 18, 1938, to Qillictn-Chipley Co.; Chem. Abt., 1988, 27, 
8688. 

wj. A. HaU, Ind, Bng. Chem., 1981, 84. Ill7. 
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rosins can be produced by washing the oleoresin with steam before distilling. 
Factors to control in the process include prevention of exposure of the gum to 
oxidation and use of apparatus free from iron. 

Hiunphrey*® treated impure rosin with a low-boiling hydrocarbon (boiling point 
less than 16®C. e.g., liquid butane) having a selective solvent action for the pure 
rosin. The solution is separated from the impurities and the rosin (75 per cent 
yield) is recovered by evaporation of the solvent. In similar methods methyl 
alcohol or a polyhydric alcohol is used.*^ 

A different process consists in dissolving rosin in a solvent such as gasoline and 
treating with an organic ester (e.g., monacetin) which is immiscible with the rosin 
solution but dissolves out the coloring matter.^ Other substances used as selective 
solvents include alcohols and glycols, phenols and such ethers as guaiacol or ethyl¬ 
ene glycol monoethyl ether.*® 

A gasoline solution of rosin is freed of impurities by precipitation with an 
anhydrous metal chloride (e.g., zinc or stannic chloride).** Logan*® employed essen- 
tiahy the same method using light-colored metal halides to precipitate the impuri¬ 
ties from a 10 per cent solution of rosin in naphtha. To remove iron compounds 
rosin is treated in liquid phase with either oxalic or citric acid and the resulting 
product is extracted with petroleum naphtha.** 

In a process of Palmer and Henke*^ rosin is dissolved in petroleum naphtha and 
resorcinol (90% aq.soln.) is added at 90-110°C. The mixture is stirred and allowed 
to settle so that the resorcinol layer containing the impurities can be separated. 
For further purification the rosin is treated with fuller’s earth or charcoal.** 

Resorcinol was used also by Borglin** as a solvent for rosin impurities. The 
rosin is dissolved in gasoline and the resorcinol is dissolved in an aliphatic alcohol 
(e.g., ethyl alcohol) with which the rosin solvent is immiscible. The two solutions 
are mixed together to dissolve the impurities and then are easily separated for 
the recovery of the pure rosin. In another of Borglin’s methods the second solu¬ 
tion consists of oxalic acid in 92 per cent ethyl alcohol.®* 

Kaiser and Hancock®' used furfural as a selective solvent for rosin impurities. 
Low-grade wood rosin is dissolved in gasoline and then furfural is added. On 
refrigeration a layer settles out containing some rosin and a major portion of 
the furfural in which the impurities are contained. The remaining solution yields 
high-grade wood rosin in 70-75 per cent yield. A medium-grade rosin is recov¬ 
ered from the impure layer by gasoline extraction. In a modification of the 
process the furfural is replaced by either a phenol, a chlorohydrin, furfuryl alcohol, 


"I. W. Humphrey, U.^ S. P. 1,806,973, May 26, 1931, to Hercules Powder Co.; Chem. Aba., 1931, 

25 4139 

’ «I.‘W. Humphrey, U. S. P, 1,852,245, Apr. 5, 1932, and 1,897,379, Feb. 14, 1933, to Hercules Powder 
Co.; Chem. Aba., 1932, 26. 3103; 1933, 27, 2831. 

^*1. W. Humphrey, U. S. P. 1,890,086, Dec. 6, 1932, to Hercules Powder Co.; Chem. Aba., 1933, 27, 
1774. 

*«I. W. Humphrey, U. S. P. 1,800,834, Apr. 14, 1931, and 1,905,173, Apr. 25, 1933, to Hercules Powder 
Co.; Chem. Aba., 1931, 25. 3503; 1933, 27, 3628. 

W. Humphrey, U. S. P. 1,887,097, Nov. 8, 1933, to Hercules Powder Co.; Chem. Aba., 1933, 27, 
1503. See also J. N. Borglin, U. S. P. 1,804,975, Jan. 24, 1933, to Hercules Powder Cto.; Chem. Aba., 
1933, 27. 2592. 

*»W. B. Logan, U. S. P. 1,782,267, Nov. 18, 1930, to Newport Co.; Chem. Aba., 1931, 25, 424. 

^A. F. CMiver and R. C. Palmer, U. S. P. 1,881,893, Oct. 11, 1932, to Newport Industries, Inc.; 

Chem. Aba., 1933, 27, 616. ' 

♦TR. C. Palmer and C. O. Henke, U. S. P. 1,791,633, Feb. 10, 1931, to Newport Co.; Chem. Aba., 
1981, 25, 2012. British P. 294,526, 1928; Bnt. Chem. Aba. B, 1930, 157. See also R. C. Palmer, J. L. 
Burds and A. F. Oliver, 17. S. P.. 1,757,588, I^ay 6, 19^; Chem. Aba., 1930, 24, 3387, and I. Qubelmann 
and C. 0. Henke, U. S. P. 1,810,170, June 16, 1031; Chem. Aba., 1931, 25, 4725. 

^R. C. Palmer, U. S. P. 1,810,222, June 16, 1931, to Newport Co.; Chem. Aba., 1931, 25, 4725. 

^*J. N. Borglin, U. S. P. 1,901,626, Mar. 14, 1933, to Hercules Powder Co.; Chem. Aba., 1938, 27, 
8350. 

^3, N. Borglin, U. S. P. 1,959,564, May 22, 19^, to Hercules Powder Co.; Chem. Aba., 1934, 28, 
4616. 

AH. E. Kaiser and R. S. Hancock, British P. 258,082, 1926, to Hercules Powder Co.; Brit. Chem. 

Ab$. B, 1926, 988. See French P. 621,411, 1926; Chem. Zentr., 1927, 2, 645. 
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sulphur dioxide or aniline.” Hancock” treated rosin (dissolved in gasoline) with 
furfural or phenol to remove impurities and then subjected the refined rosin to 
vacuum-distillation for further purification.** 

Humphrey” removed coloring matter by condensing rosin with an aldehyde 
and ammonia or with hexamethylenetetramine and distilling the product under 
reduced pressure. A similar procedure was described by Zilberman and others.” 
A condensation product is formed by heating 100 parts of rosin for 24 hours with 
25 parts of 40 per cent formaldehyde solution and 0.1 part of hydrochloric acid. 


Fig. 120. 

Illustrating the Clarity of Wood Rosin 
(O. A. Pickett and J. M. Schantz.) 


Courtesy Industrial and Engineering Chemistry 



This product is distilled at 300°C. under reduced pressure to recover pure 
colophony. 

The process used by Hey” consists in dissolving rosin in an organic solvent 
and submitting it to the action of zinc and hydrochloric acid. The rosin solution 
is placed in a container having one wall made of zinc provided with small perfora¬ 
tions, and this container is immersed in an aqueous hydrochloric acid solution 
containing zinc. The rosin solution passes through the perforations into the acid 
solution where it is thoroughly agitated and then allowed to rise to the surface. 

Purification of rosin by means of hydrogenation was used by Henke.” A cata¬ 
lyst such as nickel is used in the process, and after its removal the hydrogenated 
product is distilled (250-300®C. under 10 mm. or less pressure) and an intermediate 
fraction is collected (70-75 per cent yield). An absorption of 90 per-cent of the 
theoretical amount of hydrogen is possible if rosin is dissolved in amyl alcohol 
and a small amount of concentrated hydrochloric acid and treated at 145°C. with 
hydrogen under 7 atmospheres pressure.” Palladium is used as the catalyst in 
this case. 

“ British P. 275,802, 1927, addn. to 253,082, to Hercules Powder C5o.; Brit. Chem. Ahs. B, 1927, 822. 
French P. 032,838, 1927; Chem. Ahs., 1928, 22, 3543. 

R. S. Hancock, U. S. P. 1,908,754, May 10, 1933, to Hercules Powder Co.; Chem. Ahs., 1933, 27, 

3830. 

See also A. G. Jevdokimov, /. Appl. Chem. {U. S. 8. R), 1933, 6, 933; Brit. Chem. Ahs. B, 
1934, 71. 

“I. W. Humphrey, U. S. P. 1,887,157, Nov. 8, 1932, to Hercules Powder Co.; Chem. Ahs., 1933, 
27, 1503. 

«G. Zilberman, A. Bolotin and P. Romanova, Lakokrasochnaya Ind., 1933 (3), 21; Chem. Ahs., 
1933 27 5202 ' 

«E.’ Hey,’ U. S. P. 1,912,037, May 30. 1933; Chem. Abs., 1933, 27, 4072. 

“C O. Henke, U. 8. P. 1,899,901, March 7, 1933, to Newport Industries. Inc.; Chem. Abs., 1933, 
27, 3095. See also Carleton Ellis, U. 8. P. 1,249,050, Dec. 4. 1917; Chem. Abs., 1918, 12, 432. B. T. 
Brooks, U. 8. P. 1,107,204, Jan. 4, 1910; Chem. Abs., 1910, 10, 098. 

“B. Tyutyunnikov and N. Perstnev, Allgem. 6l-u. Fett.-Ztg., 1931, 28, 319; Chem. Abs., 1932, 26. 
3395. See British P. 350,742, 1929, to Chem. Fabrik Dr. K. Albert G.m.b.H.; Chem. Abs., 1932, 26. 
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It was found by Palmer, Burda and Oliver" that the suggested use of fuller’s 
earth in decolorizing rosin® ^d not apply very well in the case of wood rosin. Ex¬ 
cessive amounts of earth had to be used because of the presence of terpenes which 
by partial polymerization cause gummy precipitates on the filter. In addition, 
the terpenes which do not polymerize act as solvents for the rosin impurities, pre¬ 
venting their adhesion to the fuller’s earth. To remove the terpenes the rosin is 
distilled with dry steam at elevated temperatures. The residue is dissolved in a 
petroleum distillate (boiling 100-160®C.) and cooled to about 20®C. to precipitate 
petroleum-insoluble matter and is then filtered through fuller’s earth. In one 
method of filtering a series of beds is used and as the first bed becomes saturated 
with impurities it is cut out of the group and is replaced by a fresh filter placed 
last in the series, each of the other filters then being advanced one position in the 
group." 

In a process used by Brooks" for purifying natural resins the crude material 
is mixed with a chlorohydrin of a gaseous olefin (e.g., ethylene- or propylenechloro- 
iydrin) to form a thin viscous mixture. A temperature of 60-70®C. is normally 
^fiiployed. The proportion of resin to chlorohydrm is usually 1 to 5. Impuri- 
^ ties are removed by filtration and the resin is recovered by vacuum-distillation of 
the chlorohydrin. Tournel" converted rosin into potassium resinate in order to 
separate impurities. The rosin (1 part) is powdered and suspended in 3 parts of 
water which is then heated to boiling and treated with 1 part of caustic potash 
solution (sp. gr. 1.33). When a pasty consistency has been obtained 8 parts of 
water are added and the boiling is continued for 15 minutes. The resinate is coag¬ 
ulated with an electrolyte and the supernatant liquid containing the impurities is 
siphoned off. The resinate is again suspended in water and is treated with sodium 
carbonate and a small amount of sodium peroxide (1 per cent). The boiling is 
continued and the resinate is recoagulated with sodium chloride and hydrochloric 
acid. 

In order to obtain a rosin which would not tend to crystallize, Palmer" treated 
wood rosin in naphtha solution with sufficient caustic alkali to neutralize from 3 
to 6 per cent of the abietic acid in the rosin. A reduction in crystallizing tendency 
and an improvement in color results when rosin is subjected to a heat treatment 
(280-350®C.) for half an hour in an inert atmosphere such as carbon dioxide." 
By heating wood rosin at 260-326®C. Logan® effected a reduction in the crystalliza¬ 
tion tendency and at the same time increased the optical rotation." It appeared 
that the alteration in optical rotation is directly proportional to the lowering of the 
crystallization tendency. By heating wood rosin at 300®C. for two hours the optical 
rotation changes from + 4 to about + 25. At the same time the discoloring im¬ 
purities are made soluble in rosin solvents. It was later found that this same 
treatment removes what are designated ''potential color bodies” from rosin which 
has already been bleached." Although bleached rosin appears to be free of coloring 
matter it tends to develop a yellowish color when converted into an alkaU soap 

R. C. Palmer, J. L. Burda and A. F. OUver, U. S. P. 1,807,599, June 3, 1981; Chem, Ab$., 1981, 
35, 4423. 

A. n. Autrey, U. S. P. 1,550,899, Oct. 27, 1925; Chem. Aba., 1920, 20, 288. 

**R. C. Palmer, J. L. Burda and A. F. Oliver, U. S. P. 1,905,493, Apr. 25, 1988, to Newport In- 
duatriee, Inc.; Chem. Abi., 1933, 27, 8028. 

**B. T. Brooks, U. S. P. 1,840,873, May 25, 1920, to the Commercial Research Corp.; Chem. Abe., 
1920. 14. 2270. 

h M. Toumel, French P. 098,292, 1929; Chem. Abe., 1931, 25, 1092. 

«>R. C. Palmer, U. &. P. 1,787,281, Dec. 80, 1980, to Newport Co.; Chem. Abe., 1981, 25, 885. 

^D. C. Butts, U. S. P. 1,791,058, Feb. 10, 1931, to Hercules Powder Co.; Chem. Abe., 1981, 25, 2012. 

*^W. B. Logan, U. S. P. 1,048,270, Sept. 30, 1937, to Acme Products Co., Inc.; Chem. Abe., 1927, 21, 
8750. 

<*A study of optical rotation and crystal structure of rosin acids is discussed by E. A. Osorgi, 
/. Chem. Education, 1988, 10, 415; Chem. Abe., 1988, 27, 4100. 

<»W. B. Logan, U. S. P. 1,807,488, May 20, 1981, to Newport Co.; Chem, Abe., 1981, 25, 4189. 
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and precipitated with aluminum salts. This is of course objectionable if the mate¬ 
rial is used in sizing paper. 

It was stated by Humphrey^ that a composition which will not crystallize can 
be produced by mixing rosin with about 15 per cent or less of a rosin-distillation 
residue. This mixture can be used in core oils, varnishes and printing ink.«*. 


Liming op Rosin 

Untreated rosin is unsatisfactory for use in varnishes directly for many reasons. 
It is too soft and is neither waterproof nor durable. If a solution of rosin in 
benzene is brushed out on a surface the resulting film when dry will attain a high 
gloss, but in a short‘time it will become dull. In warm weather the film will be¬ 
come sticky, possessing what is known as the printing effect. In damp weather 
there will appear on the film a bluish opalescence or ^'bloom,'^ evidently caused by 
surface-absorption of moisture by the resin acid. All these qualities are to be 
found in varnishes containing rosin as such in considerable quantities. Rosin is 
used to a small extent to assist the solution of natural gums and fossil resins, 
but the temptation to use larger proportions is great because of its relative cheap¬ 
ness. 

Another objection to the acid nature of rosin is its influence on the '^livering’' 
of varnishes, a peculiar thickening which occurs when basic pigments are ground 
with varnishes. Thickening is due principally to colloid reactions causing molecular 
aggregation and gel formation.’^ The rate of livenng increases with the acidity 
of the varnish.** 

It was discovered long ago that rosin becomes harder and less sticky-by partial 
neutralization with lime.’** Rosin so treated is known in industry as ^‘lime- 
hardened rosin/’ “limed rosin” or simply “hardened rosm.” A hardened rosin 
varnish will hold its gloss longer than one from ordinary rosin. 

The customary method of liming rosin is by fusion. Complete neutralization 
cannot be effected in this manner, nor is it desirable. A completely or nearly com¬ 
pletely neutral lime soap is only partially soluble in the common varnish oils and 
solvents. In the treatment of rosin with lime a purely neutral resinate is not 
formed, but rather a mixture of neutral and basic resinates, so that the acidity 
does not decrease irr direct proportion to the amount of lime used. The ratio 
of basic to neutral resinates appears to increase with the amount of lime, and 
at the same time there is formed in the fused mass a suspensoid of hydrated lime 
which decreases the fusibility of the batch. Under these conditions the temperature 


'~I. W. Humphrey, U. S. P, 1,931,226, Oct, 17, 1933, to Hercules Powder Co.; Chem. Abu, 1834, 
28 332 

’ Comgnier, Bull. soc. chim., 1923, 33, 1558; 1924 , 35, 898; Chem. Ab»., 1924, 18, 909; 1925, 19, 
738; Bev pen. coUotdet, 1923. 1, 18; 1924, 2, 37; Chem. Abs., 1924, 18, 1208, 2968. See also Carleton 
Ellis and L. Rabinovitz. Ind Eng, Chem , 1916, 8, 406. S. V. Yakubovitch and S. V. Kirsanova, 
Kolloxd-Z., 1933, 65, 333; Chem Ab» , 1934, 28, 2201. F. Schmid, Farbe u. Lack, 1933, 172; Chem. 
Ab»., 1933 , 27 , 3349. Chicago Club report, Amer. Paint and Vcmiish Mfra Aet^oc, Ore., 1933, 445, 
459; 1934, 471, 289; Chem. Abs., 1934, 28, 347; 1935, 29, 360. M. H. Fischer and W J. Suer, Kolloid-Z., 

1932, 60, 71; Chem. Ab$., 1932, 26, 5219. H. Wagner, ibid,, 307; Chem. Aba, 1932, 26. 6161. It has 

been stated, however, that thickened paints and vaniishes can be restored by the addition of 0.5-10 
per cent of free fatty acids. See T. F. Bradley, U. 8. P. 1,478,017, Dec. 18, 1923, J S.C.J., 1924, 43, 
224B. 

’•Although monobasic acids frequently increase the rate of livering of varnishes it has been reported 
that tribasic acids, e.g., boric or phosphoric reduce livenng m some cases. See Schulmann, Farbe u. 
Lack, 1934, 307; Brit. Chem. Aba. B, 1934, 725. 

The use of lime for hardening rosin was advocated in 1884 by A. K. Kissel (U. 8. P. 303.436, Aug. 

12, 1884, to C. Zimmer. Reissue 10,714, Apr. 20. 1886. U. 8. P. 414,366, Nov. 25, 1890. British P. 

80M, 1884; German P. 30,000, 1884; French P 162,098. 1884). Other bases were suggested also by 
Kissel, for instance, baryta or magnesia. J. B. Melvin (U. 8. P. 370.640, Sept. 27, 1M7; British P. 
5270, 1886; 1886, 5, 432) recommended sine oxide and other metallic oxides. Carleton Ellis and 

H. M. Weber (U. 8. P. 1,381,863, June 14. 1921; Chem. Aba., 1921, IS, ^60) used calcium cyanamide. 
The use of 25-30 per cent of calcium acetate was suggested by M. Bottler (KunaUt., 1913, 3, 84; Chem, 
Aba., 1913, 7, 2314). 
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needed to liquefy the mass is so high that decomposition of the resinate occurs. 
For these reasons conqilete neutralization of rosin cannot lie carried out by the 
fusion method. A pale, hardened rosin will not have much less than 30 per cent 
free rosin acid."“ 

For the liming ojieration a good grade of hydrated lime technically free from 
iron and containing less than 1 per cent of magnesium oxide should be chosen. 
Iron is objectionalile because of the d.irk colors it imparts, and magnesium de¬ 
creases the solubility of the product. Magnesium resinate solutions have a greater 
viscosity than those of calcium resinate so that the presence of the former causes 
thickening of varnishes Hydrated lime is preferred to quicklime because of its 
more flocculent condition, permitting it to react more readily with the rosin.‘‘ Also, 
ill the reaction of hydiated lime with rosin, steam is evolved Which serves to keep 
the lime in suspension, whereas quicklime will tend to settle to the bottom.''^ 

A tentative specification made by Gardner'* foi hydrated lime to be used in 
varnish is: color, white; fineness, not moie than 10 per cent over 250-mesh; reac¬ 
tivity, satisfactory in gloss-oil and tung-oil tests; calcium oxide, not less than 70 
jier cent (equivalent to 92.5 jier cent calcium hydroxide); magnesium oxide, not 
more than 3 pei cent; insoluble matter and oxides of iron and aluminum, not 
more than 2 per cent; carbon dioxide, not more than 2 jier cent 

In ordinary practice the maximum amount of lime used i> O-S [lei ^cent of the 
weight of rosin, the acid number of the rosin being reduced from 1(55 to 70 with 
0 ])er cent of hme.'^' With this amount a transparent product should be obtained, 
but with higher percentages a cloudy effect is jiroduced. Also, as w'as stated pre¬ 
viously an overlmied rosin is not conqiletely soluble in varnish oils and solvents. 
Therefore ordinarily 5-6 per cent of lime is used. The customary procedure is to 
heat the rosin to SOO^C, to jirevent crystallization, cool to 200T' and stir in the 
lime gradually. Although ordinarily the lime is added dry it is said that some¬ 
what better results are obtained by mixing it with a little linseed oil and water 
and adding 0.1 per cent calcium or lead acetate as a catalyst.’** The temiierature 
is then raised to 260‘’C. and the mixture is stirred to prevent settling of the lime. 
After all the lime has been taken up and the water has been driven off the rosin 
is poured into cooling pans. In order to get the best control of color and acidity 
large batches are cooked in closed kettles under careful supervision. 

In the hardening of rosin other basic oxides are sometimes used in place of or 
in addition to lime.’" For instance a grmding-varnish rosin is made by hardening 
rosin with 2 jier cent of magnesium oxide and 5 per cent zinc oxide. The use of 4 
per cent of slaked lime and 2-3 per cent of zinc oxide gives a rosin for rubbing- 
varnishes.*" The method emiiloyed is to add zinc oxide at 220-240"C., continue 

A. Murray, Chem Met. Eim , 1921, 25, 473. 

’‘The use of hydrated lime a'nl of carbonate of lime and calcium sulphide in place of quicklime 
for hardening rosin was recommended by S. Banner (British P. 11,805, 1887; JSC.L, 18^, 7, 573). 
The amount of hydrated lime used was 3-15 per cent. In some cases 3-7 per cent sulphur wa.s used, 
the amount of lime then being reduced. See also C. Cfeffignier, Chimie et Industrie, 1921, 5, 497; 
Chem. Abs . 1921, 15, 2555. 

’5 Manufacturers formerly favored the use of oyster-shell lime because although its calcium oxide 
content is comparatively low it is technically free from magnesium and iron salts and its composition 
w reasonably constant The use of coral lime was recommended by W. H. Scheel (U. S. P. 1,428,120, 
Sept. 6, 1922, Chem. Abs., 1922, 16, 3766). 

’«H. A. Gardner, Paint Mfrs. Assoc. Circ., 1921, 113; Chem. Abs, 1921, 15. 765. 

■’’See J. McE. Sanderson, Ind. Eng Chem., 1934, 26, 711. 

*See J M. Schantz, Paint, Oil, Chem. Rev., 1931, 92 (17), 9; Chem. Abs, 1932 , 26, 609. An 
organic carboxylic acid (particularly acetic), a halogen or a halogen acid or .salt has been suggested as 
catalyst by E. V. Romaine, H. J. Weiland, P. O. Bowers and R. C. Palmer (U. S. P. 1,884,407, Oct. 25, 
1932, to Newport Industries, Inc.; Chem. Abs., 1933 , 27, 1163). 

”806 O. Prager, Seifen. Ztg., 1915, 42, 686 , 705; Chem. Ahs., 1915, 9, 3369. In using metallic 
oxides pale-colored products are obtained if the oxides are m a finely divided state. See Krumbhaar, 
J. Oil, Col. Chem. Assoc . 1934, 17, 413; Bnt. Chem. Abs. B, 1935, 160. 

*F. Pirschl (U. S. P. 521,270, June 12, 1894) stated that by using rosin oil as a flux as much as 
16 per cent of manganese dioxide, 10 per cent of barium oxide or 40 per cent of lead oxide could be 
absorbed by rosin. 
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heating until the mixture is clear, then add slaked lime and raise the temperature 
to 275‘'C. to complete the reaction.''' 

Natural resins other than rosm have been hardened with lime although such 
treatment renders them jiartially insoluble in turpentine or linseed oil and lowers 
their resistance to the action of water and the atmosphere.*" Resins treated in this 
way include dammar and various copals such as Manila, kauri, Congo, Zanzibar 
and Hymenaea (S. American). 

Similarly, the melting iioint of crude montan wax is raised by heating the wax 
with about 1 per cent of a metal hydroxide, basic oxide or carbonate m water 
at temperatures between 10()°C and the melting point of the wax'"' The treatment 
may be effected also by dissolving the wax in an organic solvent m which case 
the reaction is carried out at temperatures up to 200°C. 

Gloss Oil. If linie-hardened rosin is dissolved in petroleum najihtha a very 
cheap variety of varnish is obtained. In industry this solution is known as ^^gloss 
oil,” since it iinjiarts a gloss to jiaints and varnishes in which it is used. Cdoss oil 
is used to some extent in flat-wliite enamels and in cheap lacquers, tool varnishes, 
shingle stains and the like. Because of the free acid m gloss oil there is risk of 
yellowing'^' when it is used m Hat-white paints, and when used m the priming coat 
for plaster or cement walls it ultimately causes crumbling. 

Closs oil may be prepared directly by melting rosin at about ISO^C., thinning 
it with about an equal weight of mineral spirits and then adding the required 
amount of lime. The heating is continued at 110“C. until the lime has reacted, 
then the temjierature is raised to 150^*0. to remove water. Gloss oils prepared 
in this way using 10 per cent or less lime were still clear after 2 years aging 
In cases in which 12 per cent of lime had been used crystallization occurred 

A gloss oil, jiale in color, was jirepared by Davidson‘S by grinding the in¬ 
gredients togetlH’r 111 a pebble mill. It is stated that more lime can be introduced 
into rosin b\' this method than is used in the kettle method. If a varnish or 

enamel is to be made the jiigment is ground with the rosin, lime and naphtha, 

and the other ingredients are added later. 

Rosin and lime-hardened rosm are used extensively with tuiig oil (China 

wood oil) for the manufacture of varnishes. The characteristics of tung-rosin 

varnishes are pale color, rapidity of drying, high gloss, durability and waterproof 
qualities. A (Iried coating of gloss oil will proinjitly turn white on contact with 
water, and the same is true of a rosm-hnseed oil varnish, although to a lesser 
degree.'^ A lung oil-rosm varnish, however, is highly resistant to water. Moreover, 
rosm acts as a good solvent for over-heated or gelatinized tung oil, and it has a 
retardant action on the iiolymerization of tung oil.** The use of limed rosin m 
])lace of raw rosm makes a harder and more (piickly drying varnish but at the 
same time imjiarts brittleness. 

Although .some varnishes of this type consist simply of tung oil, rosin and 
thiimers, others contain m addition linseed oiP or other oils and resms.*^ Con- 

H Harlott, Fnrbrn-Chcm , 1934 5, 409; Brit Chcm Ab^ B, 1935, 33 

«2M Uottloi, r/iom. Bvv Fett-Uarz-Ind , 1910, 17, 292, Chem. Ab» . 1911, 5, 1198. 

'*•'* Got man P 581,891, 1933, and it.s additions 583,333 and 583,484, 1933, to A. Iliebeck’srhe Montan- 
wo'ko A.-G ; Chvm Ab.s., 1934, 28. 1170 

**The yellowing of white enamels was attributed bv H. Munzert {Farben-Ztg , 1928 , 33, 2849; 
lint ('firm Ahn. B, 1928, 719) to llio oxidation of resin neids 

S A Levy, Avi. Paint, Vanuidi Mfr» Assoc., Circ , 1931, 386, 208; Chem. Ahs., 1931, 25, 4417. 

n Davidson. Paint, Oil, Chem Hev , 1928, 86 (5). 11; Chem. Ahs., 1928. 22, 3541. 

^ See F. C Sehnintz, F C Pnlinei at'rl W. W Kiftlebeigor, Ind. Kng. Chem , 1930 , 22. 856. 

Ser‘ R. SehiMiiz, Fnrhe u Lack, 1931, 123; Brit. Chem. Abs. B, 1931, 895, H. Hadert, ibid., 
1928, 558; Chem Abs , 1920, 23. 721. 

A report of the lesidfs of 21 vaiious procedures of inaking up viiniishe.s of harrlemnl rosin, tung 
oil. ImsixHl oil and petroleum thinner was made by E. C. Haines, Am. Paint, Yarn. Mfrs. Assoc. Ctre.. 
1931, 404, 619; Chem. Abs, 1932, 26. 1140, 

•^See. for example, L. Auer, British P. 341,431, 1929, Brit. Chem. Abi. B, 1931, 451, and J. B. Diets 
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siderable study has been made on the cause of blooming in varnish films.” Krumb- 
haar” stated that a linseed oil-rosin varnish must contain at least 3 parts of oil 
to 2 of rosin to be free from bloom. According to Harrison and Fonrobert” factors 
which may produce blooming are excessive amounts of driers and free acids, cer¬ 
tain thinners, improperly refined or cooked oils and improperly run resins. It has 
been pointed out that the presence of too much lime-hardened rosin will also cause 
blooming.®* 


Various Methods of Hardening Rosin 


In addition to liming, other methods of hardening rosin have been devised.” 
Many of these include oxidation by various means.” One of the earliest consisted 
merely m passing a current of air or oxygen through molten rosin.*" Another 
method is to use this same treatment with the addition of 1 to 5 per cent of a 
phenol or phenol ester which is said to impart toughness. A variation of this 
method consists m heating rosin with a ferric salt and hypochlorites.” 

Schaal” passed a current of heated air or oxygen over powdered rosin, the 
temperature being kept below the melting point of the rosin.'” The oxidized 
product is not soluble in oil of turpentine and fatty oils, and thus resembles fossil 
resins in that it must be heated above its melting point to render it soluble. In 
a modification of the Schaal process the powdered rosin (100 parts) is mixed with 
cobalt acetate (0.3 part) and anhydrous sodium sulphate (40 parts) and treated 
as described above.^” The cobalt acetate can be replaced by either manganese 
resinate or manganese borate and a mixture of equal parts of sodium chloride 
and sodium sulphate can be used instead of the latter alone. After the hardening 
process the rosin is washed well with warm water and dried by slight melting 
or fusing. 

It was observed by Miles"® that the mere exposure of powdered rosin to air 
produces only slow oxidation probably caused by a film of inert gas on the rosin 
surface preventing the access of fresh oxygen. This difficulty is removed by 
moistening the rosin with water. The powdered rosin can be treated with a solu¬ 
tion of hydrogen peroxide or it can be agitated with water and treated with ozone. 
The oxidation is promoted by mixing with the rosin such substances as calcium 
hypochlorite, formaldehyde, dilute sulphuric or sulphurous acid, milk of lime, soda 
*ash and turpentine."" It was stated that rosin oxidized in this manner yields when 

and E. F. Oeffinger, U. S. P. 1,942,413, Jan. 9, 1934, to E. I. du Pont de Nemours A Oo.; Chem. Abs., 
1934, 28, 1879. 

•^See N K. Adam and R. S. Morrell, 1934 , 53 , 255T. N K. Adam, R S. Morrell and 

H. Samuels, tbtd., 260T. R Pneater, Verfkronieic, 1932, 5, 17; Chem. Abu., 1932, 26, 2332. 

•* W. Krumbhaar, Am. Pcunt, Vam. MJrs. Asboc. Ctrc., 1930, 370, 520, Chem. Abe., 1931, 25, 221. 

••A. W. C. Hamson and E. Foiirobert, Farben-Ztg , 1931, 36, 1467, 1512, 1554, 1601, 1645; Chem. 
A6f., 1931, 25, 5046. See also H. Nolle, Farbe. u. Lack, 1932, 413, 425, 439; Chem. Abi., 1932 , 26, 5775. 

•♦See Forbe u. Lack, 1928, 349; Chem. Aba., 1928, 22, 4842. H. Wolff, Farben.-Zto , 1930, 36, 
505; Chem. Ab$., 1931, 25, 1106. See also S. Yakubovick and K Terekhov, Malyamoe Delo, 1932 ( 7), 
24; Chem. Ab$., 1934, 28, 600. 

••R. C. Palmer and A. F. Oliver (U. S. P. 1,881,907, Oct 11, 1932, to Newport Industries, Inc.; 
Chem. Ab»., 1933, 27, 616) raised the melting point of rosin by heating it for 1-8 hours at 260-300*0. 
(^'solrosing’*) and thm distilling the highly volatile constituents. 

••The oxidation of rosin causes a darkening in color. See A. R. Hitch, Ind. Eng. Chem., 1931, 
23, 1276. 

•’British P. 7625, 1901, to Elekt. A.-G. vorm. Schuckert 4 Co.; J.8.C.J., 1901, 20, 729. See also 
Austrian P. 130,464, 1932, to Landwirts. Genossenscliaft zur Verwertung der Harieprodukte; Chem. 
Aba., 1933, 27, 1085 

••German P. 846,306, 1920, to Plauson’s Forschungsinat. G.m.b H.; J.8.P.I., 1922, 41, 261A. 

••E. Schaal and M. Schaal, U. S. P. 698,741, Apr. 29, 1902; J.8.C.I., 1902, 21, 782. British P. 
4615, 1900; J.8.C.I., 1901, 20, 268. 

^ It is stated that a similar treatment of copals renders them useful in oil-, spirit- or nitrocellulose 
varnishes. (A. Stiel, British P. 853,889, 1929, and German P. 548,894, 1929; Chem. Aba., 1932, 26, 36M.) 

Schaal, U. S. P. 1,588,014, May 4. 1926; Chem. Aba., 1926, 20, 2082. British P. 243,556, 1925 ; 
Ch€m. Abt^ 1926, 20, 8826. 

^Q. W. Miles, U. S. P. 1,410,211, Mar. 21, 1922, to Rosa Chemical Co.; Chem. Aba., 1922, 16, 1875. 

^Q. W. Miles, U. 8. P. 1,401,348, Dec. 27, 1921; Chem. Aba., 1922, 16, 1018. 
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neutralized with ammonia a soap which is quite soluble in water. This rosin-am- 
moniate is used for coating various materials (e.g., paper). Whipple'*** improved 
the electrical insulating properties of rosin by passing moist air through molten 
rosin at 135®C. and then treating the melt at HO^C. with dry air. Other meth¬ 
ods'®® of oxidizing rosin include passing air or oxygen or ozonized air into solu¬ 
tions of the material in non-aromatic hydrocarbons'®® or such solvents as glacial 
acetic acid,'*" Pungs'®* oxidized mixtures of waxes and rosin by passing heated 
air (160-170®C.) through the mixture in a retort charged with inert heat-conduct¬ 
ing material. 

In connection with the oxidation of rosin the observations of Korotkov and 
Rufimski prove interesting. Rufimski'**® found that the melting point of rosin is 
raised at least 12 degrees by blowing air through the molten rosin at 130-150*’C for 
10 hours and that the addition of 1 per cent calcium oxide and blowing at 200- 
212®C. for 6 hours raised the melting point of rosin to 107®C. The investigations 
of Korotkov"® show that the ability of rosin to absorb oxygen spontaneously'" de¬ 
pends on the temperature of its preparation from crude turpentine gum. The most 
stable rosins are prepared at 200-270°C. The oxidation of rosin decreases the 
iodine number 74-78 per cent and the acid number 12-18 per cent. In the opinion 
of Scheiber"* the variations in the solubility of rosin in benzine are caused by the 
])resence of products of auto-oxidation."* 

One of the uses suggested for oxidized rosin is as a solvent for nitrocellulose in 
lacquers."* A similar application is in a shellac substitute composed of oxidized 
rosin, cellulose esters and camphor or camphor substitutes."® Oxidized rosin has 
been used as an anti-coagulant in linoleum manufacture."* 

It may be of interest to note here certain products obtained by the oxidation 
of substances similar to rosin. Among these are a thermoplastic material procured 
by oxidizing the semi-fluid resin occurring in crude gutta-percha and balat and 
a resinous mass produced in the oxidation of turpentine oils"* and pine-tar oils."* 

Whipple, U S P. 1,083,168, 1,083,169 and 1,083,170, Dec. 30, 1913, to Standard Chemical Co.; 
Chem Abg , 1914,^8, 830 , 831, 

^ The oxidat’ion of rosin with nitric acid is discussed in Chapter 35 

S. Ramage, U S P 1,752,693, Apr. 1, 1930; Chem Abs . 1930, 24. 2623 

^ German P. 434,419, 1922, to A. Riebeck'sche Montanwerke, A.-G ; Bru. Chem. Aba. B, 1927, 
305. 

i“W. Pungs, U. S. P 1,780,632, Nov. 4, 1930, to I. G. Farbenind. A.-G ; Chem. Aba., 1931, 25, 
226. British P. 258,099, 1025; Bnt. Chem. Aba B, 1926, 987. German P. 498,598, 1930, addn to 405,850, 
1921; Chem. Zentr., 1931, 1, 869; JSC I, 1925, 44, 179B 

i<«P Rufimski, Maalobomo Zhxr Delo, 1931 (1), 31, (10) 17; Chem Ab.’x, 1932, 26, 4485. 

Korotkov, J. Chem. Ind (Moacow), 1930, 7, 1165; Chem. Aba., 1931, 25, 4137. 

^ The oxidation of rosin imparts photoactive properties. See G. Norkin and B. Shadin, Chem. 
Umachau Fette. 6le, Wochae, Harte, 1930, 37, 340; Chem. Aba, 1931, 25, 1107. 

“»J. Scheiber, Farbe u. Lack, 1932, 644; Chem. Aha., 1933, 27, 1527. 

Some iiifomiation on the oxidation of rosin can be obtained from reports on the oxidation of 
abictic acid. See H Mach, Monatah, 1894, 15, 627; J.CS, 1895, 68 (1), 384 J. Freika and F. Balas, 
Sjnay Prtrod. Fak Maaar. Untv., 1923, 29, 3; Chem. Aba., 1925, 19, 2344. W. Fahrion, Z. angew. 
Chem, 1907, 20, 356; J.S.C I , 1907, 26, 264. G. Dupont and J Levy, Compt. rend, 1929, 189, 763, 
920; Chem. Aba., 1930, 24, 855, 1386; BitU. aoc. chim., 1930, 47, 147; Chem. Aba., 1980, 24, 2945. G 
Dupont, J. Levy and J. Allard, Bull. aoc. chtm , 1930 , 47, 942; Chem. Aba., 1981, 25, 2633. G. Dupont 
and J. Allard, Bull. aoc. chtm., 1930, 47, 1216; Chem. Aba., 1931, 25, 3230. G. Rouin, BuB. tnat ptn., 
1930, 155; Brit Chem. Aba. A, 1931, 227 G. Dupont and J. Dubourg, Bull. inat. pm, 1928, 52, 205; 
Chem. Aba., 1928, 22, 4839. See also P. Levy, Ber., 1926. 59, 1302; Chem. Aba., 1926, 20, 3012. 

«*I. R Morosov, / Chem Ind (Moscow), 1932 (2), 43; (11), 50; Chem. Aba, 1932, 26, 4485; 
1933, 27, 2589. /. Applied Chem. (U. S 8 R.), 1931, 4, 661; Chem. Aba., 1932, 26. 1140. For primers, 
see also G 8 Baisukov, J Appl. Chem. Ruaa., 1934 , 7, 770: Bnt. Chem. Aba. B, 1935, 160. 

^"*1. R. Koehler, Swedish P. 58.760, 1923; Chem. Aba., 195S3, 17, 3423. 

aaxton, British P. 305,656, 1928. to Armstrong Cork Co.; Chem. Aha., 1929, 23, 4837. 
Canadian P. 305,126. 1930; Chem. Aba., 1931, 25, 835. See also British P. 838,965 and 388,978, 1928; 
Chem. Aba., 1931, 25, 2581. 

i«A. B. Craven, U. S. P. 1,751,724, Mar. 25, 1930; Chem. Aba, 1930, 24. 2623. British P. 278,922, 
1927, to Yorkshire Dveware A CThem. Co , Ltd ; Bri4 Chem. Aba. B, 1927, 948. See also A. B. Craven 
and C. S. Bedford, British P 274,300, 1926, and 274,722, 1927, to Yorkshire Dyeware A Chem. Co., Ltd.; 
Chem. Aba., 1928, 22, 2072, 2282. 

”«J. Terpougov, Bull. inat. pin., 1931, 103; Brit. Chem. Aba. B, 1981, 768. A. Tschirch, Chem. 
Umaehau., 1925, 32. 29; Chem. Aba., 1925. 19. 1557, 

H. A. Winkelmann, U. S. P. 1,841,235, Jan. 12, 1932. to Phila. Rubber Works Co ; Chem. Aha., 
1982, 26, 1832. See also L. P. Rankin (U. S. P. 1,886,586, Nov. 8, 1932, to Hercules Powder Co.; 
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Rosin was hardened by Low'“ by treatment with formaldehyde under pressure. 
This treatment applies also to other natural resins such as Manila copal and 
dammar gum. The method employed is to place rosin and 40 per cent formalde- 
iiyde solution in a closed reaction-vessel and then heat the mixture. An alterna¬ 
tive procedure is to place rosin in a closed vessel and lead into the container vapors 
of formaldehyde and steam. The best results are obtained with 2-6 hours heating 
at 120-150®C. under 75-150 pounds pressure. The condensation of rosin and of 
other resins with formaldehyde was carried out in alcoholic solution by Lingner/^^ 
using an acid catalyst, e.g., hydrochloric, sulphuric, formic or acetic acid. As an 
example rosin (1 part) is dissolved in 4 parts of alcohol i nd mixed with 1 part of 
40 per cent formaldehyde solution. Then hydrochloric acid is introduced into the 
mixture, causing the precipitation of the condensation product. This product has 
a higher melting point than the original rosin. The condensation of rosin with 
aldol or with crotonaldehyde using an acid condensing agent and a solvent such 
as benzene, carbon tetrachloride or trichlorocthane was suggested by Balle and 
Giloy.^** 

Rosin can be condensed with aldehydes and ketones in the presence of alkalies, 
alkali sulphides or alkali carbpnates.’® Similarly Voss^"^' condensed oxidized rosin 
with aldehydes. For instance, 200 parts of rosin are oxidized with oxygen uniler 
pressure at 100-200°C. and then mixed with 70 jiarts of formaldehyde and 40 
parts of concentrated sodium hydroxide solution at 00-100°C. The mixture is 
heated 6-8 hours at 160°C. and then poured into a dilute alkaline solution, filtered 
and cooled. The product is precipitated with hydrochloric acid and then washed 
and dehydrated. 

Boorne and Budde’“ suggested the use of metal oxides or hydroxides as catalysts 
in the condensation of rosin and aldehydes to form a product for molding articles 
In one instance rosin is condensed with formaldehyde using calcium oxide as cata¬ 
lyst, and the reaction product is mixed with sawdust, iiortland cement, petroleum 
and calcium carbonate.'^ 

Arnanii^^'^ condensed formaldehyde and rc.^in by heating them together at tem¬ 
peratures below 135''C. (usually 110-12()°C) and then modified the product by 
treating it with phenol or by melting together a jihenol-aldehyde resin and the 
rosin-formaldehyde resin. 

A process for simultaneously bleaching and hardening dark-colored rosin was 
devised by Stuhlmann.^"’® The rosin is dissolved in a cold, dilute alkali solution 

Chem Ahs , 1033, 27, 1.528) on th«> oxulation of pjno oil, and (leiman P 499,455, 1930 (to Vanillin- 
Fabiik (j 111 b H , ('hem Abs , 1930 , 24, 4121) on tho oxidation ot rod.ir-wood od. A discussion of 
tlio nso of oxidi/cd tuiiu'iitnie in paints is kivcii b\ F. 1. Biowiii* (Irid Enq Chem , 1931, 23, 868, 
1214). 

^F S Low, U S P. 1.243,312, Oct, 16, 1917, Chvm Ah« , 1918, 12, 233 Natnial H'sins such as 
accroidcs mini oi irutn benzoin arc hardened b\ siinilai tnMiincnt (Hiitish P 225,944, 1923. to British 
Thomson-llou'^toii Oi , Ltd *, Ctuvi Ahs , 1925, 19, 1784) Sci" al.so Ociiiian P. 489,920, 1926, to Firiiia 
L Blunicr; Chvvi Ahs, 1930, 24, 2218 (luni accioides, haidiMicd with foriiialdchydo oi hcxainothyl- 
pnetetrarmne, has been snegested as a bondinc agent in making abi.isive mateiials See E E Novotny, 
U. S P. 1,909,784, Mav 16, 1933, to .1 S. Stokes, ('hem Abs, 1933, 27. 3795 

K. A. Lingner, Oerman P 203,847, 1904, addn to 183,185, 1904; Chem Zentr , 1907, 1, 1560; 
1908 , 2. 1706 British P. 6843, 1907; J SCI , 1907, 26. 1163 

Ballc and F Gilov, Oeiinaii P. 406,.530, 1922, to Faibw. Mam. Meister, Lucius & Biumng; 
JSC I., 1925, 44, 461B 

German P, 389,241, 1920, to Plau.son’s Forschungsinst GmbH.; JSC I, 1924, 43, 434B A 
similar treatment of waxes and bitumens yields viscoii.s products useful as lubricants or salves 
(British P 186,950, 1921, to Plauson’s, Ltd.; Chem Abs, 1923, 17. 1160) 

124 A Voss, German P. 473,411, 1926, to I G Faibemnd A -G ; Chem Abs , 1929, 23, 3114 

i-’6W. H. Boorne and C C. L. G Biidde, British P 247,620, 1924; lirU. Chem. Abs B, 1926 , 374. 

A. Chwala ((jloiman P. 456,351, 1923, Brit Chem. Abs B, 1930, 430) proposed a similar treat¬ 
ment of fats and waxes. 

Ji^W. H. Bootne U S. P 1,910.318, May 23, 1933; Chem. Abs., 1933, 27, 4042. British P. 345,472, 
1930; Chem. Abs. 1933, 27, 382 

A. Amunn, U. vS. P. 1,658.828, Feb, 14, 1928, to Chem Fabr. Dr K. Albeit G ni.b H.; Chem. 
Abs.. 1928, 22, 1486. 

J-«'P Stuhhnniin. V, S V 1,809.738, .lune 9, 1931; Chem Abs, 1931, 25, 4423. British P.,289.859, 
1928, to C. Cordes A.-G ; Brit. Chem. Abs. B, 1929, 826 
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which is kej)t in continuous motion by a stirring device. The bleaching agent 
and the aldelivde are then iidded, reaction taking place in the cold. The product 
was suggested for sizing jiaper. The condensation of rosin with a primary aromatic 
amine yields a jirodiict said to be useful as a vulcanization accelerator.^’’" An ad¬ 
hesive for fastening rubber to metal or glass is made by condensing aldehydes 
with the resins from balata or gutta-percha.’*’^ 

The condensation of colophony with phenols in acid solution yields yellow- to 
brown-colored resins insoluble in water but soluble in alkaline solutions. The 
sulphonation of these products and conversion into alkali salts yields water-soluble 
tanning agents.’’" As an example 30 ])arts of rosin and 15 jiarts of phenol are 
heated with 1.5 jiarts of Miljihuric acid (specihc gravity 1.7) for 8 hours at 70-80''C. 
The nvsulling condensation jiroduct is dls.^olved m carbon tetrachloride and sul- 
jihonated with suliihuric acid moriohydrate at lO^C. The sulphoiiated mass is 
di.ssolved in hot water and then salted out. 

The halogenation of rosin iiroduces a hardening efTect but at the s!ime time 
renders it insoluble m petroleum ether The chlorinated product is soluble m 
benzene, alcohol and turiientine, how'ever. To form a product containing 5 5 per 
cent chlorine, a solution of 200 jiarts of rosin in 2000 jiarts of an alkaline solution 
(containing 19 5 parts sodium hydroxide) is treated with 40 jiarts of chlorine. The 
precipitated resin is filtered off, washed and dried One of the uses for chlorinated 
rosin IS as a soldering flux.’*” 

Many methods have been devised by Auer for modifying the properties of 
rosin and similar substances to form materials for u.se m varnishes, linoleum and 
rubber substitutes In one of these”’’ rosin is dissolved in an organic solvent and 
heated with an electrolyte Further modification is brought about by vulcaniza¬ 
tion with sulphur or a sul[)hur compound. In another method rosin is heated 
under reduced pressure with a modifying agent consisting of a small jiroportion 
of formic acid mixed with such salts as ammonium iodide, sodium suljihide, zinc 
carbonate or magnesium sulphate”" Alkaline oxides or hydroxides are dissolved 
111 rosin and treated with jieroxides m one procedure’*” and in a further procedure 
rosin IS heated with suljihur chlorides or sulphonic acids.”*’ 

Hardeneil natural resins have been used m a great many ways, only a few 
of which are mentioned here. The use of hardened rosin as a substitute for copal 
in plastics of suliihur and resin was suggested by Kissel.’’”’ A binding medium for 
roofing is formed by mixing hardened rosin with rosin oil or a heavy mineral oil 
and adding fillers and waxes.”” An insulating material can be made from a mix¬ 
ture of creosote oil (8-12 parts), shellac (8 parts), rosin (4 parts), alum (0.5 
part) and various amounts of asbestos, magnesium carbonate and calcium hydrox- 

L. Senion, V S P 1,886,310, Nov 1, 1932. to B V Ooodnch Co ; Chem Aba, 1933, 27, 

1546 Seo H. A Mutton, V S P 1,784,703. Dec 9, 1930, C/tem Abs . 1931, 25, 438. 

131 French P 726.236, 1931, to Dunlop Rubber Co, Ltd , Chem. Abs , 1932, 26, 4981. 

132 A Dower nnd A Tliau.s'*, U S P 1,788,371 and 1,788,372, .Jan 13, 1931, to I G Farbenmd A.-G.; 

Chem. Ab.'i , 1931. 25, -1109 Geiman P 536,170. 1927; Chem Abu, 1932 , 26, 1143 See also British P. 

302,938 and 321.190, 1928, /hit Chem Abs B. 1930 . 410, 941 

^33 L Rosenthal Geiman P 514,151, 1925, to I G Farbenmd A-G ; Chem Aba, 1931, 25,. 1400 

13* H B D\ks1iu. IJ S P. 1,785,115, Dec 16, 1930, to Graswelh Qiein Co., Chem Abs, 1931, 25, 

484 

13'"* j, Auer. Bnti.sh P 287,943, 1926; Brit. Chem Abs B, 1928, 398 Swiss P 130,435, 1926; Chem. 

Aba, 1929, 23, 3713 Ausliian P 20,825, 1929; Chem Zentr , 1930 , 2, 3342 

33«L Auer, Biitish P 321,727, 1928; Brit Chem Abs B, 1930, 652 See alwo British P. 321,724 and 

321,725, 1928, C/iem Ab-< , 1930 . 24 , 2904. and French P 694,340. 1930, Chem Abs, 1931, 25, 1840 

337 L Auer, Bntish P 321,690, 1928; Bnt. Chem Abs B, 1930, 67 Fiench P 653,435, 1928; Chem. 

Abs, 1929, 23, 3821 HiinKarian P. 106,463, 1933; C/ievi Aba., 1933, 27. 4044. See also British P. 

289,414, 1928, Brit r/mm. Abs. B, 1929, 806 Hunganan P. 100,392, 1928; Chem Abs., 1930, 24. 5517 
Auer, U. S. P. 1,980,367, Nov, 13, 1934; C/tew. Abs, 1935, 29, 366 British P. 337,739 and 
337,750, 1929, C/iem. Abs, 1931, 25, 2312. 

A K Kissel. Bntish P. 4918, 1886, to O Imrnv, JSC.I., 1887, 6, 219. 

H. D. Murray, British P. 382,004, 1931, to Ragusa Asphalte Paving Co., Ltd ; Brtt. Chem. Aba. 
B. 1933, 21. 
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ide.*" Another insulating mixture is made from linseed oil, copal, zinc oxide and 
sulphur."* This mixture is exposed to the air 5-9 days and then molded and baked 
at 50-120*C. Shellac which has become infusible and alcohol-insoluble is recon¬ 
ditioned for use in varnishes and adhesives by mixing it with rosin at 270®C.^" 
A composition stated to be a good shellac-substitute was obtained by Dietz and 
Oeffinger"* by heating a mixture of batu gum (18-20 parts) and rosin (10-20 parts) 
with quicklime (1-4 parts) at 260®C. A water-resistant cement for tools is made 
by fusing hardened rosin with neutral resins and fillers/*® For making artificial 
stone or cellular concrete, rosin is mixed with casein or glue and with a cementi 
tious material to produce a foam and then allowed to set/*® 

A molding material is formed by mixing powdered rosin with gasoline or 
other petroleum fractions and adding milk of lime/*^ The solid product is molded 
under pressure and is hardened by immersion in water containing gallic acid. 
For preparing an insoluble product which is resistant to a high temperature and 
is moldable, shellac was heated at 120-280®C. with 7-10 parts of zinc oxide.'** 
A gelatinous material suggested as a belt dressing is formed by mixing kerosene 
with the reaction product of lime, rosin, formaldehyde, ammonia and chlorinated 
lime and neutralizing with acetic acid.'**“ An artificial asphalt is made by mixing 
together rosin, shellac, lampblack and a wax.'*® Rosin mixed with montan wax, 
gilsonite and other materials including fibers forms a box-toe composition/®® ^ 

Banner'*' prepared a linseed-oil substitute by dissolving rosin in a solvent 
and saponifying it with 18 per cent (of the weight of rosin) of potassium or 
sodium hydroxide. A turpentine substitute was prepared by Odom*®* by heating 
rosin with 10 per cent of its weight of calcium oxide for 2 hours at 1^®C. and 
then adding a petroleum distillate and distilling the mixture. Shine“* made a 
paint containing a n^atural resin and old rubber as follows: The scrap rubber is 
devulcanized, fused and mixed with fused resin and hydrated lime. The mixture 
is treated with a rubber solvent and with about 10 per cent of its weight of zinc 
sulphate. 

Rosin Oil 

The destructive distillation of rosin yields a viscous oil known as rosin oil, 
which is used in the manufacture of lubricants, printing inks, varnishes, cable in¬ 
sulation, oilcloth and linoleum, transformer oils, brewer's pitch and similar mate¬ 
rials.'** The commercial preparation of rosin oil has been described by Grotlisch.'** 

a TaseweU, U. S. P. 1,190,814 and 1,190,815, July 11, 1916; Chem. Abs., 1916, 10, 2286. 

£. Barringer, U. S. P. 1,085,102, Jan. 27, 1914, and 1,111,430, Sept. 22, 1914; Chem. Abi.» 
1914, 8, 1063, 8586. 

W. Aldia, Indum Lac. Re». Inst. Reaearch Notee, 1983, 7, 1; Brit. Chem. Ab». B. 1933, 899. 

^J. B. Diets and E. F. Oefiinger, U. S. P. 1,942,418, Jan. 9, 1934, to E. 1. du Pont de Nemours 
A Oo.: Cherts Abs., 1984, 28, 1879. Canadian P. 346,340 and 846,341, 1934, to Canadian Industries, Ltd.; 
Chem. Abs., 1935, 29, 2376. 

German P. 284,701, 1913, to Cefka>0.m.b.H.; Chem. Abe., 1916, 10. 896. 

^J. A. Rice, U. S. P. 1,788,592, Jan. 13, 1931, and 1,807, 810, June 2, 1031, to the Bubblestone Co.; 
Chem. Abe., 1931, 25, 1055, 4879. 

Holtsmann. French P. 695.194. 1929; Chem. Ab$., 1931, 25, 2556. 

^W. A. Boughton, U. S. P. 1,953,951, Apr. 10, 1934, to New ^gland Mica Co.; Chem Abt., 1934, 
28, 8920. 

Behm, U. S. P. 1,818,885, July 7, 1931; Chem. Aba., 1981, 25, 5302. 

i«»A. 8. Yankelevich, Russian P. 29,175, 1981; Chem. Aba., 1933, 27, 4072. 

^A. L. Clapp, U. S. P. 1,765,861, June 24, 1930, and 1,790,796, Feb. 8, 1931, to Beckwith Mfg. 
Co.; Chem. Aba., 1980, 24, 4129; 1931, 25, 1646. U. S. P. 1,544,818 and 1,544,814, July 7, 1925; Chem. 
Aba., 1925, 19, 2731. 

MIS. Banner, British P. 29,728, 1897; J.8.C.I., 1898, 17, 1158. 

MiL. L. Odom, U. 8. P. 1,625,622, Apr. 19, 1927, to M-O-R Products Co.; Chem. Aba., 1927, 21, 
2072. 

M*0. A. Shine, U. 8. P. 1,588,150, June 8. 1926; Chem. Aba., 1926, 20. 2589. 

M* li may be of interest to note the results of the destructive. distillation of other resins, for 
instance the copals. See A. H. Gill and D. Nishida, Ind.- Bng. Chem., 1923, 15, 1276, and H. Wolff, 
Fdurbm^Ztg., 1984. 29, 2089; JJS.C.I., 1924, 43, 953B. 

Is. Grotlisch/ Proc. Am. 8oc. Tenting Materiala, 1980, 30(2), 884; Chem. Aba., 1931, 25, 
2809. to also H. Haaert, Farben^Chem., 1984, 5, 130; Chem. Aba., 1984, 28, 3608. 
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The distillation is carried out in cast-iron or steel stills holding 6500-12,000 pounds 
of rosin. The darker grades of rosin are usually employed. Water is first evolved 
(at about 120®C.), then various fractions of rosin oil are collected. These frac¬ 
tions are rosin spirits (pinolin) (160®C.), light oil (200''C.), kidney oil (250*C.) 
and bloom oil (270®C.). Distillation is stopped at 360®C., leaving a residue of 
rosin pitch. Kidney oil, the most valuable fraction, is used principally in greases 
and printing inks. Because of its acid content (40-56 per cent) the kidney oil is 
converted partially into soaps when used m greases. 

One of the early methods of rosin oil production consisted in heating rosin in 
an iron autoclave at 250-260“C. under 12-15 atmospheres pressure.^ In one of 
the modern methods rosin is heated at 150-325'’C. (300®C. is considered best) 
with 2 per cent of a siliceous earth or of activated carbon, yielding a neutral rosin 
oil.^ 

Binapfl'“ used in a similar process a catalyst composed of an aluminum hydro- 
silicate activated with hydrochloric acid. To illustrate, 500 parts of rosin are 
heated with 25 parts of catalyst to a temperature of 180-2()0®C. m one hour. 
Heating is continued for another hour at 215-220“C. When the evolution of 
gases has ceased the temperature is raised to 240-250°C. for 20 minutes. The 
catalyst is removed by filtration and the product is distilled in vacuo yielding a 
clear, yellowish oil (boiling 70-390^0.) and leaving a small amount of pitchy 
residue. The oil is substantially neutral (acid value less than 1), consisting mainly 
of hydrocarbons. 

In a process devised by Hoge'“ rosin is subjected to a vapor-phase cracking 
at 370-590®C. under atmospheric pressure to yield liquid products. Aluminum 
is used as the catalyst in the cracking. Fractionation of the liquid products yields 
materials for various uses. For instance, a fraction from 75-160''C. is used as a 
gum solvent in lacquer manufacture and one from 190-250®Q. is proposed as a 
plasticizer in lacquers. A light, oily product said to be useful in paints is obtained 
by heating a rosin and water mixture to above 480®C. so that a vapor pressure 
of 5000 pounds per square inch is produced.^*® 

Johnston'" obtained a drying oil (b.p. 340-360“C.) by heating rosin with ben- 
zenesulphonic acid at 250-300®C. and removing the oil by distillation. The product 
is rendered neutral by redistilling from dilute sodium carbonate solution. 

The distillation of rosin or other natural resins with 1-5 per cent of phos¬ 
phoric acid up to 310®C. yields a light oil (50 per cent yield) useful as a turpentine 
substitute. The still-residue is a neutral rosin oil of low viscosity.'®* In other 
methods of rosin-oil production, rosin is distilled with boric acid or a borate'" 
(0.05-1.0 per cent) or with zinc chloride.'" 

Some idea of the nature of rosin oil formation can be obtained from the studies 


“®P Huth and W Lippert, Chem. Rev. Fett-u. Harz^lnd, 1902 , 9 (10), 226; J.S.C.1, 1902, 21» 
1336. 

""I. W Humphrey, U. S. P. 1,852,244, April 5, 1932, to Hercules Powder Co.; Chem. Aba, 1932, 
26. 3103. 

i»J. Binapfl, U. S. P 1,952,233, Mar. 27, 1934, to I G Farhenind. A.-G ; Chem Aba, 1934 , 28, 
3605 British P. 372,402, 1931; Bnt. Chem. Aba. B, 1932, 737. German P. 572,474, 1930; Chem. Aba., 
1933, 27. 3095. French P. 720,856, 1931; Chem. Aba, 1932, 26, 4191 

»«»D. W. HoRe, U S. P 1,902,073, Mar 21, 1933, to C. W. Newbery; Chem Aha, 1933, 27. 3350. 

O. EglofT and H. P. Benner, U. S P. 1,783,230, Dec. 2, 1930, to Universal Oil Prod Co.; 
Chem. Aba., 1931, 25. 424. 

A. C. Johnston, U. S, P. 1,975,211, Oct. 2, 1934, to Hercules Powder Co.; Chem. Aba., 1934, 
28. 7561. 

“•J. M. A. Chevalier, P Bourcet and H. Regnault, U. S. P. 1,572,766, Feb. 9, 1926; Chem. Aba., 
1926, 20. 1331. 

“•J. N. Borglin, U. S, P. 1,782,401, Nov. 25, 1930, to Hercules Powder Oo.; Chem. Aba., 1981, 
25 424.' 

* C. Palmer, U. S. P. 1,660,762, Feb. 28, 1928; Chem. Aba,, 1928, 22, 1486. 
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of Easterfield and Bagley/" Ruzicka and Schinz^®® and La Lande.^” An unsaturated 
hydrocarbon/®® abietene, results from the decarboxylation of abietic acid by one 
of the following reactions: 

Ci^Ha.COOH —Ci9H,o + C02 
C,9H2»C00H —> C,9H28 + CO + H 2 O 

The sulphonation of abietene yields a product useful as a wetting agent/®® 
Abietenesulphonic acid is a black paste soluble in water in all proportions, and its 
sodium salt, which is usually employed as the wetting agent, is described as a tan- 
colored powder. 

Products for varnishes can be obtained by the oxidation of rosin oil.^^® An 
oil boiling above 200®C. is treated under reflux with a current of air containing 
10-15 per cent of superheated steam until it becomes nearly solid. Distillation of 
the product yields 20-30 per cent of unchanged oil, 30-40 per cent of heavy rosin 
oil and 30-40 per cent of black pitch. Bedford and Bedford”^ oxidized rosin oil 
to a viscous mass useful in linoleum manufacture. It has been reported, however, 
that a very brittle product results when this is used/'® 


Resins from Terpenes 


Turpentine, pine oil and related materials are potential raw materials for 
synthetic resins and can be considered here since they are derived from the same 
source as rosin. The principal constituent of turpentine is a terpene, pinene, 
and of pine oil is a mixture of terpene alcohols (largely a-terpineol) with small 
amounts of terpene hydrocarbons and ethers.^^® As has been mentioned previously, 
pine oil is obtained by steam-distillation of pine wood. In addition to the recovery 
of pine oil and turpentine in this process other terpene hydrocarbons such as 
limonene, dipentene, terpinene and terpinolene are also obtained as intermediate 
fractions.”* 

The principal methods for producing resinous materials from these substances 
are by oxidation or by polymerization. In fact turpentine tends to resimfy during 
storage, probably because of oxidation.”® The evaporation of turpentine and pine 
oils in open vessels yields resinous materials as a result of oxidation and polymeriza¬ 
tion/” Thickened turpentine obtained in this manner is known commercially as 

“»T. H. Easterfield and G. Bagley, J.C.S, 1904 , 85, 1238. See also P. Levy, Ber., 1906, 39, 3043; 

Chem. Aba., 1907, 1, 54. 

^L. Rusicka and H. Schinz, Helv. Chxm. Acta, 1623, 6, 833; Chem. Aba., 1024, 18, 248. 

A. La Lande, Jr., Ind. Eng Chem., 1934, 26, 678. 

“•Other hydrocarbons have, of course, been found m rosin oil. See A. Renard, Bull, aoc chim., 
1881, (2) 36, 215; J.C.S., 1882, 42, 64; Compt. rend, 1887, 105, 865; 1888, 106, 856, 1086; 1888, 

54, 161, 721, 846. W. A. Tilden, Ber., 1880, 13, 1604, J.C.S., 1881, 40, 101. W. Smith, J.C.S , 1876, 30, 
29. W. Schultae, Ann., 1908, 359, 129; Chem. Abs., 1908, 2, 1715. P. Levy, Ber., 1906, 39, 3043; J.C.S., 
1906, 90 (1), 870. 8. Iimon and T. Isono, Bull In$t. Phya. Chem. Reaearch {Tokyo), 1928, 7, 89; 
Chem. Aba., 1928, 22, 3307. 

“•I. Qubelmann, H. J. Weiland and C. O. Henke, Ind. Eng. Chem., 1931, 23, 1462 C. O. Henke, 

U. 8. P. 1,853,353, Apr. 12, 1932, to Newport Industries, Inc.; Chem. Aba., 1932, 26, 3372. British P. 

368,293, 1930, to Newport Chem. Corp.; Brxt. Chem. Aba. B, 1932, 495. French P. 710,541 and 710,915, 
1931: Chem. Aba., 1932, 26. 1803, 1797. 

ITOQ. Ruth and E. Asser, German P. 336,258, 1920; J.S.C.I., 1921, 40, 595A. 

inj. E Bedford and C. 8. Bedford. British P, 7742, 1893, and 29,656, 1897; J.S.C.I., 1894, 13, 406; 
1898, 17, 1158. 

xTsp. Frits, Faarben-Ztg., 1923, 29, 184; Chem. Aba., 1925, 19, 185. 

See R. C. Palmer, Ind. Eng. Chem., 1934, 26, 703. O. A. Pickett and J. M. Sohants, ibid., 707. 

Rei>ort8 on the properties and composition of wood turpentine are given by L. F. Hawley 
(Reporta 8th Int. Cong, Applied Chem., 1912, 12, 41) and by C. A. Lambert (Ind. Eng. Ch&m., 1922, 
it* 629^’ properties of pine-oil constituents are given by R. H. 8teven8 (Chem. Met. Eng., 1922, 

*'«»*].* Terpougoff, Bull. inet. pin., 1928, 48, 103; Chem. Aba., 1928. 22, 3262. W. O. Smith and 
H. P. Holman, Ind. Eng. Chm., 1934, 26, 716. 

*’*H. A, Gardner, Paint Mfra. Aaaoc. of U. S. Circ., 1923, 163, 106; Chem. Aba., 1923, 17, 1341. 
For notes on the polymerisation of pinene see I. Kondakov and 8. Saprikin, Bull. aoc. chim., 1925, 
(4) 37, 1045; J.C.S., 1925, 128 (1), 1292. 
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“fat oil.'’ Experiments performed by Horton and McCormick'^'’ on laboratory- 
made fat oil indicated that the oil can be used m cellulose lacquers in amounts 
up to 25 per cent. It was stated that hard films of high natural gloss and of 
satisfactory resistance to steam and ultraviolet light arc obtained with such 
lacquers. 

Gardner^^® polymerized turpentine to obtain a paint vehicle which forms a 
hard surface on drying. In the procedure turpentine or pine oil (100 parts) is 
heated at SO-IBO^C. with 92 per cent sulphuric acid (5-7.5 parts). The polymeriza¬ 
tion of turpentine hydrocarbons with sulphuric acid yields substances suggested for 
use in the rubber and varnish industries.'"" The acid is stirred into the oil of 
turpentine until 20 per cent of the mixture is acid and then heat is applied. The 
method may be varied somewhat by adding 5-10 per cent of potassium dichromate 
to the acid. 

The conversion of turpentine and pine oils into heavy paint-vehicles was carried 
out by Smith’®" by refluxing the oil in contact with fuller’s earth. The earth is 
placed between the still and the reflux condenser so that both the vapors and 
the returning condensate will come m contact with it. The polymerization of 
turpentine can be effected by prolonged heating either alone or with aluminum 
chloride, aluminum bromide or zinc chloride.'®' Cooper’®’^ obtained a drying oil 
by treating a turpentine solution with aluminum chloride at 30‘’C. and distilling 
the product under reduced pressure. 

Various methods were used by Humphrey'®® to iiolymenze turpentine, pine 
oil and dipentene. In one of them the vapors of pine oil are brought into contact 
with fuller’s earth for 8 hours at 160-170°C. In another process tlipentene vapors 
are passed in intimate contact with fuller’s earth, aluminum oxide or chlorides 
of zinc, tin, aluminum or iron at 400®C. The oils themselves are heated with 
fuller’s earth or metallic chlorides m other procedures. A turpentine substitute 
IS made by heating pine oil with iodine and then steam-distilling. To produce a 
rajudly drying oil, a polymerized terjiene jiroduct from tur])entine, pine oil or 
dipentene is distilled to remove the fraction boiling below 335“C. so that only 
polymers higher than the diterpene are retained.'®^ 

A drying-oil substitute can be prepared by heating pine-tar with salts of lead, 
manganese or copper to above 150’’C. and then diluting the jiroduct with an 
organic solvent.'®* To form a binder for printing inks polymerized teriienes are 
mixed with boiled wood oil.“® Another use of polymerized terpenes is in the forma¬ 
tion of adhesives by mixing them with natural gums.'®' 

It has already been mentioned that the oxidation of turpentine and pine oil 
causes resimfication.'*’ Pellnitz’®" resinified pine oil by adding to it 1 jier cent of 
acetic or resin acid and treating with moist, ozone-containing air under jiressure. 

M. Hotion and W. F McCoiinick, Ind. Eng, Chem , 1934, 26, 1228. 

1^8 H. A Ciaidner, U. S P 1,370,108. Mai. 1, 1921; Chem Ab^ , 1921, 15. 1630 

E. A L. Rouxeville and P. A. M, Cieuzallet, French P. 639,726, 1927; Chem Abu, 1929, 23, 722 

B Smith, U. S. P. 1,784,949, Dec. 16, 1930, to E. W. Collcdge (for National Turpentine 
Products Co.); Chem, AbB., 1931, 25, 609. 

Routala and O. Kuula, Tekniil, Atkak., 1932, 22, 347; Chem. Abs., 1932, 26, 5747; Sonmen 
Kem , 1932, 5, 52; Bnt. Chem. Abs. B, 1932, 998 

M Cooper, U. S. P. 1,938,320, Dec. 5, 1933, to Gulf Refining Co ; Bnt Chem. Abs. B, 1934, 
895 

’>«I. W. Humphrey, U. S. P. 1,691,065, 1,691,066, 1,691,067, 1,691,068, 1,691,069 and 1,691,573, Nov. 
13, 1928, to Hercules Powder Co ; Chem. Abs., 1929, 23, 510. 

W. Humphrey, U. S. P. 1,793,220, Feb. 17, 1931, to Hercules Powder Co.; Chem. Abs., 1931, 
25 2311. » 

’ i»M. M. Chilikin, Russian P. 164, 1922; Chem. Abs., 1933 , 27, 4428. 

^E. Strasser, French P. 743,787, 1933, to N. V. Handelmaatschappij "Baver”; Chem. Abs., 1933, 
27, 4107. British P. 389.409, 1932; Bnt. Chem, Abs B, 1933, 399 

“^A. R. Kemp, U. S. P. 1,882,081, Oct. 11, 1932, to Bell Telephone Labs., Inc.; Chem. Abs., 1933, 
27> 545. 

24 ^ ^ Shkatelov, Mem. inst. agron. et forest, etat Betarussie, 1925, 5, 9; Chem. Abs., 1930, 

’ »>d P. Pellnit*. German P. 202,254, 1907; Chem. Abs., 1909, 3, 494. 
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The product formed is treated with quicklime and steam-distilled. The oxidation 
of turpentine with air or oxygen in the presence of a catalyst produces a fatty 
essence.**® A drying oil which may be used as a substitute for linseed oil was 
made by Rankin*"* by treating dipentene with ozone at temperatures below 110®C. 
Heating the product to r20®C. increases its solvent power for nitrocellulose but .de¬ 
creases its drying power. Another drying oil is obtained by first polymerizing 
turpentine oil or dipentene by refluxing it with sulphuric acid or stannic chloride 
and then treating the product with ozonized air.*"* 

Humphrey**® produced an oil capable of assisting the dissolving of nitrocellu¬ 
lose by treating pine oil with a dehydrating agent and then oxidizing the product. 
The object of the dehydration is to convert terpineols into lower-boiling substances 
thus giving greater volatility and better solvent action to the oil. As an example 
pine oil is heated with 1.5 per cent of fuller’s earth for 1 hour at 145°C. The 
earth is removed and the oil is fractionally distilled. The higher-boiling fraction 
is oxidized with nitric acid, chromic acid, chlorine or other agents and then mixed 
with the lower-boiling fraction. From 1 to 20 per cent of this product is incor¬ 
porated in nitrocellulose lacquers. 

Resins were produced by Orlov^®* by condens^ing turpentine with formaldehyde. 
As an example 200 parts of sulphuric acid (specific gravity 1 84) are mixed slowly with 
100 parts of turpentine. To this are added 55-65 parts of 40 per cent formaldehyde 
solution at a temperature below 40®C. The mixture is allowed to stand for 12 
hours and is then neutralized with ammonium hydroxide, producing a green colora¬ 
tion. The aqueous layer is removed, the residue is given a further treatment with 
ammonium hydroxide and the aiixlure is heated to boiling and then allowed to 
cool. The resin obtained (80 per cent yield) by filtration and drying (70-80®C ) is yel¬ 
lowish brown in color and is soluble in alcohol, eth^r, benzene, toluene, acetic acid, 
ethyl acetate and solvent naphtha. Solutions with the last two of these give quick¬ 
drying lacquers. 

In like manner reaction takes place between pine oil and paraformaldehyde 
as shown by the following experiment performed in the author’s laboratory: 

A mixture of 50 grams of pine oil, 15 grams of paraform and 20 cc. of concentrated 
hydrochloric acid was heated under a reflux condenser. After the paraform had passed 
into solution an additional quantity of 15 grams was added and the refluxing con¬ 
tinued. All of the paraform dissolved but the odor of formaldehyde persisted. 
The solution became very dark brown in color and considerably thicker. The reac¬ 
tion product did not separate easily from the aqueous acid, hence it was extracted 
with benzene. After evaporation on the water bath a product of tarry consistency 
remained. When this was carefully heated to a somewhat higher temperature a por¬ 
tion volatilized and the remainder upon cooling solidified to a brittle brownish-black 
mass. 

Ushakov and Sokolov**' used the procedure of Orlov to obtain resins from pine 
oil. Borneol, camphane and pinene, obtained from the oil of Siberian fir, con¬ 
densed with formaldehyde in the presence of sulphuric acid to yield pitches soluble 
in benzene. Bornyl and isobornyl chlorides, obtained from the fraction of this 
oil boiling between 156-162‘*C., when condensed with formaldehyde using ferric 
chloride or sulphuric acid as a catalyst, produced black or dark-brown resins. 

^L. Desalbres and J. Dubourg, French P. 620.462, 1926; Brit. Chem. Abi, B, 1928, 866. 

^L. P. Rankin, U. S. P. 1,910,664, May 23. 1933, to Hercules Powder Co ; Chem. Aba., 1933, 27, 
4108. 

^L. P. Rankin, U. S. P. 1,886,586, Nov 8, 1932, to Hercules Powder Co.; Chem. Aba., 1933, 27, 
1528. 

M*I. W. Humphrey, U. S. P. 1,683,009 and 1,683,010, Dec. 20, 1927, to Hercules Powder Oo.; Chem. 
Aha., 1928, 22, 878. 

Orlov, German P. 191,011, 1906; J.SC.l., 1908, 27, 234. See E. I. Orlov, /. Ruta. Phya. Chem. 
8oe., 1908, 40, 800; J.C.8., 1908, 94(1), 815. 

»*»S. N. Ushakov and A. D. Sokolov, Zhur. Priklad. ^JChimii, 1980, 3, 47; Chem, Aba., 1980, 24, 
8796. 
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Constituents of pine oil were used by Wuyts'*® in condensations with phenols 
to form resinous products. Catalysts employed included phosphoric, oxalic, sul¬ 
phuric and halogen acids, chlorides of zinc, aluminum and iron, siliceous earths 
and halogens. The various products formed were suggested as antiseptics, as 
electric insulators and in the manufacture of varnishes. An emulsion with water 
in alkaline solution was found useful for degreasing and cleaning purposes. 

As an example of such resin formation, equimolecular proportions of carvene and 
phenol were mixed with 0.1 per cent of p-toluenesulphonic acid and the temperature 
was maintained below 105°C. The reaction product was treated with steam and 
then with caustic soda or potash using toluene as a solvent. In this latter step two 
layers formed, and from the alkaline layer w'as recovered the resinous product. 

The use of terpinene-maleic anhydride as an adhesive for uniting celluloid 
or other transparent material to glass in the making of safety glass was sug¬ 
gested by Peters.^*" The compound is produced by the reaction of 480 parts of 
a-terpinene with 294 parts of maleic anhydride at 150-200°C. for 5 hours. Im¬ 
purities are removed by distillation under vacuum (15 mm ). 

Many miscellaneous experiments with terpenes have yielded resins. For in¬ 
stance, pinene and oxalic acid react to form a large quantity of resin and a small 
amount of acetic acid.‘“ Treatment of pinene with phosphorus pentachloride yields 
hydrogen chloride, pinene dichloride, phosiihorus trichloride, some tar and a dark 
yellow resin.An adhesive for catching insects has been prepared from chlorinated 
terpenes.^ Prolonged contact of turpentine with iron yields small amounts of a 
clear, red resin.Resinous material is formed m the oxidation of limonene with 
hydrogen peroxide in acetic acid solution.*"* Citral upon treatment with 50 per 
cent sulphuric acid yields p-cymene and resinous substances.*"® 

Cedrenene, CiaHaa, tends to polymerize to an amorphous mass when placed 
in contact with acetic anhydride or when boiled at ordinary pressure.*"^ When 
Imalool IS heated with aluminum at 160-205°C. there are formed dipentene (30 
per cent), camphor (2 per cent), borneol (0 8 per cent), camphorene (22 per cent) 
and resin (15 per cent).^® The treatment of caryophyllene with ethyl diazoacetate 
yields a cyclopropane ester which on subsequent hydrolysis with concentrated 
caustic potash forms a resinous acid.'"* Pinocarveol and sabinol, when heated with 
aluminum alcoholate yield pinocamphone and sabinol tenacetone and resinous mate¬ 
rial as a by-product.*'' Attempts made by Houben** to esterify terpineol, linalool 
and geramol by means of magnesium alkyl bromides produced colored halogen- 
containing esters which quickly resinified. 

Resinates and Other Metallic Soaps 

Although this discussion should adhere strictly to the metallic salts of resin 
acids, the salts of fatty acids and naphthenic acids will be considered to some 
extent because of the similarity of their uses. The term '^metallic soap^* applies 

Wuyts, U. S. P. 1,409,709, Oct, 2, 1923; /.S.C.L, 1923, 42, 1234A. British P.’204,754, 1922; 
Chem, Aba., 1924, 18, 911. 

H Peters, U. S. P. 1,882,298, Oct. 11, 1932, to Hercules Powder Co ; Chem. Aba., 1933, 27, 
824. See also Chapter 40. 

««G. Scagliarini and G. Saladini. Gait. chim. ital., 1923, 53 (1), 135; J.C.8 , 1923, 124 (!>, 587. 

“®L. Bert, Bull. aoc. chim., 1923, 33, 787; /.C.S., 1923, 124 (1), 812. 

X. Thauss and H. Kilkenthal, German P. 528,218, 1928, to I. G. Farbenind. A.-G.; Chem. Aba, 
1931 25 3449 

*«S. I. Levy and R. Defries, J8C.I., 1923, 42. 472T. 

*«.T. Sword. J.C.8., 1925, 127, 1632. 

*»R. Horinchi, Mem. Coll. Sci. Kyoto Imp. Univ., (A) 11 (3), 171; Chem. Aba., 1928, 22, 3886. 

*®*A. Blumann and L. Schuls, Ber,, IWl, 64, 1540; Chem. Aba., 1931, 25, 4542. 

**I. W. Vinogradova, Ber., 1981, 64, 1991; Chem. Aba., 1931, 25, 5896. 

»• D. T. Gibson, J.C.8., 1928, 750. 

Schmidt, Ber., im, 62. 108; Chem. Aba., 1929, 23. 2432. , 

SMJ. Houben, Ber., 1906, 39, 1736; J.C.S., 1006 90 (1), 520. 
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generally to the water-insoluble salts and therefore does not include soaps of the 
alkali metals. These metallic soaps have found extensive use in paints and var¬ 
nishes, waterproofing materials, greases, emulsifying agents, wetting agents and 

plastic materials. As driers in paints the soaps of cobalt, manganese and lead 

are most commonly used.** 

Metallic soaps are of two types, generally referred to as fused soaps and 
precipitated soaps. The fused soaps are made by heating free fatty or resin 

acids with metal oxides, substantially as described in the section on the liming 
of rosin. Precipitated soaps are prepared by the double decomposition of alkali 
soaps (sodium, potassium or ammonium) in aqueous or alcoholic solution with 
aqueous solutions of salts of the other metals.^'® The precipitated soaps are dis¬ 
tinctly superior to those made by fusion because when properly prepared they 

contain a definite percentage of metal which completely saturates the acid em¬ 
ployed, whereas the fused soaps are rarely definite in composition and the acid 
is only partly neutralized Preference is often given however to the fused 

soaps because of their ease of preparation."’^ It has been shown that the fused soaps 
show less tendency to crystallize and precipitate from solution because of their 
lower metal content.^® 

As has just been mentioned one of the uses for resinates and other metallic 
soaps is as drying agents in paints and varnishes.’"* Many explanations of the 
action of driers have been made. In the modern theory of drier action the driers 
accelerate the oxidation of oils by neutralizing antioxidants and to a lesser degree 
accelerate association or polymerization of the oxidized oil molecules. Also, it 'is 
conceivable that the driers accelerate gelation of the oil by acting as coagulation 
nuclei.’-"'’ The results of various investigations show that the most efficient driers 

For <lis<*»i8feions on tho u.m* of molallic 'soaps II I Jones, Ch( tn Met, Erifj , 1923, 28, 489 

R. Wechsler, Pamt, Oil and Chem. Rev., 1927, 83 (5), 12, Chem. Abs., 1927, 21, 1192, II. J. Biaun, 
MetallboTHc, 1929, 19, 1461; CUan Ahs , 1929, 23, 4360 M F T>aiiro, Od (wd Fat hid, 1928, 5. 329; 

Chem. Ahn , 1929, 23, 1004 F. J. Lioata, Am Paint 1931, 15 (38), 68, Chem Ahn , 1931, 25, 4426. 

Hevjpw.s Hie rivcm hy H N Bassi'tt, J S C I , 1934, 53, 504, and T. Hueinelc, Paint and Va/rni,<ih Prod, 
Mgr., 1934, 10 (6), 6; Bnt Chun. Ahn B, 1934, 635. 

1'*'’Detailofl cirsonptions of Mve piopiUHlion of nielallir soaps me Kiven l>v H A Gaidnor and 
R K. (V)leinan, Paint Mfrs .insoi of U S , (hre , 1921, 120. See also P. Tiucliol, Hew chim. ind , 
1897, 8, 107; J 1897, 16, 449 A Livache, J, pharm. chim., 1899, (6) 10 (7), 322, J SCI., 1899, 

18, 1134 E. Cadoret and E Deligeon, French P. 423,545, 1910; JSC,!, 1911, 30, 636. R. F. Uzac, 

French P. 595,497, 1925; Bnt, Chem Abs. B, 1926, 414 J. Uhthoff, Qurm. e ind , 1930, 7, 49, Chem. 

Abs., 1930, 24, 5520. J aiabannais, French P. 625,219, 1926; Bnt Chem Abs. B, 1928, 792. P. S. 

Miller, U. S. P. 1,894,113, Jan. 10, 1933, to General Wectiic Co ; Chem. Abs , 1933, 27, 2591. British 
P. 350.735, 1930, to British Thomson-Houston Co ; Bnt Chem Abs B, 1931, 769. J Alas, French P. 
744,848, 1933; Chem. Abs, 1933, 27, 4251. G. Kranzlein, R K. Muller and L. Berlin, German P 
569,946, 1933, to I G. Faibenind, A-G ; Chem Abs., 1933, 27, 3723 British P. 395,406, 1933, to 
Titanium Pigment Co, Inc.; Chem. Abs, 1934, 28, 669. P'or the. preparation of metal soaps from 
.shellac see W. II. Gardner, W. F. Wlntnioie and H J. Hams, Ind Eng. Chem , 1933, 25, 696 The 
formation of insoluble shellacates m coating cximposition.s may be pievented by adrbtion of malic 
and. W. H (Jardner, U. S. P. 1,918,804, July 18, 1933, to U S Shellac Impoiteis Assoc 

Methods of analysis of nietallic soaps have been presented by R Uzac (Chnnie et induslne, 1925, 

14, 186; Chem. Abs., 1925, 19, 3444,) and P. Muller, (Farben-Ztg , 1927, 32, 798, 851, But. Chem. Abs. 

B. 1927, 147). 

Metallic abietates have been prcpaicd and described by G. Dupont and li. DesHlbies, Bull soe. 
chim., 1926, (4 ) 39, 492; Bnt. Chem. Abs. A, 1926, 611 and L. L. Steele, J A.C.S , 1922, 44, 1333. Other 
metallic soaps arc described by W. F. Whituioie and M. Lauio, Ind. Eng. Chem., 1930, 22, 646. 

«»Seo Faxhen-Ztg., 1927, 32, 2020; Chem, Abs,, 1928, 22. 1861. Cf., however, A W C Harrison 
(Farbe u. Lack, 1931, 16; Bnt. Chem. Abs, B, 1931, 356) who states that fused soaps do not always 
give stable solutions. A. H. Sabin {Decorator 1934 , 33 (389), 32; Bnt. Chem Abs. B, 1934, 971) has 
observed that fused linoleates are too rapid in their action, causing wrinkling in oil varnishes 

*i*See H. A. Bnison, U. S. P. i,MO,160, July 25, 1933, to Resinous Products & CJhem Co ; Chem. 
Aha., 1933, 27, 4942. A. J. Ducamp and M. E. A. Baule, British P. 383,856, 1932; Bnt. Chem. Abs. B, 

1933, 115. French P. 729,647, 1931; Chem. Abs., 1933, 27, 434. F. Wilborn and E. Rieger, German P. 

583,249, 1933, to Inst, fiir Lackforschung G.ra.b.H.; Chem. Aba., 1934 , 28, 351. J. K. Hunt and G. H. 
Latham, U. S. P. 1,948,582, Feb. 27, 1934, to E. I. du Pont de Nemouis & Co.; Chem. Abs, 1934 , 28, 
2926. 

awSee A. C. Elm, Ind. Eng. Chem., 1934 , 26, 388. H. N. Stephens, ibid., 1932, 24. 918. Philadelphia 
Paint Club. Amer. Paint and Vamiah Mfra Aaaoc., Circ., 1932, 423; Chem. Abs., 1933, 27 , 432; Paint 
Manuf., 1933 , 3, 18, 28, 48, 62; Bnt, Chem Aba B, 1633, 435. A. V. Blom, Z. angew. Chem., 1927, 40, 
146; Chem. Aba., 1927, 21, 1720. Farben-Ztg., 1931, 36, 646, 691; Brit Chem. Abs. B, 1931, 210. J. S. 
Long and H. D. Chataway, Ind Eng, Chem , 1931, 23, 53. J. S. Long and W. S. W. McCarter, ibid., 

786. H. Ingle, J.8.C.L, 1917, 36, 316. S. Coffey, 1922, 121, 17. 
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are the soaps of cobalt and manganese. These and the soaps of lead are the most 
commonly used driers.®'® It has been found that mixtures of metallic soaps pro¬ 
duce more rapid drying action than the soaps of any one metal alone.®'' In the 
opinion of Steele®“ there is practically no advantage m the use of more than 
0.05 per cent of either cobalt or manganese to dry linseed oil nor more than 0.05 
per cent of lead m combination with 0.01 per cent of manganese or 0.1 per cent 
of lead with 0.005 per cent of manganese. It has been found that cobalt driers 
(oleate or resinate) exert a greater influence in causing '^skinning” of stored var¬ 
nishes than do the soaps of lead or manganese.®'® Much has been said about the 
relative efficiency of various soaps, some workers preferring oleates and linoleates 
and others advocating resinates.®®® 

The use of naphthenates as driers in paints and varnishes has been recom¬ 
mended by various investigators®®' because of their uniformity, stability and better 
solubility.*®® These compounds, commonly known as Soligen driers, are metallic 
soaps of naphthenic acids, which are derived from crude petroleum.®** 

In one method of producing naphthenate driers, naphthenic acid is saponified 
with sodium ot potassium hydroxide in a boiling aqueous solution. A salt of a 

With special reference to lead soaps see H. Wolff, Farben-Ztg., 1925, 31, 29; J S C.I., 1925, 44,' 
931B. R. Uzac, Bull. soc. chim., 1925, (4) 37, 1194; / SC./., 1925, 44, 931B. C. Coffignier, Bull. soc. 
chim., 1925, (4) 37, 1078; Chem. Abs., t925, 19, 3804; Rev gen. colloidcB, 1926, 4, 1, 65; Chem. Abs., 

1926, 20, 3089. S. H. Digga and F. S. Campbell, Ind. Eng Chem., 1928, 20, 828. AV. Laufenberg, 

Farhen-Ztg., 1929, 15, 546; Chem. Abs , 1930, 24, 1231 M. Ragg, Farben-Ztg., 1929, 34, 1605, 1661; 

But. Chem. Abs. B, 1929, 441. K. Chansius and E. Kindscher, Farben-Ztg , 1931, 36, 780, 1297; 

Brxt. Chem. Abs. B, 1931, 356, 685. A. V. Blom, Farben-Ztg , 1931, 36, 1045; Brit. Chem B, 

1931, 450. H. A. Gardner, Amer. Paint, Vamtsh Mfrs. Assoc, Circ , 1931, 3 7 7, 133; Chem. Abs., 1931, 

25, 2009. W. A. La Lande, Jr., J.A.C.S , 1931, 53, 1858 H Hebberhng, Farbe u. Lack, 1931, 161; 

Chem. Abs., 1932, 26, 3123. M Ragg, Trans Electrochem Soc, 1933, 64, 293; Bnt. Chem. Abs. B, 

1933 , 927. E Kindscher and P. Lederer, Farben-Ztg, 1933 , 38, 1336; Bnt. Chem. Abs B, 1934, 27. 
C. P. A. Kappelmeier, Verfkrontek, 1934 , 7, 39; Chem. Abs, 1934, 28, 3915. H. Wolff and J. 
Rabinowicz, Fettchem. Umschau, 1934, 41, 66; Chem. Abs, 1934 , 28, 4253 H. Levin, Ind. Eng. Chem, 

1934 , 26, 333 

With reference to iron soaps see H. Salvaterra, Z. angew Chem., 1930, 43, 620; Chem. Abs , 1930, 24, 
4414. B. C. Soyenkoff, / Phgs. Chem., 1930 , 34, 2519; Chem Abs, 1931, 25, 245. A E Kimberley and 
J. F. G. Hicks, Bur Standards J Research, 1931, 6, 819; Chem Ab.t , 1931, 25, 5989. H. Salvaterra 
and R Ruzicka, Farben-Ztg , 1932, 37, 1547, BrU. Chem Abs B, 1932 , 900 

See S. Fokin, J Russ Phys -Chem Soc., 1907, 39, 609; 1908 , 40, 276; J S C.1, 1907, 26, 1149; Chem. 
Abs 1908, 2, 2896. W. M. Mackey and H. Ingle, JSC.I , 1917, 36, 317. F. Wilborn, Farben-Ztg., 

1927, 33, 862; Chem. Abs., 1928, 22, 3054. V. S Kiselev and I I. Golovistikov; /. Chem. Ind. 
(Moscow), 1930, 7, 1348; Chem Abs., 1931, 25, 5303 C. Kranz and V Krach, Chem. News, 1928, 
137, 257, Chem, Abs., 1929, 23, 5599. C. Kranz and F Fischmann, Chem. News, 1932, 144, 161; Chem. 
Abs, 1932 , 26, 2878. W. S. Chase, Paint, Oil and Chem. Rev, 1932 , 93 (13-), 11; Chem. Abs., 1932, 

26, 3389. F Wilbom and E. Baum, Chem Umschau Fette, Ole, Wachse Harze, 1932 , 39, 98; Chem. 
Abs., 1932, 26, 4188. V. S. Kiselev and L. I. Nonna, /. Chem. Ind. (Moscow), 1933, (4), 22; 
Chem. Abs, 1933, 27 , 5558. K. Wmiker, Fnrben-Ztg , 1933 , 38. 504 , 534; Chem. Abs, 1933, 27, 1771. 
F. Wilborn, F. Wachholtz, O. Walther and H. Ulrich, Farben-Ztg , 1932 , 37, 1120, 1156, Chem. Abs., 

1932, 26, 4188. Chung'-Chun Wang, Science (China), 1933, 17, 881; Chem Abs., 1933, 27 , 5992. H. 
Wolff and G. Zeidler, Farben-Ztg , 1934. 39, 897, 921, 945, 967, 993; Chem. Abs, 1935, 29, 861. 

>18 L. L. Steele, Ind. Eng. Chem., 1924, 16, 957. See also Kai Ho, Chem. Ind. (China), 1932, 7, 1; 
Chem Abs., 1938, 27, 3092. 

>i®H. Brendel, Farben-Ztg., 1924, 29, 790; J.8 C.i., 1924, 43, 433B. With special reference to cobalt 
driers see E. Gebauer-Fuelnegg and G. Konopatsch, Ind. Eng. Chem., 1931, 23, 163. J. Hyman and 
C. R. Wagner, J.A.C S , 1931, 53 , 3019. Amer. Ink Maker, 1934, 12 (3), 13; Bnt. Chem. Abs. B, 1934, 
370. 

»8Z. Talanzev, Madoboino Zhir. Ddo, 1926, (10), 46; Chem. Zentr, 1927, 2, 2236. A. Zinoviev 
Masloboino Zhir. Delo, 1928, (9), 3; Chem, Zentr., 1929, 1, 2834. C. Ooffignier, Farben-Ztg., 1928, 33, 
1350. E. Stock, ibid., 1929, 34, 2075. See also Mon. Peint., 1930, 18, 189; Am. Paint, Vamtsh Mfre 
Assoc. Abs., 1930, 187. 

G. H. Pickard, Am. Paint, Varnish Mfrs Assoc., Circ, 1931, 404, 542; Chem Abs., 1932, 26, 
1140. H. Wolff, Fctrben-Ztg., 1931, 36. 2200; Bnt Chem. Abs B, 1931, 1061. E. Stock, Seifensteder- 
Ztg., 1931, 58, 144. A. I. Kogan and N. I. CJhurdenko, Farben-Ztg., 1932 , 37, 1664; Chem. Abs., 1932, 
26, 5774. C. A. Klebsattel, Paint, Varnish Prod. Mgr., 1933, 9 (11), 28; Official Digest, Fed. Paint, 
Varnish Prod. Clubs, 1934, 135, 112; Chem. Abs., 1934, 28, 348, 3601. Paint, Oil, Chem. Rev., 1982, 
93 (14), 11, 22; Chem. Abs., 1932 , 26. 3122. C. A. Knauss, Official Digest, Fed. Paint, Vamtsh Prod. 

Clubs, 1934, 136, 158; Chem Abs, 1934, 28. 4612. V. S. Kiselev and L. I. Nonna, J. Chem. Ind., 

(Moscow), 1933. 10, 22; Chem. Trade J., 1934 , 94, 144; /. Inst. Petr. Tech,, 1934 , 20, 259A. 

>*> See T. Yamada, /. Soc. Chem. Ind. Japan, 1930, 33, 412B; Brit. Chem. Abs. B, 1931, 500. F. Pohl, 
German P. 396,646, 1922, addn to 352,356. to C Jager G.m.b.H ; J S.C.I., 1926 , 44, 17B. M. S. 
Potolovskii, Russian P. 80, 1924; Chem. Abs., 1933 , 27, 3724. G. S. Petrov, Russian P. 607, 1925; 
Chem. Abs., 1933, 27, 5560. G. L. Stadnikov, G. S. Petrov and A. I. Danilovich, Russian P. 532, 

1925; Chem. Abs., 1933, 27; 5560. M. M. Gurvich, Ru8.sian P. 26,393, 1928; Chem. Abs., 1932, 26, 6164. 

>» Naphthenates are discussed more completely in Chapter 10. For a detailed treatment of this 
subject see Carleton Ellis, “The-Chemistry of Petroleum Derivatives,” The Chemical Catalog Oo., 
New York, 1934. 



786 


THE CHEMISTRY OF SYNTHETIC RESINS 


heavy metal is then added and the resulting precipitate is washed by decantation. 
The product is dehydrated by fusion. To assist the fusion, plasticizers (castor 
oil, tolyl phosphate, cyclohexanone, etc.) are added during or following precipi¬ 
tation.”* In another method of preparation naphthenic acid is mixed at ordinary 
temperature with weak-acid salts of metals.'^ Naphthenates are formed also by 
adding metallic oxides to a solution of naphthenic acid in an organic solvent.”* 
Concentrated, homogeneous solutions of naphthenate driers are produced by 
dissolving the naphthenates in drying or semi-dfymg oils or in their fatty acids.”^ 
The fatty acids may be replaced wholly or partially by unsaturated aliphatic 
or aromatic acids or by substituted benzoic acids.”* The solubility of naphthenates 
in organic solvents is improved by fusion with not more than 10 per cent of a 
solid, saturated fatty acid containing 16-20 carbon atoms.”® 

Other metallic salts suggested as driers include those of o-keto-aromatic acids,”® 
those of keto acids prepared from acid anhydrides and petroleum hydrocarbons”' 
and those of benzoic acid derivatives m which a nuclear hydrogen atom has been 
replaced by a hydrocarbon radical.”® It is stated that improved driers are formed 
by using the heavy-metal salts of acids of the general formula R—0—CnHaa— 
COOH in which R is either an alkyl group of more than 3 carbon atoms, a hydro¬ 
aromatic group or an aralkyl group.”* 

In the opinion of Zinoviev‘S** an ideal drier should have little effect on the color 
of the oil used, should not form a sediment, should dry in 8-12 hours, should 
have low acidity and high metal content and should be durable on aging.”* The 
most universal and rational drier, according to Zinoviev, is lead-manganese lin- 
oleate.”* Attempts have been made to set a standard for drying power of metallic 

Pohl and B. laenbeck, U. 8. P. 1.974.607, Sept. 25. 1934, to 1. G. Farbenind. A.-G.; Chem. 
Abt., 1934, 28, 7661. British P 335,863, 1930, and its addns. 367,666, 1931, and 380,360, 1932, Brit. Chem. 
Abt. B, 1031, 20; 1932, 592, 1115. 

*«R. M. Gerlach, U. 8. P. 1,875,999, Sept. 6, 1932; Chem. Aba., 1933, 27, 199. 

“•F. Meidert, U. S. P. 1,878,962, Sept. 20, 1932, to I G Farbrnmd. A.-G.; Chem. Aba., 1938, 

27, 434. 

F. Meidert and H. Schat*, U. S. P. 1,916,805^ July 4, 1933, to I G. Farbenind. A-G.; Chem. 
Aba., 1933, 27, 4699. German P. 676,939, 1933; Chem. Abs., 1934, 28, 351. British P. 339,865, 1930, and 
Its addn. 839,922, 1930; Brit. Chem. Aba B, 1931, 261. , 

British P. 383,172, 1932, addn. to 339,865 and 339,922, to I. G. Farbenind. A.-G. ; Bnt. Chem. 
Aba. B, 1933, 78. 

“•F. Meidert, U. S. P. 1,976,182, Oct. 9, 1934, to I. G. Farbenind. A-G.; Chem. Aba., 1934, 28, 
7561. British P. 397,276, 1932; Bnt. Chem. Aba B, 1933, 879. 

«<»H. A. Bruson, U. S. P. 1,880,759, Oct. 4, 1932, 1,939.621 and 1,939,622, Dec. 12, 1933, to Rohm 
A Haas Co.; Chem. Aba., 1933, 27, 1527; 1934, 28, 1556. U. S. P 1,934.033, Nov. 7, 1933, to Resinous 
Prod. A Chem. Co.; Chem. Aba., 1934 , 28, 663 Fiench P. 711,198, 1930; Chem. Aba, 1932, 26, 1809. 
German P. 600,691, 1934; Chem. Aba, 1934, 28, 7562. H. A. Bruson, J. D Robinson and O. Stein, 
U. S. P. 1,962,478, June 12, 1934, to Resinous Products A Chem Co ; Chem. Aba., 1934, 28, 4922. 
British P. 363,394, 1930; Brit. Chem. Aba., B, 1932, 355. 

A. Bruson, U. S. P. 1,882,762, Oct. 18, 1932, and 1,894,460, Jan. 17, 1933, to Resinous Prod. A 
Chem. Co.; Chem. Aba., 1938, 27, 835, 2458. British P. 365,038, 1930; Brit. Chem. Aba. B, 1932, 494. 
French P. 703,490, 1930; Chem. Aba., 1931, 25, 4282. 

«»H A. Bnison, U. S. P. 1,933,520 and 1,933,521, Oct 31, 1933, to Resinous Products A Chem. Oo.; 
Chem. Aba., 1934, 28, 662. British P. 365,084, 1930; Bnt Chem. Aba. B, 1932, 517. French P. 711,199, 
1930; Chem. Aba., 1932, 26, 1810. H. A. Bruson, J. D. Robinson and O. Stem, U. S. P. 1,930,449, 
Oct. 14, 1933, to Resinous Products A Chem Co.; Chem. Aba., 1934, 28, 180. H. A. Bruson, U. S. P. 

I, 927,867, Sept. 26, 1933; Chem. Aba., 1933 , 27, 5995. 

H. A. Bruson and O. Stein, U. S P, 1,969,709, Aug. 7, 1934, to Resinous Product.^ A Chem. Co.; 
Chem. Aba., 1934, 28, 6327. See also H. A. Bruson, U. S. P. 1,920,160, July 25, 1933, to Resinous 
Products A Chem. Co.; Chem. Aba., 1933, 27 , 4942 British P. 413,728, 1933; Bnt. Chem. Aba. B, 1934, 
848. British P. 414,121, 1934; Chem. Aba., 1935, 29, 179. These dners are discussed by H. A. Bruson 
and O. Stein, Ind. Eng. Chem, 1934, 26, 1268. See also H. W. Klever, German P. 368,740, 1917; 

J. a.C.J., 1923, 42, 707A. 

“A A. Zinoviev, Maalobotno Zhtr. Delo, 1929 (2), 39, (3), 51; Chem. Aba., 1930, 24, 4407. 

••Studies of the effects of driers on paint durability have been made by various investigators. 
See A. W. Van Heuokeroth, Am. Paint, Varmsh Mfra. Aaaoc., Circ., 1932, 407, 80; Chem. Aba., 1932, 
26, 2607. F L. Chltiery, Paant, Oil, Chem. Rev, 1932. 94, (10), 78; Chem. Aba., 1938, 27, 613. 
Reports of Philadelphia, California and Cincinnati-Dayton-Indianapolis Clubs, Am. Paint, Vamiah 
Mfra. Aaaoc., Circ., 1932, 423, 1933, 445; Chem Aba., 1938, 27 , 613 , 614; 1934, 28, 348; Brit. Chem. 
Aba. B, 1933, 975, 977. J. T. Baldwin, Am, Paint, Varmah Mfra. Aaaoc., Circ., 1929, 356, 858; 1930, 
370, 492; Chem. Aba., 1930, 24, 519; 1931, 25, 220. 

•■•Some of the many methods for producing driers include the following: Reaction of metallic 
Glides or salts with acids in volatile organic solvents (F. Meidert, German P. 596,878, 1934, to I. O. 
Farbenind. A.-G.; Chem. Aba., 1934, 28, 5262. Bntish P. 353,788. 19M; Bnt. Chem. Aba. B, 1981, 1018); 
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soaps. It has been shown that one standard, the ^^aridyne,^^”’ cannot be used 
because of the effects of concentrations, atmospheric conditions and the nature of 
the oils used.*” The adsorption of the driers by pigments in the paint also has 
some effect on the drying power.*** 

The solubility of driers in various solvents is of considerable interest. Evans*^ 
gave some data on the solubility of soaps m transformer oil which are listed as 
follows: 


Nickel oleate —readily soluble 
Nickel stearate —soluble, but solution solid at 
ordinary temperatures 
Nickel hnoleate—very slightly soluble 
Nickel butyrate—insoluble 
Lead oleate —soluble in hot oil but not in 

cold 


Calcium oleate —almost 

insoluble 

Aluminum ricinoleate—almost 
insoluble 

Tin oleate —soluble 

Zinc oleate —soluble 

Copper oleate —soluble 


The solubility of driers in oils or diluents is said to be improved by adding a 
small amount of a polyhydric alcohol or of a sugar.***** In order to stabilize solu¬ 
tions of driers, that is, to prevent sedimentation and gelatinization, as much as 
10 per cent of solid saturated fatty acids or solid free carboxylic acids or deriva¬ 
tives are added.*** Examples are stearic, palmitic and benzoic acids, mixed crotonic 
and arachidic acids and mixed hippunc and salicylic acids. A phenol (e.g., /3- 
naphthol) was used by Thomas*** to inhibit crystallization of driers during the 
drying of films of coating materials in which the driers are used.*** 

The behavior of aluminum soaps in various solvents is of interest because of 
their extensive use as flatting-agents in varnishes.*** A study of the action of 

reaction in the presence of amines (H. Schatz, German P. 546,771, 1930, to I. G. Farbenind. A.-Q.; 
Chan. Ab8., 1932, 26, 3686 British P. 370,550, 1931, Bnt. Chem B, 1932, 614. French P. 723,442, 
1931; Chem. Abs , 1932, 26, 4190); passing a mixture of oil and metallic oxides through a colloid mill 
and then heating (I. T. Osnos, Russian P. 48,948, 1929; Chem. Aba., 1931, 25, 1109). Some miscellaneous 
driers include the soaps of wool fat (German P. 533,275, 1930, to Noiddeutsohe Wollkammerei and 
Kammgarnspinnerei; Chem. Aba., 1932, 26, 610. British P. 400,797, 1933, to I. G. Farbenind. A.-O.; 
Bnt. Chem. Aba. B, 1934 , 28); soaps of fatty acids derived from coconut oil (R. A. Dunham, U. S. P. 
1,982,048, Nov. 27, 1934, to Union Oil Co. of Calif.; Chem. Aba. 1935, 29, 626), the soaps of hydroxy- 
fatty acids (Bntish P 346,812, 1930, to Gebriider Borchers A -G.; Bnt. Chem. Aba. B, 1931, 6M. 
German P. 555,715, 1929; Chem. Aba., 1932, 26, 6164. French P. 688,306, 1930; Chem. Aba., 1931, 25. 

834), the soaps of acids obtained by oxidizing mineral waxes (F. Pohl, German P. 518,094, 1927, to 

I. G. Farbenmd. A.-G.; Chem. Aba., 1931, 25, 2581. Bntish P 311,716, 1928; Chem. Aba., 1^, 24, 

979) and the heavy-metal salts of sulphonio acids from petroleum (H. E. Buc, U. S. P. 1,753,493, Nov. 
12, 1929, to Standard Oil Development Co.; Bnt Chem. Aba. B, 1930, 69. British P. 321,980, lw8, to 
Standard Oil Development C^o.; Bnt. Chem. Aba. B, 1930, 110. S. L. Langedgk, U. S. P. 1,947,652, 
Feb. 20, 1934, to N. V de Bataafsche Petroleum Maatschappij; Bnt. Chem. Aba. B, 1934, 1094. 

Dutch P. 28,002, 1^, to N. V. de Bataafsche Petroleum Maatschappij; Chem. Aba , 19^, 27, 1363. 

A drier for Japanese lac consists of potassium dichromate, glycerol and oxalic acid (&. Usawa, 
Japanese P. 101,341, 1933; Chem. Aba., 1934 , 28, 5263). 

The drying power equivalent to 0.064 oz. oil-soluble lead per gallon of dner. (C. F. Carrier, 
Am. Paint 1930, 14, (33), 70f; 14 (52D), 25; Chem. Aba., 1930, 24, 3660; 1931, 25, 221.) 

a»C. F. Carrier, Am. Paint, Vamiah Mfra. Aaaoc., Ctrc , 1931, 404, 635; Chem. Aba. 1932, 26, 1140. 
W. G. Armstrong, tbid, 1933, 445, 498; Chem. Aba, 1984 , 28, 348. See also M. Weger, Chem. Rev. 
Fett u Harz-Ind., 1897, 5 (1). 1; J.S.C.I., 1898, 17, 360. 

H. A. Gardner, Am Paint, Vamiah, Mfra. Aaaoc., Ctrc., 1931, 403^ 396; Chem. Aba., 1932, 26, 608. 
*«>E. A. Evans, British P 267,174, 1927, to C. C. Wakefield and Co., Ltd.; Bnt. Chem. Aba. B. 
1927, 386. See also H. T. Vulte and H. W. Gibson, J.A.C.S., 1902, 24, 215. 

German P. 551,354, 1929, to Hermann Wiilfing A.-G.; Chem. Aba., 1932 , 26, 4487. 

Bntish P. 364,863, 1931, and 397,276, 1933, to I G. Farbenind. A.-G.; Chem. Aba.. 1933, 27, 2050; 
1934, 28, 917. French P. 738,905, 1932; Chem Aba., 1933 , 27, 2050 See also F. Meidert, U. S. P. 
1,895,200, Jan. 24, 1933, to I. G. Farbenind. A.-G.; Chem. Aba , 1933, 27, 2590. 

»** C. A. Thomas, U. S P. 1,940,613, Dec. 19, 1933. to Davton Synthetic Chemicals, Inc.; Chem. 

Aba., 1934, 28. 1556. Canadian P. 340,937, 1934; Chem. Aba., 1934, 28, 4256. French P. 720,444, 1931; 
Chem. Aba., 1932, 26. 3941. 

***Some metallic soaps have in themselves the property of preventing crystallisation in varnishes. 
For example, lithium and cadmium resinates and oleates prevent precipitation in varnishes containing 
rosin (German P. 448,297, 1925, to Chem. Fabrik. K. Albert G.m.b.H.; Chem. Aba., 1929, 23, 1294). 
Soaps of titanium, zirconium and thorium are used to prevent settling of pigments (British P. 399,183, 
1932, to Titanium Pigment Co., Inc.; Bnt. Chem. Aba. B, 1933, 1019. French P. 734,601, 1932; Chem. 
Aba., 1933, 27, 1215). Aluminum stearate is used similarly (E. Perry, Paint, Vamiah Prod. Mgr., 1931, 
6 (3(), 5; Chem. Aba., 1932, 26, 608). Titanium stearate has been found to be better than aluminum 
stearate in suspending pigments. S«ie L. W. R3'an and W. W. Plechner, Ind. Eng. Chem., 1934, 26, 909 

See also British P. 857,179, 1930 iBnt. Chem. Aba. B, 1931, 1084) and French P. 698,152, 1980 iChem. 

Aba., 1931, 25, 3159) to Patent Fuels A Color Oorp. 

Although aluminum soaps are preferred, other materials are used to produce a flatting effect. 
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these soaps has been made by MarkowiczT^ In aliphatic hydrocarbons pastes 
are formed but in aromatic hydrocarbons and terpenes the soaps swell and form 
gels. Licata*" found that for making matt-varnishes hydrocarbons are more 
effective dispersing agents for aluminum stearate than are esters, alcohols and 
ketones. Better flat finishes are made with the stearate. Another statement of 
interest is that aluminum stearate is not a definite compound^*'^ and consequently its 
properties may be varied to suit the use intended for it.^ 

Metallic soaps are used to a great extent to modify paints and lacquers. They 
are employed in nitrocellulose lacquers to improve resistance to ultraviolet light**® 
and to give flat finishes*” or crackle finishes.*®^ Bruson*®* has added the metallic 
salts of organic ketonic acids (R—CO—R'—COOH) to nitrocellulose lacquers to 
increase their hardness and adhesiveness. A lacquer which forms washable coat¬ 
ings on wall-paper is made by adding a metal stearate to a nitrocellulose solution.*” 
A varnish, stated to be elastic enough to coat natural or artificial leather is pre¬ 
pared by mixing nitrocellulose with oxidized cottonseed oil and 50-150 per cent 
of zinc naphthenate.*®* 

Metallic resinates and other soaps find use in coating compositions for metals,*®® 
priming paints for wood or other porous surfaces,*” coatings for concrete*®^ and 
in non-penetrating paints.*”* Some resinates are used in decorating-paints for 
ceramic material.*” 

To some extent metallic soaps are used in waterproofing-compositions for 

See F. Wilborn, Farhen-Ztg., 1928, 33, 2169; Chem. Ahtt , 1929, 23, 1292. H. Deckert, Furben-Ztq , 1930, 
36, 453, 504; Chem. Aba., IMl, 25, 1106 C Hornemann, Farbe u Lack, 1931, 496, 513, Chem Ah'. , 
1932, 26, 859. E, Fonrobert, Farben^Ztg , 1932 , 37, 1084, Frit Chem. Ab.s. B, 1932, 582 L. Keru, 
Farbe v- Lack, 1933. 514; Chem. Aba., 1934, 28, 349 H. Wolff and B Rosen, Farbem-Zto , 1933, 38, 
704; Brit. Chem. Aba. B. 1933, 399. P. H. Faucett. Paint, Oil, Chem Hev , 1934, 96 (3), 8; Chem. Aba , 
1934 28 2925. 

**«E. MaVkowicz, Farben-Ztg., 1928, 34, 326, 414, 503; 1931, 36, 2050, 2086, 2122; Brit Chem Aba. 
B, 1929, 101; 1931, 1017. See also H Wolff and J Rabinowicz, ibid, 1932 , 37, 1050; Bnt. Chem Aba. 

B, 1932, 562; Farbe u. Lack, 1931, 36, 428; Brii Chem Aba. B, 1931, 1061 W. Ostwald and R. Riedel, 

Kolloid-Z , 1935, 70, 67; Brit. Chem. Aba. B. 1935. 163. 

««F. J. Licata, OMcial Digeat, Paint, Vamiah Cluha, 1933, 129, 256; 1934, 135, 106, Chem. Aba., 
1934 2 8 849 8601. 

^ J.’ W. McBain and W. L. MoClatchie, J.ACS , 1932, 54, 3266. 

P. J. Licata, O^CAal Digeat, Paint, Vainiah Chiba, 1933, 125, 160; Chem. Aha, 1933, 27, 4105. 
•‘•H. Bradshaw, U. S. P. 1,962,132, June 12, 1934, to E. I. du Pont de Nemours & Co.; Chem. Aba.,. 

1934, 28, 4904. British P. 380,518 and 381,168, 1930, to E I. dn Pont de Nemours & Go ; Chem. Aba , 

1983, 27, 3094. See also Swiss P. 134,370, 1927, to George Fey & Co ; Chem Aha., 1930, 24, 1754. 

G. H Mutersbaugh, M. Zucker, H D. Heiser and W A. Shope, tl. S. P. 1,856,653, May 3, 1932, 
to Glidden Co.; Chem. Aba., 1932, 26, 3686 

F. C. Hoffman, U. S. P 1,846,869, Feb, 23, 1932, to E I. du Pont de Nemours A Co.; Chem. 
Aba., 1932 , 26, 2608. L. Barensfcld, German P. 508,556, 1928; Chem. Aba., 1931, 25 , 834. L. Kein, 
Farbe u. Lack, 1933, 125; Brit Chem Aba B. 1933 , 355. E. H. Bucy, U. S P. 1,965,453, July 3, 1934, 
to Atlas Powder Co ; Chem. Aba , 1934, 28, 5691. 

*®H. A Bruson, U. S. P. 1,987,570, Jon 8, 1935, to Resinous Products A Chemical Co.; Chem. Aba, 

1935, 29, 1668. 

*** E. F. Arnold, U. S. P. 1,848,686, Mar. 8, 1932, to E I du Pont de Nemours and Co ; Chem. 
Aba., 1932, 26. 2866. British P. 394,974, 1931; Bnt. Chem Aba. B, 1933, 800. 

**K. I. Meltzer, Ovlad. Tekhnikoi’ Kozhoh. Proizvodstro, 1932, (8), 27; Chem. Aba, 1934 , 28. 7559. 
*»W H Buell, U. S P. 1,472,239, Oct 30, 1923, to Conversion Piod Corp.; Chem. Aba., 1924, 18, 
450. H. Schladebach and H. Hahle. U S. P. 1,844,983, Feb. 16, 1932, to I. G. Farbenind. A -G.; Chem 
Aba., 1932, 26, 2383. U. S. P. 1,983,006, Dec. 4. 1934; Chem. Aha, 1935, 29, 625. German P. 570,738, 
1933; Chem. Aba., 1933 , 27 , 4427. British P. 305,218, 1929, and 323,525, 1928; Brit. Chem. Aba. B, 1930, 
204,623. Swiss P. 139,824, 1929; Chem. Zentr., 1930, 2, 3079. W. Bauer, British P 252,864, 1925; Chem. 

Aba., 1927, 21. 2390. K. Kuwahara, Japanese P 41,761, 1922; Chem. Aba , 1924, 18. 477 Swiss P. 142,167, 

1929, to “Cirine-Werke" J. Lorenz A Co.; Chem, Aba., 1931, 25, 2311. G. H. Burgman, U. S. P. 
1,867,806, July 12, 1982; Chem. Aba., 1932, 26, 4726. E. Asser, British P 294,436, 1928; Chem. Aba., 1929, 
23, 2050. 

*• C. Tauber, British P. 275,810, 1927, to G. Leuchte Nachf.; Bnt. Chem Aba. B, 1928, 719. German 
P. 541,916, 1926; Chem. Aba., 1932, 26, 2608. H. Alles, German P. 502.353, 1927: Chem. Aba, 1930, 24, 
4944. P. Jaeger, German P. 547,337, 1926; Chem Aba., 1932, 26, 3685. J. Scheiber. German P. 533,276. 
1928; Chem. Aba., 1932, 26, 610. German P. 548,284, 1929, to Strahl and Walker, Chem. Fabr.; Chem. 
Aba., 1982, 26, 3686. French P. 864,173. 1928, to Fabriken Temporin; Chem. Aba., 1930, 24, 979. Y. 

Kawai and S. Mori, Japanese P. 101,216, 1033; Chem. Aba., 1934, 28, 5261. 

W. Gumik, German P. 510,871, 1929; Chem Aba., 1931, 25, 1055. P. Daumer, Peint, pig. vernia, 
1981. 8. 1576; Chem. Aha., 1932, 26, 321. 

•"•W. Krumbhaar, Paint, Vamiah Prod. Mgr., 1934, lO (2), 5; Chem. Aba., 1934,J28, 1877. 

**K. Nakatuti, Japanese P. 90,288, 1931; Chem. Aba., 1931, 25, 4375. A. Nakatsuchi, J. Soc. Chem. 
Ind. Japan, 1931, 34, 67B; Chem, Aba., 1931, 2$, 8142. 
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fabrics,'®® paper, metals, wood, cement and concrete.®^ The addition of ferric 
linoleate to an asphaltic composition for coating rubber is siiid to increase the 
durability and luster of the final surface.®”^ The soaps of copper, mercury and 
lead®®* are emjiloyed in toxic coating compositions and repellants for protecting 
materials from the action of bacteria, fungous growths and insects.®®^ Rosen- 
blum‘''“ used metallic soaps to modify phenol-aldehyde resins. (See Chapter 20.) 
As an example phenol or cresol, zinc oleate or abietate, formaldehyde (40 per 
cent) and colophony are heated together under reflux. The product is dehydrated 
and then heated with glycerol at 260''C., effecting partial esterification and yield¬ 
ing a resin with high melting point. 

Metallic soaps have found some use in the rubber industry, acting as vul¬ 
canization accelerators,®®’ scorch retarders®®® and plasticizers.®®' When added to 
rubber solutions some metallic soaps lower the viscosity so that increased amounts 

20* E KinfKchoi, (iuutini-Zty , 1930 , 45, 333; Chem Abs , 1931, 25, 548 British P. 286,257, 1928, 
to J P. Bctnborg A -G ; Brit Chem. Abs B, 1929, 514 (> E Cushman and B F Famngton, U. S. P. 

1,821,932, Sept 8, 1931, to Standard Oil Co ot California, Chem. Abs., 1931, 25, 5998 C. M. E. 
Schrocdei, U S P 1,829,877, Nov 3. 1931, Chem. Abs, 1932 , 26, 858. J. McGavack, 1) S P 1,839,983. 
Jan 5, 1932, to Naugatuek ('hem ('^i , Chem. Abs , 1932, 26, 1475. S. J Haves, U S P 1,917,937 and 

1,917,938, July 11, 1933, to Ludlow Mtg Absociates; Chem, Abs , 19M, 27, 4691, 4692 W. H Adams, 

U S P 1,948.464, Fvb 20, 1934, to Eastern Finishing Works; Brit. Chem. Abs B, 1934, 1110 
German P 597,033, 1934, to Firma Thcod. Rotta, Chem Abs, 1934, 28, 5255. M. M Chihkin and 

M N Sussmaim, Izvest Tekstil. Prom Toryov , 1931, 10 (12), 73, Chem Abs, 1932, 26, 5425 
Note also the use of those ^oHps in artificial fabiics G H Ellis, British P. 323,501 and 323,785, 1928, 

to British Celanese, Ltd , Brit Chem Abs B, 1930, 281, 321 H Dreyfus, French P 677,263, 1929; 

Chern Abs , 1930 , 24, 3119 British P 339.896 and 366 110, 1930, to British Celanese. Ltd , Brit Chem 
Abs B, 1931, 341; 1932, 336 C F. Rylov and C A Awcock, U S P. 1,807,755, June 2, 1931, to 
(^Jtdaneso CJoip of Ameiica, Chem Ah.s , 1931, 25, 4414 Fieneh P 731,712, 1932, to Algern Kuristzijdfc 
lime N V ; Chem. Abs , 1933, 27, 842 German P. 597,194, 1934, to Chem Fabr. Stockhausen & Ck) ; 
Chem Abs, 1934, 28, 5255. lise on brush bustles, W. K Teller, U S P 1,953,980, Oct. 4, 1934, to 
Western Bottle Mfg , Co , Brit Chem Abs B, 1935, 96 

2'WC N Exlev and H A Rmiiner, British P 211,972, 1922; J S C I , 1924, 43, 3n2B. C J J Fox. 

British P. 289,122, 1927, Brit Chem Abs B, 1928, 456 A F Owen, U S P 1 656,953, Jan 24. 1928, 

to Naugafutk Chem. Co , Chem. Abs, 1928, 22. 1019 Canadian P. 266,291, 1926; Chem Abs, 1927, 
21. 996 H J. Biaun, Chem -Ztq , 1929, 53, 913. Chem Abs, 1930, 24. 1184 Caileton Ellis, U S P 
1,737,006, Nov. 26, 1929, to Kllus-Fostei Co, Chem Ab^ , 1930. 24. 706 F D. Snell. U S P 
1.792,661, Feb 17, 1931; Chem Abs, 1931, 25. 2264. M B Chittnk, U S P 1,814.292, July 14, 1931, 

to Pme Oil Cki . ('hem Abs, 1931, 25, 5268 W T Dean. Camnlian P. 308.096 1931. to Calicel Prod. 

CV) Biitish P 375,002, 1931, to I G Faibemiid A-G , Brit ('hem Abs. B, 1932, 807 E Saknma 

and T W'ada, Japanese P 93.055, 1931, ('hem Abs, 1932, 26. 4486 J C KiatoMlle. U S P. 1.858.830. 

Ma\ 17, 1932, to Banett Co , Chem Abs, 1932, 26, 3807 Briti.sh P. 380,776, 1932, to Fclten & 

Guilleauine Cailswcik A -G , Chem Abs, 1933, 27, 5125 B 1 Ruibak, Russian P 33,242, 1933, 

Chem Abs , 1934, 28. 3377. 

2 tti ^ M Alvaiudo and A N Purreft, U S. P. 1,955,355, Apr. 17, 1934, to E. I. du Pont de 
Nemours & Co , Br7t. Chem Abs. B, 1935, 161. 

The soaps of other metals are used to some extent for tins purpose. See, for instance, S W^ 
Kendall (Biitish P 247.242. 1924, Chem Abs, 1927, 21, 656 Canadian P. 282,081, 1928, Chem Abs 
1928, 22, 3502) and R Haixev and H V Day (U S P 1,827,083 Oct 13, 1931, to Pantasote Leather 

O) : ('hem Al)s , 1932, 26, 606). Strontium oleate is used foi motli-pioofing. See British P. 365,233, 

1930, to 1. G Faibemud A -G . Brit Chem Abs B, 1932, 338 

D. C Paima'i, E W Laake, F Bishop and R Roaik, U S Dept. Agr., Tech. Bull, 

1928. 80, 1-14: ('hem Abs, 1929, 23. 1713. M Lopes!, Quim wd., 1929, 68, 222, Chem. Abs, 1930, 

24, 250 A. C Robeitson, hid Eiuh Chem, 1931, 23, 1093 J. Boix, Qmm. e md , 1932, 9 (98), 53; 

('hem Ahs , 1932, 26. 3077 H E Kaliistmski, U. S P. 1,481,012, Jan 15, 1924, to J Srhtiarr A Co ; 

Chem Abs, 1924, 18, 878 R. M Gerlaeh, Bntish P 277,083, 1926; Chem Ahs., 1928, 22. 2474 IL 

iSclmtte and K (Joimtz, Gennan P 538,188, 1928, to Srheiing-Kahlbaum A.-G ; Chem. Abs, 1932 , 26, 
1703 E Dal, Holgum P 354,606, 1928; Chem Abs, 1929, 23, 3069 E Meick, Swiss P. 108,018 and 
118,144, 1925; Bnt. Chem. Ahs B. 1928, 240. J. V Evre and H Langwell, British P 367,913. 1930, 

to the Distilleis Cki . Ltd , Bnt Chem Abs B, 1932, 465 V R Abrams, U. S. P. 1,789,983. July 8, 

1930, to A N Shelnndei , Chem Abs , 1930, 24, 4609. F W. Sullivan, Jr. and E. W Adams, U. S. P. 
1.800.114, April 7, 1931, to Standard Oil Co. of liid.; Chem. Abs, 1931, 25, 3119 J. L Russell and 
H E Melton, U. S. P. 1,820,761, Aug 25, 1931, to C E Jamieson and Co.; Chem. Abs, 1931, 25. 
5737 D. B Bradner, Canadian P. 311,489, 1931, to the Canadian Industries, Ltd.; Chem. Abs, 1931, 

25, 3502 Y. Tubakimoto, Japanese P. 90,229. 1931, to Danchi Kogvo Seivaku K. K.; Chem Abs., 

1931, 25, 3119. D. B. Bradner, U. S. P. 1.843.010, Jan 26, 1932, to E. 1. du Pont de Nemours & Co ; 

Chem Ahs. 1932. 26, 1809 R G. Mcdcnlf and G. W. Allan, Australian P. 10,808, 1933; Chem Abs, 

1034, 28, 6960. 

a®* I. Rosenblum, IJ. S. P. 1,808.716, June 2, 1931, and 1.809,570. June 9. 1931; Chem Abs., 1931, 
25, 4422. French P. 704,116 and 705.091, 1930; Chem. Abs, 1931, 25, 4726, 5305 Metallic soaps are 
u.sed to modify organic acids of high molecular wenght. See L. Auer and L. Susztek, French P 
694,339, 1930; Chem. Abs., 1931, 25, 1839 

a®6 H. A. Depew, Ind. Eng. Chem , 1932, 24, 565 J E C Bongraiid and S. M. Lejeune, British 
P. 405,032, 1932; Bnt. Chem. Abs. B, 1394, 400. 

»»H. R. Thies, Ind. Eng. Chem., 1931. 23. 1357. E R. Bridgwater, V. S. P. 1,822,561, Sept. 8. 
1931, to E. I. du Pont de Nemours A Co.; Chem. Ahs , 1931, 25. 6018. 

F. Jacobs, Rev. gen. caoutchouc, 1931, 8 (72), 26 (73), 18; Chem. Abs., 1932 , 26, 333. 
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of rubber can be used in paints.*®* To prevent uncured rubber surfaces from ad¬ 
hering to each other they are dusted with an aluminum or magnesium soap.** An 
artificial gutta-percha is obtained by adding an aluminum salt to a mixture of 
latex and natural resins and waxes so that the product contains more than 15 parts 
of aluminum soap and more than 100 parts of resin-wax mixture for each 100 
parts of rubber.*^® 

In the manufacture of lubricants extensive use has been made of metallic 
soaps, particularly those of aluminum and lead.*^' The soaps are usually mixed 
with petroleum stock to form oils and greases. 

Mixtures of dyestuffs with metallic soaps form insoluble lake pigments whose 
principal use is in printing inks.*^* 

Some of the miscellaneous uses for metallic soaps include their incorporation 
in electrical insulating materials,*^* various plastic compositions ceramics,’"® 

H. P. Stevens and N. Heaton, J. Oil, Colour Chem. Aasoc., 1934, 17, 8; Chem Aba., 1934 , 28, 
1875, H. P. Stevens, J. G. Beam and S. C. Stokes, British P. 407,038, 1934, to Rubber Growers Assoc., 
Inc.; Chem. Ads., 1934, 28, 4922. K. Shimada, J. Soc. Rubber Ind. Japan, 1933, 6, 604; Chem Abs , 
1M4, 28, 1889. French P. 41,067, 1031, addn. to 693,890, to E I. du Pont de Nemours & Co ; Chem. 
Abt., 1933, 27, 1524. 

*®*P. A, Davis, U. S. P. 1,823,855, Sept. 15, 1931, to Goodyear Tire & Rubber Co ; Chem. Aba., 

1982, 26, 337. British P. 346,489, 1929; Chem. Aba., 1933 , 27, 444. 

«WB. S. Ah-Cohen, U. S. P. 1,739,566, Dec 17, 1929; Chem Aba, 1930, 24, 988. British P. 313,373, 
1028; Bnt. Chem. Aba. B, 1929, 652. German P. 537,034. 1928; Chein. Abs , 1932, 26. 1157. 

»^H. S. Garhck, Chem. Trade J.. 1931, 88, 581, Ind Chemist, 1931, 7, 249, Chem Aba., 1931, 25, 
4696. M. Reawick, Iron Age, 1931, 128, 816; Chem Aba, 1931, 25, 5978 F M. Simpson and C. C. 
Wilch, Refiner and Natural Oaaoline Mfr , 1931, 10 (3), 77; Chem Aba, 1931, 25, 2554. C. G. Williams, 
Mech. Eng , 1932, 54, 128; Chem. Aba , 1932, 26, 2320. H H Willock, S J Caplan and J E Babb, 
U. S. P. 1,625,969, Apr. 26, 1927, to Waverly Oil Works Co ; Chem. Aha , 1927, 21, 2060 Canadian P. 
264,851, 1926; Chem. Aba., 1927, 21, 1007. C. B. de Hart, U. S. P. 1,709,311, Apr. 16, 1929; Chem. Aba., 
1W9, 23, 2821. T. J. Craig, British P 338,919, 1929, to P Spence A Sons, Ltd., Bnt Chem Aba. B, 
1931, 307. British P. 347,574, 1929, to Panoleum Co.; Chem. Aba, 1932 , 26, 1771. E. N. Klemgard, 

U. S. P. 1,749,251, Mar. 4, 1930; Chem Aba., 1930 , 24, 2286. F L. Koethen, U S. P. 1,758,446, May 

13, 1930, to Acheson Graphite Co.; Chem Aba, 1930, 24, 3355. T W Doell and E. N. Klemgard, 
U. 8. P. 1,781,167, Nov. 11, 1930, to ^Standard Oil Co of Calif.; Chem. Aba, 1931, 25, 201. A J. 
Ducamp, British P. 868,025, 1931; Brit Chem. Aba. B, 1932, 459. British P. 371,643, 1931, to “Yacco" 
S. A. F.; Bnt. Chem. Aba B, 1932, 636. French P. 720,117, 1931; Chein. Aba., 1932, 26, 3916 R R. 

Rosenbaum, U. 8. P, 1,860,622, May 31, 1932; Chem. Aba, 1932 , 26, 3916. H. T. Bennett, U S P. 

1,820,295, Aug. 25, 1931; Chem Aba, 1931, 25, 5757 H T Bennett, L. G. Story and H. B. Berkley, 
U. S. P. 1,806,734 and 1,806,735, May 26, 1931; Chem. Aba, 1931, 25, 4117 W. J. McGill, U. S. P. 

1,837,279, Dec. 22, 1931, to Standard Oil Co. of Ind.; Chem Aba., 1932, 26, 1434 S. H. Diggs and 

F. 8. Campbell, U. 8. P. 1,830,984, Nov. 10, 1931, to Standard Oil Co of Ind.; Chem. Aba, 1932, 26, 
840. 8. H. Diggs, U. 8. P. 1,869,800, Aug. 2, 1932, to Standard Oil Co. of Ind.; Chem. Aba, 1932, 

26. 5418. A. Horwita,' U. 8. P 1,881,591, Oct. 11, 1932, and 1,882,664, Oct 18, 1932; Chem. Aba., 

1983, 27, 595, 836. F. C. Gebhart, U S P. 1,902,635, Mar 21, 1933, to United Oil Mfg. Co.; Chem. 
Aba., 1933, 27, 3326. British P. 406,399, 1932; Bnt. Chem Aba. B, 1934, 369. French P. 743,820, 1933; 
Chem. Aba., 1933, 27, 4072. T. W. Doell, U. 8, P. 1,867,695, July 19, 1932, to Standard Oil Oo of 
Oahf.; Chem Aba., 1932, 26, 5201. D, A Yonge, British P 376,310, 1932, to Shell-Mex; Chem. Aba., 

1933, 27. 4072. G. L. Southard, U. 8. P. 1,804,124, May 5, 1931; Chem. Aba., 1931, 25, 8825 E. N. 

Klemgard, Canadian P 316,148 and 316,393, 1931, to the Shell Oil Co.; Chem. Aba., 1932 , 26, 1770. 

W. M Bowyer and O. H. Jacobs, U. S. P. 1,953,904, April 3, 1934, to Peters Cartridge Co.', Chem. 
Aba 1934 28 3906 

«*J. H. Caughlan, British P. 265.787, 1926; Chem. Aba., 1928, 22, 505. French P. 654,745, 1928, to 
British Dyest. Corp.; Chem. Aba., 1929, 23, 3815. British P 309,148, 1929, to I. G. Farbenind. A.-G.; 
Brit. Chem. Aba. B, 1930, 1038. E R. Allen and A. Siegel, U. S P. 1,772,300, Aug. 5, 1930, to 
Orasselli Chemical Co., Reissue 18,590, Sept. 6, 1932, to Krebs Pigment A Color Corp.; Chem. Aba., 
1930, 24. 4942; 1933 , 27, 196 British P 334,874, 1929 and 369,956, 1930, to E I. du Pont de Nemours 
A Co.; Bnt. Chem. Aba. B, 1930, 1164; 1932, 778. A. Siegel, Canadian P. 816,507, 1931; E. R. Allen 
and A. Siegel, Canadian P. 322,053, 1932, both to E. I. du Pont de Nemours <fc Co., to Grasselli Ciiem. 
Co., to Canadian Industries, Ltd ; Chem. Aba., 1982 , 26. 1809, 3685. K. Kawamura, Japanese P. 98.935, 
1933; Chem. Aba., 1933, 27. 5995 

«»P. 8. Roman, Proc. Am. Soc. Teating Mat., 1926, (65). 8; Chem. Aba., 1926, 20, 8089. German P. 
437,115, 1925, to Siemens-Sohuckertwerke G m.b H ; Bnt Chem Aba. B, 1927, 452 J. E. G. Lahousse, 
U. 8. P. 1,802,517, Apr. 28, 1931; Chem. Aba., 1931, 25, 3746 British P. 275,958, 1926, and 294,931, 1927; 
Chem. Aba., 1928, 22. 2421; 1929, 23, 1971. French P. 633.171, 1928; Chem. Aba., 1928, 22, 3472. H. A. 
Tunstall, British P. 381,716, 1932, to W. T. Henley's Telegraph Works Co., Ltd ; Chem Aba., 1933, 

27. 5561. P. M. Clark and R. A. Ruscetta, U. 8. P. 1,952,158, Mar. 27, 1934, to General Electric Co.; 
Chem. Aba, 1934, 28, 3818. P. A. Gulkovskii and M. B. Kellerman, Russian P 32,588, 1933; Chem. Aba., 

1934, 28, 3500. 

«*N. R. Levy, U. 8. P. 1,487,957, Mar. 25, 1924; Chem Aha., 1924, 18, 1885. J. J. H. Sturmey, 
British P. 276,395, 1926; Chem. Aba., 1928, 22, 2446. H. 8. Snell, U. 8. P. 1.752,580, Apr. 1, 1930, to 
Western Electric Co.; Chem. Aba., 1930, 24, 2559. D. S Velikovskii, Russian P. 27,774 and 28,292, 
1928; Chem. Aba., 1931, 25, 845. P. I. Houssais, French P. 721,403, 1930; Chem Aba., 1932, 26. 4142. 
C. D. Cbry, Canadian P. 318,361, 1931; Chem. Aba., 1931, 25, 4682. R. L. Kramer, U. 8. P. 1,845,156, 
Feb. 16, 1982, to E. I..du Pont de Nemours A Co.; Chem. Aba, 1932, 26, 2316. D. F. Smith, E. J. 
Pieper and C. C. Vogt. U. 8. P. 1,873.056, Aug. 23. 1932. to Armstrong Cork Co.; Chem. Aba., 1982, 
26. 6036. Q. A. New, U. S. P. 1.946,914, Feb. 13, 1934, to National Gypsum Co.; Chem. Aba., 1984, 28, 
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paving material,*” adhesives,*” pyrotechnics and explosives,*^* friction materials 
(brake linings, etc.),”® soldering fluxes,*® sealing compositions,*^ fabric-coating 
preparations,** stencil sheets,*® gasoline anti-knock agents*** and in the purification 
of oils.**® 

The sticking of resins to molds is prevented by using a dusting powder com¬ 
prising a metallic soap** or even better, by incorporating the metallic soap (e.g., 
zinc stearate) in the molding composition.**^ 

2496. French P. 763,164, 1934, to Compagnie francaiae Thomson-Houston; Chem Aha., 1934, 28, 5264. 
German P 699,298, 1934, to International Bitumen Emulsions Corp.; Chem. Aba., 1934, 28, 6003. 

«»0. Parkert, Svrechsaal, 1926, 59, 25; Chem. Aba., 1927, 21, 2770. J. Wolf, tbid., 1928, 61. 883, 905; 
Chem. Aba., 1929, 23, 4034. K Fnednch and C. Friedrich, British P. 309,755, 1928; Bnt. Chem. Aba. 

B. 1929, 620. W. Rath, German P. 582,312, 1933, to Porzellanfabnk Kahla; Chem. Aba., 1933, 27. 5168. 

British P. 355,430, 1930, to N. V. de Bataafsche Petroleum Maatschappij; Chem. Aba , 1932, 
26, 4189 French P. 718,507, 1931; Chem. Aba., 1932 , 26, 3372. D. M Hepburn, S. S. Sadtler and 
E. F. Cayo, U. S. P. 1,846,107, Feb. 23, 1932, to Amiesite Asphalt Co. of America; Chem. Aba., 1932, 
26, 2569. British P. 309,634, 1927; Bnt. Chem. Aba. B, 1929, 620. 

German P. 503,624, 1927, to Louis Ritz & Co.; Chem. Aba., 1930, 24, 5940. L. Jackel, 
German P. 528,474, 1927, to I. G. Farbenind. A*G.; Chem. Aba., 1931, 25, 4673 F. F. Lmdstaedt, 
U. S. P. 1,833,627, Nov. 24, 1931, to Hercules Glue Co.; Chem. Aba., 1932, 26, 1078. A. C. Fischer, 

U. S. P 1,881,435, Oct. 11, 1932, to Philip Carey Mfg. Co.; Chem. Aba., 1933, 27, 584. H. Gray, 

U. S. P. 1,919,718, July 25, 1933, to B. F. Goodrich Co., Chem. Aba., 1933 , 27 , 4957. W. F. Zimmerli 
and R. S. Havenhill, U S. P. 1,937,881, Dec. 5, 1933 to B. F. Goodrich Co. and to Chrysler Corp.; 
Chem. Aba., 1934, 28, 1224. 

«»W. O. Snelling, U. S. P. 1,473,25Z, Nov. 6, 1923; Chem Aba., 1924, 18. 471. H. C. Pritham, 
U. S. P. 1,708,151, April 9, 1929; Chem. Aba, 1929 , 23, 2573. S. 8. P. Meek, U. S. P. 1,708,186 and 
1,708,187, April 9, 1929, and 1,756,255, April 29, 1930, Chem Aba., 1929 , 23, 2573; 1930, 24, 3115. 

P. Howe, U. S P. 1,798,605, Mar. 31, 1931; Chem. Aba, 1931, 25, 8137. J. W. Watson and 

C. S Redfield, U. S. P, 1,845,858, Feb. 16, 1932, to John W. Watson Co.; Chem. Aba., 1932, 26. 2289. 

R. F. Nowalk, U. S. P. 1,845,056 and 1,845,096, Feb. 16, 1932, to John W. Watson Co.; Chem. Aba., 

1932 2 6 2288 

^F. E. Hams, U. S. P. 1,757,118, May 6, 1930; Chem. Aba., 1930, 24, 3210. 

L. Wilhs and W, H Woodford, U S. P. 1,701,868, Feb. 12, 1929, to Remington Arms Co.; 

Chem Aba., 1929 , 23, 1507. W. R. Thurston, U S P. 1,916,289, July 4, 1933; Chem. Aba., 1933, 27, 4641. 

"“E. Hamblin, Jr., U S P. 1,570,740, Jan. 26, 1926; Chem. Aba., 1926, 20, 997. British P. 390,628, 
1933, to E. I. du Pont de Nemours A Co.; Chem. Aba., 1933, 27, 6013. A. N. Parrett, U. S. P. 1,982,231, 
Nov. 27, 1934, to E. I. du Pont de Nemours & Co ; Chem. Aba, 1935, 29, 529 

A. de Waele, U. S. P. 1,819,078, Aug. 18, 1931, to D Gestetner, Ltd.; Chem. Aba., 1931, 25, 5741. 

»*R. J. J. Camell and P Lepers, French P. 688,883, 1930; Chem. Zentr., 1931, 1, 722. 

*»G. Petroff, British P 289,561, 1927; Chem. Aba, 1929, 23, 697 Bntish P. 235,861, 1924, to 
Bntish Thomson-Houston Co.; Chem. Aba., 1926, 20, 986 French P. 38,659 and 38,873, 1930, addna. 
to 553,883, to Compagnie fran^aise Thomson-Houston; Chem. Aba., 1932, 26, 1768, 1819. R. H. 
Gardner and H. G. Hodge, U. S. P. 1,740,584, Dec. 24, 1929, to Sinclair Refining Co.; Chem. Aba., 
1930, 24, 1210. 

H. M. Weber, U. S. P 1,558,440, Oct. 20, 1925, to Ellis-Foster Co.; Chem. Aba., 1926, 20, 513. 

*»^T. S. Huxham, U. S. P. 1,571,447, Feb. 2, 1928, to Carleton Ellis; Chem Aba, 1926, 20, 997. 



Chapter 38 
Natural Resin Esters 

Ester Gum 

In the previous chapter it was noted that common rosin must be neutralized in 
some manner to render it useful in varnishes. An imiiortant method of accom¬ 
plishing this is to convert the rosin acids into esters. The ester formed by the 
combination of rosin with 10-15 per cent of glycerol is known commercially as 
ester gum and is used extensively in varnish manufacture. Ester gum has decided 
advantages over both raw and hardened rosin with regard to durability, moisture- 
resistance and freedom from live ring with basic pigments. 

Although glycerol is the most commonly used esterification agent other poly- 
hydric alcohols and to some extent monohydric alcohols and phenols are used. 
The agent employed must be cheap enough for commercial use and at the same 
time must impart good color and hardness to the ester. In varnish and lacquer 
manufacture the requirements for ester gum are pale color, softening point of 
82-86°C. and acid number of about 5-10. To obtain a good grade of ester gum 
the rosin used must be clear and must have a high melting point and high acid 
number.^ 

In the formation of ester gum from glycerol and rosin complete esterification 
should yield glyceryl triabietate, and experience has shown that this ester has 
the most desirable properties. In actual practice, however, complete esterification is 
difficult so that the ester gum obtained consists of glyceryl triabietate plus small 
amounts of the mono- and diabietates and, in addition, some decomposition 
products and the original unsaponifiable matter in the rosin. Considerable tech¬ 
nic is required to obtain an ester gum of satisfactory quality. 

Assuming that rosin consists entirely of abietic acid, C,»Hj»COOH, the amount 
of glycerol required to form the triabietate would be slightly more than 10 per 
cent of the weight of rosin.* In practice, in order to ensure complete esterification 
12-15 per cent of glycerol is enqiloyed. When excess glycerol is used it can be 
removed from the ester gum by vacuum distillation. The presence of free glycerol 
in the product lowers the moisture-re.sistance of varnishes in which the ester gum 
is used.® 

The formation of rosin esters was first accomplished by Schaal.* Natural 
resin acids are heated with hydroxy compounds (monohydric and polyhydric alco- 

^ See S. Babcock, Proc. Am. Soc. Testing Materiah, 1930, 30 (2), 795; Chem. Abs., 1931, 25, 2310. 

* The structure of abietic acid is given m Chapter 37. 

•General reviews on the preparation of ester gums are given in the following articles; H. Brendel, 
FarbenrZtg., 1925, 31, 576; Chem. Abt., 1926 , 20. 832 B Scheifele, Verfkroniek, 1934 , 7. 63. H. 
Hadert, Farben^Chem., 1934, 5, 409; Brit. Chem. Ab$. B, 1935, 33. V. Williams, Synthetic and Applied 
Finishes, 1933 , 4, 24. A. Nauroy, Peintures, pigments, vemis, 1930, 7, 1214, 1262; Chem. Abs., 1931, 
25, 2863. A. C Johnston, Ind. Eng. Chem., 1929, 21, 688. A. Murray, Chem. Met. Eng., 1921, 25, 
473. Carleton Ellis and L. Rabinovitz, Ind. Eng. Chem., 1916, 8, 406. 

•E. Schaal, U. S. P. 335.485, Feb. 2, 1886; Reissue 10.823, March 29, 1887 ; 368,494, Aug. 16, 1887 
and 501,446, July 11, 1893. British P. 12.807, 1884 ; 9027, 1886 and 2308, 1890; J.S.C.I., 1886 , 5, 523; 
1890, 9, 631. German P. 32,083, 1884 ; 38,467, 1886 and 69,441, 1890; Ber., 1885, 18, 624R; Chem. 
Zentr., 1887, 424; 1893, 2, 783. 
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hols, phenols and carbohydrates) to form the esters.® Acids or acid salts capable 
of absorbing water are sometimes added. An essential feature is the removal of 
the water formed by esterification. If the process is carried out under pressure 
the water collects in the form of steam, and if the esterification is performed in a 
partial vacuum this suffices for the removal of water. A third method of water 
removal is to pass heated neutral gases through the reaction mixture. 

In one example of ester formation rosin is heated to 350°C. in vacuo to re¬ 
move volatile constituents. The hard residue is mixed with 10 per cent of its 
weight of anhydrous glycerol and heated at 250°C. under several atmospheres 
pressure. Steam which forms in the reaction is allowed to escape. When the 
esterification is complete the esters are vacuum distilled to separate soft and 
hard portions. 

In the partial-vacuum method, rosin is heated in a retort to 180-210°C. and 
10-11 per cent of its weight of glycerol is added in a thin stream with constant 
stirring.® A vacuum of about 100 mm. is maintained. When all the glycerol 
has been added the temperature is gradually raised to 280°C. and agitation is 
continued until esterification is complete.*^ The crude ester is made harder by 
removing volatile constituents either by vacuum distillation or by distillation in a 
stream of an indifferent gas.“ 

Experiments were conducted by Murray® to determine the best conditions 
of temjierature and time for the formation of ester gum. When glycerol was 
added to molten rosin at 150°C. reaction began immediately, accompanied by 
foaming of the mixture due to the formation of water. Although the fused material 
was clear, drops removed and cooled showed a milky appearance. The acid 
number decreased rapidly, but continued heating at 150-250°C. for hours failed 
to neutralize a great portion of the rosin, irrespective of the amount of glycerol 
u.se(l. When the temperature was raised to 290°C. (the boiling point of glycerol), 
however, the esterification was completed rapidly, forming an almost neutral 
product possessing an acid number of less than 5 when carefully prepared.'® Mur¬ 
ray found It necessary to keei) the mixture covered during the reaction in order 
to prevent excessive discoloration and to reduce loss of glycerol which is rapidly 
carried off by the water vapor. He did not recommend the use of a condenser since 
water vapor must be allowed to escape." The ester obtained by Murray possessed a 
lower melting point than the original rosin and was slightly more tacky. The 
author has observed, however, that a well-esterified product, if entirely free 
from uncornbined glycerol, is less tacky than raw rosin. 

In further experiments Murray found that esterification of rosin with glycerol 
is completed in 15 minutes at 290°C. Using 12 parts of glycerol with 100 parts 
of rosin an ester with an acid number of 5-10 was obtained in that time. It was 
noted however that continued heating caused a gradual increase in acidity, at¬ 
tributed to the decomposition of the ester. This behavior is analogous to that of 
the glyceryl esters of fatty acids (e.g., linseed oil), which on prolonged heating 

® An alternative method suggested by Schaal consists in heating metallic salts of the resin acids 
with halogen or sulphur compounds of phenols. 

•The apparatus used by Schaal is shown in Figure 121. 

This is determined by the soda test. Esterification is complete if a test portion dissolvwl 
in benzine or ether does not give up any soluble portions when mixed with an aqueous solution of 
sodium carbonate. 

•Similar methods are outlined by M. Bottler in **Harze und Harzindustrie," Verlagsbuchhandlung 
Dr. M. Jilnecke, Hannover, 1907. 

•A. Murray, Chem, Met. Eng., 1921, 25, 475. 

*^®The fact that the temperature must be raised to complete the esterification is attributed by 
W. F. Darke and E. Lewis {J.8.C.I., 1928, 47, 1088) to a final condensation action. 

Nevertheless, the author has obtained good results with an air condenser of such length that 
the steam will escape but the glycerol for the most part will return to the reaction vessel. 



794 


THE CHEMISTRY OF SYNTHETIC RESINS 


yield free fatty acids. It is necessary, therefore, to determine when esterifica¬ 
tion is complete and discontinue heating at that time. 

Ellis and Rabinovitz“ investigated the effect of conditions on the formation of 
rosin esters. Partial esterification was brought about by bubbling various gases 
through a molten mixture of rosin and glycerol at 280-300® C. The gases used 
were hydrogen chloride, carbon dioxide, hydrogen, air and oxygen. A product 
having an acid value of about 7 per cent of the original value of the rosin was 
obtained by bubbling hydrogen chloride for two hours through a mixture of 50 
parts of rosin and 6-8 parts of glycerol at 285®C. The resulting ester was of 
good color and contained no hydrochloric acid. A reduction in acidity of over 
80 per cent resulted from passing carbon dioxide for 75 minutfes through a rosin- 
glycerol mixture at 290®C. With the exception of hydrogen chloride, the action 
of the gases is largely mechanical, serving to bring the reactants into intimate 
contact and to remove water vapor. Non-oxidizing gases proved more satis¬ 
factory than hydrogen chloride or air since the air caused darkening and the 
hydrogen chloride showed a tendency to form a soft product. 

The method of esterification was improved by using a stirring device so that 
the mechanical effect of the gases was obtained without the disadvantage of loss 
of glycerol. Another improvement was the use of a reflux condenser arranged 
to permit the escape of water vapor but to condense glycerol vapors and return 
them to the reaction vessel. Products obtained in this way had in some cases 
acid numbers as low as 6 or 7. A closed kettle equipped with a stirrer is best 
for the production of ester gum of good quality. 

Improvements in the manufacture of ester gum have involved the use of 
various catalysts. Ellis and Weber“ proposed to utilize basic substances capable 
of forming resinates. The resinates then react with glycerol to form a resinous 
complex. In one example 300 parts of rosin and 12 parts of quicklime are 
heated at 290®C. for 30 minutes. Then 40 parts of glycerol are stirred in and 
the mixture is agitated at 270-290®C. for another 30 minutes. The resulting 
product has an acid number of 9. Materials proposed in place of quicklime in¬ 
clude calcium cyanamide, magnesia and barium oxide. In using this method 
Lafon^* noticed that calcium resinate has a decided catalytic effect.^ Kulas and 
Scheiber” obtained a non-sticky ester by mixing 3 parts of slaked lime with 100 
parts of rosin and 5 parts of glycerol and working the mass on rolls heated to 
250®C. 

Sterling, Grotlisch and Veitch^^ found that zinc and its salts are effective 
catalysts in preparing resin esters. When zinc metal is employed it is either 
introduced into the reaction mixture as a powder or the reaction container is 
lined with zinc. The catalyst speeds the reaction to four times its normal rate 
and only about 0.2 per cent of the zinc is taken up by the rosin. In one ex¬ 
ample 300 parts of rosin, 40 parts of glycerol and 1 part of finely divided zinc are 
heated together for 30 minutes at 275-280®C., using an air-cooled reflux condenser. 
The condenser is then removed and the temperature is raised to 310®C. to re- 

^Carleton Ellis and L. Rabinovitz, Ind Eng. Chem., 1916, 8, 406. U. S. P. 1,226,760, May 27, 1017, 
to Ellis-Foster Co. and to Indestructible Paint Co., Ltd.; Chem. Abe., 1017, 11, 2156. 

»Carleton Ellis and H. M. Weber, U. S. P. 1,381,868, June 14, 1921 and 1,482,910, Feb. 5, 1024, to 
EUU-Foster Co.; Chem. Abi., 1021, 15, 3660; 1924, 18. 1058. 

^ P. F. Lafon, Chtmie et induetne, 1025 (Sept. Special), 468; Chem. Abs., 1026, 20, 512. 

^The resinates of cadmium and lithium have been proposed. See German P. 448,207, 1025, to Chem. 
Fabr. Dr. K. Albert G.m.b.H.; Bnt. Chem. Abe. B, 1928, 866. 

MC. Kulas and J. Scheiber, German P. 436,779, 1024. British P. 230,861, 1925; J.S.C.I., 1925, 44, 
890B. French P. 594,982, 1925. Swiss P. 116,160, 1925; Chem. Zentr., 1927, 1, 529. 

F. Sterling, V. E. Qrotlisdi and F. P. Veitch, U. S. P. 1,395,874, Nov. 1, 1921, to the U. S. 
Gov’t, and People; Chem. Ab$., 1922. 16. 653. 
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move excess glycerol. The product is said to have an acid number less than 
1.6 and similar results are obtained using zinc oxide or zinc carbonate.^ 

Investigations made by Beegle'® showed that steel is an efficient catalyst for 
rosin-ester formation but that this metal has the disadvantage of giving a dark- 
colored product. Other catalysts tested were aluminum, copper, lead acetate 
and cobalt sulphate. An aluminum vessel was recommended for the esterification 
since it yields a clearer and paler product and has a greater catalytic effect than 
copper." Kogan*^ found that in the preparation of glycerol esters of rosin by 
heating the components in a current of air at 275-280°C. the best catalyst is zinc. 
Sodium acetate, magnesium, aluminum and cadmium follow in decreasing effec¬ 
tiveness. Although zinc chloride, hydrogen chloride and ferric chloride are very 
efficient catalysts for the reaction they cause a certain amount of decomposition, 
yielding products which are half liquid and very sticky. 

According to Voss" the formation of resin esters is greatly accelerated by 
the addition of a small amount of an oxygenated phosphorus compound (e.g., ortho- 
phosphoric or orthophosphorous acid). Other catalysts used by Voss in resin- 
ester formation are aliphatic hydroxy-carboxylic acids of low molecular weight" 
In one example 300 parts of rosin are heated to 180°C. with 35 parts of glycerol 
and then 25 parts of diglycolic acid are introduced. The mixture is held at 
280-285°C. for 1 hour in an atmosphere of carbon dioxide and for an additional 
30 minutes in a vacuum at the same temperature. The product is said to he a 
pale, ash-free resin with an acid value of 22. 

Drying oils, particularly tung oil, have a catalytic effect on esterification of 
rosin. This is dealt with later in the chapter. 

Williamson and Beisler®^ suggested a process for making ester gum directly 
from crude turpentine. The mixture is strained and heated with 12.5 per cent 
of glycerol tO“170®C. to drive off the water and part of the turpentine. 'The 
still is equipped with a reflux condenser adjusted to allow the escape of the 
water and turpentine but to retain the glycerol. A slow current of steam is 
passed through the mass until a temperature of 240°C. is reached. Then the 
steam is shut off and the temperature is increased to 290°C. where it is maintained 
for 1.5 hours to insure complete esterification of the rosin. Next, the reflux con¬ 
denser is removed and for 10 to 15 minutes a rapid flow of sieam is passed through 
the mixture, maintained at 275-290°C, to remove any excess of glycerol. This 
procedure is said to give light-colored products. 

Use of Other Polyhydric Alcohols. If glycerol is heated with certain 
dehydrating agents, glycerol ethers or polyglycerols are formed. Thus two mole¬ 
cules of glycerol can condense to form diglycerol, one molecule of water being 
removed." 


CH 2 OH CH,OH 

inoH <!:hoh 

(!jh,-0-(Ijh, 


^Tin has been proposed also. See E. H. Zollinger, British P. 183,897, 1921; J.S Cl., 1922, 41, 786A. 
»*F. M. Beegle, Ind. Bng. Chem., 1924, 16, 953. 

«>See also K. Nakava, Bull. Kyoto Ind. Research Intt. 1928, 3. 1-11; Chem, , 1930, 24, 1538. 
nA. Kogan, Masloboino Zhir., Delo, 1930, 9-10. 32; Chem. Abe., 1932, 26, 3940. 

»A. Voss, German P. 561.158, 1930, to I. Q. Farhenind. A-G.; Chem, Abe., 1933 , 27. 1219. 

»A. Voss. German P. 577,691, 1933, to I. G. Farbenind. A.-G.; Chem. Abe., 1934, 28, 663. 

MB F. Williamson and W. H. Beisler, U. 8. P. 1,699,646, Jan. 22. 1929; Chem. Abe, 1929, 23, 1293. 
U. 8. P. 1,734,987, Nov. 12, 1929; Chem. Abe., 1030, 24, 740. 

M The condensation of glycerol to polyglycerol is catalysed by a small proportion of iodme 
according to H. Hibbert U.A.C.8., 1915, 37. 1748. U. S. P. 1,126,467, Jan. 26, 1915; Chem. Abe., 1915, 
9, 694). For preparation of poly glycerols see R. Leopold and K. Billig, Gennan P. 506,032, 1981, to I. G. 
*Farbenind. A.-G.; Chem. Abe., 11^, 27. 998. See also Chapter 42. 
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The use of polyglycerols to form rosin ehters was advocated by Symmes^ who 
found tliat such esters are harder and have a higher melting jiomt than the usual 
ester gum. For the formation of polyglycerols Symmes used anhydrous sodium 
acetate or sodium hydroxide as a ik) 1>menzatioii catalyst. As an illustration 
of the method ernploytal, 200 jiarts of glxcerol, 5 parts of zinc dust and 1 part of 
anhydrous sodium acetate are heateil under reflux at 270-200"’C'. for 2 hours. 
Then 1000 parts of rosin are added and the mixture is heatetl at 290°C. for 15 
hours. Unreacted constituents are removed by heating under reduced itressure 
The resulting diglyceryl ester has an acid number of 12. The method may be 
varied by separating the diglycerol from the other poh'ghcerols after the first 
step, and then reacting the diglycerol with rosin or jiure abietic add 

It has been stated that m ad<lition to the harder jiroduct obtauietl by the 
use of iiolyglycerol there is also the advantage that the pre.sence of an e.xcess 
of polyglycerol in the ester has no harmful effect in lacquers whereas free glvcerol 
in lacquers and varnishes lowers their moisture-resistance. Indeed some jioly- 
glycerols are reported to assist m the blending of ester gum with nitrocellulose."'^ 

Similar to the use of glycerol is the employment of glycols to estenfy rosin 
Norman^ obtained rosin esters of ethylene glvcol and of diethylene glycol with the 
use of catalysts such as zinc du.^t or Itoric acid."''* In one case 60 jiarts of diethylene 
glycol, 300 jiarts of rosin and 5 parts of catalvst are heated at atmospheric pressure 
for 5 hours at 250-260°C^ under reflux and lor 10 hours more without a condenser. 
Unreacted constituents are then removed bv heating at 300°U. at about 15 mm. 
pressure. The result is 270 jiarts of ester with an acid number of 22 and a 
melting point of 60°(^ 

Esters of rosin with mono-esters and ethers of the glycols have also been 
preiiared.^' In one exariqile 300 jiarts of rosin are heated with 152 parts of 
diethylene glycol rnonobutyl ether at 200-220°r. in an atmosphere of carbon 
dioxide. After 30-70 hours’ heating the excess reagent is removed by blowing 
with carbon dioxide at 250°C. The product (vield 408 parts) has an acid num¬ 
ber of 20-21. 

In a similar manner polvhydnc alcohols with more than 3 hydroxyl groups 
can be used to form rosin esters Schmidt and Seydel'^ used sorbitol; and Bent and 
Johnston^^ employed penlaerythritol, CfCIUOH),, erythritol, C^H.dOH), and en- 
neaheptitol, CoHu(()H) 7 . SchaaF'* proposed the use of mannitol as well as carbo¬ 
hydrates. In experiments conducted by the author attempts to estenfy rosin with 
carbohydrates yielded under ordinary conditions no satisfactory products. The 
rosin remained practically unchanged and the carbohydrates were converted into 
carbonaceous masses.'" 

The use of various halogen derivatives of polyhydric alcohols and ethers to 

»»£ M Sviniues, V S P 1 696,337. Doc 25. 1928, to H.-rculos Ponder Co . Clinn Ahs , 1929, 23. 
848. See also V V Dimtiov, llusMun P 23,393, 1931 and 24,878, 1932, C/irm Abs , 1982, 26, 1617, 
1040, 4062 

A Fairbourne, G P Gihson and D W. Steidieii'., JSCI , 1930, 49, 1069 See also Chapter 39 
M. Norman, U S P 1,779,710, Oct 28, 1930 and 1,839,161, Dec 29, 1931, to Heiculfi, Powder 
Co.; Chem. Abs., 1931, 25, 223; 1932, 26, 1297. 

>’•1 I. Borgman (J AppI Chevi Russia, 1934, 7, 193, Chem Abs, 1934, 28, 7560) repoited a 5 per 
cent yield of ester from lieutmg losin with 10 per cent of ethylene glycol at 180-235®C. 

German P 509,368, 1928, to Chem. Fabr Dr K. Albert G m b.H , Chem Abs , 1931, 25, 710. 

O. Hchmidt and K. Seydel, German P. 500,504, 1925, to I G. Farbenmd A -G ; Chem. Abs, 
1930, 24, 4945. ' 

L N. Bent and A C. .Johnston, U. B. P 1,820,265, Aug 25, 1931, to Hercules Powder Co.; 
Chem. Abs , 1931, 25, 5780. 

E. Schaal, loc. cit 

** According to F. R Suter (U. S P. 905,384, Dec. 1, 1908, to New Process Varnish Co.; Chem. 
Abs., 1909, 3, 959) dehydrated molasses will combine with rosin. The molasses is added to melted 
rosin and the product is mixed with an asphalt-distillate (primol) diluted with turpentine or alcohol to 
form a varnish. 
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produce resin esters has been proposed For instance, Johnston®'' obtained glyceryl 
diabietate by the action of glycerol dichlorohydnn on sodium resinate In the 
method used 75 parts of rosin are dissolved in a solution of 10 jiarts of sodium 
hydroxide in l(k) parts of alcohol and the solution is refluxed at 80°C. Then 
25 jiarts of glycerol dichlorohydnn are added gradually and the refluxing is con¬ 
tinued for about 15 hours The glyceryl diabietate formed is freed of sodium 
chloride by filtration, and of unreaeted constituents by distillation. Other esters 
are formed similarly by using various chlorohydrms and bromohydrins, e g, 
ethylene chlorohydrm or bromohydrin, propylene chloroh>drm ami glycerol mono- 
bromohydrin.**" 

Langnieier'*' obtained glycol esters of abietic acid by the action of olefin 
dihalides on sodium resinate under pressures of 1-20 almospheres and at tem¬ 
peratures of 75-200°C In one case 45 parts of rosin are dissolved m 65 jiarts of an 
alcoholic solution containing 6 parts of sodium hydroxide. To this are added 
10 parts of ethylene dichloridc and the mixture is heated at 135-140°C. for 2 
hours under 6-7 atmospheres pressure The resulting ester has an acid number 
of 34, 

Various aliphatic chloroethers were used by Ilumphrev^ to form rosin esters 
As an illustration a solution of 60 ])arts of sodium hydroxide and 500 parts of rosin 
in 700 parts of alcohol are heated with 110 parts of /^,/3'-dichlorocthyl ether for 8 
hours at 160°C under a pressure of 15 atmospheres. Unreaeted material is re¬ 
moved by distillation, leaving about 430 parts of diglycol diabietate. The product 
IS softer than rosin and has an acid number of 5. 

The esterification of colophony with alkylene oxides \ields hydroxyalkyl esters 
of abietic acid, according to Schmidt and Mover.'** In one exam])le, rosin is heated 
under jiressure with ethylene oxide at IflO-nC^C. yielding a l>alsam-like resin. 
Similar treatment of ester gum w\as suggested. The resins are hardened in a 
vacuum or they may be acylated m the ]u-esence of a condensing agent, e.g., bone 
acid. The products can be used as softening agents wuth nitrocellulose lacc|uers. 

Esterification with Monohydric Alcohols. The esters of rosin with ali¬ 
phatic monohvdric alcohols are for the most part viscous lujuids some of w^hich 
find use in lacquers particularly those made with nitrocellulose.^® 

A number of abietates of monohydric alcohols and jihenols have been jirepared 
and described by Kesler, Low^y and Faragher'* The alkyl esters w^re ])repared 
by reaction of sodium abietate and the ajqiropiiate alkyl ])-toluenesulphonate 
The esters of the jihenols were obtained liy the action of phosgene on mixtures 
of dry sodium phenolates with .sodium abietate. Special methotls were used to 
form benzyl, cholesteryl and cetyl abietates Some of the jiroperties of the esters 
are recorded in Table 37. 

In one of the various methods employed by Johnstoif" to jiroduce alkyl 

''‘"•A. C johii.slon, r S P 1,771,044, .JuK 22, 1930, lo Pn\\,loi Co . ('Ikv, {hs , 1930. 24, 

4648 

A C 11 S p 1,824,020, Sept, 22, 1931, lo lltMrulr.s Powdoi Vv , Cfn m ihs , 1932, 26, 

324 

A LatictioMei, S P 1 697,530, .Ihm 1, 1929. to Uorrules Po\v(lri Co , Chcjn Ahs , 1929, 23, 1137 

\V. Uuinphie>, V S P 1,843,284, Fel>. 2. 1932, t4 Heicules Powder Co , Chem Ahs, 1932 , 26. 

1812 

O Schmidt and K Mover. U S P 1.845,198, Feb 16, 1932, to T. C Farbenind A -Cl ; Chrjn 
Ahs., 1932, 26, 2334. Germun P 561,626, 1927; Chem Ahs, 1933, 27, 1219 Biitish P 328.190. 1928; 
Chem. Ahs , i930, 24, 5518, See also German P. 566.206, 1929, to Firma Louis Blumei , Chem Ahs , 
1933 27 1219 

*0 E Schanl (German P 32,083, 1885; litr , 1885, 18, 674R) sucpcsted the use of methvl, etlnl. butvl, 
(otvl and cervl alcohols to esteiifv ro.sin 

C C Kesler, A Lowy and W F F’araffher. J A.C S., 1927, 49. 2898 F4lh\l abietate js desciibed 

bv A C .lolmston, htd Ehq Chem , 1929, 21, 688 

«A C Johnston, V. S P 1.682 280, Auc 28, 1928 and 1,749,482. Mai 4. 1930. to Heicules Poudet 

Co.; Chem .4h.s , 1928. 22. 3892; 1930, 24, 2141 Bntish P 298.972. 1928; lint Chem Ahs B, 1930. 

249. Fiench P 656,821, 1928, Chem. Abs., 1929, 23, 4229. 
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Table 37 .—Esters of Abietic Add. 


Ester 


Press. 

mm. 

M.p. Sp. gr. 

1574“ 

Yield 
Per Cent 

Methyl. 

226-226 

16 

— 1.050 

— 

Ethyl. 

204-207 

4 

— 1.032 

85 

n-Propyl. 

237-240 

4 

— 1.016 

80 

iso-Propyl_ 

n-Butyi. 

214-217 

4 

— 1.010 

— 

247-250 

3 

— 1.014 

95 

iso-Butyl. 

222-225 

4 

— 1.008 

80 

iso-Amyl. 

254-257 

4 

— 1.001 

72 

Allyl. 

282-286 

5 

— 1.024 

45 

Phenyl. 

Hexaiin. 

330-333 

4 

— 1.056 

87 

299-302 

4 

— 1.061 

73 

ni-Tolyl . 

of-Naphthyl... 

310-313 

5 

~ 1.039 

78 

290 (decomp.) 

2 

— 1.116 

78 

Terpineol. 

310 (decomp.) 

2 

— 1.082 

— 

Benzyl. 

294-297 

4 

— 1.036 

85 

Cholesteryl. .. 

— 

— 

122-125 — 

94 

Menthyl. 

— 

— 

77-83 (softens) — 

65 

Bomyl. 

— 

— 

75-80 (softens) — 

75 

Cetyl. 

— 

— 

42 — 

— 


esters of rosin an alkyl sulphate or halide is caused to react with rosin in alkaline 
solution. Alkyl sulphates are preferred to alkyl halides. As an example of the 
method used, 20 parts of sodium hydroxide are dissolved in 25 parts of water 
and 150 parts of ethyl alcohol. Aher the addition of 150 parts of rosin the 
mixture is heated under reflux until a clear solution results. Then 40 parts of 
diethyl sulphate are introduced into the solution and the alcohol is distilled off. 
The mixture remaining is heated and stirred for 1-2 hours at 145°C. The product, 
ethyl abietate, is removed by vacuum distillation and is obtained (in 80-85 per 
cent yield) as a clear ester with an acid number of about 10. An advantage of 
the method, according to Johnston, is that impure and dark-colored rosins can 
be employed because in the final distillation the color bodies do not distil over 
with the ester. 

Johnston prepared alkyl rosin esters also by direct reaction between rosin 
and aliphatic alcohols. In one method a ^ulphonic acid is used as catalyst.** For 
example, to form ethyl abietate, 320 parts of rosin, 500 parts of ethyl alcohol and 
10 parts of p-toluenesulphonic acid are heated for 4 hours at 160°C. under 11-12 
atmospheres pressure. Excess alcohol is removed, the catalyst is neutralized with 
soda ash and the ethyl abietate (73 per cent yield) is obtained by distillation. 
Similar methods are employed for amyl and butyl abietates. By using higher 
temperatures (260-360®C.) and higher pressures (400-17(X) pounds) and em¬ 
ploying anhydrous alcohols esterification is effected without a catalyst.** Ethyl 
abietate was made by Gubelmann and Henke*® by using as condensing agent 
either hydrochloric acid, sulphuric acid or oleum. For instance a mixture of 
240 parts of 95 per cent ethyl alcohol, 80 parts of abietic acid and 36 parts of 
oleum (25 per cent) is refluxed until the abietic acid is 90 per cent estenfied. The 
mass is diluted with water and the excess alcohol distilled off. Distinct layers 
of ethyl abietate and of sulphuric a(Sd are found on standing. These are separated 
and the ethyl abietate is recovered by fractional vacuum distillation. 

In a method devised by Butts,** ethyl abietate is produced by heating an ethyl 

«A. C. Johnston, U. S. P. 1,840,395, Jan. 12, 1932, to Hercules Powder Co.; Chem. Abs., 1982, 26, 
1812. 

^A, C. Johnston, U. S P 1,924,934, Aiig. 29, 1033, to Hercules Powder Co.; Chem. Abe., 1988, 27, 
5838. 

i*I. Gubelmann and C. O, Henke, U. S. P. 1,829,481, Oct. 27, 1981, to Newport Co.; Chem. Abs., 
1932, 26, 787. 

^D. C. Butts, U. S. P. 1,979,671, Nov. 6, 1934, to Hercules Powder Co.; Chem. Ab$., 1935, 29, 367. 
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alcohol solution of abietic acid in a reaction chamber at 265®C. under a pressure 
of 800 pounds per square inch. 

The reactions of high-molecular-weight alcohols witji abietic acid have been 
studied in attempts to prepare resins with special properties. Stearyl alcohol 
and colophony were heated at 200°C. for a prolonged time by Fritz.*’ A liquid 
is obtained but upon standing it changes suddenly to a golden fatty mass having 
properties similar to those of rosin. A varnish resin can be made from ceryl, 
niyricyl or other alcohols of the wax series and mineral or organic resinates.** 

Fonrobert and Greth*® proposed changing abietic acid to abietic anhydride by 
treating colophony with acetic anhydride, and then esterifying with alcohols to give 
esters. 

In the preparation of rosin esters, the chloride derivatives of monohydric 
alcohols are sometimes substituted for the alcohols. Previous mention has been 
made of a similar substitution in the case of polyhydric alcohols. The chloride 
derivatives often react more quickly with abietic aCid than do the alcohols. 
Kranzlein and Voss“ obtained a varnish resin by using 160 parts of rosin, 40 
parts of benzyl chloride and 0.4 part of zinc chloride. The temperature was held 
at 100°C. until hydrogen chloride ceased to evolve and then maintained at 200°C. 
for one hour. 

The catalysts suggested for esterifications with the organic chlorides are 
aluminum chloride, ferrous sulphate, cupric chloride, zinc resinate, tin, zinc and 
iron. Rosin has been used with the following organic chlorides; those of benzyl, 
benzal, tolyl, xylyl, methylbenzyl, dimethylbenzyl and isopropylbenzyl. All the 
esters prepared from these compounds were oil-soluble. To make them water- 
soluble, they are sulphonated." 

Another method of esterification calls for refluxing the sodium salt of abietic 
acid with an organic chloride. For instance, Crane“ refluxed sodium abietate with 
benzyl chloride for 4 hours. The resulting est^r was somewhat softer than 
rosin. Voss” used a solution consisting of alkali, rosin and ethyl chloride or chloro- 
hydrin to prepare an oil-soluble resin. 

A resin ester was made by Mossgraber” from sodium resinate and acetyl 
chloride. The product when mixed with a-naphthylamine gave a resin for in¬ 
sulating-varnishes. 

Esterification of Rosin with Phenols and Naphthols. The success 
that accompanied the esterification of rosin with alcohols led to investigations 
using other organic hydroxyl compounds. Among those first tried were phenol 
and naphthol.” The reactions between phenols or naphthols and rosin do not 
proceed as smoothly as those with glycerol." The properties of the resins obtained 
from phenols and naphthols are such that the more easily prepared ester gum 
can frequently be used instead. In an attempt to get a more precise procedure 

«F. Fntt, Chem. Ztg., 1933, 57, 354; Chem, Aba, 1934 , 28, 2202 

**E. C. Duhamel, French P. 073,310, 1928, to Cc«np. g:4n. des ind. textiles; Chem. Aba, 1980, 24, 
2023. 

^ E. Fonrobert and A. Qreth, U. S. P. 1,948,573, Feb. 27, 1934, to Resinous Products and Chemical 
Co.; Chem. Aba., 1934 , 28, 2727. 

KrHnslein and A. Voss, U. S. P. 1,952,070, Mar. 27, 1934, to I. Q. Farbenind. A.-G.; Chem. 
Aba., 1934, 28, 3005. 

■^British JP. 301,951, 1930, to I. G. Farbenind. A.-G.; Brit. Chem. Aba. B, 1932, 357. British P 
814,588, 1929; Bnt. Chem. Aba. B, 1929, 728. British P. 392,282. German P. 570,958, 1983; Chem. Ztg., 
1938, 57, (M), 70. K. Winter and N. Roh, German P. 555,083, 1930, to I. G. Farbenind. A.-G.; Chem. 
Aba., 1932, 25, 5221. See also G. Krhnslein and A. Voss, loc. cit. 

"F. D. Crane, U. S. P. 1,513,802, Nov. 4, 1924; J.S.C.I., 1925, 44, lOB. 

»A. Voss, German P. 414,258, 1922, to Meister, Lucius A BrUnmg; J.8C.I., 1925, 44. 810B. 

ME. Mossgraber, French P. 704,282, 1980; Chem, Aba., 1981, 25, 4725. British P. 307,874. 1929; 
Chem. Aba., 1933. 27, 2052. 

»E. Schaal, German P. 32,088, 1885; Bar., 1885, 18, 074R. 

Min the author’s laboratory, phenol, oreaol, ethyl alcohol, aniline, and naphthylamine esterihed by 
usual procedures did not give products approadiing neutrality. Bensyl alcohol was the best compound 
tried. 
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for the esterification of rosin with phenol, Kogan, Makarenko and Sikar'"^ made a 
study of conditions affecting these reactions. Phenol and rosin mixed in widely 
different proportions did not react when heated to 175°C. Partial esterification 
resulted from a 4-hour heating at 280°C. under 10 atmospheres pressure. Under 
these conditions a catalyst was necessary to complete the reaction. Zinc chloride, 
calcium oxide, sodium chloride, lead, iron, magnesium, and zinc were found ef¬ 
fective. The phenol-rosin ester finally obtained was a soft sticky mass that 
would harden somewhat at 200°C. A varnish made from the hardened product 
was slow-drying and was inferior to ester gum in durability. 

Some of the difficulties encountered m the esterification of rosm with phenol 
or cresol can be overcome by the use of proper catalysts. With boron trifluoride, 
a clear resin is produced and a lower temperature can be used. If the rosin and 
cresol are dissolved in carbon tetrachloride, the esterification occurs at room 
temperatureBone acid, which is also a catalyst for the manufacture of ester 
gum, has been suggested for the reaction between ‘cyclohexanol and abietic acid. 
The cyclohexyl ester is a plasticizer for cellulose lacquers®® Aqueous mineral 
acids aid the combination of phenols with rosin. Resins made with help of these 
catalysts have melting points near 100°C.®® A proposal by Pyhalii®^ calls for 
the preparation of rosin esters by the reaction of rosin with the calcium salts of 
the phenols at 180-220°C. The experimenter made esters of phenol, cresol, 
borneol, /3-naphthol, resorcinol and glycerol from their calcium compounds. All 
the resins produced had a clear color. The low temperatures used probably help 
to bring about this result.*® 

Another variation in the procedure for esterifying rosin with phenols is to 
employ abietic anhydride in place of rosm.** Abietic acid is converted into abietic 
anhydride by treatment with acetic acid anhydride.*** 

Resins to be employed in varnishes, lacquers and paints have been made by 
heating a mixtuie of tetrahydronaphthol and abietic acid.** Varnish resins were 
obtained by Binapfl*”’ by esterifying rosm incompletely with jihenol and then com¬ 
pleting the reaction with butyl or benzyl alcohol. 

A water-soluble ester is jirefiared by condensing colophony with l-na})hthol-5- 
sulphonic acid.** 

Esterification of Rosin w'ith Esters. A variation in the preparation of 
rosin esters calls for heating abietic acid with a high-boiling ester to firing about 
an interchange of groups between the acid and ester. If the ester chosen has a 
high boiling point the required temperature can be maintained without pressure. 
The production of a neutral ester is facilitated if the resulting acid is volatile at 

A. J. KoRan, N. N Makarenko and P. A. Sikar, Farhe w. Lack, 1934, 207, 218, 232; Chem Abs., 
1934 28 4254 

Binapfl, Cicnnan P 582,846 atid 582,847, 1933, and 605,688, 1934, nddition.s to 581,956, 1933, to 

I. G. Farhenind A -G ; Chem Abs., 1934 , 28, 919; 1935, 29, 1906 British P. 369,211, 1932; Brit. 

Chem. Ab.t B. 1933, 1021. Bntish P 400,627, 1932; Brit. Chem Abn B, 1934, 29. 

British P 390,534, 1933, to Deutsche Hvdricrweike A -G ; Chem. Abs , 1933, 27. 4939. 

** A Doaer and A Thtiuss, U. S P. 1,788,371, Jan. 13, 1931, to I. G. Farhenind A.-G.; Chem. Abs., 

1931, 25. 1109. German P. 536,170, 1927; Chem. Abs., 1932, 26, 1143. French P. 734,390, 1932; Chem. 

Abs., 1933, 27, 1221. 

E Pyhal.a, Fnrben -Ztp , 1927, 33, 801 ; Chem Abs., 1928, 22, 3055. Chem Met. Eng., 1928, 16, 
803. Rev. prod, chim , 1928, 201. Farben.-Ztg , 1928. 34, 616; Chem. Abs., 1929, 23, 1292. 

®3For a critical review of the above work see A. I. Gelikh, J. Chem. Ind {Moscow), 1929, 6, 253: 
Chem. Abs, 1929, 23. 3587; Farben.-Ztg., 1928, 24, 1111. 

German P, 533 131, 1929, to Cliem Fabrik. K. Albert G.m.bH.; Chem. Abs., 1932, 26, 480. 
Briti.sh P 356,742, 1030; Br/t. Chem. Abs. B, 1931, 1062. French P. 696,584, 1930; Chem. Abs.. 1931, 

25. 2866 

The formation of abietic anhydride m this manner has already been noted above. (See ref. 49.) 

•♦I. Gubelman and C. O. Henke, U. S. ^P. 1,829,480, Oct. 2Z, 1932, to Newport Co.; Chem. Abs., 

1932. 26. 861 

«sj. Binapfl, German P. 584,967, 1933, to I. G. ^arbenind. A.-G,; Chem. Abs., 1934 , 28, 1558. 

"A. Thauss and H. Keppler, German P. 539,947, 1930, to I. G. Farbenind. A.-G.; Chem. Abs, 1932, 

26, 2200. 
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the temperature of the reaction. Hesse,in employing this method heated dimethyl 
and diethyl phthalate with colophony. In more recent work rosin has been 
heated with dibutyl phthalate, benzyl acetate, stearin and acetamide to give the 
corresponding butyl, benzyl, and glyceryl abietate and abietamide To make butyl 
abietate, dibutyl phthalate and rosm (equal parts) were heated at 295-300°C for 
8 hours. After the excess of abietic acid had been removed by benzene the butyl 
abietate had an acid number of 2.7.®® 

Aluminum has been employed as a catalyst in preparing esters by heating 
monoacetin, diacetm, glycol monoacetate or propylene glycol monoacetate w*ith 
abietic acid.®® 

Esterification of Rosin in the Presence of Drying Oils. One of 

the advances in ester-gum manufacture was the addition of tung oil during the 
process of esterification. Tung oil act.s as a catalyst for the reactions of glycerol 
with rosin The resins produced are clear and make varnishes of good durability. 
The esters made have acid numbers of 7-21 and therefore ma\ be used with 
basic lugments. The fume-loss during manufacture is less if tung oil is i)resent 
Gardner and Coleman'® studied the esterification of rosin in the ])re>ence of tung 
oil in an open kettle Tung oil uj) to 25 jier cent of the rosin used imiiroved the 
quality of the final resin The addition of lime soap, (e.g , calcium resmate or 
tungate) accelerates the reactions of rosin and glycerol under these conditions. 
The temiierature was maintained at 2()()°(' during the process. 

An illustration of the making of varnish utilizing these principles is given as 
follows: 


Wdterproof Spar Vartn.sh 


Rosin . . 100 parts 

Glycerol 20 parts 

Lime . 6 parts 

Tung oil 240 pai ts 

Manganese tungate paste drier . 14 parts 

liCad tungate paste drier . 8 parts 

Turpentine . 66 parts 

Mineral spirits . 300 parts 


The method of incorporation is to melt the rosin with 25 parts of tung oil at 
The lime is then added and thoroughly stiried into the mixture At the same 
time the temperature is raised to 260®C, to dissolve the lime and bring about a par¬ 
tial polymerization of the tung oil. When the glycerol is added the temiierature is 
lowered to 175®C. and then raised to 260®C. and held at that point for an hour. The 
mass is allowed to cool slightly when the remaining tung oil is added. Caution must 
be exercised m adding the oil to avoid a drop m temperature below 230°C. as the 
ester may be thrown out of solution and is redissolvcd with difficulty. The driers 
are added and the melt maintained at 230°C. to body the oil. This step may require 
from 30-60 minutes. A sample (pill) should be stiff but not gelatinous or stringy. 
When the requisite body is obtained the batch is cooled and thinners (turpentine 
first) added at 177-204°C. If the body of the varnish is heavy a larger proportion of 
thinners can be added. The turpentine may be replaced, at least to a very large 
extent, by mineral spirits. This varnish dried hard in 5 hours to give a flexible coat¬ 
ing. A jianel varnished with the composition showed no whitening or softening of the 
film after exposure to boiling water for 15 minutes. The acid value of the varnish 
was 5-6.” 

07 A. Hesse, U. S. P. 1,003,741, Sept. 19, 1911; J.SCl, 1911, 30, 1223. German P. 227,667, 1909; 
1910 , 29. 1394. 

0* British P. 353,616, 1929, to Chem. Fabrik, K. Albeit G m.b H.; Chem. Abs , 1932 , 26, 5310 Fiench 
P. 697,470, 1930; Chem. Ab«., 1931, 25, 3185. German P. 554,701, 1930; Chem Ahs , 1932, 26, 6165. 

••British P. 401,971, 1933, to British Celunese, Ltd.; Chem. Abs., 1934, 28, 2928 

70 H. A Gardner and 11. E. Coleman, Circ., Paint Mfra. Assoc., 1920, Spec 101; Chem. Abs., 1920, 
14, 2992. These workers gave the name "Tunga Resin” to their product. 

*71 The circular by Gardner and Coleman contains directions for making both a short and a long oil 
varnish by this method. A short oil varnish is one containing 12 gallons or less of oil to 100 pounds 
of resin; one with 20 gallons or more is called a long oil varnish. 
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The esterification of rosin with glycerol in the presence of tung oil was further 
studied by Beegle ” He confirmed the fact that tung oil is an excellent catalyst for 
the formation of ester gums. Other substances that were found to be good 
catalysts include iron, cobalt, copper and aluminum. His results indicate that 
the use of tung oil in conjunction with an aluminum kettle would shorten the 
process by 30 minutes.''* 

Beegle concluded from his investigations that about 11 per cent of tung oil 
(based on rosin used) gave the clearest resins. The amount suggested was 1.6 
gallons of tung oil to 100 pounds of rosin. Beegle also explored the possibility of 
esterifying rosin in the presence of a large proportion of tung cil to obtain a 
product that only needed thinning with turpentine when cooled. A mixture of 
1160 grams of rosin, 160 grams of glycerol and 2268 grams of tung oil was 
heated to 270°C. The course of reaction was followed by determining acid num¬ 
bers every 15 minutes. The acidity did not decrease as rapidly as expected, the 
indications being that too much oil was used. 

The esterification of rosin m a congealed tung-oil-rosin varnish was proposed 
by Steinhoff* as a means of reclaiming the varnish. After the glycerol reacts with 
the rosin the varnish may be thinned as usual. 

The esterification of rosin in the presence of acids derived from drying oils 
has been suggested as a means for the production of certain synthetic resins. Lin- 
oleic acid was used by Rosenblum.’'* His method proceeds as follows: 280 pounds 
of hnoleic acid are heated to 250°C. with 100 pounds of glycerol until the acid 
disappears and thereupon 604 pounds of abietic acid are added. The mass is 
heated to 250°C. After cooling, an oil-soluble fusible resin is obtained. Linoleic 
acid was used with polyalcohols and colophony by Krzikalla and Wolff.’* In these 
reactions a reduced pressure and moist atmosphere improve the quality of the 
final product. 

Scheiber'” substituted ricinoleic acid for linoleic. A mixture of ricinoleic acid 
and glycerol w'as heated and then rosin was added to neutralize excess glycerol. 
To aid the reaction between rosin and glycerol the whole was heated again. 
Oleic or polybasic organic acids can be mixed with resin acids before or after esteri¬ 
fication with glycerol.’* 

Synthetic drying oils are said to be obtained by condensing castor oil with 
glycerol and esterifying the resultant product with a resin acid.*” 

Reactions of Rosin with Drying Oils. The reactions of rosin with drying 
oils have been investigated from two viewpoints; first, to determine if fatty oil 
glycendes of the oil react with rosin during the cooking of varnishes, and second, 
to find new methods by which resins and lacquers may be produced. A study 
was made by Pistor® to determine whether abietic acid and refined linseed oil 
or tristearin combine during the preparation of oil varnishes. In the experiment, 
abietic acid was mixed with the oil and after heating, the unesterified acid was 
removed by vacuum distillation. The proportion of acid left was found to de¬ 
pend upon time and temperature. The results obtained indicated only slight inter- 

^F. M. Beegle, Ind, Bng. Chem., 1924, 16, 953. 

«F. M. Beegle, Ind. Eng. Chem., 1924, 16, 1075. 

Steinhoff, Pmnt, Oil, Chem. Rev., 1929, 87 (24), 21. OU and Fat Ind., 1929, 6 (10), 2548; 
Brit. Chem. Abi. B, 1929, 989. 

’»!. Rosenblum, U. S. P. 1.937,533. Dec. 5, 1933; Chem. Abi., 1934, 28, 1208. 

WR. Kmkalla and W. Wolff, German P 529,483, 1929, to I. G. Farbenmd. A.-G.; Chem. Abi., 
1981, 25, 5049. British P. 851,945, 1929; Chem. Abe., 1932, 26, 3391. 

^J. Scheiber. German P. 512,822 and 512,895, 1928; Chem. Abs., 1931, 25, 1400. German P. 513.540, 
1928; Chem. Abt., 1931, 25, 2011. German P. 513,309, 1928. British P. 306,453, 1930; Brit. Chem. 
Abi. B, 1980, 871. British P. 858.933, 1930. 

^(ierman P. 580,282. 1983, to Firma Louis Blumer; Chem. Abi.. 1933, 27, 4943. 

Ott and B. Breyer, German P. 572,869, 1929, to I. G. Farbenind. A.-G.; Chem. Abi., 1938, 27, 

3827. 

••K. Pistor, Fatben.-Ztg., 1925, 30, 8066. Farbe u. Lack, 1925, 456; Chem. Abi., 1926, 20, 117. 
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esterification between drying oils and rosin during the cooking of oil-rosin 
varnishes. 

From experiments with rosin and linseed oil, Ragg®^ concluded that no glycerol- 
rosin ester is formed at the expense of the fatty acid glyceride. Upon heating 
rosin and linseed oil at 300°C. it was found that the free-fatty-acid content remains 
the same as that existing in the original fatty oil. Scheiber^ believes that in the 
cases of rosin, Congo and Manila there is.some displacement of the fatty acids 
of glycerides by resin acids during the cooking of varnishes. Wolff®* thought 
that the heating of metallic resinates with linseed oil resulted in the formation 
of resin glycerides and metallic linoleates. 

The reaction between rosin and oils has been suggested as a means of pro¬ 
ducing new resins. Bruson and Robinson** obtained a fusible product as a still- 
residue in the vacuum distillation of a mixture of castor oil and rosin. Biirsten- 
binder*^ utilized the action of tung oil with rosin to reliquefy coagulated tung 
oil. 

Acids derived from drying and semi-drying oils may replace oils in the reac¬ 
tions with resin acids. The acids derived from tung, rapeseed and castor oil were 
condensed with rosin to produce lacquer substitutes.*® Materials of a related 
nature proposed by Breyer*” were made from hydroxyalkyl esters of drying oil 
acids and resin acids. A synthetic shellac was prepared by condensing the hydroxy 
acids from castor oil with oxidized rosin.®* 

Krzikalla and Wolff** used ncinoleic acid in conjunction with resinic acids. 
For example; 15 parts of ncinoleic acid were mixed with 13.5 parts of colophony 
and the mixture kept at 250®C. under reduced pressure for 10 hours, yielding 
a brown viscous oil, soluble in most organic solvents. Other substances that 
have been condensed with rosin include dihydroxyabietic acid, dihydroxystearic acid, 
salicylic acid, naphthenic acids, mesityl oxide and phorone.®® Acids and alkalies 
are catalysts for the reactions of drying oil acids with resinic acids. If an inert 
atmosphere is used the resins produced are of better quality.®^ 

Chlorination of Rosin. Chlorinated rosin is of interest because of its 
compatibility with cellulose acetate. Lacquers containing this resin give films 
of good flexibility and gloss. The addition of chlorine raises the softening point 
of rosin. The final resins are soluble in alcohol and benzene. 

Rosenthal"* chlorinated rosin by dissolving it in 10 times its weight of 19.5 
per cent caustic soda solution and treating with a stream of chlorine gas. The 
jircciiiitated resin was filtered and washed. The final product contained 5.5 per 
cent chlorine and had an acid number of 131. 

Chlorine can be added to rosin under other conditions. Povlovski and Dmit¬ 
rov®* chlorinated rosin in the powdered form by heating it in an atmosphere of 

*iM. Ragg, Farben-Ztg„ 1921, 26, 2335: J S C L, 1921. 40, 552A. 

8J.J. SHuMber, Farbe u Lark, 1929 , 34. 393, 404 , 418; Chem. Abu, 1929, 23, 5336. 

»W. Wolff, Farben.-Ztq , 1926, 31, 1573 ; Chem Abn , 1926, 20, 2254. 

H. A. Bruson and J. D Robin.son, U. S. P. 1,889,348, Nov. 29, 1932, to Resinous Products Chem. 
Co.; Brit. Chem. Abs. B, 1933, 1047. 

R Burstenbinder, Chem. Vmschau, Fvtte, 6lc, Wachse, Harze, 1931, 28. 229; Chem. Ab$., 1931, 25, 

5582. 

88 G. Zilberman and A. Bolotin, LakokraHOchnuyit Ind., 1933, 2, 27; Chem. Ahs , 1933, 27, 4696. 

87 B. Breyer, German P 542,087, 1929, to 1. G. Farbenind. A.-G.; Chem. Abs , 1932, 26, 2333. 

88 J. Scheiber and W. Noack, U S. P. 1,606,094, Feb. 21, 1928; Chem. Abs , 1928, 22, 1486. 

88 H. Krzikalla and W. Wolff, U, S. P. 1,940,092, Dec. 19, 1933, to I. G. Farbenind. A.-G.; Chem. 
Abg., 1934, 28, 1558. 

88 G. M. Zilberman, Russian P. 29,215, 1931; Chem. Aba., 1933 , 27, 4110. See also French P. 
569,517, 1923, to Kon'^ortium flir Elcktrochem. Ind. G.m.b.H.; Kunatatoffe, 1W4, 14, 139. British P. 
201,916, 1923; Chem. Aba., 1924, 18, 176 

w British P. 339,958, 1929, to I. G. Farbenind. A.-G.; Brit. Chem. Ab§. B, 1931, 213. French P. 
697,700, 1930; Chem. Aba., 1931, 25, 3160. 

*8 L. Rosenthal, German P 514,151, 1930. to I. G. Farbwiind. A.-G.; Chem, Aba., 1931, 25, 1400. 

88 E. A. Povlovski and V. V. Dmitrov, Russian P. 8,907, 1929; Chem. Zentr., 1931, I, 1976. 
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chlorine. Lister®* maintained melted rosin at 150-3o0°C. while treating with a 
halogen. Hypochlorous acid as well as chlorine will react with rosin.®"’ 

A chlorinated rosin containing 24.9 per cent chlorine and {lossessing a melting 
point of 100°C. was prepared by Dykstra.®® He suggested that it be used as a 
soldering flux. Dux®^ obtained a shellac substitute by reacting chl()roal)ietic, acid 
with trihydroxystearic acid. 

Miscellaneous Reactions of Rosin. From the foregoing it will be observed 
that the reagents proposed for combination with rosin are niimeious and varied. 
Many of the products are of resinous nature but some of them differ so widely 
from the original rosin that they can hardly be called true resins. 

Rosin treated with volatile inorganic halides gives resins having higher soften¬ 
ing points, higher molecular weights and lower iodine numbers than the original 
substance. These resins are of interest because they are compatible with nitro¬ 
cellulose. The halogenated product may be esterified with glycerol and alcohols 
by methods similar to those used for rosin. The resins are made by dissolving 
rosin in carbon tetrachloride, adding boron trifluoride and passing nitrogen 
through the solution. The reaction takes 33-35 hours at 10-11°C. Batavian dam¬ 
mar, gum mastic, copal and resin esters may replace rosin. The inorganic halides 
proposed m addition to boron tnfluoride were the chlorides of titanium, aluminum 
and tin.®® 

Nitriles of abictic acid are made by treating abiotic acid with gaseous am¬ 
monia. The nitriles are viscous balsams which are purified by distilling under 
reduced pressure. Dehydrating agents (e g, aluminum oxide, thorium oxide, 
silica gel), are catalysts for the ammonia-rosm reaction. One method of prej’iara- 
tion is given as follows: Gaseous ammonia and a benzene solution of rosin arc 
heated to 350-360°C. in the presence of silica gel. The nitrile is separated from the 
benzene by distillation 

The reaction of maleic anhydride or aconitic acid with rosin at 11()”G. yields 
a resinous product with an iodine number of 03 (as compared with bSO for rosin) 
and a softening point of Acetylene was passed into rosin in the jiresence 

of mercuric acetate by Balle.*®* The resulting resin was soluble m lacquer sol¬ 
vents and fatty oils and possessed good drying qualities. 

Some amine types of compounds have been suggested as reactants with rosm 
A jiroduct made from trihydroxyethylamine and rosin is said to have good re¬ 
sistance to alkalies.*®* An example of the proportions used follows: A mixture of 37 
parts of trihydroxyethylamine and 213 parts of rosin is heated in such a manner 
that a temperature of 300°C. is reached in 2-4 hours. The product melts at 75°C^. 
and is soluble m benzol, ethyl acetate and drying oils. 

Glycerylamine neutralized with abietic acid yields a hard resin that is soluble 

w D A. Lister, U. S. P. 1,957,788, May 8. 1934, to Hercules Powder Co ; Chem. Abs , 1934. 28, 4256 
E Baum and W. O. Heirmann, Gennan P. 426,283, 1922, to Konsortnim fur Elektiochem Incl 
G.m.b H ; Bnt. Chem. Abs. B, 1926. 597. 

WH. B. Dykstra, U. S. P. 1,785,115, Dec. 16, 1930, to GrasselU Chemical Co.; Chem. Aba., 1931, 
25, 484. 

•"W. Dux, British P. 300,956. 1927; Brit. Chem. Abs. B, 1930, 26. 

wj. Bmapfl, German P. 564,867, 1931, to I. G. Farbemnd. A.-G.; Chem. Abs., 1933, 27, 1219. 
German P. 575,132, 1933; Chem. Abs, 1933, 27, 5996. British P. 399,206, 1933; Chem. Abs, 1934 , 28, 
1881. French P. 734,390, 1932; Chem. Abs., 1933, 27, 1221. French P. 735,918, 1932; Chem. Abs., 
1933, 27, 2053. French P. 760.126, 1934; Chem. Abs., 1934 , 28, 3606. 

••O. Nicodemus and O. Wulff, German P. 580,281, 1933, to I. G. Farbenind. A.-G.; Chem. Abs., 
1933, 27, 4816. British P. 390,120, 1933; Chem. Abs., 1933, 27, 4544. French P. 749,970, 1933; Cheyn. 
Abs., 1934, 28, 492. 

100 British P. 355,281, 1930, to I. G. Farbenind. A.-G.; Brit. Chem. Abs. B, 1932 , 72. Fieiich P. 
711,394, 1933. For a fuller description of reactions between rosin and maleic anhydride see Chapter 40. 

WIG. Balle, Gennan P. 463,843, 1928, to I. G. Farbenind. A.-G.; Chem. Abs., 1928, 22, 4262. 

102K. Ott and F. Frick, Gennan P. 578,570, 1933, to I. G. Farbenind. A.-G.; Chem. Abs., 1934, 28, 
918. See also J.8.C.I,, 1934, 53, 1030. 



. 38 . NATURAL RESIN ESTERS 


805 


in benzene .mikI ean ])e added to lacqiiens.^‘“ Aromatic amines, eg., aniline, react 
with coloiihony to give a product that may he condensed with furfural 

Binapfl'*” raised the softening iiomt of rosin by treatment with a carbazole. 
For instance rosin and diiso})ro])ylcarbazole were dissolved m benzene and held 
at 1S°C. in the presence of boron trifluoride to give a product softening at 126°C. 

Among other comiiounds, organic sul])honic acids have been proposed as 
alkylating agents for abietic acid. Voss^'*^ suggested that colophony, after treat¬ 
ment with sodium hydroxide, be alkylated with methyl-p-toluenesulphonate. After 
the removal of sodium ii-toluenesulphonate by washing, the residue yielded a 
yellow VISCOUS mass that behaved like Venice turpentine. Vulcanizable resms 
were ])roduced bv Auer’"' from colophony and ;3-nai)hthol-3,b,S-trisulphomc acid, 
dichlorobenzenesulphomc acid, sulphosalicylic acid or p-toluenesulphonvl chloride 
The mixtures were heattM for several hours at 300°C. under a vacuum to obtain 
the resin. Products with entirely difl'erent properties were prepared by heating 
abietic acid with sodium o-chloro-2-hvdroxypropanesulphonate or sodium bromo- 
ethane>ul])honate The temperature was held at 110-140"'C. lor 4-15 hours. Water 
containing small iiercimtages ot these leaction products ma\ lie u.<ed for cleaning 
textile libers 

Rosm was utilized liv Pungs‘*^* to modify the properties of lignite wax A mix¬ 
ture of 50 ))arts of wax and 20 jiarts of rosin was heated with air bubbling 
through for 3 hours at lt)0-170°(' The flnal wax melted at 80°C. and had an 
acid numb(‘r of 42. A modification of this jirocedure call> for estenfvmg the 
rosin and wax composition with glycerol 

Manx siilistances have been added to ro.sin and glvcerol jireceding esterifica¬ 
tion m order to effect slight changes in the ])ro])erties of the final jirodiict Wil¬ 
lard’" Used rosin, glycerol and rubber with a ferric, oxide catalvst. \3irnishes 
made from the resulting resin gave elastic liliiis Colojihonv, glycerol and iioly- 
carboxylu* ketones were heated by Bru.son"" to olitain clear resins xvith high 
softening points. A rosm-aldehyde condensation product xvhen treated with 
glycerol gives an oil-soluble resin.'*’ A mixture of abietic acid and dihydroxy- 
dildienylmethane dicarboxylic acids reacts with glycerol to give a jiroduct usable 
in nitrocellulose lacquers."^ 

Crystalline Esters. In a study of rosin esters, Wolff'*" found that a solution 
of ester gum m amyl acetate slowly deposited a crystalline precipitate. After 
three months the crystals were collected and proved to be glvceryl triabietate hav¬ 
ing a zero acid value, a saponification number of 54.4, a melting point of 172°C. 
and an axerage molecular weight of 955. Further supplies of the crystals were 
eaMlv obtained by dissolving ester gum in warm ethyl acetate, adding a few drops 

A (I (lihsoii and 1) W SU'phens, J S ('I , 1930, 49, 1069; Clum Abs , 1931, 

25, 1217 

U A (’ht'irv and F. Kurath, U. S 1^ 1.894,580, Jan 17, 1933, to Kc'omnnv Fusr & Mfg (V) . 
Hnt Chrm Ahs B, 1933, 929. 

>^*'J Hinupfl. German P 578,039, 1033, to I G. Faihenind A-G ; Chcm Ab/? , 1934 , 28, 4430. 

\ Vos>, German P 414,258, 1922, to Meister, Luciu.s & Bmnmj?, JSCl , 1922, 41, 816B. 

I. \uer, r. S P 1,980 367, Nov. 13, 1934, to J R Newman; Chem. Abs , 1935 , 29, 366. 

J Wieland, C. O Henke and G. Etzel, U S P. 1,984,713, Dec 18, 1934; Cherti Abs, 1935. 
?9 8.58 H J Wieland. C O Henke and M. A Prahl, U. S. P. 1,984,714, Dec. 18, 1934; Chem Abs, 
1935, 29. 857, both patents to E 1. du Pont de Nemours & Co 

i“»W. Pungs, U. S P. 1,780,632, Nov. 4. 1930, to I. G Farbenlnd A-G , Chem. Abs, 1932, 

26, 4195 

W. Pungs and K. Behringer, Gennan P. 550,324, 1928, to I G. Farbenind A -G ; Chem Abs , 

1932, 26, 4195 

F. Willard, U. S P 1,587,622. June 8, 1926: Brit Chem. Abs. B. 1926 . 680. 

112 H. A. Bruaon, U S. P. 1,829,038, Oct 27, 1931, to Rohm A Haas Co ; Brit Chem Abs. B, 

1933, 238. For the reaction of rosin with aldehvdes see Chaptei 37 

^1* G. M Zilbeiman, A. A ' Bolotin and P. M. Romanova, Ru-ssian P. 30,366, 1933; Chem Abs., 
1933, 27. 5562. 

11*0. A. Cherry, U. S. P. 1,982,788, Dec. 4, 1934, to Economy Fuse A Mfg. Co.; Chem. Abs, 1935, 
29 523 

’ 115 H. Wolff, Farben-Ztg, 1926, 31, 1573; Chem. Abs, 1926, 20. 2254. 
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of benzene, cooling to 0®C. and seeding. By this procedure, a crop of crystals 
could be recovered in 3 days. As Wolff also obtained glyceryl triabietate on cook¬ 
ing metallic resinates with drying oils, he postulated as the varnish reaction that 
Glyceryl linoleate -f- Lead resinate *- y Glyceryl abietate -f Lead linoleate. 

An identical crystalline ester was obtained by Fonrobert and Pallauf“* in a 
yield exceeding 10 per cent from a 50 per cent by weight solution of a pure rosin 
ester gum in hot acetone. Using samples of French, Sjianish, American and Ger¬ 
man rosin and an English ester gum yields of 3 to 7 per cent were obtained. 
These crystals were found to be insoluble in ethyl alcohol (contrasting with glyceryl 
monoabietate and diabietate which are alcohol-soluble). 

Crystals of glyceryl triabietate were prepared by Maly^*^ by esterifying an 
alcoholic solution of abietic acid with glycerol. The crystals had a melting point of 
125®C. and were soluble in alcohol and ether. 

Nauroy'“ obtained crystals which were identified as 2-chloroglycerol diabietate. 
He dissolved abietic acid in a solvent consisting of equal parts of alcohol and xylene. 
After neutralizing with 0.5 N potassium hydroxide, the solution was refluxed 
6 hours with a small proportion of trichlorohydrm. The precipitated potassium 
chloride was filtered off and the solution treated with carbon dioxide. The solvent 
was evaporated and the product crystallized from alcohol. The crystals had a 
melting point of 181 ®C., an acid value of 2.7 and a saponification value of 246. 

X Modification op Esters 

Oxidation. The addition of oxygen to ester gum has been proposed to modify 
its properties. Oxidation of ester gum raises its softening point and increases its 
solubility in many organic solvents. The temperature of ester gum during the 
reaction has to be controlled to avoid darkening the product. Schaal“* used air 
to harden ester gum. Before treatment the rosin ester was powdered, mixed with 
a dehydrating agent (e.g., anhydrous sodium sulphate) and a catalyst (e.g., cobalt 
acetate or manganese borate). The whole mass was heated gradually to 100°C. 
and air passed through. After oxidation the inorganic substances were removed 
by water. The resulting material was directly soluble in oil. 

Bradley'* passed air over a thin layer of resin ester maintained at 60°C. After 
4 days the softening point was raised from 90” to 121 ”C. The treatment increased 
the solubility of the ester gum in glycol mono esters and ethers. Slansky and 
Gotz'" reported that the properties of ester gum are improved by passing gases 
through the material while it is subjected to a silent electrical discharge. 

Ozone has been used to hasten the drying of films produced from ester gum 
varnishes. Spence and Cochran^* found that stoving a film in contact with ozone 
had no harmful consequences if ozone was absent during the first 10 minutes of 
the operation. 

On long storage, surface oxidation pf ester gum is great enough to change the 
color of varnishes made from it. For this reason ester gum stored in steel drums 
where it is one solid lump is better than that stored in wooden containers where 

K. Fonrobert and F. Pallouf, Farben.-Ztg , 1926, 31, 1848; Brit. Chem. Abs. B, 1926, 594. 

R. Maly, Z. fur Chem., 1866, 33 ; Beilstcin, "Handbuch. der Org. Cliem.,” L. Voss, Leipzig, 
3rd. Ed., 1893, 2, 1436. 

>“A. Nauroy, Peintures, pigmerUs, vemii, 1930, 7, 1214, 1262; Chem. Aba., 1931, 25, 2863. 

u»E. Schaal, U. S. P. 1,583.014, May 4, 1926; Brit. Chem. Aha. B, 1026, 502. British P. 243,556, 
1925; Chem. Aba., 1926, 20, 3826. German P. 410,673. 1924; Kunatatoffe, 1926, 16, 178. 

w>T. F. Bradley, U. S. P. 1,893.982, Jan. 10. 1933, to Eilia-Foster Co.; Chem. Aha., 1933, 27, 2319. 

Slansky and W. G6t*, Farben.-Ztg., 1932, 37. 1419; Brit. Chem. Aba. B, 1932. 850. 

^L. U. Spence and P. B. Cochran, Trana. Amer. Electrochem. Soc., 1926, 50, 401; Brit. Chem. 
Aha. B, 1926, 178. 
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it is broken into small lumps because in the former case less surface is exposed to 
air.“* 

Hydrogenation. The resins resulting from the hydrogenation of rosin ester 
give films that are less brittle than those made from ester gum. As a conse¬ 
quence they are recommended for use in nitrocellulose lacquers. Basic pigments 
can be employed in conjunction with the hydrogenated esters. 

It has been found that the reaction between esters and hydrogen is best carried 
out by having the esters in solution. The solvents suggested have been ethyl alco¬ 
hol, butyl alcohol, benzene, toluene, ethyl acetate, petroleum naphtha and gaso¬ 
line. To the solution there is added an activating acid (e.g., hydrochloric, phos- 
jihoric, acetic, formic). In addition to the acid, catalysts are used. The catalysts 
named have been nickel, palladium, platinum and chromites of coj^per, zinc and 
nickel. Under these conditions ethyl and methyl abietate have to he hydrogenated 
4-5 hours to obtain a satr^factory jiroduct. To shorten the time still further the 
pressure must be greater than atmospheric. Pressures up to 2000 pounds per 
square inch have been suggested. 

A procedure reported for the hydrogenation of the esters is as follows: 50 parts of 
ethyl abietate are dissolved in 148 parts of ethyl alcohol into which 2 parts of phos¬ 
phoric acid have been put, 1 part of platinum oxide is incorporated and the solution 
IS agitated under a pressure of 2 atmospheres at 25®C for 2 5 hours. By this treat¬ 
ment ethyl abietate takes up 70 per cent of the theoretical amount of hydrogen.“^ 

It IS possible to hydrogenate abietic acid before instead of after esterification. 
The properties of resins prepared by either method are similar.’" 

Copal Esters 

Esterification of Copals with Glycerol. Congo, Manila and Pontianac 
copals have the disadvantages which are inherent with resins posNessing high acid 
number. For instance, varuLshes made from them are likely to liver or stiffen if 
used with basic pigments to prepare enamels. The acid number of the copals is 
reduced by esterification in essentially the same manner as for rosin. Fossil resins 
esterified with glycerol are found to be compatible with basic pigments. In addi¬ 
tion, varnishes made from ester cojials form hard durable films that show good 
resistance to water and alkali,’" 

The esterification of copal resins is carried out by the same general methods 
as those used for colophony but experience is required to avoid difficulty when 
glycerol is added to the resin.When a mixture of copal and glycerol is heated, 
it tends to polymerize to an infusible, spongy product. Examples of this phenom¬ 
enon were observed in the author’s laboratory while studying the esterification of 
Congo copal.’" For instance Congo resin was run at 327®C. until sufficiently 

^J. Saphier, Paint and Vamn<h Production Mgr., 1934, 11 (4), 18; Chem. Abs , 1935, 29, 363. 

“M. W Humphrey, U. S P 1,877,179, Sept. 13, 1932; Chem Abx, 1933 , 27 , 200. R. J. Bvrkit. 
Jr., U. S P. 1,901,630, Mar. 14, 1933; Chem Abs, 1933, 27 , 3223 I W Humphrey, U. S. P. 1.944.241, 
Jan. 23, 1934; Chem. Abs, 1934, 28, 2020. I. W. Humphrey, U. S. P 1,961,931, June 5, 1934; Chem 
Abs., 1934 , 28. 4904. R. J. Byrkit, U. S. P 1,973,865, Sept. 18, 1934; Chem. Abs. 1934 , 28, 704f All 
patents to Hercules Powder Co For hydrogenation of rosin aee Carleton Ellia, "Hydrogenation of 
Organic Substances," D. Van Nostrand Co., New York, 1980. 

French P. 710,814, 1931, to I. G Farbemnd. A.-G. ; Chem Abs., 1932, 26, 1811. Thif was also 
suggested by Humphrey, loc. cit Rosin can be hydrogenated in presence of castor oil to give a non- 
sticky resin which is usable in soaps. See German P. 451,180, 1922, to Riebeckshe, A. Montanwerke 
A.-G.; Brit. Chem. Abs. B, 1929, 27. 

A discussion of varnishes made from copal esters is given in Chapter 39. 

For general articles on copal esters see. F. Schlinker, Synthetic and Applied Finishes, 1938, 3, 
165. Meister, Farben.-Ztg., 1934, 39, 753; Chem. Abs., 1934, 28, 6326 A Mann. Farbe u. La^. 
1934. 146, 158; Chem Abs., 1934, 28, 8602. E. Stock, Farben.-Ztg., 1934 , 39, 141; Chem. Abs., 1W4. 
28. 3252. T. H. Barry, Point ManuJ., 1932, 2, 215, 254; Chem Abs., 1932, 26, 8162. H. Brend^. 
Farben.-Ztg., 1928, 29, 231; Chem. Abt-, 1924, 18. 2257. G. Dantlo, Pemtures. pigments, verms, 1932, 
9, 28; Brit. Chem. Abs. B. 1932, 392. 

Carleton Ellis and L. Rabinovits, Ind. Eng. Chem., 1916, 8, 406. 
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soluble in turiientino, and then glycerol added. A vigorous reaction occurred, 
>ielding a ^jiongy pro^liu't which could not be filled on heating to over dbO^C. 
On cooling, a porous resinous mass wa« obtained. 

Tn the work ol Gardner and Holdt'"'* the same tendency to polymerize was en¬ 
countered and a, further study was made of the conditions, under which this 
phenomenon occurs. The effect of metals, which some exiierimenters had thought 
to be the cause of polymerization, w'as eliminated by the use of glass apparatus. 

In onr of tlu' laohniinaiy' experiments (J.irdnev and lloldt, heatc'd Gon^o cfipal 
to 1315'G .uid maintained it at that temperature for 30 mmute.s. Dm mg the heating 
the rom melted eomplet('!y and appeared to be sufficientiv cracked or run The 
tfmij'eratuK' wa.^ dropped to 280"’C' and 10 per cent of glycerol added. Then the teni- 
pf'iature was increased tn 290°G to bring about a combination of the resin acids ami 
glycf'iol. In about 30 minutes the mixtuie suddenly becanu' thick and gummy, then 
almost solid, .swi'llmg to '-iich an extent as to fill the vt'ssel almost completely A 
spongy porous mass was obtained The le-in alone could not he made to ])olymeriz(‘ 
even after piolonged heating m tlu' aliMaice of glycerol, hence the change must b(' 
attributed <0 the i)resf'nc(' of the latt('r 

The pohmerization of iMamla and Poutianac. copals was found to vary m 
sjieed hut to resemble that oi ('ongo In each caM‘, indication that gelling was 
about to take place was a sudden foaming, very' similar to, but much more violent 
than the foaming wdiich sometimes occurs when these roNins are being melted. 

From further experiments Gardner ami lloldt concluded that polymerization 
would not occur if the resin is comtiletely cracked jirevioiis to tin* addition of 
glycerol. Congo cojial heated for one hour and 30 minutes at 2(S0°G. and then 
treated with 10 pei cent of glycerol did not iiolvmerize TIk' excess of glycerol 
Used W’as aiijiarent in the cold solidified re^in. Variation m the tune of cracking 
^how’ed that under the laboratory conditions polymerization would not occur if the 
»’esin wxas heated for more than 70 minutes. For a commercial jil.’int, the length 
of time necessary to crack copal for successful esterification with glycerol must 
be determined for the individual apparatus at hand From their w’ork, the ex- 
jierimenters concluded that uncracked copals contain substances that have to be 
changed or volatilized by heat if polymerization is to be avoided. 

(iardiKT and Holdt followed the progress of esterification by determining the 
acid numVier of the melt. Starting with Congo (opal that had been cracked 75 
nimut(^s and had an acid number of 80 they added 6 per cent glycerol and main¬ 
tained the mixture at 280°C The condition of the resin and its acid number at 
ten-minute intervals is given in Table 38 

Tvble 38 .—Progress of FJslerificalion of Copal. 

Tina' of Meating 

w ith Glycc'rol Observations Acid Value 


10 iinnutes 

Much glycerol left uneomViined. Product 



cloiuly 

42 

20 minutes 

Home glycerol uncombined. Product some¬ 



what cloudy. 

36 

30 minutes 

Few drops of glycerol on side of flask at end 



of heating. Product clear. . 

30 

40 minutes 

, Product clear. 

23 

50 minutes 

Product clear. 

19 

1 hour 

. Product clear. 

15 

2 hours 

. Product clear but quite dark 

5.5 


The results show that esterification takes place rapidly at first. The acid value 
was reduced ahnost one-half during the first ten minutes of heating. The time 

’-'II. A (iiirdner and P. C. Holdt, Circ., Paint Mfra. Assoc., 1922, 151; Chem. Ahs, 1922, 16, 3217. 



NATURAL RESIN ESTERS SO!) 

needed for esterilieation i.s therefore de])endent \i])on the acid nunihei desired in 
the jiroduct. 

Excess "lycerol and catalysts also hasten the reaction lietvveen copals and 
glycerol. If excess glycerol is added it must he volatilized after completion of 
esterification to insure a clear ester. The catalysts suggested were zinc and 
aluminum. 

As a result of their work Ciardner and lloldt offered the following ])rocedure 
for the. esterification of Congo copal. Bring the resin (jiiickly to :U5-:)2o°C. and 
hold it there for 75-90 minutes or longer. Lower the tem])eiatur(‘ to and 

add glycerol m slight excess (h-S per cent). Raise to 292-2!)5'’C aiul maintain at 
that temiierature until the desired degree of neutralization ha.N been obtained. 
After cooling, the ester is either ])Oured into containers and stoied or diiectly 
to jiroduce a varnish by heating with oils. 

The disadvantages that accompany resins having high acidity ha\e led a 
number of experimenters to investigate the esterification of copals. A procedure 
developed by Ellis^'"^ overcomes the dilficulty of polymerization and produces a 
clear resin. This result was obtained by heating Congo cojial for 3 5 hours at 
.‘•)15-325°(\ and esterifvmg at 300°C with l/lfi of its weight of glycerol in a covered 
aluminum kettle \\ith a retlux condenser. Using a similar apparatus Ellih and 
Rabmovitz^*^ esterified successfully dammar gum, CAingo gum and Pontianac cojial 
An example from this work is as follows 92 ])arts of fused Pontianac copal were 
heated with 8 parts of glycerol for 5 hours at 2t)()-2S0°(\ The acid number de¬ 
creased from 74 to 34. A mixture of 100 kilos ol crackial (Vingu cojial and 15 
kilos ol redistilled cojial oil were (‘.>t<‘rifi(*d with 5-0 kllo^ ol glu'crol bv Tt‘m>^e’‘' 
'rh(‘ mass was heated at 2S0''(! until it wa.s M>hibl(‘ m \ ariii^h soKent^ 

A treatment of (‘ojials with jiIkmioI and n.ajihthaleiK* b(‘lor(* esterilieation has 
been suggested by Terrissc A mixture of cojial and jihmiol or najilithahaie is 
heated m an autoclave at 240-300''(5 The jilnaiol or najihthalene is nanoved 
finally by distillation and the resulting jirodiict is esterified with glycerol. In work 
by Krumbhaar,’^* on jiretreatmeni of fossil resins, cojials wer(‘ masticated lietween 
steam-heated rollers to uiake them more soluble and fusible After fusing, the 
resins are esterified with glycerol. 

Brender^'^ jirojiosed to esterify cojials m the j^iresence of drying oils. After 
cracking copals until they were free from loam, glvcerol and linseed oil wi're added 
and the whole mass was heated to 31()‘'(,! Another jirojiosal was the u.se of higher 
fatty acids with fossil resins and glycerol The resin is dissolved m the acid and 
esterified at 250-280°C. in an inert atmosjihere. (Iil-soluble jiroducts are ob¬ 
tained 

Esterification of Copals by Other Methods. Many of the other jno- 
cedures suggested for esterifymg rosin ha\e been u^ed alsti tor cojials For ui>tance, 
the method of heating resins with high-boilmg esters has been apjdied to the 

jireparation of cojial esters. This procedure is said to eliminate the thorough 

running that copals must be given before esterification. The a\oidanr(‘ o) long 
heating at high temperatures produces a better-colored ester. 

’*^Caileton Ellis, U. S. P. 1,242,161, Oct 9, 1917, to Ellis-Eostcr Co and IndcslMiotihle Paint Co, 
Ltd. 

Carleton Ellis and L Rabinovitz, Ind Eng. Chem , 1916, 8, 406 

Ternsse, Chem. Umsrhau, 26, 194; Chnn. Abs , 1920, 14, 2720 See also H Teinsso V S P. 

1,236,996, Aug 14, 1917; Chem. Abs., 1917, 11, 2967 

laaH. Ternsse, British P. 23,055, 1914, to Indestiuctible Paint Co., Ltd.; J S.C.l . 1916, 35. 57 Foi 
work on "solubilizing" of resins see H. Ternsse, British P. 14,544, 1903; J S.C I., 1904, 23, 552 V S. 
P. ^,842, Apr. 7, 1908, to Fabr. de vernis et prod. chim.; Chem. Aba., 1908, 2, 2457 

W. Knimbhaar, Official Digest, Federation Pamt, Varnish Production Clubs, 1934, 134, 43, 
Chem. Abs., 1934, 28, 2550. 

Brendel, Farben.-Ztg., 1928,. 29, 231; Chem. Abs., 1927, 21, 182. 

German P. 575,199, 1933, to Fiima Loui.s Blumer; Chem. , 1933, 27, 3629 
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Esters that boil above 200‘’C. and whose resulting acids are volatile at that tem¬ 
perature are desirable. Following this principle, Hesse“‘ employed alkyl or aryl 
esters of phthalic acid. Equal parts of copal and diethyl phthalate were mixed 
and the lower-boiling products removed by distillation. Other esters possessing 
the desired characteristics have been proposed. For instance, benzyl acetate or 
dibutyl phthalate is heated with copal at 300°C. for 4 hours. The acetic or phthalic 
acjd is driven off as it is formed. The copal benzyl ester, melting at 43-52°C., has 
an acid number of 20.6 and a saponification number of 105. Products of alleged 
therapeutic value are prepared by heating compounds of the general formuli^. 
R,CONR,Ra with copal. For example, acetamide and Congo copal react at 300®C. 
to give copalamide.^ By the same general methods, Fonrobert and Lemmer“® 
made Congo copal benzyl ester, Congo copal glycerol ester. Kauri copal benzyl 
ester and Manila copal butyl ester. The preparation of Congo glycerol ester is 
given as follows: 250 g. of Congo copal are heated with 147 g. of stearic triglyceride 
for 4 hours at 300®C. The copal is melted without vigorous frothing and at 275®C. 
a calm-boiling melt is formed. At the end of the esterification the stearic acid 
formed by the reactions is removed by heating at 260®C. under a vacuum of 10 
mm. The residue consisted of 233 g. of Congo copal glycerol ester having an acid 
number of 1.5. 

Copal may be treated with a number of other substances to give resins with 
special properties. SchaaP^® proposed that phenol, cresol, resorcinol, or naphthol be 
esterified with copal by heating at 180-210®C. The resulting resins were said to be 
usable in quick-drying varnishes. ScheibeP" dissolved Manila copal in caustic 
alkali and mixed this with an alkaline solution of a polyhydroxy-carboxylic ali¬ 
phatic acid (tnhydroxystearic acid, dihydroxypalmitic acid). The resin is pre¬ 
cipitated by adding hydrochloric acid. After filtering, the product is heated to 
1^®C. Since the resin is soluble in alcohol it has been suggested as a shellac sub¬ 
stitute. It is rendered insoluble and infusible by heat. A rubber-hke mass that is 
soluble in rubber solvents was obtained by ZobeP** from creosote oil and copal. 
A mixture of hard-wood creosote oil and copal was heated and the resulting solu¬ 
tion poured into petroleum naphtha. 

Esterification of Mixtures of Copal and Rosin. Esterification of a mix¬ 
ture of copal and rosin overcomes the difficulties encountered with pure copal and 
at the same time a resin superior to ester gum is produced. The necessity of run¬ 
ning copal completely creates problems that can be avoided if there is some rosin 
present. Also, the cracking is decisively aided and esterification of copal appears 
to be facilitated by the presence of rosin. The percentage of rosin present is gen¬ 
erally greater than that of copal in order to keep the fusion point low. The addi¬ 
tion of a hard fossil resin to rosin makes the final varnish films harder and- more 
durable. 

Mixed esters of copal and colophony were prepared by Schaal.^^* He proposed 
using glycerol, fruit sugar, phenol, cane sugar and mannitol with a mixture of 

^A, Hesse, U. S. P. 1,003.741, Sept. 10, 1911; J.S.C.I., 1911, 30. 1223. German P. 227,667, 1909; 

1910, 29, 1398. 

German P. 555,813, 1929, to Chem. Fabr. K. Albert G.m.b.H.; Chem. Aba., 1932, 26, 5964. 
Bntish P. 353,616, 1930; Brit. Chem. Aba. B, 1031, 1019. German P. 578,827, 1933; Chem. Aba., 1934, 
28, 918. 

“•E. Fonrobert and F. Lemmer, U. 8. P. 1,952,367, Mar. 27, 1934, to Resinous Products dc Chemical 
Co.; Chem. Aba., 1934, 28, 8606. 

MOE. Schaal, British P. 12,807, 1884; J.8.C.I., 1886, 5. 523. German P. 75,119, 1890; Chem. Zentr., 
1894, 2, 884. German P. 75,126, 1891; Chem. Zentr., 1894, 2, 884. 

J. Scheiber, U. 8. P. 1,988,468, Dec. 5, 1988, to W. Dux; Chem. Aba., 1934 , 28. 1207. U. S. P. 
1,008,598, Apr. 11, 1933; Chem. Aba., 1933, 27. 3350. British P. 350,764. 1929; Chem. Aba., 1932, 26, 
3124. Oenmn P. 551,098, 1929; Chem. Aba., 1933, 26. 4487. 

»"P. C. Zobel, U. 8. P. 1,786,281, Dec. 23, 1980; Bnt. Chem. Aba. B. 1931. 771. 

M*£. Schaal, U. 6. P. 501,448, July 11, 1893. See also E. Schaal, German P. 75,119 and 75,136, 
}891; Chem. Zentr., 1894, 2, 884. 
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coj)al and rosin. An example given by him is as follows: Fifty pounds of Manila 
co])al are melted and an equal amount of rosin added. The temperature is raised 
to 180-210°C. and 6 pounds each of fruit sugar and glycerol are gradually added. 
The mixture is stirred constantly. The temperature is slowly increased to 280®C. 
and a vacuum of 100 mm. is maintained to remove aqueous vapors. 

The esterification of mixtures of Congo copal and rosin was studied by Mur¬ 
ray He found that 10 per cent of copal improved the hardness and toughness 
of the resulting ester without greatly increasing the difficulty of esterification. The 
process calls for heating a mixture of Congo and rosm m a covered kettle at 316- 
321 ®C. After the copal has dissolved completely in the rosin, the batch is cooled 
to 288®C. and 12 parts of glycerol are added. The reaction with glycerol is jier- 
mitted to proceed until the desired acidity is reached. With the proportions 2 or 
3 parts of copal to 1 part of rosin, the Congo resin tended to polymerize. The 
experimenter had less polymerization difficulty with an aluminum kettle than with 
one of copper. 

Gammay added a powdered fossil resin to fused colophony and heated until a 
homogeneous solution resulted and then esterified the mixture with polyhydric 
alcohols.^** Ellis and Weber“® used a mixture of 4-5 parts of Congo with 1-2 parts 
of rosin. The mixture is heated until fusion occurs, glycerol added and esterifica¬ 
tion carried out at 270-290°C. The presence of calcium resinate aids the reaction. 

Hocker'*' proposed that baking-varnishes be prepared from combinations of 
copals, rosin oil, gelatifiizable vegetable oil, rosin and glycerol. The procedure for 
one method is given as follows: Two parts of rosin oil are heated with 1 part of 
Congo copal at 300°C. until the resin is completely fused. One gallon of glycerol 
for each 14 pounds of copal is added and the temperature maintained at 300°C. 
for one hour. The resin may be fused alone, with rosin or with tung oil before 
incorporation with glycerol and rosin oil. Also, the rosin oil may be incorporated 
with the drying oil and then heated with the esterified copal 

Apparatus Employed in Esterifications 

In the early attempts to prepare ester gum open vessels were used but the 
water formed during the esterification process vaporizes quickly and carries away 
much of the iinreacted glycerol. This results in esters with high acid numbers. 
However, the water must be allowed to escape. The best procedure is to use a 
closed kettle with an air condenser of such length that it condenses the glycerol 
while permitting the steam to escape. By this method a large excess of glycerol 
is not needed (2 per cent excess is the general practice). 

The esterification is carried out in both copper and aluminum equipment but 
aluminum is generally preferred. At 250°C. the esterification of rosin takes 3-5 
hours. On cooling, boric acid is often added to inhibit the hydrolysis of the 
ester.'*® 

The tyjie of plant suggested by Schaal is shown in Figure 121. The kettle 
is equipped with a charging funnel and stirring device. A gooseneck connects the 
kettle to a receiver. The outlet pipe in the top of the receiver is connected with a 
pump so that a partial vacuum can be maintained. 

1** A. Murray, Chem. Met. Eng., 1921, 25, 474. 

Ganimav, British P. 386,179, 1938, to Chemicon A.-G.; Chem. Ahs., 1933, 27, 4430 French P. 
734,893, 1932; Chem. Abs., 1933, 27, 1219. 

i«‘Carleton Ellis and H. M. Weber, U. S. P. 1,381,863, June 14, 1921, to Ellis-Foster Co.; Chem. 
Abe., 1921, 25, 3560. 

C. D. Hocker, U. S. P. 1,634,359, July 5, 1W7, to Western Electric Co.; Chem. Abe., 1927, 21, 

2003. 

»«C. D. Iforker, U. S. P. 1,638,579, Aug. 9, 1927, to Western Electric Co.; Chem. Abs, 1927, 21, 3276. 

M»For a description of mnniifarturing methods emoloved outside of the United States i«e H. Hadert, 
Farben.-Chem., 1084, 5, 400; Bnt. Chem. Abt. B, 1035, 83. 
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The apparatus used by the author for experimental work is shown in Figure 
122. It consists of an aluminum kettle fitted with a tight cover and stirrer. The 



apparatus was mounted on a truck so that it could be moved on or off the fire 
without interrupting the stirring, hence being very convenient to handle. 



Fia. 122.— Apparatus Employed by the Author for Esterification of Natural Resins. 

Sommer^ proposed an apparatus with a cover, tubular reflux condenser, foam 
distributor, stirrer, and inlets for glycerol, inert gas, and air. The design allows 
for removal of dirt from the bottom. The ester is discharged by pressure. 

Bergmann*®^ has described a German plant for esterifying copal resins in which 
400-4000 kilos of copal are treated' in one operation to produce 1200 to 12,000 

Sommer, British P. 319,651, 1929; Brit. Chem. Ahs. B. 1930, 677. German Design P. 1,049,805, 

1926. 

»«A. Bergmimn, Peintvre$, pigments, vemis, 1931, 8, 1472; Chem. Abs,, 1931, 25, 3854. 
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kilos of varnish. The whole process is conducted in an atmosphere of carbon 
dioxide 

In order to minimize fume loss in the running and esterification of natural resins, 
Frenkel^“ suggested the use of an apparatus heated indirectly with a high-boihng 
liquid medium (e.g., a mixture of phenyl ether and biphenyl) circulated through 
jacketed kettles. To obtain a good-quality ester an aluminum vessel is employed 
and an inert atmosphere is maintained. 

Esterification op Other Resins 

The esterification of other resins has been undertaken with an idea of improv¬ 
ing them for their present uses or of modifying them so that their field of applica¬ 
tion IS widened. Although experimental details lor the esterification of each resin 
will jirobably have to be determined mdividuallv, the methods discussed under 
rosin are generally ajijilicable to other resms. 

A number of these methods have been used to esterifv shellac Harries and 
Nager*'* heated shellac with methyl alcohol in the jiresence of hydrochloric acid 
to obtain a methyl ester of shellac m the form of a yellow syrup. This syrup 
was iturified by treatment with ether and crystallized from ethyl acetate. The 
final product melted at 149°C. and was soluble m alcohol, chloroform and ben¬ 
zene; slightly soluble in ether; and insoluble m petroleum ether. The same work¬ 
ers prepared a diacetyl ester by heating shellac with acetic anhydride. 

Ethylene oxide, jiropylene oxide or corresjionding halogen hydrins have also 
been projiosed as estenfying agents for shellac. In these reactions the temperature 
IS held at ()0-l()0''C. and an increase in pressure is desirable. Boric acid and zinc 
chloride are cataly.sts for the esterification.''*” 

The esterification of shellac with glycerol and the incorporation of the re<?ulting 
resin in drying oil to make a baking enamel was suggested by Hocker.'”® Litharge 
and rosin added to glycerol and shellac aid in the production of a substance that 
can be used with oils.'”’ Fusion with glycerol has been cmiiloyed as a means for 
reconditioning .'>hellac tlait has lost its fu.sibility through contact with bleaching 
powder. To accomplish this end, .shellac is heated with glycerol at 1()0-220°C.''’“ 
The incorporation of .shellac with glycerol, rosin and drying oils has been 
studied by Aldis.'”“ The mixture is heated at 230-280'’C. and then diluted with 
hot oil to give a long oil varnish. In another procedure glycerol and drying oil 
were replaced with ethylene glycol and castor oil to make a substance to be em- 
jiloyed as a plasticizer in lacquers.'*" 

Dammar is another resin which ha.^ been esterified with glycerol. In an experi¬ 
ment performed in the author’s laboratory 50 parts of dammar and 5 parts of 
glycerol were heated with stirring at 250°C. for 30 minutes, yielding a dark-colored 
resin. The acid number fell from 39 to 12.5. Brendel'®’ obtained best results with 
2 jier cent glycerol. The dammar and glycerol mix was heated at lS0-270''<\ 

H Rahdei, (Farben.-Ztg,, 1926, 31, 1742; Brit Chem. Abu, B. 1926, 554) lias noted the nmi 
of an inert atmosphere in running: and estenfying copals. See also Mei.stei, Fathf^n-Ztif , 1032, 37, 
1604, Chem Abs., 1932, 26, 5776 and M. Bottler, Kvmststoffe, 1913, 3, 85 

L Frenkel, British P 419,952, 1933; Brtt. Chem Abi B. 1935, 111 
15* C. Harries and W. Nagel, Ber., 1922 , 55 , 3833; Chem. Abs , 1923, 17, 1007 Koiloui-Z , 1923, 33. 
247; Chem. Abs., 1924. 18, 1057. 

155 British P. 328,190, 1928, to I. G. Farbenind. A.-G.; Brit. Chem Abs B, 1930, 677 
i“C. D. Hocker, U S. P. 1,638,579, Aug, 9, 1927, to Western Electric Co.; Chem Aba, 1927, 21, 
3276. 

1=^ H. Hadert, Farben-Chem , 1934, 5, 328; Brit. Chem. Aba. B, 1934 , 931. 
i“V. M. Ivanof, Russian P. 3,853, 1927; Chem. Aba., 1928, 22 , 4844. 

15® R. W. Aldis, Bull. Indian Lac. Research Inst., 1933, 12; Chem. Abs., 1933, 27, 2828. 
i«»R. W. Aldis, Research Note, Indian Lac. Inst., 1933, 5; Chem. Aba., 1933, 27, 2829 

Brendel, Farben.-Ztg., 1924 , 29, 1693; Chem. Aba., 1925, 19, 408. Farbe u. Locke, 1926 , 31, 
297, 310; Chem Abs., 1927, 21. 182. 
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With this proportion of glycerol the final resin was free from the tackiness and 
brittleness of dammar and could be used for outdoor work. When the proportion 
of glycerol was increased to 8 per cent poor results were obtained. 

Humphrey"* esterified sandarac and pontianac gums with aliphatic chloroethers 
in presence of alkalies and monohydric alcohols. Esters of pimanc acid may be 
prepared by heating under pressure with methyl alcohol, glycerol, or glycol in 
the presence of 3 per cent p-toluenesulphonic acid.^*“ Pinene, turpentine and 
camphene can be converted into esters by using polycarboxylic anhydrides and 
al uminum chloride. A mixture of these substances is heated with a dehydrating 
catalyst (e.g., zinc chloride, boron trioxide) to give the ester.^*" 

The conversion of cherry gum into a balsam-like material for varnishes was 
suggested by Voss."® The change is brought about by treating the gum with 
pyridine and amyl alcohol. 


Miscellaneous Esterifications 


Natural substances of the type of montan wax have been esterified for the pur¬ 
pose of improving their properties so that they can compete with more expensive 
products used in polishes and in plastic compositions. 

Montan wax may be esterified directly with glycerol. For example: 100 kg. 
of montan wax and 25 kg. of glycerol were heated until the wax had a low acid 
number. The time of reaction is shortened by using an autoclave, and sulphuric 
or hydrochloric acid as catalysts. The product had a melting point of 80-81 °C. 
and had the property of raising the melting points of fats and waxes of lower melt¬ 
ing points."* The wax may be bleached before esterification.^*” A wax, to be used 
in polishes, is prepared by partial esterification with glycerol and conversion of the 
remaining wax acids into metal salts by the addition of inorganic oxides?®* 

Glycerol may be replaced by monohydric alcohols to give waxes that can be 
employed as a basis for polishes. Excess alcohol is added and the unreacted 
portion removed by distilling .“* Esterification products of ethylene glycol with 
such waxes have been used with fillers to make molded articles.”® The esterifica¬ 
tion of bleached montan wax with glycerol in presence of a siccative, sulphur or 
sulphur compounds yields plastic compositions.”^ 

Modification of the properties of montan wax may follow a different path. For 
example, the acids of the bleached wax may be reduced to alcohols and then esteri¬ 
fied with organic acids. Non-aromatic monocarboxylic acids containing up to 25 

“•I. W. Humphrey, U. S. P. 1,848,284, Feb. 2, 1982, to Hercules Powder Co.; Brit. Chem. Ab». B, 
1982, 1042. 

>^A. C. Johnston, U. 8. P. 1,840,395, Jan. 1, 1932, to Hercules Powder X6.; Brit. Chem. Ab». B, 
1982, 1042. 

>**H. A. Bruson, U. 8. P. 1,898,007, Feb. 7, 1938,>to Resinous Products and Chemical Co.; Brit. 
Chem. Abi. B, 1983, 905. 

'•A. Voss, German P. 414,258, 1922, to Farbw. vorm. Meister, Lucius A Brilning: J.8.C.I., 1925, 
44 . 816B. 

^German P. 244,788, 1912, to E. Schliemanns Export-Ceresin-Fabnk G.m.b.H.; Chem. Abi., 1912, 

6, 2818. 

»«W. Pungs and M. Jahrstorfer, U. 8. P. 1,787,895, Dec. 8, 1929, to I. G. Farbenind. A.-G.; 
Chem. Abi., 1980, 24, 948. The wax bleached by oxygen or by chromic acid generally contains 
a good proportion of fatty acids. 

W. Guthke and W. Pungs, U. 8. P. 1,884,058, Dec. 1, 1932; Chem. Abi., 1982, 26. 1099. German. 
P. 558,487, 1927; Chem. Abi., 1938, 27 , 388. W. Pungs and M. Jahrstorfer, German P. 583,394, 1927; 
Chem. Abi., 1983, 27, 1117. All patents to I. G. Farbenind. A.-G. For further work on the addition 
of inorganic substances see German P. 584,488, 1928, to Deutsche Hydrierwerke A.-G.; Chem. Abi., 
1988, 27. 1117. 

W. Pungs and H. Preytag, U. 8. P. 1,972,459, Sept. 4, 1984, to I. G. Farbenind. A.-a Chem. 
Abi., 1934, 28, 8584. German P. 570,857, 1938; Chem. Abi., 1938, 27. 4484. ^ 

British P. 878,278, 1931, to I. G. Farbenind. A.-G.; BHt. Chem, Abi. B. 1982, 949. Esters may 
be used as esterifying agents. See British P. 858,781, 1980, to I. G. Farbenind. A.-G.; Chem. Abi., 
1932, 26, 4348. 

Luther and R. Held, German P. 575,954, 1988, to I. G. Farbenind. A.-G.; Chem. Abi., 1988, 
27, 4890. French P. 878,091, 1929; Chem. Abt„ 1980, 24. 2848. 
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carbon atoms (e.g., formic, acetic, stearic, palmitic, linoleic, abietic) have been 
recommended. By the proper selection of acid, waxes of desired melting point can 
be prepared, some of which exhibit physical properties similar to carnauba or 
beeswax.^” Wax alcohols are proposed as esterifying agents for the distillation 
residues of fatty oils or acids. The residues are esterified with these alcohols and 
then neutralized with litharge. The product is diluted with turpentine or benzine 
to give a quick-drying varnish.'” Esterified wax may be treated with a nitrog¬ 
enous base (e.g., ethanolamine, piperidine, aryl- or alkyl amines) at 200®C. to 
convert part of the esters into amides. The products have been suggested for 
polishes and textile finishes 

Luther and Beller'” have reported the formation of rubber-like masses from 
the heating of sulphur monochloride with a mixture of esters of polvhydne alcohols 
and unsaturated fatty acids, which were obtained from bleached waxes. A similar 
mixture may be treated with oxygen at 1()()°C. in the presence of litharge to give 
a product resembling linoxyn.'” Acids from montan w^ax, so>a bean oil, linseed 
oil or tung oil were esterified with sorbitol to give a viscous drying oil.'” 

Pungs and M Juhrstorfor, U. S P 1.942,833. 1934, Ch^m Abu, 1934. 28. 1824 German P 
559,631, 1930, Chem Abs , 1933 , 27 , 860 BiitLsh P. 362,632, 1930, BrU. C/iem Ahs B, 1932, 270. All 
patents to I. G. Farbenmd A -G 

F. Brosel, German P 579.467, 1933, to Veieinigte Farben und Lackfabnken; Chem. Abs., 1933, 27, 

4699. 

Biitish P 415.789, 1933, to I G Faibenmd A-G , BrU Chem Abs. B, 1934, 071. 

Luther and H. Bellei, U S P 1.897,133. Feb. 14, 1933, to I. G Farbenmd. A.-G.; Chem. 
Aba., 1933, 27. 2845. 

wsM Luther and H Beller, U S P 1,901,374, Mur. 14, 1933, to I G Farbenmd. A.-G.; Chem 
Aba., 1933, 27, 3094 

iTO British P. 350,992, 1929, to I G. Farbenmd. A -G , BrU Chem Aba. B. 1931, 819 



Chapter 39 

Uses of Natural Resin Esters 


Ester Gum Varnishes 

wa.s pointed out in Chapter .‘>7 the use ot rosin in oil varnishes is objec¬ 
tionable because of its acid nature, its softness, its lack of durability and it.^ jioor 
resistance to water. Ester guiii represents a decided ini])rovement over Vioth raw 
and limed rosin with respect, to water-resistance, durability and freedom from 
hvering. The discovery that a good waterproof varnish can be made from a mix¬ 
ture of tung oil and ester gum has created a noteworthy change in varnish making 
The result has been the substitution of ester gum for copals in the manufacture 
of spar varnishes. In fact, in numerous instances specifications for such varnishes 
have been modified so that ester gum is preferred to a hard fossil resin. 

In addition to the wule use of ester gum in oil varnishes, this ester is einjiloyed 
to some extent in nitrocellulose lacquers Tins is jiossihlc because ester gum is 
freely comjiatible not only with nitrocellulose but also with the majority of lacquer 
solvents and plasticizers. Coatings containing ester gum (*an be classified roughly 
into three groiqis, the first being the most important: 1 (Jil varnishes, 2. Cellulose 
lacquers, 3. Spirit varnishes. 

Other resin esters, particularly copal esters, are em])loyed to some extent in oil 
varnishes, but ester gum is the most widely used resin ester 

Ester gum in tung oil gives a much better varnish than the same resin in lin¬ 
seed oil. Tung oil appears to be more or less specific with the rosin ester, the oil 
imparting the required water-resistance to the coating. Hence, extensive use has 
been made of these two ingredients to manufacture a relatively cheap and yet 
entirely satisfactory varnish. In general an ester gum for oil varnishes should be 
])ale in color and should have an acid number of about 6-10. According to Sander¬ 
son* there is some demand for ester gum with an acid number of 15, the slight 
acidity being necessary to assist the solvent action for polymerized tung oil and 
to increase the capacity for wetting pigments. 

Some typical formulas for the preparation of oil varnishes in which ester gum 
is used have already been given in Chapter 38 in order to illustrate the esterifica¬ 
tion of rosin in the presence of drying oils.® There are of course many other var¬ 
nishes in which ester gum is employed and a few are cited below. 

A formula for the preparation of ester gum spar varnish containing free rosin, 
as employed in one varnish plant, is the following: 

Tung oil. 45 gal. 

Linseed oil . . 5 gal. 

Ester gum 100 lbs. 

Rosin 50 lbs. 

Litharge ' . 1 lb. 

Cobalt acetate .. ... ... 34 lb. 

^Advantages of copal esters over.Sf^w (^opals as pointed out by Meister (Farben-Ztg., 1934, 39, 
753; Brit. Chem. Abs. B, 1934, 803) mc{&de increased solubility in oils and thinners, improved weather- 
resistance of films, retardation of bloomjing and reduced hvering with basic pigments. Copal-ester 
films bleach on exposure and do not display after-yellowing. 

*J. McE. Sandhrson, Ind. Eng. Chem., 1934, 26, 711. 

* See the section entitled '‘Esterification in Presence of Drying Oils” m Chapter 38. 
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To this mixture is added 50 per cent by volume of thinner composed of three parts 
of turpentine and one part of heavy benzine or mineral spirits. 

The tung oil may be either raw or “prepared.” The prepared oil is made by 
heating tung oil to 200°C. for 1 5 hours and then allowing it to settle to remove 
albuminous matter. The use of the small proportion of linseed oil is considered desira¬ 
ble because the varnish is said to be rendered more elastic thereby. The rosin is 
added to assist m blending the various ingredients It is stated that the above pro¬ 
portion of rosin does not detract materially from the waterproof qualities of the var¬ 
nish. 

In preparing the vamish the linseed oil and tung oil are mixed and heated to 
150°C. Litharge is then added and the temperature is raised and maintained at 
230°C. to body the oil. When the oil begins to thicken, the rosin and ester gum 
are added and the temperature is rais(*d to 300-315°C The kettle is now pulled 
from the fire and allowi'd to cool When the temperatuie has falh'ii to about, 230°C 
the cobalt acetate is added The thinner is incorporat’d with the varnish at a tem¬ 
perature of 215°C. 

This is of course by iio means the only iirocedure for mcoriiorating tung oil 
111 varnishes. P'or instance in a method described by Riernann* the resin is not 
cooked with the oil from the beginning of the vaniish-making operation. Instead, 
the oil is heated to 220-250°(\ and then added to the resin which has been pre¬ 
viously heated to 320-340'’r. Driers and tlimners are incorporated during the 
cooling operation. 

A varnish, stated to be (jui(*k-drymg, was prepared by Kessler'^ from the follow¬ 
ing ingredients* 


Ester gum 

7.5 per cent 

Fused kauri guru 

7.5 

Tung oil 

30 

Boiled linseed oil 

2.0 

Benzene, 

20.0 

Toluene. 

25 0 

Xylene. 

25.0 

Butyl alcohol 

10.0 


This varnish is intended for use on metal work and is applied either by brushing 
or dipping. 

The employment of copal esters in varnishes is exemplified by a coating prepara¬ 
tion used by Terrisse.® Glycerol-esterified Manila copal is heated to 300°C. and 
then mixed with half its weight of liaseed oil. When all the oil has been incor¬ 
porated the temperature is raised to 310°C. and maintained at that point until 
the mixture has the desired consistency. Driers and thinners are added when 
the mix is being cooled. A paint said to have good covering power is obtained 
by grinding equal parts of the varnish and zinc oxide in a ball mill. 

In addition to linseed oil and tung oil some of the lesser-known oils have been 
used favorably m ester-gum varnishes. For instance a varnish is prejiared by 
heating a mixture of ester gum and paulownia oil to a high temperature and add¬ 
ing naphthols or naphthylamines and resinate driers.*^ Matumoto® obtained a 
paint by heating paulownia oil with fatty acids of the oil and with ester gum 
and then adding litharge and pigments. Experiments performed by Sward® in¬ 
dicated that an ester-gum varnish prepared with oiticica oil compares quite favor¬ 
ably with a similar varnish using tung oil.’’® 

* F. Riemann, Farhe u Lack, 1929, 8; Chem. Abs., 1929, 23, 1761. 

»J. M. Kessler, U. S. P. 1,642,155, Sept. 13, 1927, to E. 1. du Pont de Nemours & Co.; Chem. Abs , 
1927, 21, 3756. 

® H. Terrisse, U. S. P. 1,214,611, Feb. 6, 1917, to the Indestructible Paint Co., Ltd.; Chem. Abs., 
1917, 13, 1047. 

'^T. Hagiya, Japanese P. 93,602, 1931, to Teikoku Toryo K. K.; Chem. Abs., 1933, 27, 1529. 

^ G. Matumoto, Japanese P. 93,213, 1931, to Ititaro Syosi; Chem. Abs., 1933, 27, 1528. 

® G. G Sward, Circ., Am. Paint, Vamish Mfrs. Assoc., 1981, 377, 120; Chem. Abs., 1931, 25, 1689. 

Oiticica oil is extracted from the oval-shaped nuts of Conepia grandifoha (occurring in Brasil), It 
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The results of several investigations on the phenomena associated with varnish¬ 
cooking tend to show that ester gum retards the rate of polymerization of both 
linseed oil and tung oil.^ The effect is only half as great with ester gum as with 
raw rosin, however. 

Properties of Ester Gum Films. That the films formed by ester gums are 
satisfactory is well authenticated by their long-continued use. Many of the “stand¬ 
ard varnishes giving satisfactory service contain ester gum as the principal resin 
and some of these approximate the varnishes prepared from more costly fossil 
resins. The ester gum films are durable, show good resistance to abrasion and 
withstand outdoor exposure. When ester gum is mixed with basic pigments to 
make enamels the product does not liver or thicken. 

An idea of the durability of ester gum varnishes may be obtained from the 
experimental results of Pearce'^ on outdoor exposure tests of various coatings. 
Some of these results are given in Table 30. 

Table 30 —Exposure Tesfs of Varnishes. 

(Gallons of Oil ti) First Appearance Complete Failure 

100 Pounds of Cracks in Days in Days 


Composition of Resin Spring Fall Spring Fall 

Rosin-tung linseed . . 20 29 28 106 100 

Ester-tung linseed_ 20 28 36 134 92 

Kauri. 30 42 64 206 202 

Manila-linseed. 30 36 22 120 203 

Ester-tung. 30 58 100 183 208 

Congo-tung linseed... 30 43 21 203 141 

Rosin-tung perilla. 30 43 36 100 71 

Ester-tung... 40 71 64 134 203 

Kauri-linseed. 40 42 78 141 252 


The results indicate that the tung oil-ester gum varnish films do not crack as early 
as others and that a linseed oil-Kauri coating is the only one showing better results 
with respect to complete failure. The behavior of ester gum in rust-inhibitive primers 
was observed by exposure tests of one-year duration. With the pigments that were 
tried, ester gum i^roved to be a satisfactory resin.'* 

Experience has shown that films formed from ester gum compositions withstand 
well the action of water. All of the tung oil-ester gum varnishes obtained by 
Beegle'^ exhibited good waterproof qualities. However, those made from resins 
possessing acid numbers below 20 gave the best results When applied to glass and 
immersed in water 4 days. That the addition of ester gum improves the resistance 
of an oil film to water was deduced from the experimental work of Serb-Serbin.“ 
In a study of permeability of coatings to moisture, Gettens“ found that those 
produced from ester gum were among the best. Enamels containing ester gum 
are likely to chalk, blister and remain sticky for a long time under tropical condi¬ 
tions, probably because of the high humidity and temperature.” The difficulties 
were reduced by using an Albertol primer. 

is said to resmible tung oil in many respects. See E. R. Bolton and C. Kevis. Analyttt, 1918, 43» 251; 
Ckem. Aht., 1918, 12, 2056. H. A. Gardner, Ctre., Am. Pamt Mfrs. Assoc., 1923, 177, 220; Chem. Abs., 
1923, 17, 2512. Paulownia oil is a Japanese oil that occurs m the seeds of Paulownia xmperxalis. For 
the properties of this oil see J. Lewkowitsch, “C3iemical Technology and Analysis of Oils, Fats and 
Waxes," Macmillan ^ Co., London, 5th Ed.. 1914, II. 83. 

^H. B. Hofmann, Ind. Eng. Chem., 1925. 17, 175. V. H. Turkington, R. C. Shuey and W. H. 
Butler, ibid., 1981, 23, 791. R. L. Houck, Paint, Oil, Chem. Rev., 1928, 86 (21), 10; Chem. Abs., 1929, 
23, 53M. m also F. H. Rhodes and T. J. Potts, Chem. Met. Eng., 1923, 29, 533. J. Scheiber and 
O. Nouvel, Z. angew. Chem., 1923, 36, 353; Chem. Abs., 1923, 17, 3104. 

" W. T. Pearce, Ind. Eng. Chem., 1924, 16, 682. 

“Circ., Nat., Paint, Varnish and Lacquer Assoc., 1934 , 471, 343; Brit. Chem. Abs. B, 1935. 31. 

^•F. M. Beegle, Ind. Eng. Chem., 1924,'16, 953. For the preparation of these varnishes see 
Chapter 38. 

»P. W. Serb-8erbin,J»fa/yar. Ddo, 1931 (5, 6). 62-75; Brit. Chem. Abs. B. 1934, 333. 

^R. J. Qettens, Tech. Studies Field Fine Arts, 1932, 1, 63; Chem. Abs., 1933, 27, 433, 

Arnold, Chem,-Ztg., 1933/36, 55; Chem. Abs., 1932, 26, 2606. 
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The yellowing of white enamels was studied by Munzert.^* Starting with 4 pig¬ 
ments and 4 vehicles, coatings were made and applied to tin-plate panels. After 
exposure to diffused daylight for 4 days, one-half of the surface was covered with 
black paper and the panel exposed to sunlight for 14 days. Yellowing occurred in 
the half that was covered. With the ester gum enamels the yellowing was only 
slight. 

Properties of Copal Esters. The properties of copal esters and the films 
formed from them are, as a whole, excellent. The cojial esters are oil-soluble 
resins that give haul durable lilms. 'Idie coatings show good resistance to water 
and alkali. If the acid number of the ester is below 20 the esters are reasonably 
compatible with basic pigments. 

In an experiment on resistance to alkalies, Gardner and Holdt” coated panels 
with varnishes containing copals and copal esters. These panels were immersed 
in 4 and 20 per cent caustic soda solution for 1 week. The copal varnishes were 
badly affected, being covered with a white scum. The coatings made with copal 
esters were not attacked by either solution. From a study of synthetic finishes, 
Staudermann" concluded that oil varni.shes produced from copal esters are more 
durable than those obtained from* ester gum but that the copals require a longer 
time to dry. 

As has been stated previously, resins of high acid numbers liver or thicken 
when incorporated with basic pigments. Copal esters with low acid number would 
be expected to make enamels with pigments such as zinc oxide without this diffi¬ 
culty, Working on this problem, Gardner and Holdt’^ employed a copal ester to 
prepare varnishes having acid numbers of 4 and 25. Zinc oxide was ground with 
both varnishes. After standing a few hours the varnish possessing the higher acid 
number had thickened, but the other one was still of proper consistency after 8 
months. 

Insulating Varnishes. The utilization of ester gum for the manufacture of 
insulating varnish for coating electrical conductors has been proposed by many 
workers. Hocker®* produced such coatings from rosin oil, glycerol, tung oil and 
ester gum. The product is thinned with benzene to give a quick-baking composi¬ 
tion. The incorporation of a sulphide or selenide during the process of esterifica¬ 
tion is considered advantageous by Ohta.*® An insulating varnish was prepared as 
follows: 1000 parts of rosin, 50-150 parts of glycerol, 5-30 jiarts of sodium sulphide 
or selenide and 1500 parts of tung oil containing an aluminum catalyst were heated 
to 240-300°C. After cooling, pigments and thinners were added. 

An insulating varnish of different composition was made by Wright,^ who used 
the reaction product of gum accroides, rosin and glycerol. Ester gum-tung oil 
varnishes were found to possess no advantage over rosin-tung oil ones for baked 
insulators, according to Mizushima.'® 

An electrical-insulating material has been made by cementing mica foil to paper. 
The glue suggested was produced by heating tung oil, Manjak asphalt, glycerol and 

WH. Munzert, Farben.-Ztg , 1928, 33 , 2849; Bnt. Chem. Abs B, 1928, 719 

H. A. Gaidner and P. C. Holdt, Ctrc., U. S, Pamt Mfrs. Assoc., 1922, 151 ; Chem. Abs., 1922, 16, 

3217. 

*0 A. E. Staudermann, Circ., Am. Pamt, Vannsh Mfrs. Assoc., 1929, 356, 815; Bnt. Chem. Abs. B, 
1930, 68. 

H. A, Gardner and P. C. fioldt, Ctrc., U. S. Paint Mfrs. Assoc., 1922, 151 ; Chem. Abs., 1922, 16, 

8217. 

"C. O. Hocker, U. S. P. 1,684.339, July 5. 1927. to Western Elec. Co.; Chem. Abs., 1927, 21, 2893. 
U. S. P. 1,638,579, Aug. 9, 1927; Chem. Abs., 1927, 21, 3276. British P. 238,696, 1924, to Western Elec. 
Co., Ltd.; Chem. Abs., 1927, 21, 3276. For the preparation of these compositions see Chapter 88. 

*»H. Ohta, U. S. P. 1,801,364, April 21, 1931, to Aaahl Glass Co., Ltd.; Chem. Abs., 1931, 25, 3502. 
French P. 638,197, 1924; Chem. Abs., 1929, 23, 293. 

MW. H. Wright, U. S. P. 1,833,810, Nov. 24, 1931, to Schenectady Varnish Co.; Chem. Abs., 1932, 
26, 1143. 

MS, Misushima. Reseqrche^ Rleetroteeh. fjob. Tokyo, 1928, 221; Chem. Abs., 1928. 22, 2070. 
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colo])hony to 250-300‘’C. until the oil polymerized and all volatile matter had 
escaped. The resulting mass was dissolved in benzene to form the cement."'* A 
coating for insulating-tapes was proposed by Clark and Ruscetta.*" The mixture 
consisted of ester gum (32-48 jiarts), montan wax (40-50 jiarts) and castor oil 
(10-28 parts). 

Special Uses of Ester Gum Varnishes. One example of a coating requir¬ 
ing special properties is an anti-fouling paint, intended to retard the accumulation 
of marine growth on material m contact with sea water. The use of such jiaints 
to prevent marine borers from attacking wood was studied by Gardner."’’ l^imts 
consisting of ester gum varnishes mixed with compounds of mercury or with cupric 
cyanide accomplished this special purpose. In further work, Gardner noted that 
certain white ])aints obtained from a benzol solution of ester gum were resistant 
to marine growths. An anti-fouling paint was prepared as follows: G50 pounds 
of ester gum were dissolved in 77 gallons of benzol, 10 gallons of spar varnish, 10 
gallons of pine oil, a toxic substance and zinc oxide or Titanox were added and 
the mixture ground. After grinding, 48 gallons of benzol rubber solution were 
incorporated.■“* Ellis"* employed rosin esters m coating com])()sitions intended for 
application to concrete surfaces. 

Ester gum mixed with tung oil, linseed oil, cobalt resinate, tuiiientine and ])ig- 
ments yields a composition that gives a flat finish to oilcloth A varnish, iiro- 
])osed for tin cans, is prepared from rosin, vegetable oil, a lead-free drier, glycerol, 
zinc and zinc oxide. The final product is applied to the interior of the can and 
baked at a high temperature. Since this coating contains no metals yielding colored 
sulphides, cans coated with it may be used for vegetables and fruits containing 
sulphur.'" A varnish containing aluminum or brass powder m an ester gum vehicle 
was utilized by Bauer'*''' to coat metal surfaces After the coating has been applied, 
the metal is heated until the agglutinant begins to harden. The material is then 
subjected to ])ressure rolls to force the coating into the jiores and inequalities of 
the surface. Finally, the varnish is baked until hard. 

Modification of Ester Gum Varnishes. The incorporation of other sub¬ 
stances with ester gum in varnishes is undertaken with the idea of changing in 
some way the characteristics of the final product. Mixing of other resins with 
ester gum during the preparation of a varnish yields a coating possessing some 
of the characteristics of each resin.** The film resulting from ester gum varnishes 
is hardened by adding a small amount of an oil-soluble phenol resin.“ One method 
of incorporation is as follows: 15 kg. of Albertol 209L are mixed slowly with 20 kg. 
of varnish oil at 150°C. The temperature is raised to 260°C. and kept there 
until a specimen remains clear when diluted with an equal volume of thinner. 
After the addition of 100 kg, of heat-treated linseed oil, the temperature is main¬ 
tained at 200'*C. during the incorporation of ester gum (150 kg.) and then raised to 
300®C. until the mixture is homogeneous. When the melt has cooled to 220°C. driers 
and thinners are added. 

Gardner** heated a mixture of Aroclors with ester gum to produce a resinous 

“German P 525,483, 1928, to Siemens-Schuckertwerke A.-G.*, Chem. Abn., 1931, 25, 4072. 

F. M. Clark and R. A Ru.'kjetta, British P. 389,810, 1933, to British Thomson-Houston Co , 
Ltd.; Chem. Abs., 1933 , 27, 5446. 

“H. A. Gardner, Circ., U. S. Paint Mfrs. Assoc., 1923, 176, 207; Chem. Abs., 1923, 17, 2511. 

»H. A. Gardner, U. 8. P. 1,493,930, May 13, 1924; Chem. Abs., 1924, 18. 2257. 

“Carleton Ellis, U. S. P. 1,189,550 and 1,189,551, July 4, 1916; Chem. Abs., 1916, 10, 2136. 

"E. E, Wallen, British P. 217,255, 1923; Chem. Abjs., 1925, 19, 409. 

a*R. H. Lueck, U. S. P. 1,667,212, Apr. 24, 1928, to the U. S. Public; Chem. Abs., 1928. 22. 2071. 

»W. Bauer. U. S. P. 1,823,869, Sept. 15, 193^1; Chem. Abs., 1932, 26, 76. British P. 331,550, 1929; 
Chem. Abs., 1931, 25, 223. 

** Ester-gum-modified phenol resins are discussed in Chapter 19. For alkyd resins in modified form, 
see Chapter 43. Maleic anhydride-ester gum resins are treated in Chapter 40. 

^A. Nauroy, Pemtures, pigments, vemis, 1930, 7, 1214, 1262; Chem. Abs., 1931, 25, 2863. 

«H. A. Gardner, British P. 351,637, 1930; Brit. Chem. Abs. B. 1931, 853. See Chapter 56 for other 
mixtuies of Aroclors. 
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composition lor oil varnishes or for nitrocellulose lacquers. A varnish may be 
prepared which has as a base a mixture of polystyrene with methyl tetrahydro- 
abietate.“‘ The inclusion of chloronaphthaienes, e.g., Halo wax, in ester gum-tung 
oil varnish is said to improve its waterproofing characteristics'^ According to 
Asser”' the addition of a mixture of equal parts of phenol-formaldehyde and cresol- 
formaldehyde resin to ester gum raised its softening point from 68'’ to llO^C. 
The proportions used were 1 part of the phenol-resin mixture to 4 5 parts of 
melted ester gum fused at loO^C. until the melting jioint of the resulting re^in l^ 
constant. Tt is reported that ethyl abietate when added to ester gum-tung oil var¬ 
nishes improves the weathering properties of the final film hut at- the same time 
retards the rate of drying 

Small amounts of antioxidants have been lound to imjirove the cpiality ol 
ester gum varnish films. For instance, Cfardner and Sward*^ report, that 0 I per 



cent of sulphur introduced into an ester gum varnish improves its durability 
Increasing the amount of sulphur to 0.5 per cent produced harmful effects. Vari¬ 
ous compounds said to give an anti-aging effect m ester gum-drying oil varnishes 
include trihydrophenol, catechol, dimethyl ether of pyrogallol or guaiacol, diphenyl- 
guana line and di-o-tolyl-guanidine.^* 

Although varnishes form the principal outlet for drying oil-ester gum mixtures 
small amounts have found use m other ways. Ester gum cooked in tung oil has 
been mixed with the customary ingredients and coated onto a felt base to make 
a floor covering'® A binder containing ester gum (50 parts), cumarone resin (50 
Iiarts), dibutyl tartrate (35 parts) and polymerized linseed oil (10 parts) has been 
suggested for cementing wood flour and cork in the manufacture of linoleum." 

Core oil (for foundry work) is sometimes comprised of rosin, linseed oil and 
thinner. McArdle'® has employed ester gum, corn or soya bean oil and thinner 
to make a similar product. 


S" British P. 875,320, 1932, to I. G Farbenind. A.-G.; Brtt. Chem. Abs. B, 1932, 807. 

“British P. 342,737, to Bakelite Corp.; Bnt. Chem. Abs. B. 1931, 452 
80 E Asser, U. S. P. 1.969,292, Aug. 7, 1934; Chem. Abs., 1934 , 28, 6329. 

♦oCirc, Am. Paint, Vamish Mfrs. Assoc., 1929, 356, 900; Brit. Chem Abs B. 1930, 68 
H A. Gardner and G. G. Sward, Circ., Am. Peunt, Varnish Mfrs. Assoc., 1932 , 4 1 0, 129; Brit 
Chem. Aba. B, 1933, 77. 

British P. 358,472, 1929, to Imperial Chem, Ind., Ltd.; Chem. Aba., 1932, 26, 4969. 

«D. Finley, U S. P. 1,802,009, Apr. 21, 1981; Chem. Abs., 1931, 25, 3504. 

T. Baldwin, U. S. P. 1,793,667. Feb. 14, 1931, to Sanduia Oo.; Chem. Aba., 1931, 25, 2313. 
r. S. P. 1.856.369 and 1.856,370, Mav 3. 1932; Chem. Aba., 1932, 26, 3686. 

«E. H. McArdle, U. S. P. 1,822.411, Sept. 8, 1931, to A. Klipstein & Co.; Brit. Chem. Aba. B. 
1932, 649. 
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An aqueous coating composition containing ester gum was proposed by Hol¬ 
man and Hooppaw " The other ingredients in this paint were magnesium oxide, 
magnesium chloride, magnesium sulphate, pigments, tung oil and petroleum spirits. 

Resin Esters in Cellulose Lacquers 

Cellulose lacquers have been utilized in situations where speed of application 
and drying are of importance. The oil-soluble resins are still widely used when 
spraying or dijiping are impractical and drying-time is not of importance. In 
addition, resin varnishes enjoy another advantage in that they are generally 
cheaper. The characteristics of a nitrocellulose lacquer may be changed by the 
addition of a resin. The incorporation of resins in a lacquer increases the content 
of solids and improves the adhesion and gloss. Of the resms employed ester gum 
is one of the more popular because of its availability and because it is soluble 
in many lacquer solvents. 

The properties required for ester gum to be incorporated in lacquers are approxi¬ 
mately the same as those desired for oil varnishes. The resin should possess an 
acid number below 20 and a piale color. In addition, the ester should not contain 
any free glycerol, since the latter has a deleterious effect on the final film. 

In preparing a nitrocellulose lacquer, the ester gum is first dissolved in a com¬ 
patible diluent before it is incorporated in the lacquer. Benzene, toluene, ethyl 
acetate and butyl acetate are generally employed for this purpose. When the 
addition of an ester to a lacquer is being considered every ingredient that is to 
be incorporated must be studied. The quality of the nitrocellulose, the type of 
plasticizer, the character of the solvent and diluents determine as much as the 
ester the properties of the final coating. For instance, ester gum is not soluble 
in diacetone alcohol, ethyl lactate, Cellosolve or Cellosolve acetate.*^ 

One nitrocellulose lacquer containing ester gum is described by Bogin.The 
lacquer contains 0.5-1.0 pound of nitrocellulose and an equal weight of ester gum 
in 1 gallon of a solvent mixture comprising JO per cent of a nitrocellulose solvent 
(b.]). 140-1SO°C), 10 per cent of cyclohexanol, .30 per cent ethyl acetate and 50 
per cent of mixed benzene and toluene. In determining the optimum proportion 
of rosin-glycerol ^-ster to solvent, Mowen^* concluded that 16 pounds to 1 gallon 
of hydrocarbon (toluene) solvent give the best product. However, a proportion 
as high as 20 pounds of resin to 1 gallon of liquid is feasible. Symons’* reports 
that the best ratio is equal parts of ester gum and nitrocellulose plus plasticizer 
amounting to 30 per cent of dry weight of the nitrocellulose. 

Mention has been made that free glycerol in the rosin ester has a harmful 
effect on the final film. One method recommended to overcome this difficulty 
is to esterify with polyglycerol. The presence of this reagent is said to have no 
harmful effect on tlie final film.®^ It has been reported that the use of glyceryl 
diabietate in place of the triabietate in lacquers gives a film of good hardness and 
toughness.” The mixed esters of polyhydric aliphatic alcohols with highef fatty 
acids and resin acids have been employed as softening agents in oil-free cellulose 
ester or ether lacquers.” 

Of the other esters of abietic acid, ethyl abietate appears to have a large field 

*»C. H. Holman and 0. W. Hooppaw, U. S. P. 1,784,130. Nov. 8, 1029; CAcm. Ah»., 1930, 24, 816. 

E. Hofmann, Jnd. Eng. Chem., 1931, 23, 127. 

^C. Bogin, U. S. P. 1,681,878, Dec. 6, 1927, to Commercial Solvents Corp.; Chem. Abi., 1928, 22, 
878 

’«P. M. Mowen, Paint, Oil» Chem, Rev , 1928', 85 (19), 10. 

“P. 8. Symons, Paint, Vamith Prod. Mgr,, 1931, 5 (4), 8. 

A. Fairboume, G. P. Gibson and D. W. Stephens, / S.C.L, 1930, 49, 1069. 

MH. Wolff and H. Zellner, German P. 802,263, 1926; Chem. Abe., 1930, 24, 4944. 

M German P. 866,206, 1989, to Firma L. Blumer; Chem. Abe,, 1933, 27, 1319. 
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of usefulness. It is said to act both as a resin and plasticizer. This would be 
an advantage because the necessity of adjusting the solvents and diluents to both 
resin and plasticizers would be eliminated.^ A similar behavior was observed 
also by Johnston.” He found that ethyl abietate dissolves ester gum, elemi, mastic 
and rosin. If desired, however, it can be used in conjunction with other plas¬ 
ticizers. The films resulting from the addition of this ester to lacquers are said to 
be less tacky than those containing ester gum. The proportions recommended 
are 10 parts of half-second nitrocellulose to 26 parts of ethyl abietate. Em¬ 
ploying the same ingredients, Bent^ noticed that the films dried quickly and were 
durable. Kesler®^ reported that many esters of abietic acid resemble ethyl abietate 
in their combined plasticizer and resin effect. These resins could be substituted 
for plasticizers such as dibutyl phthalate. 

Some esters of abietic acid other than those previously mentioned have been 
suggested for addition to cellulose lacquers. For instance, the hydroxyalkyl esters, 
which are made with alkylene oxides and abietic acid, can be used as softening 
agents for lacquers.” Chlorinated rosin is also reported to be a good resin for 
adding to nitrocellulose coatings.” In some cases improved films result when 
another resin is employed in addition to ester gum in nitrocellulose lacquers. 
Dammar added to an ester-gum-containing lacquer seems to increase the ad¬ 
hesiveness of the coating and to decrea.se chalking. A composition of this sort 
proposed by Gilbert” contains the following substances: 

Per Cent 
by Weight 


Low-viscosity nitrocellulose 10. 

Dammar resin 2 5 

Ester gum. 2.5 

Castor oil. . . 3 0 

Dibutyl phthalate 3. 

Antimony oxide 15. 

Solvents and diluents 64. 


A mixture of ester gum, 1.5-3 parts and a curaarone-indene resin, 1 part, has been 
recommended for addition to nitrocellulose to yield a non-blushmg film."^ 

Gardner” found that methyl or butyl esters of shellac give good elasticity and 
gloss to the lacquer film. These esters act not only as resins but may replace also 
the plasticizers in cellulose ester compositions. The esterification of Catavia resin 
(a balsam from Panama) gives a product that possesses possibilities as a varnish 
resin.” 

Barrett” proposed the inclusion of hydroquinone to inhibit atmospheric oxida¬ 
tion of nitrocellulose films. Phosphorescent coatings can be produced by grinding 
luminous salts with rosin esters. This mixture is then incorporated with a plas¬ 
ticized cellulose lacquer to give the final product.” 

Of the cellulose esters, the nitrate has the largest use as a lacquer constituent. 

®*T. H. Barry, “Natural Varnish Resins/’ E. Benn, Ltd., London, 1932. 

"A. C. Johnston, Ind. Eng, Chem., 1929, 21, 688. See also MelUand Textile Monthly, 1932, 4, 135. 

“L. N. Bent, U. S. P. 1,839,629, Jan. 5, 1932, to Hercules Powder Co ; Chem. Aba., 1932, 26. 1480. 

•"C. C. Kesler, A. Lowy and W. F. Faragher, J.A.C.S., 1927, 49, 2898. 

®*0. Schmidt and E. Meyer, German P, 561,626, 1927, to I. Q. Farbenind, A.-O.; Chem. Aha., 1933, 
27. 1219. British P. 328,190, 1928; Chem. Abs., 1930, 24. 5518. 

<»L. W. Eberlin and L. W. Blanchard, U. S. P. 1,899,186, Feb. 28, 1933, to Eastman Kodak Co.; 
Chem. Aba., 1933, 27, 2094.. 

•®J. W. Gilbert, U. S. P. 1,914,568, June 20, 1933, to B. I. dii Pont de Nemours and Co.; Chem. 
Aba., 1933, 27, 4427. 

«iA. Rogers, U. S. ?. 1,884,255, Oct. 25, 1982, to Barrett Co.; Chem. Aha., Ii33, 27, 1219. 

"W. H. Gardner, U. S. P. 1.910.100, May 23, 1983; Chem Aba.. 1933, 27, 4108. 

WL P. Hart, Circ., Am. Paint, Vamxah Mfrt. Aaaoc., 1931, 377. 181; Bnt. Chem. Aba. B, 1931. 451. 

•*G. R. Barrett, U. S. P. 1,720,992, July 16, 1929, to Merrimac Chemical Co.; Chem. Aba., 1929, 
23, 4356. 

»J. A. Beavis, British P. 299,228, 1928; Brit. Chem. Aba. B. 1929, 64. 
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Because of its inflammability and tendency to hydrolyze, attempts have been made 
to replace it with other esters or ethers. Dreyfus®® has reported that ester gum may 
be used with low-viscosity methyl, ethyl and benzyl cellulose. One such lacquer 
contained the following ingredients; ethyl cellulose (10 parts), ester gum (5 parts), 
toluene (90 parts), liquid paraffin (1.5 parts) and dibutyl phthalate (0.5 part).®* 

Ester gum has been incorporated in lacquers which are aqueous emulsions of cel¬ 
lulose esters. An example of one such lacquer is as follows: 0.25 part of sodium 
oleate in 40 parts of water are added to a solution containing nitrocellulose (12 parts), 
e.ster gum (4 parts), tricresyl phosphate (6 parts), chrome yellow (8 parts) and cyclo¬ 
hexanone (60 parts). The compositions are said to dry to hard transparent films’'** 
Aqueous dispersions of ester gum are obtained by adjusting and holding the hydrogen 
ion concentration of the system within certain limits. This may be accomplished with 
colloidal' clay or bentonite.**" 

Comiiositions containing rosin esters and a cellulose ester have been ])roposed 
for jiurposes other than lacquer coatings. Ethyl abietate has been suggested as 
an agent for rejilacmg linseed oil m coating compositions used in the manufactuie 
of floor covering The resulting linoleum is said to be flexible and resilient. Ob¬ 
jectionable odors which develop from plasticizing-oil are eliminated^*’ An illustra¬ 
tion of a recommended composition follows: 


Soluble nitrocellulose 
Ethyl abietate 
Tricresyl phosphate 
Wood nour . 


28 ))arts bv weight 


:n ” ” 

7 ” ” 

34 ” ” 


In another proposal a mixture of ester gum, benzylcellulose, dicresylm and cork 
dust is utilized to prepare a flooring composition. 

Thin waterproof sheets are prejiared from a solution containing nitrocellulose, 
ester gum, dibutyl phthalate and iiaraflin. The solution is dried at a temperature 
higher than the melting point of the wax.*' A homogeneous smokeless jiowder was 
obtained by Norton’^ from nitrocellulose (CO-90 parts), ethyl, phenol or benzyl 
abietate (5-25 parts) and nitroglycerine (5-30 parts). Ester gum has been in¬ 
cluded in a nitrocellulose bonding material for making floor tile of finely divided 
cork."^^ 


Nitrocellulose-Ester Gum-Oil Compositions 


The modification of cellulose lacquers by the addition of drying oils has been 
suggested in attempts to obtain improved coatings. Of course, for such incor¬ 
poration, care must he taken not only to obtain a homogeneous solution of the 
various ingredients (apart from pigments) but that such a solution dries evenly 
in films without separation of the cellulose ester, an occurrence winch would result 
in a slow-drying gel. 

Studying the addition of tung oil to ester gum-nitrocellulose lacquers, Flood, 
Booth and Beisleri® concluded that it is possible to obtain tough water-resistant 

“C. Dreyfus, British P. 309,951, 1929. to British Celanese, Ltd.; Cheni Abs , 1930, 24, 739. 
®”Htitish P 363,333, 1930, to Imperial Chem. Ind., Ltd. Sev'* al.so British P 309,951, 1929 

W. J. Jenkins, British P. 310,062, 1929, to Imperial Chem. Ind., Ltd.; Bnt Chem. Abs. B, 1929. 
483. G. P Davies and W. J. Jenkins, British P. 328,657, 1930; Chem Abs., 1930, 24, 5517 
«• French P. 655,355, 1928, to Flintkote Co.; Chem Abs., 1929, 23, 4061. 

TOJ. H. Rile, U. S. P. 1,890,128, Dec. 6, 1932, to Hercules Powder Co. „ Chem. Abs., 1933, 27, 1734. 
British P. 308,524, 1928; Chem. Abs., 1930, 24, 238. 

C. Hetherington and S. S, Sun, U. S. P. 1,970,090, Aug. 14, 1934, to Impeiial Chem. Ind. Ltd.; 
Chem. Abs., 1984, 28. 8271. British P. 381,590,4932; Chem. Abs., 1933 , 27 , 5535. 

French P. 647,330, 1927, to Du Pont Cellophane Co., Inc ; Chem. Abs., 1929, 23, 2542. 

G. Norton, U. S. P. 1,788,4M, Jan. 13, 1931, to Hercules Powder Co.; Chem. Abs., 1931, 

25, 1086. 

’«J. E. Graham, U. S: P. 1,876,280, Sept. 6, 1932, to Bird A Son, Inc.; Chem. Abs., 1933, 27, 176. 
«W. E. Flood, D. C. Booth and W. H. Beialer, Ind. Eng. Chem., 1928, 20. 609. 
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hlms from these’ eoinpositions. These workers foinifl that, the addition of raw 
tiing oil to the lacquer containing ester gums yielded coatings that ga\p opacjue 
films of low tensile strength. The use of bodied tiing oil produced better results 
but the final films were red in color. By heating the ester gum with tung oil and 
then adding to nitrocellulose, the resulting composition possessed the desired 
properties. Ester gum, tung oil and glycerol were refluxed at 27o°C for 2 hours 
and steam passed through the mixture 45 minutes at 180°C. As much as 30 yier 
cent tung oil was mcoriiorated with the rosin ester. This resin was dls^olved m 
a thinner and added to the nitrocellulose solution. One composition contained 
the following substances (by weight): 


Dry nitrocclluIoM' 

19.2 parts 

Ethanol 

8 2 ’’ 

Amyl acetate 

30.0 •’ 

Benzene 

13.5 ” 

Ester gum-tung oil n^sm 

5.7 ” 

Ethjd acetate 

6 8 ’’ 

Diacetone alcohol 

3.0 ” 

Xylene . 

13 5 '' 


Exposure tests on wooden panels indicated that the presence of tung oil increase'^ 
the durability of the films. From his experimental uork, Kolke^'^ found that tlu‘ 
combination of a rosin ester-tiing oil varnish with a butyl acetate solution of ni(ro- 
cotton yielded a good lacquer. 

A method of preparing an ester gum-tung oil-nitrocolhilose composition is desciibcd 
by Swartz.'” Fifty poimd» of ester and 15 gallons of oil are heated to 200°C , 4 I'oiind^ 
of litharge added and the tempoiature raised to 280°C. At 290“C 50 pounds inou’ 
of esfei gum are added Manganese resinatc is incorporated at 260°C. and toluene 
at 175®C This composition is added to an equal volume of a solution made from 2 
pound.N of dry. half-second R. S. Cotton, 1 gallon of bulvl acetate and 21 ]>('r cent of 
jilaslicizer The final jiroduct may he applied a^ a ^piay or thinned with toluol, 
butanol or butyl propionate for bnishmg. When spraved onto wood the coating will 
diy to touch in 15 minutes and hard enough to handle m 2 houis 

In some instances linseed oil has been employed in this t\pe of (mating but loi 
m( 3 st purposes tung oil has been found to give the best results A flat, \arni>h 
containing linseed oil w’as prepared by Burgemeister** by melting the ingreduMit^ 
together at 2<S0-300°C. As an example, ester gum (250 jiarts), linseed oil t5tM) 
parts) and ethyl cellulose (250 parts) were heated until oil and resin dissohed 
Jenkins” added /3-hydroxy methyl propionate to a linseed oil lacc|uer. One such 
comiiosition contained nitrocellulose (12 jiarts), butyl iiropionate (5 parts), /3- 
hydroxy methyl ])ropionate (10 parts), butyl alcohol (25 parts), ester gum (10 
parts), linseed oil (10 parts), tricresyl phosphate (3 parts), xylene (20 jiarts) and 
turpentine (5 parts). 

An oxidized ester gum-linseed oil mixture was jiroiiosed by Bonney and Eggo"' 
for addition to lacquers. The mixture consisted of linseed oil (3 parts) and ester 
gum (1 part). This was heated to 115®C. until the resin dissolved; then a drier 
was added. The mass was aerated for 25-30 hours at 80°C. unlil it became viscou> 
The unoxidized constituents of the batch were extracted by petroleum naphtha. 
Thirty parts of the product were mixed with cellulose nitrate (10 parts) and 
solvent (60 parts) to give clear protective coatings. Another composition con¬ 
sists of linoxyn, ester gum, cellulose acetate, tricresyl phosphate, castor oil, sob 

’«F. Koike, Farben-Ztg„ 1928. 33, 861. 

M. D. Swartz, Paint, Oil, Chem. Rev,, 1920 , 82 (20) 12. 

K. Burgemeistef, German P. 523,300, 1928; Chem. Aba., 1931, 25 3502. 

,T. .lenkina, Brit»sh P 307.528, 1927, to Imperial Chem Iiul . I.Ul : Rnt. Chew \hs B. 1920 365 
R D. Bonnev and \V. S. Egge, U. S. P. 1,968,243, July 31, 1934. to CJongoleum-Naiin, lur ; Chem. 
Abs., 1934, 28, 6002. 
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vents and diluents” Ellis“ employed a destructively-distilled castor-oil con¬ 
densation product for incorporation into pyroxylin lacquers containing ester 
gum. 

Rosin ester, cellulose derivatives and oil have been added to plastic compositions. 
Griffiths” prepared such a combination from nitrocellulose (15-20 parts), ester 
gum (5-9 parts), castor oil -(1-5 parts), solvent (66-79 parts) and wood flour (15- 
30) parts. Another plastic composition is made from nitrocellulose, bodied linseed 
oil, ester gum, solvents and powdered slate.” 

A thermoplastic composition, produced from a mixture of glycerol, rosin, tung 
oil and stearin has been proposed by Hadley.” The mixture is heated until the 
oil is polymerized, the rosin esterified and the volatile matter driven off. The 
resulting composition is used with mica to form electrical insulators. A composition 
containing ester gum, nitrocellulose, castor oil and lampblack has been suggested 
as a printing ink.” 

Properties of Nitrocellulose-Resin Films. As was already stated, the 
incorporation of esters with lacquers alters the characteristics of the coating com¬ 
position. Effect of esters upon the time of drying and method of application has 
been mentioned previously. The largest changes in the final coating are prob¬ 
ably those with respect to adhesiveness and gloss. 

Tests on the adhesiveness of nitrocellulose films were carried out by Gardner 
and Van Heuckeroth.” A number of lacquers and resin-lacqiier compositions were 
coated onto different surfaces. After drying, the coating was stripped off.” The 
load (in grams) required to remove the film from the material is taken as a 
measure of the adhesiveness of the film. In Table 40 are given the results of a 
lacquer containing 9 per cent of dibutyl phthalate and one consisting of 100 parts 
of cotton base* and 25 parts of ester gum dissolved in toluene (25 parts), toluene 
(50 parts) and dibutyl phthalate (10 parts), after each had dried 6 days. 

Table 40 .—Adherence of Lacquers to Various Surfaces. 

Galvanized Black 


Material Iron Iron Glass Wood Tin Aluminum 

Lacquer. 280 * 20 320 460 0 0 

Ester gum-lacquer.... 600 200 400 480 100 20 


Results are expressed as load in grain.s required to strip coating from material. 

In testing lacquers, Merz” varied the proportion of ester gum from 0 to 1(X> 
per cent (based on total solids). As the percentage of rosin ester* increased the 
film became more brittle, but up to 70 per cent ester gum had comparatively 
slight effect on the durability (by accelerated methods). However, Duncan, Wig- 
gam and Davey” concluded from their work on light-absorption by lacquer films 
that ester gum was affiicted by ultraviolet light. This is not a large factor however 
in lacquers containing pigments because these solids protect the film by rendering 
it opaque. 

After studying color, gloss, binding power, elasticity and durability of lacquers 

•‘British P. 307,361. 1929, to I. G. Farbenind. A.-G.; Brit. Chem Ab^. B, 1930, 780. Blown oils and 
solid waxes are included in other compositions. See British P. 419,688, 1933, to Sylvania Industrial 
Coip.; Brtt. Chem. Abe. B, 1935, 320. 

“C T Ellis. U. S. P. 1,984,261, Nov. 7, 1933, to Sherwin-Williams Co.; Chem. Aba, 1934 , 28, 663. 

»M. E. Griffiths, U. S, P. 1,838,618, Dec. 29, 1031, to A. S. Boyle Co.; Chem. Aba., 1932, 26, 1460. 

German P 514,640, 1925, to I. G. Farbenind. A.-G. 

»G. F. Hadley, U. S P. 1,948,756, Feb. 27, 1934, to Westinghouse Elec. A Mfg. Co.; Chem. Aba., 
1034 2 8 2812 

^FiWh P. 698,639, 1930, to T. G. Farbenind.'A.-G.; Chem Aba., 1931. 25, 3184, 

^ H. A. Gardner and A. W. Van Heuckeroth, /nd. Eng. Chem., 1928, 20, 600. 

Sco Chapter 70 for details of test 

*®The cotton base contained 82 ounces of half-second nitrocellulose in 1 gallon of butyl acetate. 

»0. Mers, Farben-Ztg., 1930, 36, 316, 3627; Bnt. Chem. Aba. B, 1931, 72. 

•‘D. C. Duncan, D. R. Wiggam and W. P. Davey, Jnd. Eng, Chem., 1931, 23, 004. 
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containing various resins, Toeldte” decided that ester gum was among the best 
for incorporation with nitrocellulose. Experiments on the tensile strength of 
nitrocellulose films by Jones and Miles** showed that lacquers containing ester gums 
had high tensile strength. These workers found that the properties of the nitro¬ 
cellulose solvents and plasticizers employed affected the characteristics so much 
that these, as well as the ester gum have to be considered in judging a lacquer. 

Solutions op Resin Esters 

Solutions of esters without drying oils have been proposed for use as coating 
compositions. If the solvent is volatile, waterproof coatings are quickly formed. 
These compositions of course do not exhibit all the desirable properties of an oil 
varnish. However, they are practical for certain purposes. The use to which the 
coating is to be put generally determines the solvent employed. Acetone is one 
solvent that has been suggested. Woodford*^ dissolved ester gum (1 part) in 
acetone (3 parts) to produce a liquid that would adhere well to paraffin paper 
and dry in 10 seconds. A solution comprising equal parts of ester gum, rosin 
and acetone was used to size and waterproof fabrics.®* To make a photographic 
film non-static. Seel*® coated it with a 3 per cent solution of ester gum in acetone. 
Esters of 9,11-octadecadiene-l-carboxylic acid with glycerol were used by Scheiber®^ 
in conjunction with ester gum to prepare vehicles for printing inks. A bronze 
printing ink, which contained finely divided metal, ester gum and terpineol was 
made by McElroy and Clarke.** A turpentine solution of ester gum was included 
in a metal polish by Jones and Harding.*® The polish was said to leave a protec¬ 
tive film not easily removed by rubbing. 

A carbon paper is obtained by coating paper with a composition consisting of 
resin esters and coloring matter dissolved in a volatile liquid.*®* The resinates of 
amino alcohols, employed with volatile solvents, are suggested as sizing for textiles 
or cellulose pulps.*®* A solution of an ester gum has been used for sealing the 
edges of safety glass. The solvent chosen should also soften the edges of the 
central layer.*®® 


Mixtures op Ester Gum and Rubber 

Ester gum has been mixed with rubber to prepare materials whose properties 
and uses depend upon relative proportions of ingredients and fillers. A plastic 
adhesive rubber composition is produced by heating ester gum <10 parts) and vul¬ 
canized rubber (4-15 parts) for 6 hours in an autoclave at 176°C.*®* Ester gum 
dispersions in reclaimed rubber (100:50-200) can be diluted with a solvent (e.g., 


«W. Toeldte, Farben-Ztg., 1931, 37, 448; Chem, 1932, 26. 1807. See also H. Wolff and W. 

Toeldte, Farben-Ztg., 1929, 35, 2311; Brit, Chem. Aba. B, 1929, 1046. 

•»Q. G. Jones and F. D. Miles, 1933, 52, 251T See also Wachholt*, Fachxxuarhvas 

Anatrichtechnik Vet. Deut. Ing., 1929, 3, 34; Chem. Aba., 1930, 24, 4174. 

•*W. H. Woodford, U. S. P. 1,733,177, Oct. 29, 1929, to Remington Arms Co.; Chem., Aba, 1930, 
24, 515. 

«*H. E. Butterfield, British P. 168,174, 1920; J.S.C.1, 1921, 40, 732A. 

••P. C. Seel, U. 8. P. 1,687,042, Oct. 9, 1928, to Eastman Kodak Co.; Chem. Aba., 1928. 22, 4394. 

•'J. Scheiber, German P. 522,486, 1931; Chem. Aba., 1931, 25, 3184. 

®®W. J. McElroy and J. aarke. U. S. P. 1,489,356, Apr. 8, 1924; Chem. Aba., 1924, 18, 1915. British 
P. 197,916, 1928, to Alchemic Gold Co.; J.S.C.I., 1923, 42, 1234A 

S. Jones and H. J. Harding, British P. 198,807, 1922; Chem. Aba., 1924, 18. 312. 

»»British P. 307,435, 1928, to Firm of G. Wagner; Chem. Aba., 1929, 23, 5285. Biitish P. 324,859, 

1928; Chem. Aha., 1980, 24, 8903. 

"ttA. I. Kusnetsov, French P. 704,431, 1980; Chem. Aba., 1982, 26, 1455. 

J. Wilson, British P. 826,259, 1928, to Triple* Safety Glass Co., Ltd.; Chem. Aba., 1980, 24. 4369. 

"»W. L. Semon, U. S. P. 1,892,167, Dec. 12, 1982, to B. F. Goodrich Co.; Bnt. Chem. Aba. B. 

1983, 757. 
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gasoline, carbon tetracliloride) to obtain an adhesiveA rubber composition 
for shoe soles was made from esters of rosin, rubber, gasoline, fibrous material, 
sulphur, lampblack and resin emulsion/”® The addition of 5-30 iier cent ethyl 
abietate (as a plasticizer) to a mixture of gutta-])ercha and deproteinized rubber 
yields an insulating material that can be used for high-frequency cables/”” Ethyl¬ 
ene oxide-abietic ester has been employed with a butadiene polymerization prod¬ 
uct in the preparation of insulated cables/”" 

A cement consisting of solid chlorinated naphthalene (Halowax), ester gum 
and rubber latex has been suggested as a bonding agent for glass, metal and wood 
The cement is fused and ajiplied to articles that have been heated to 110°C. 

The use of a synthetic resin in chewing gum is of course contingent on the 
absence of any undesirable flavor. Welier*”” found that ester gum, after treatment 
wuth dry steam at 150°C. could be enijiloyed successfully for thiN purpose. One 
chewing gum proposed contained 25 jiouiids of (‘hicle to 10 ])ounds of ester gum. 
A chicle substitute was prejiared from natural rubber and the rosin esters of 
glycerol, -glycol or naphthol/"” A paraffin waix-rubber base mixed with ester gum 
gives a bland tasteless ma.ss when heated to 145°C. The consistency of the chewing 
gum is controlled by the proportion of ester/‘^ The benzyl ester of abietic acid, 
which is a resinous material softer than ester gum, wais jiroposed for use m 
chewing gum and as a w^aterjirooling agiait for pai)er"'’ 


Ester in P\per Coatinos 

Among the numerous materials which have been ])ro])osed for imiiregnatfng 
jiajier for various reasons (waterproofing, ])reparmg stencils, elc ), mixtures con¬ 
taining ester gum have found some use For instance, a waterjiioofiiig composi¬ 
tion was ])rej)ared bv Fearsall’’’ from ])etrolatuni w^ax (15-95 ])arls) and ester 
gum (5-85 parts). The coating is non-tacky and will not stain white iiajier. It is 
said to be good lor waterproofing fuses. Acoustic diaphragms, constructed of cloth 
or jiaper, are made air-impervious and water-repeilant by a mixture composed 
of equal parts of tung oil and ester gum/‘^ A composition, proposed for water- 
Iiroofing paper, contains a cellulose ester, ester gum, wax, plasticizer and solvent/"® 
Certain esters have been included m coatings for application on thin tissue paper 
to make stencil sheets. One such mixture consists of mineral wax and a polyhydric 
eater of bleached montan wax. Another one was produced from cellulose esters, 
naphthenic acid glycerides and a heavy hydrocarbon oil/"” A solution of ester 
gum, turpentine and castor oil was coated onto backing-sheets for duplicating- 
machine stencil sheets/"" Decalcomania paper with a design thereon is provided 
with a coating containing nitrocellulose, ester gum, plasticizer and solvent/"” 

W. F Zimnierli and R. S. Havenhill, V S P 1,892,123, Dec. 27, 1932, to R F Goodiirh Co ; 
Cfifim. Aba., 1933, 27. 2001. 

I. Rivkin and I. A. Skorov, Russian P 30.955. 1933; Chem. Aba., 1934. 28, 3620. 

A. R. Kemp, British P. 404,027, 1932, to Electrical Resinous Products, Inc , Hrtf Chem Aha. B, 
1934, 207 

lo^Biitish P. 332,891, 1930, to T. O. Farbenind. A-G.; Brit. Chem. Ab.^. B, 1930, 955. For the 
addition of esters to butadiene polymerization products see Chapter 9. 

JOSM. E. Delaney, U. S. P. 1,945,803, Feb, 6. 1934, to italowax Corp.; Chevi Aha, 1934, 28, 2481. 

M. Weber, TI. R P 1,401,452, Dec. 27, 1921, to Elhs-Foster Co. 

’»oW. O. Snelhng, U. S. P. 1,430,036, Sept. 9, 1922; Chem. Aba., 1922, 16, 4094 

E. Dellenbarger, U. S. P. 1,786,831, Dec. 30, 1930, to P. Carpentei; Bnt. Chem. Aba. B. 

1931, 1026. 

’WF. D. Crane, U. S. P. 1,513,802, Nov. 4, 1924; Chem. Aba., 1925, 19. 188. 

’WD. E. Pearsall, U. S. P. 1,968,807, Aug. 7. 1934, to Ensign-Bickford Co.; Chem. Aba., 1934 , 28. 6314. 
H. Burgman, U. S. P. 1,911,802, May 30, 1933, to G. J. Liebich Co.; Chem. Aba , 1933, 27, 4044 
H. Church and K. E. Prindle, British P. 283,109, Jan. 3. 1927, to Du Pont Cellophane Co., 
Inc.; Chem. Aba., 1928, 22, 3991. ^ 

iwS. Horn, U. S. P. 1,792,095, Feb. 10, 1931; Chem. Aba., 1931, 25, 1958. U. S. P. 1,885,261, Nov. 1, 
1932; Chem. A6s., 1933, 27, 1119. 

Horii, British P. 310.126, 1928; Chem. Aba., 1930, 24, 699. 

”»R Tull, TJ. S P. 1,826,228, Oct. 6, 1931, to Western Lithograph Co.; Chem. Aba., m2, 26, 569. 
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A fusible coini)osition, which on heating is intended to be transferred from the 
original paper (dry transfer), was obtained by Lawrence^® from a mixture of rosin 
ester, wax, castor oil, cadmium selenide and solvent. Another combination used 
for the same jiuriiose is composed of ethyl cellulose, ethyl abietate, cumarone, gold 
bronze, the monoethyl ether of diethylene glycol (Carbitol) and castor oil.^ 
Ethyl and butyl abietate have been mentioned as jilasticizers for phenolic resinoids 
to be employ(‘d as cements in the making of laminated material from paper.’’' 


Misokllamoous IJsKs OF Ester Ohm 


Ester gum has been added to pla.^tic compositions to replace more costly 
materials or to modify in some manner the jiroperties of the product. Generally 
ester gum does not constitute a largo percentage of the total mass. One such 
plastic. comjHisition proposed by Huir*^ contained casein (50 parts), furfural (5 
jiarts), ester gum (5 parts), slate dust (40 parts). The mass was molded at 
100°(\ for 50 minutes under a pressure ot 3 tons to the square inch. Another 
plastic mass includes ester gum and kieselguhr among its ingredients.''” The 
esterification jiroduct of copal with poly hydroxy fatty acids has been suggested as a 
binding medium in the making of phonograph records.’’* 

The addition of ester gum to a composition containing camphor and nitrocellu¬ 
lose lowers the modulus of elasticity of the resulting celluloid.’^® A mixture of this 
type containing a resin ester has been employed as a shoe-upper stiffener (eg., 
box toes).’^'’ 

The esterification of rosin and phenol in the ])resence of mineral acids yields a 
resin insoluble in water. It is rendered soluble by sulphonation, the resulting prod¬ 
uct being employed as a tanning agent.’^’ 

Esters of abietic acid and niontan wax may be used as emulsifying, cle rising 
and wetting agents. Triethanolamine abietate has been proposed as emiilsihei m 
the preparation of a pyrethrum emulsion.’'” The acids of crude or treated mon- 
tan wax were esterified with aliphatic or aralkyl alcohols to give materials which 
may be utilized as wetting, emulsifying, cleansing and sizing agents.”^’® A mixture 
of hexamethylenetetramine (1-25 per cent) and ethyl abietate (75-99 per cent) was 
employed as a soldering flux by McBride.’’’® Heptaldehyde and undecylenic acid 
have been obtained from a mixture of raw castor oil and ester gum destructively 
distilled in vacuo at 300-340 

11® W S. Lawrence, U. S. P 1,941,697, Jan. 2, 1934, to Kaumagraph Co.; Bnt Chcm Abs B, 
1934 924 

120 W. S Lawrence, U. S. P. 1.899.420, Feb. 28, 1933, to Kaumagraph Co , Chem Abs , 1933 . 27 , 3048 
British P 338,611, 1929 

121 French P. 685,801, 1930, to Bakelite Corp.; Chem Zentr . 1931, 1, 1530. British P 343,572, 1929, 
Bnt Chem. Abs. B, 1931, 482 

122 S M. Hull, U. S. P 1,711,025, Apr 30, 1929, to Western Electric Co.; Chem. Abs, 1929, 23, 3060 

123 French P. 731,431, 1932, to I G. Farbenind A.-G 

12* W Dux, British P. 350,764, 1929; Chem. Abs., 1932, 26, 3124. See also German P. 551,093, 1929. 
Chem. Abs , 1932, 26, 4487 

125 P. Heymans and G. Calingaut, Jnd. Eng. Chem , 1924, 16, 939. 

128 D B Macdonald, British P. 397,141, 1933, to British United Shoe Machmeiy Co. Ltd.; Chem. 
Abs , 1934 28 1490 

127 A boser and A. Thauss. IJ. S P. 1,788,371 and 1.788,372, Jan. 13, 1931, to I G Farbenind A.-G ; 
Chem Abs, 1931, 25, 1109. British P. 302,938, 1928; Bnt. Chem. Abs. B, 1930, 941 British P. 321,190, 
1928; Bnt. Chem. Abs. B, 1930, 410. 

i2« German P. 525,821, 1929, to I. G. Farbenind. A.-G.; Chem. Abs., 1931, 25. 4654. 

British P. 371,822, 1931, to I. G. Farbenind. A.-G.; Chem. Abs., 1933, 27, 3045. 

^F. D. McBride. U. S. P. 1,929,895, Oct. 10, 1934, to Berry Solder Co.; Chem. Abs, 1934 , 28, 94. 

H. A. Bruson and J D. Robinson, U. S. P. 1,889,348, Nov. 29, 1932, to Resinous Products A 
Chem. Co.; Chem. Abs., 1933, 27, 1365. 
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Chapter 40 
The Diene Synthesis 


The Diels-Alder reaction has opened up a new field of synthesis of such com¬ 
pounds as terpenes, sesquiterpenes, camphors, alkaloids, and partially hydro¬ 
genated benzene derivatives. The direct application of this reaction to the pro¬ 
duction of resins has taken place only m certain isolated instances. Indirectly, 
however, the reaction has served to interpret or re-interpret mechanisms which 
could not otherwise be characterized and to elucidate structures, particularly as 
regards to whether a conjugated system does or does not exist.' The diene syn¬ 
thesis, as the Diels-Alder reaction is usually termed, probably is designed to 
play an important role in the field of synthetic resins, both in the production of 
special types or qualities of resins and in the study of various resmifying reactions. 
For this reason it has been deemed desirable to present a rather complete con¬ 
sideration of the chemistry involved in the formation of the products of diene 
synthesis (so-called adducts), a discussion of which embraces the greater part of 
the text of this chapter. In 1906 Albrecht* described several reactions between 
quinones and cyclopentadiene. He found that either one or two molecules of 
cyclopentadiene would combine by straight addition with benzoquinone but could 
not assign any satisfactory constitution to the resulting products. Somewhat later, 
it was noted that isoprene could likewise be condensed with benzoquinone* by 
heating in a sealed tube at 120-180°C. for 5 to 6 hours. The resulting product 
was a white crystalline substance, which added two mols of bromine and which 
formed a dioxime. It was suggested that the isoprene added 1,4 to the quinone 
and the provisional formula was assigned as 

O 



^ For the use of maleic anhydride and citraconic anhydride, for example, in the purification or the 
iaolation of new uomera and in the elucidation of the structures of ergosterol and Vitamin D, see A. 
Windaus. K. Dithmar, H. Murke and F. SuckfUU, Ami., 1981 48S, 91; Brit. Chem. Abs. A. 1931, 1051. 
A. Windaus, A. Lttttnnghaua and M. Deppe, Ann., 1981, 489, 252; Chem. Abe., 1983. 26, 1015. A. 
Windaus and A. LUttringhaus, Ber., 1981, 64, W; Chem. Abe., 1981, 25, 4007. A. Windaus, Proe. Roy. 
Soc., 1981, lOSfi, mrBnt. Chem. Abe. A. 1981, 1098. W. StoU, Z. phyeioi. Chem., im, 202, 232; 
Chem. Abe., 1982, 26, 784. Z. Nakamiya, Z. phyeioi. Chem., 1931, 203, 255; Chem. Abe., 1M2, 26, 1295. 

For the use of maleic anhydride to identify the diolefins in the lower fractions 6f vapor>pha8e>cracked 
gasoline, see 8. F. Birc^ and W. D. Scott. Ind. Bnp. Chem., 1982, 24, 49. J. O. Morrell, C. G. Dryer. 
O. D. Lowry, Jr., and Q. Egloff, tb/d., 1984, 26, 655; in the determination of bivinyl in the presence oi 
butylcoea, see I. F. Suknevi^ and A. A. Chilingaryan, /. Applied Chem. (C.3.S.R.), 1981, 4, 724; 
Ch^. Abe., 1982, 26, 941: and in the estimation of isoprene from rubber, see H. L. Bassett and H. Q. 
Williams. J.C.B., lOM, 2824. An apparatus lor the determination of diolefin hydrocarbons in gas is 
describea by A. A. Korotkov, Bintet Kauchuk, 1988, 4, 28; Chem. Abe., 1984, 28, 8028 and by H. Tropsch 
and W. J. Matt^, Ind. Eng, Chem., Anal. Ed., 1984, 6, 104. 

For the characterisation of the dimethylbutadienes by maleie anhydride, E. H. Farmer and F. L. 
Warren (J.CJS., 1931, 8221) have found that the 1,8-, the 1,4- ana the 2,8'<>dimethylbutadienes add 
Quantitatively; the 14*dimethyl and the 1-methyl polymeriae uightly and the 1,1-dimethyl polsrmeriies 
completely. 

iW. A&redit, Ami., 1906, 346, 81; I.C.8., 1906, 90 (1), 874. 

•H. von Euler and K. O. Jeeephaon, Ber., 1920, 53, 822; Chem. Ahe,, 1920, 14^ 3242. 
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Diels, Blom and Koll* determined the structure of the reaction product of 
dimethylisoprene (2,4-dimethyl-l,3-pentadiene) with ethyl azocarboxylate to be 
diethyl 3,3,5-trimethyl-A*-tetrahydro-l,2-pyridazine-l,2-dicarboxylate. 


CH, CH, 

V 


HC 


N~€OOC,H, 
^ ll—COOCiH. 


CH, 


CH, CH, 

V 

UC'^ COOCiH, 

CHr-il A— COOCjH, 

H, 


They suggested at the time that cyclopentadiene in Albrecht's reaction* reacted 
as a conjugated system with quinone. Later Diels and Alder* extended the scope 
of the reaction of the addition products of the dienes and since that time the 
method has been known as the ''diene synthesis" or the Diels-Alder reaction,’ It 
involves a system of conjugated double bonds reacting with the grouping 


D 


~o=c- 


L 


in such a manner that the conjugated double bonds are opened up at the 1,4 posi¬ 
tion and become attached to or saturate the ethylenic bond of the a/S-enal with 
the formation of carbon-carbon unions. The reaction of butadiene with acrolein 
may be represented as follows: 


HC 

Hi 


CH, 


CH, 


CH, 

y \ 


H, 

C 

/ \ 


N 

+ ]| — 

>■ I 

J 

[C 

CH—CHO 

HC 

c; 


c/11, 


. / 
c 

H, 


H—CHO 


the final product being A*-tetrahydrobenzaldehyde.’* 

This system of conjugated double bonds may be in a straight chain (butadiene, 
isoprene, dimethylbutadiene or myrcene), in a cyclic structure (cyclopentadiene, 
cyclohexadiene, a-phellandrene or anthracene) or in a heterocyclic structure (furan, 

I 

P3rrrole). The o^-enal grouping (—C=C—C=0) may be in a straight chain (acro¬ 
lein, acrylic acid, crotonaldehyde) or in a ring (quinone, maleic anhydride,* itaconic 
anhydride or citraconic anhydride). Cyclopentadienone stands in rather an anom¬ 
alous position in that it fits into both classifications. It should undergo auto¬ 
reaction; this was found to be the case in the phenyl-substituted derivative. 


«0. Dieli, J. H. Blom and W. KoU, Ann., IWi, 443, 343; J.C.S., 1935, 128 (1). 978. 

■W. Albrecht, loc. cit. 

•O. Dielt and K. Alder. Ann., 1338, 460, 38; Chem. Ah»., 1338. 22. 1144 

f For reviews on the diene syntheeis, see K Alder. “Die Methoden der Dien>syntheee.“ Abt. I, Teil 
3/11 in E. Abderhalden's “Handbuch der Biolc^ischen Arbeitemethoden," Urban A Schwarsenbuni;. 
Berlin and Vienna, 1933, 8073, and O. Diels, Z. angew. Chem., 1329, 42, 311; Chem. Ab*., 1380, 24, 356. 
See also O. Diels and K. Alder, U. S. P. 1.344.781 and 1.344,732. Jan. 33. 1334, to I. Q. Farbenind. A.-O.* 
Chem. A6«., 1984, 28, 3016, 3017. British P. 800,180, 1927; Chem. Abt., 1333, 23. 8476. German P. 
536,168, 1337; Chem. Ab$., 1331, 2S, 4388. ^ , 

** Reaction of a-phenylbutadi«ie with acrolein forms 3>phenyUA*'^trahydrobensaldehyde. See 
JL Lehmann and W. Paasche, Ber., 1335, 68, 1146. 

•P. Pfeiffer and T. Battler iBer., 1318, 51. 1813; Chem. Abt., 1919, 13, 1471) have discussed the 
qnlnoidal nature of maleic anhydride. 
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More recently, it has been shown that the acetylenic linkage will also react with 
the dienes. Mention has already been made of the reaction between certain azo 
compounds and conjugated diene hydrocarbons. 

It may readily be seen that, with this form of synthesis, numerous types of com¬ 
pounds may be built up. The structures, which will be considered, are: first, 
the reaction of the dienes in a straight chain; second, the dienes in a cyclic 
system (both homo- and heterocyclic); and finally, the action of higher polyenes. 


Acyclic Butadienoids 


6-Methyl-A*-tetrahydrobenzaldehyde® is obtained by the action of butadiene on 
crotonaldehyde. By using maleic anhydride'® (in place of the aldehyde) with 
butadiene, the cis-A‘-tetrahydro-o-phthalic anhydride is obtained. 


CH2 
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Brooks and Cardarelli" prepared a light-colored resin by heating this acid (or 
anhydride) with glycerol. 

Benzdquinone having two a/3-enal groupings may react with one or two mols 
of the diene to give rise to A*'®~tetrahydro-l,4-naphthoquinone and A-’®-octahydro- 
anthraquinone, respectively.'* The tetrahydronaphthoquinone, formed from benzo- 
quinone and butadiene, reacts with a second mol of the diene to yield the octa- 
hydroanthraquinone, as represented below: 


O 

s- 

HO^ 

II I II + 

HC C CH 

\ /H\ / 

c c: 


CH2 
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CII 

Ah 
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H2 ll H2 

c c c 

/ \H/ \,H/ \ 

HC C C CH 

II I I II 

lie C (' CH 

\ /H\ /H\ / 

c c c 

H2 II H2 
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The octahydroanthraquinones, however, are capable of isomerization when heated 
with acid or with alkali. When treated with alcoholates they yield hexahydro- 
anthrahydroquinones which may be dehydrogenated to hexahydroanthraquinones.'* 

• When this aldehyde (or othets of like natiue) is treated with acetone and sodium methoxide 
aldolization takes place. By dehydration, tetrahydromethvl-benzalacetone, a perfume ingredient, is 
obtained; see O. Diels and K. Alder, U. S. P. 1,891,043, Dec. 13, 1932, to I. G. Faibenind. A.-G.; 
Chem. Aba., 1933, 27, 1891. German P. 5*5,398, 1929; Chem. Aba., 1932 , 26, 3075. 

Diels and K. Alder, Ann., 1928, 460, 98; Chem. Aba., 1928, 22, 1144. 

“B. T. Brooks ftnd E. J. Cardarelli. U. S. P. 1,860,730, May 31, 1932; Chem Aba., 1932 , 26, 3945. 
“O. Diels and K. Alder, loc. cit. K. Alder and O. Stem, Ann., 1933 , 501, 247; Chem. Aba., 1933, 
27, 2441. For the addil'on of diazomethane ta quinones, see L. F. Fieser and M. A. Peters, J.A.C S., 
1931, 53, 4080. 

'»A. Luttringhaus, H. Neresheimer and W. Schneider, German P 494,443, 1928, and addn. 554,878, 

1929, to I. Q. Farbenind. A.-G.; Chem. Aba., 1930, 24, 2757; 1933, 27, 309. French P. 36,990, 1929; 38,055, 
1929 ; 39,333, 1930; addns. to 673,825, 1929; Chem. Aba., 1931. 25. 965; 1932, 26, 604; 1932, 26, 2202; 

1930, 24, 2757. British P. 320,375, 1928 ; 340,509, 1929; 341,553, 1929; Chem. Aba., 1930, 24, 2757, 1931, 
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Isomerization can take place aa in the case of the octahydroanthraquinones, or for 
the corresponding halogenated compounds, by an intermolecular elimination of 
halogen acid. If an oxidizing agent (nitrobenzene) is used initially in the reaction 
of butadiene with naphthoquinone, anthraquinone itself is obtained.” 

Tetrahydroquinazarine (l,4-dihydroxy-A*-tetrahydroanthraquinone) is formed 
from butadiene and naphthazarin (5,8-dihydroxy-l,4-naphthoquinone).“ 

Butadiene combines with methyl acetylenedicarboxylate in the manner of a 
1,4 addition to yield a derivative which on dehydrogenation passes over into 


CHt 


HC 
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H, 

C 

C—COOCH, ' HC^ ^C-COOCH, Br. 
C—COOCH, H<i! <[!—COOCH, 1^ 


CH, 


^-COOCH, 
COOCH, 


H, 


phthalic ester.” It is of interest to note that triphenylmethyl combines both with 
isoprene and with dimethylbutadiene, with the addition taking place 1,4." 

The butadiene acids (sorbic*' and muconic) yield, with maleic anhydride car- 
boxylate, tetrahydrophthalic anhydrides.” 


Cyclic Butadibnoids 


Cyclopentadiene and acrolein form 2,5-endomethylene-A*-tetrahydrobenzaldehyde 
which on reduction passes into 2,5-endomethylene-hexahydrobenzaldehyde," the 
semicarbazone of which on treatment with sodium acetate and acetic anhydride 
yields enol-norcamphenilanaldehyde acetate; this on ozonolysis and hydrolysis 
decomposes into norcamphor." 

G. Kranzlein, H. Dieterie and H. Vollmann, German F. 544,922, 1929, to I. G. Farbenind. A.>G.; 
Chem, Ahs., 1982, 26, 3522. 

^ 0. Diels and K. Alder, German P. 544,523, 1929, to I. G. Farbenind. A.-G.; Chem. Abn., 1932, 26, 
3523. For other quinazanns, see G. KrUntlein, H. Dieterie and H. Vollmann, German P. 544,522, 1929. 
H. Dieterie, A. Salomon and E. Nosseck, Ber., 1931, 64, 2090. For the colored compounds which are 
obtained by the condensation of methyleneanthrone with quinones and with compounds containing the 
ethylene or the enol (''CH=C(OH)>-) grouping, aeti^ted by an adjacent carbonyl, eee British P. 405,949 
and 405,967, 1932, to I. G. Farbenind. A.-G.; Brit. Chem. Abi. B, 1984, 355. German P. 591,496 and 
addn., 597,325, 1934; Chem. Abe., 1934. 28, 2366, 5082. 

uQ. Diels, K. Alder and H. Nienberg. Ann., 1931, 490, 236; BHt. Chem. Abs. A, 1982, 55. 

*>J. B. Conant and H. W. Scherp, J.A.C.8., 1931, 53, 1941. 

*^For the decarboxylation of sorbic acid with baniim hydroxide, see R. Kuhn and A. Deutsch, Ber., 
1932, 65, 43; Chem. Abs., 1982, 26, 2174. Under the treatment, sorbic acid sdelds o-propyltoluene. 
Decarboxylation of vinylacrylic acid CH=CH-^:}OOH) gives in part ethylbenzene, while 

dnnamenylacrylic acid gives /5-phenyl-a-o-dipheiiylyleihane. An unsaturated aliphatic carboxylic acid 
containing a double bond in the a-position (erotonie or sorbic acid), when incorporated into paints 
along with drying oil. diluent, drier and pigment produces a paint of improved flow. See H. Bernard, 
U. 6. P. 1A88.274, Kov. 24, 1931, to I. G. Farbenind. A.-Q.; BrU. Chem. Ab$. B. 1932, 807. 

•-Bi H. Farmer and P. L. Warren, J.C.B., 1929, W. 

•0. Diels and K. Alder, Ann., 1928, 460, 98; Chm. Abs.. 1928, 22, 1144. 

Diels, K. Alder, W. LUhbert, E. Naujoka, F. Querberits, K. Rbhl and R. Segeberg, Ann., 1929, 
470, 62; Chem. Abs., 1929, 23, 3692. 
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Cyclopentadiene reacts vigorously and quantitatively with maleic anhydride. 
The compound formed under these conditions is also a bridged anhydrocyclohexene, 
3,6-endomethylene-A*-tetrahydrophthalic anhydride.* Citraconic anhydride yields 
the corresponding 1-methyl derivative 



while itaconic anhydride yields a 2,5-endomethylene-A*-cyclohexenylidene succinic 

acid, 

^ For the reeinifiication of thia derivative on treatment with permanganate, see £. H. Farmer and 
F. L. Warren, 1929, 907. 
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Crude benzol contains among other substances cyclopentadiene. By treating 
benzol with maleic anhydride, the dienes are removed and the dibasic acid an¬ 
hydride formed has been suggested as a base for resins.” The dibutyl ester of 
3,6-endomethylene-A*-phthalic anhydride 


hI! 
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\ 
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ii—O—(CH,),—CH, 
H—C—0—(CHs),—CH, 

/ iS 


CH—C—0~(CH2)a 

CH. ^ 


has been recommended as a plasticizer in nitrocellulose lacquers.” 

Alder and Stein” have shown that the adduct of maleic anhydride and cyclo¬ 
pentadiene will further react with butadiene with the production of a bridged 
octahydronaphthalene derivative, 


0 O 



1,4-endomethylene-A*-octahydro-2,3-naphthalene-2,3-dicarboxylic anhydride. 

The substituted derivative of endomethylene hydrophthalic acid or 4-bromo-5- 
hydroxy-cis-3,6-endomethylenehexahydrophthalic acid is converted by means of 
25 i:)er cent alcoholic potassium hydroxide, followed by acetic anhydride, into the 
dilactone of 4,5-dihydroxy-cis-3,6-endomethylenehexahydrophthalic acid. This 
compound can be distilled unchanged and is not affected by hot concentrated 
nitric acid. Rearrangement occurs, however, with alcoholic potash into the trans- 
lactonic acid.” 

, » British P. 852,164, 1930, to I. G. Farbeniiid. A -G.; Chem. Abs.. 1032 . 26. 3261. 

*^0. Jordan and H. Knsikalla, Garman P. 643,823, 1930, to I. G. Farbenind. A.-O.; Chem. Abi., 
1932, 26, 3377. 

»K. Alder, Q. Stein, J. Reese and W. Grasstnan, Ann., 1032, 496, 204; Brit. Chem. Abe. A, 1932, 938. 

*K. Alder and Q. Stein with F. von Buddenbrock, W. Eckardt, W. Frerks and S. Schneider, Ann., 
1934, 514, 1; Brit. Chem. Ab$. A, 1936, 211. 
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By condensing maleic anhydride with cyclohexadiene (1,2-dihydrobenzene), a 
compound, 3,6-endo-ethylene-A^-phthalic anhydride, is obtained whose bridge con¬ 
sists of two members. 


O () 



An unsaturated bridge may also be formed by the condensation of cis-cyclohexa- 
diene-A*’®-l,2-dicarboxylic anhydride with maleic anhydride to 3,6-endodimethine- 
hexahydro-tetracarboxylic anhydride. 

O O 


^ g & 



Moreover, two mols of cyclopentadiene react with one mol of benzoquinone“ to 
yield a compound which possesses two bridges, l,4,5,8-di-endomethylene-A**-octa- 
hydroanthraquinone.*' Similarly with cyclohexadiene the di-endoethylene compound 
is obtained 

Both cyclopentadiene and cyclohexadiene react with methyl acetylenedicarboxylic 
ester. The former yields dimethyl-3,6-endomethylene-3,6-dihydrophthalate; the 
latter forms a similar endoethylene compound.®* On reduction the double bond 

^A. Wassermann (Ber,, 1033, 66, 1302; Chem. Ab$., 1034, 28, 25) has measured the velocity of the 
reaction of quinone with cyclopentadiene to form monocyclopentadienequinone. The velocity is followed 
by color change inasmuch as the quinone is more highly colored than the final product. The reaction is 
found to 1^ bimoiecular in n-hexane, in carbon tetrachloride, in beniene, in ethanol and in acetic acid. 

»C/. W. Albrecht, foe. cit. 

»0. Diels and K. Alder, Ann., 1028, 460, 08; Chem. Abt., 1028, 22, 1144. 

»0. Diels, K. Alder and H. Nienberg, Ann., 1031. 40Q, 238; Chem, Ab»., 1032, 26, 438. 
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between the ester groups is unaffected whereas the other bond is reduced. The 
reaction may be expressed 
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Cyclohexadiene combines with acraldehyde at 100°C. to yield 2,5-endoethylene- 
A*-tetrahydrobenzaldehyde, the semicarbazone of which is reduced to the semicar- 
bazone of 2,5-endoethylene-hexahydrobenzaIdehyde. Subsequent treatment with 
acetic anhydride and sodium acetate and fission with ozone of the resulting enol- 
acetate yields 2,5-endoethylene-cyclohexanone.** Reduction of the 2,5-endoethylene- 
cyclohexanone by the Wolff-Kishner method, that is, using sodium and alcohol in the 
presence of semicarbazone, results in the preparation of 2,2,2-dicyclo-octane.* 
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Anthracene possesses diene properties to such an extent that it will react with 
** 0. Diels, K. Alder, E. Petersen and F. Querberiti, Ann., IMO, 47S, 187. 

**K. Alder, Q. Stein, F. von Buddenbroek, W. Frereks and S. Schneider, Ann., 1884, 514, 1; Brit, 
Chem, Abe. A, 1885, 211. For the preparation of 1,2,2-dieyQloheptane, see 0. Komppa and 8. Beck¬ 
mann, Ann., 1884, 512, 172; Brit. Chem. Abi. A, 1814, 1101. 
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aiS^nal structures and with acetylenedicarboxylic acid to yield endo compounds." 
Diels and Alder" represent anthracene as a system of conjugated double bonds 



and the addition with maleic anhydride affords 9,10-endoanthracene-a,/9-succinic 
anhydride, 



which on oxidation reverts into anthraquinone. 

Anthracene-acetylenedicarboxylic anhydride, similarly prepared, contains an 
unsaturated bridge and can further react with butadiene, 1,1,3-trimethylbutadiene 
and cyclopentadiene to yield complex adducts. With butadiene, the reaction may 
be written as follows: 



+ CH,-=C1I-~C1I=CH, 



Decomposition of the adduct by heat results in the formation of dihydroanthracene 
and phthalic anhydride. Heating the anthracene-acetylenedicarboxylic acid in 
nitrobenzene or phenol gives rise to carbon monoxide, carbon dioxide and a com- 

**Oth«r hydrocarbons (toluene, ethylbensene, isopropylbeniene, tetmhydronsphthslene, diethylbensene 
end 2«inethy|iiaphthslene) reset with msleie anhydride althouid^ not throuidt a diene reaction. The 
reaction oocuxt at about 200* under preesure. Toluene and maldo anhydride s^eld beneyl succinic acid; 
et^lbensene and maleic anhydride give rise to a product which rererts to 7 -methyl-Y-phenylpyrotartaric 

c;H5--CT(caa,)-CH(cx^ 

See J. Binapfl, Qennan P. 007,800, 1085, to I. Q. Farbenind. A.>Q.; Chem. Abt., 1935, 29, 1884 

«0. Deils, K. Alder and S. Beckman, Ann., 1081, 486, 101; Chcm. A6#., 1981, 25. SOtJL Sw G. 
Kaliaoher and H. Soheyer, Qennan P. 580AS2, 1987. addn. to 400,500, to 1. O. Farbenind. A.>0.; Chem. 
A6«., 1088, 35, 8801. 
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pound (m.p. 360®C.) which is stable toward potassium hydroxide, concentrated 
nitric acid, acetic anhydride, aniline and quinoline. This compound appears to 
be one in which the maleic anhydride residue is sandwiched between two anthracene 
molecules at the 9,10 position.* 



Clar* feels that the above constitution of anthracene (p. 839) is inadequate and 
prefers to express the structure by the equilibrium formulas: 



H 


He comes to this conclusion partly from the observation that 9,10-endoanthracene- 
a/3-succinic anhydride dissociates into maleic anhydride and anthracene ’ at 250- 
270®C. and partly from the reaction of anthracene with p-benzoquinone in boiling 
xylene. In the latter instance p-benzoquinone-anthracene is formed 



oxidation of which yields endo-9,10-o-phenylene-9,10-dihydro-l,4-anthraquinone 



Anthracene also condenses with acrylic acid or with a- or with i9-dichloropro- 
pionic acid.^® 

HO. Diela and W. Friedrichsen, Ann., 1934, 513, 145; Bnt. Chem. Ab». A, 1934, 1351. 

»E. Olar, Bcr.. 1931, 64, 1676, 2193; Bnt. Chem. Abe. A, 1931, 1044, 1292. For Diels and .Alder’s 
reply see Ber., 1931, 64, 2116; Brit. Chem. Abs. A, 1931, 1282. 

O. Kalischer and H. Scheyer, U. 8. P. 1,836,123, Dec. 16, 1931, to Winthrop Chemical Co.; Chem 
Abt., 1932, 26, 1130. 
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1,2,5,6-Dibenzanthracene reacts with maleic anhydride but the action is much 
more sluggish. On hydrolysis, l,2,5,6-dibenzanthracene-9,10-endo-a/3-succinic acid 
is obtained 



In boiling xylene, perylene appears to form an addition compound with 
maleic anhydride, on cooling, however, the hydrocarbon separates unchanged. 
2,3-10,11-Dibenzoperylene reacts in the following manner with maleic anhydride in 
boiling nitrobenzene: 



Under similar conditions, neither phenanthrene nor benzanthrone react with 
maleic anhydride." In the above reaction between dibenzoperylene and maleic 
anhydride, nitrobenzene acts as a mild oxidizing agent. 

"J. W. Cook, IMl, 8278. 

^E. Clftr (in part with W. Hempri), Bar., 1982 , 65. 846; Brit. Chem. Ab». A, 1932, 731. 
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Tetraphenylcyclopentadienone has been used with maleic acid to build highly 
arylated systems. 3,6-Endocarbonyl-3,4,5,6-tetraphenyl-A*-dihydrophthalic acid 
anhydride is obtained, which on decarboxylation yields 1,2,3,4-tetraphenyl ben¬ 
zene." The derivative formed by the action of maleic anhydride on tetraphenyl¬ 
cyclopentadienone namely, 3,6-endocarbonyl-3,4,5,6-tetraphenyl-l ,2-dihydrophthalic 
anhydride loses carbon monoxide on heating to yield 3,4,5,6-tetraphenyl-l,2- 
dihydrophthalic anhydride which may be dehydrogented by sulphur." 
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Depending on the temperature at which the addition of maleic anhydride takes 
place, different compounds are formed. In boiling benzene, tetraphenylcyclo¬ 
pentadienone and maleic anhydride yield the endo derivative; in chlorobenzene, 
the hydrated phthalic acid is obtained; whereas in nitrobenzene, tetraphenyl- 
phthalic anhydride results. The accumulation of phenyl groups hinders the reac¬ 
tivity of tetraphenylphthalic anhydride; it does not dissolve in aqueous ammonium 
hydroxide and is not esterified with ethanol. When esters are prepared, that is, 
by the action of tetraphenylcyclopentadienone on the dialkyl «ster of acetylene 
dicarboxylic acid, the esters can not be hydrolyzed." 

Two mols of 3,4-diphenylcyclopentadienone undergo auto-reaction, yielding a 
diketone; the latter is also formed by dehydration of anhydroacetonebenzil (4- 
hydroxy-3,4-diphenyl-A*-cyclopentenone)." The diketone splits out carbon mon¬ 
oxide when heated, forming a ketone as shown in the equation on page 843. Further 
heating results in rearrangement to 2,3,5,6-tetraphenylhydrindone. 

^ W. Dilthey, W. Schommer and O. TrCskrti, Ber., 1W8, 66, 1027. 

F. H. AUen and L. J. Sheps, Can. /. Retearch, 1984, 11, 171; Chem. Abi., 1986, 29, 142. 

«W. Dilthey, I. Thewalt and O. Trtteken, Ber., 1984, 67, 1969; Chem. Ab$., 1986, 29, 1799. 

F. H. Allen and E. W. Spanagel, Can. /. ReeearcK 1988, 8. 414; Brit. Chem. Aba. A, 1933, 828. 
8m F. R. Japp and O. I. Burton, 1887, 61, 420. 
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Terpenoids 


Myrcene, 6-methyl-2-vinyl-l,5-heptadiene, an acyclic terpene, possesses a con¬ 
jugate linkage and will react with either crotonic aldehyde or with maleic an¬ 
hydride. With the aldehyde, myrcene yields a partially hydrogenated benzalde- 
hyde, 


CHa 
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CH, 




c=cn—CH2--CH1—c 




L 

\ 


CH—CH, 
^ ^H—CHO 


CH, 


H. 

CH, C 

'^C==CH—(CH.),—C^ ^CH—CH, 


CH, 


/ 


H^ in—CHO 

V 

H, 


6-methyl-3-isohexenyl-A*-tetrahydrobenzaldehyde. With maleic anhydride, 4-iso- 
hexenyl-cis-A*-tetrahydrophthalic anhydride can be synthesized.*' 

A cyclic terpenoid under the same conditions gives rise to a branched bridge. 
For example, with a-phellandrene and acrolein, 2,5-endo-isoamylene-l,2,5,6-tetra- 
hydro-l-benzaldehyde is obtained.^ 

The melting point of the corresponding acid is 122-3*C. B. A. Arbusov and U. S. Abramov (Ber, 
1934. 67. 1942; Chem. Abt., 1935, 29. 1884) dehydrated linalobl, 

CHr-C(CHi)==CH~CHr-<:Jft~C(CHi)(OH)^-CH=CH* 

and condensed the dc4iydrated product (which should be myrcene) with maleic anhydride and obtained 
the acid which melted much lower (U1-U8.6*C.). Attempts to isomerise the acid with hydrogen bromide 
into dimethyloctahydronaphthalene>6,7>dicarboxylic acid were unsuccessful; an uncryatallixable oil 
resulted. 

^ O. Diels, K. Alder, W. Lilbbert. K Naujoka, F. Querberits. K. Rdhl and H. Segeberg, Ann,, 1929, 
470. 62: Chem. Abt„ 1929, 23. 3692. B. A. Arbusov (Ber.. 1984, 67. 568; Chem. Abi.. 1984 , 26. 4402) 
isomeriied a-pinme to an aliphatic terpeue by passing the vapors of the pinene over reduced copper or 
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The reaction product of a-terpinene and maleic anhydride has found use in the 
production of safety glass/* whereas the resin obtained by heating a-terpinene, 
maleic anhydride and abietic acid at 125“250°C. has been suggested for varnishes ” 
a-Terpinene may be derived from pinene, dipentene, a-terpineol and terpene- 
hydrate by means of sulphuric acid. By gradually treating 2 liters of pinene with 
70 cc. of sulphuric acid, rearrangement takes place. Neutralization with alkali 
together with steam distillation and fractionation yields a-terpinene. 
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When 480 parts of a-terpinene are heated with 294 parts of maleic anhydride at 
150-200®C. for 5 hours and the reaction mixture is subjected to vacuum Evapora¬ 
tion, a soft amorphous solid is obtained.®^ Esterification of 1 mol of the resulting 
terpinene-maleic anhydride with 4 mols of butyl alcohol at 117®C. for 4 hours 
yields the monobutyl terpinene-maleate. If sulphuric acid is added, dibutyl 
terpinene-maleate results. Esterification with glycol yields a pale yellow, resinous 
solid soluble in acetone, toluene and butyl acetate whereas esterification with 
glycerol gives rise to a hard and brittle resin.“ Terpinene-maleic anhydride can 

through tubes filled with fragments of Suprax glass at 340*. A synthesis was undertaken^ to prove the 
structure of the isomeric derivative to be alloocimene (ibid., 509). Meanwhile F. Q. Fischer and K. 
Ldwenberg (Ber., 1^, 66, 669; Chem. Aba,, 1933 , 27, 3446) had synthesised allodcimene from 2-methyl-2, 
4<heptadien>0-one and a>bromoethyl propionate by means of the Reformatsky reaction and definitely 
deduced that allodcimene was 2,6-dimethyl-2,4,6-octatricne [(CH8)jC=CH--CH[=:CH---C(CHs)=CH-- 
CHsl. B. A. Arbusov (Ber., 1934 , 67, 1946; Chem. Aba., 1935, 29, 1407) then determined that the maleic 
anhydride addition compound of allodcimene was identical with the maleic anhydride addition product 
of isomerfsed a-pinene. 

«*G. H. Peters, U. S. P. 1,882,298. Oct. 11, 1932, to Hercules Powder Co.; Chem. Aba, 1933, 27. 824. 

"'’E. Q. Peterson, U. S. P. 1,978,598, Oct, 30, 1934, to Hercules Powder Co.; Chem. Aba., 19M, 29, 254. 

E. G. Peterson and E. R. Littmann, U. S. P 1,993,025, Mar. 5, 1935, to Hercules Powder Co.; 
Chem. Aba., 1935, 29, 2623. 

^E. R. Littmann, U. S. P. 1,993,026, Mar. 5, 1935, to Hercules Powder Co.; Chem. Aba., 1M5, 29, 
2623. For further discussion of this type of resin see Chapters 41-49. 
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be reacted with glycerol in the presence of rosin or with linseed or tung oil acids 
The terpene-maleate may be formed by heating at 200°C. 105 parts of abietic 
acid, 98 parts of maleic anhydride and 85 parts of a-terpinene. The derivative so 
prepared may be further esterified with methanol in the presence of sulphuric acid,'^ 
or with glycerol in the presence of stearic acid.“ 

Terpenes containing no conjugated double bonds react with maleic anhydride 
or with fumaric acid which rearranges into maleic anhydride when heated. The 
terpenes which will undergo this reaction include a-pinene, i3-pinene, dipentene 
(and its isomers d- and l-limonene) and terpinolene. 
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terpinolene 


When 400 parts of a-pinene and 100 parts of maleic anhydride are heated in 
an autoclave at 170-175°C. under 5-10 pounds pressure for 3 hours, a soft yellow- 
colored acidic resin is obtained'^ which mav be esterified with glycerol monomethyl 
ether,” glycerol, polyglycerol or glycol.“ Pinene-maleic anhydride on saponifica¬ 
tion does not yield an alcohol, indicating that a carbon-carbon union has been 
formed. p-Toluenesulphonic acid assists the union of maleic anhydride and pinene'” 
but at the same time causes rearrangement of the terpene.*" By heating 100 parts 
of a-pinene, 165 parts of abietic acid and 98 parts of maleic anhydride, a resm 
is formed having an acid number of 250, the acidity of which may be reduced by 
esterification with glycerol.” 

“EG. Peterson, U. S P 1,993,027 and 1,993,028, Mar. 5, 1935, to Hercules Powder Co.; Chew 
Abs,, 1935, 29. 2623. 

E. G. Peterson, U. S. P. 1,993,029, Mar. 5, 1935, to Hercules Powder Co ; Chem Abs., 1935, 
29, 2623. 

E, G. Peterson, U. S P. 1,993,030, Mar. 5, 1935, to Hercules Powder Co.; Chem. Abs, 1935, 
29, 2623. 

®® E. G. Peterson, U. S P. 1,993,031, Mar. 5, 1935, to Hercules Powder Co.; Chem. Abs., 1935, 
29, 2623. 

G. Peterson, U. S P. 1,993,032, Mar. 5, 1935, to Hercules Powder Co ; Chem. Abs, 1935, 29. 

2624. 

“E. G. Peterson, U. S. P 1.993.033, Mar 5, 1935, to Hercules Powder Co : Chem Ah:*, 1935 29, 2624. 

“ I. W. Humphrey, U. S P. 1,993.034, Mar. 5, 1935, to Hercules Powdei Co , Chem. Abs . 1935. 
2i). 2624. 

«»E. R. Littmann, U. S. P. 1,903.035, Mar. 5, 1935, to Hercules Powder Co.; Chem. Ah:*, 1935. 
29, 2627 

I. W. Humphrey, U. S. P. 1,993,036, Mar. 5, 1935, to Hercules Powder Co.; Chem. Abs, 1935 
29, 2624. 
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Cineole also reacts with maleic anhydride in the presence of xylene and zinc 
chloride at 140®C. Purification through steam distillation and heating to 100- 
150® yields a light-colored, waxy solid" 

H,C--C-1 

KtC'^ ^CH, I 


cineole 

Heterocylic Oxygen Compounds 

Furan will react with maleic acid in water solution” or with maleic anhydride 
in ether” In the latter case there is obtained 3,6-endoxo-A*-tetrahydrophthalic 
anhydride which on reduction with palladium in alcoholic solution gives rise to 
ethyl hydrogen 3,6-endoxo-hexahydrophthalate, whereas alkaline reduction affords 
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3,6-endoxo-hexahydropbthalio anhydride or norcantharidin.” Moreover, the un- 

** E. R. Littmaim. U. 8. Patent 1»998»037,' Mar. 5, 1935, to Hereulea Powder Co.; Chem, Ab 9 „ 
1915, 29, 

*0. Di^, K. Alder, K. Nienburf and O. Sclimalbeck, Ann., 1931, 490, 243; Brit Chem, Aht, A, 
1931, 1429. 

MO. Diela and K. Alder. Ber., 1929, 62, 554; Brit Chem. A6«. A, 1929, 570. 

MSee, e.f., F. v. Bruchhaueen and H. W. Verach, Arch. Pharm., 1929, 266^ 297; Chem. Abe., 
1119, 23, 1947. 
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saturated phthalic anhydride derivatives react with phenyl azide** to produce 
triazole derivatives which find use as intermediates for drugs. 

With 2,5-dimethylfuran, 3,6-endoxo-3,6-dimethyl-A*-tet5rahydrophthalic anhydride 
is formed.” Rinkes” prepared 3-methylfuran and this likewise reacted with maleic 
anhydride to give 3,6-endoxo-4-methyl-A*-tetrahydrophthalic anhydride. 2-Methyl- 
furan yielded 3,6-endoxo-3-methyl-A^-tetrahydrophthalic anhydride. 

In boiling toluene, methyl coumalate also forms an adduct with maleic an¬ 
hydride, giving a 30 per cent yield of 3,6-endocarboxy-4-methyl-carboxylate-A*- 
tetrahydrophthalic anhydride. 

H 

C 





H 

In boiling xylene, however, a 30 per cent yield of 3,6-endo-succinic-anhydride-4- 
methyl-carboxylate-A*-tetrahydrophthaIic anhydride is obtained .** 



H 


Heterocyclic Nitrogen Compounds 

Although pyrrole is a diene system, it behaves differently with maleic anhydride 
than its oxygen analogue, furan. Diels and Alder^ found that maleic anhydride 
and pyrrole react at room temperature to give only a small quantity of pyrrole- 
dipropionic acid; dilevulic acid {4,7-decandion-l,10-dioic acid), however, could be 
isolated in quantity. The mechanism of the reaction was studied with 2-methyl- 
pyrrole which yields 2-methylpyrrole-5-succinic acid. This acid readily loses car¬ 
bon dioxide to form 2-methylpyrrole-5-propionic acid. 

**K. Alder and Q. Stein, German P. 597,288, 1931, to I. Q. Farbenind. A.-O.; Chem. Ab$., 1988, 
27, 1003. K. Alder, Q. Stein and W. Friedridieen (Aim., 1988, 501, 1; Chem. Ab»., 1938, 27, 3139) discuss 
in aome detail the conditions necessaiy for the addition of phenyl aside to an unsaturated system. 

Diels and K. Alder, Ber., 1929, 52, 564; Brit. Chem. Ab». A, 1929, 570. 

•J. Rinkes, Rec. trav. chtm., 1981, 50, 1127; Chem. Abe., 1982, 25. 1279. For another synthesis of 
8-methylfui‘ui), see T. Reichstein and H. Zschokke, Helv. Chtm. Acta, 1981, 14, 1270; Brit. Chem. Ah». 
A, 1082, 165. 

••O. Diels, K. Alder and K. Miiller, Ann., 1981, 490, 257; Brit. Chem. Ahs. A, 1981, 1427. 

WO. Diels and K. Alder, with D. Winter, Aim., 1981, 485, 211; Brtt. Chem. Abe. A. 1931. 849. 
Toward tripheuylmethyl, however, pyrrole behaves as a diene. See J. B. Cooant and B. F. Chow, 
J.A.C.a.. 1983, 55, 8475. 
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The assumption naturally follows that the formation of pyrrole-2,5-dipropionic 
acid arises by decarboxylation of an intermediate tetracarboxylic acid (analogous 
to 2-methylpyrrole-5-succinic acid) and the dilevulic acid, by the hydrolysis of 
pyrrole-2,5-dipropionic acid. 


HC- 

Hi! 


-CH 


H 


L 


hc==-==ch 

8Vil 


HC- 


HOOCCH2CHC 
Hooi 

II 


CH 

licHCHjCOOII 

COOH 

-CO 2 


H,C-CHj 

HOoi (i li (^OOH 


H,o 


H(^ 

H00CCH2CH2(!I 


-CH 


2V. CCH2CH1COOH 

\ / 

N 
H 


The l-methylpyrrole-2,5-dipropionic acid is more resistant to hydrolysis, conse¬ 
quently the proportion of dilevulic acid is smaller. 

2,4-Dimethylpyrrole and citraconic anhydride in non-aqueous solvents react 
to yield a compound of the structure, 


HC- 

II 

CH,-C 


-C—CH3 




\ / 

N 
H 


-CH- 


C 


-CH—CH3 


\) 


2-Methylpyrrole and methyl acetylenedicarboxylate combine additively at room 
temperature to yield stereoisomeric dimethyl esters which are cis- and trans-modifi- 
cations inasmuch as they yield the same 2-methylpyrrole-succinic acid on catalytic 
reduction, 

HC-CH HC-CH 

CH,—(H ([!—C—COOCH, and CH,—(!! ^-C—COOCH, 

hII;—COOCH, cHjOOC- iin 

H H 


2,3-Dimethyl- and 2,3,4-trimethylpyrrole behave similarly to 2-methyl pyrrole. 
1-Methylpyrrole and acetylenedicarboxylic acid form l-methylpyrrole-2-maleic 
acid. 2,4-DimethylpyrroIe, however, gives rise to a compound having two nitro- 

HC-CCH, CH3--C-CH • 

CHr-ii (!—CH-CH- 1' II -CH, 

(t:OOCH, ioOCH, 

H H 


gen components. N-Methylindole behaves in the same manner. Methyl acetyl¬ 
enedicarboxylate, on the other hand,^ with 1-methylpyrrole reacts to give an in¬ 
dole of the structure’’^ 

no. Diels. K. Alder and H. Winckler, Ann., 1931. 490, 267. 276; Brit. Chem. Abs. A. 1931. 1428. 
O. Diels, K. Alder, H. Winckler and E. Petersen, Ann., 1932, 498, 1; Bnt. Chem. Abs. A, 1932, 1144. 
O. Diels and K. Aider. German P. 561.901, 1931. and 564.126, 1031, to 1. Q. Farbenind. A.>G.; Chem. 
Abs., 1933, 27, 1001, 1003. 
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COOCH. 

i 


H/ \ 

CH-C C—COOCH, 

II 

CH 


d' d—COOCH, 

\ / \ / \ 

N C H 


k 1: 


OOClh 


Maleic anhydride and 2-methylindole in benzene yolution yield a-2-methylindolyl- 
3-succinic anhydride and the compound, 



CH-CH 2 —C 

doOH 5 



H 


With l,2~dimethylindole and maleic anhydride similar compounds are obtained” 
Methyl acetylenedicarboxylate and 4>methylglyoxaline in ether form methyl 
a-4-methyl-2-giyoxalinyl-maleate. The 5-methylglyoxaline behaves in an analogous 
manner. Two mols of methyl acetylenedicarboxylate, however, combine with 1,2- 
dimethylglyoxaline in ethereal solution at room temperature to give an alizarin-red 
colored methyl l,8-dimethyl-l,8-dihydropynminazole-4,5,6,7-tetracarboxylate. This 
pyriminazole derivative, on treatment with bromine m methyl alcohol, is con¬ 
verted to methyl 2-methylpyridine-3,4,5,6-tetracarboxylate; with acetic acid, a 
loss of methylamine takes place and the resulting compound is an indolizine ester. 


COOCHs 

i 


HC 

HC 


/ 

•N 


/ 




N 


/ 


C—COOCH, 
C—COOCH, 


C 

I 

COOCH, 




Bromine 


\ 


\ 


Acetic Acid 


V. 


COOCH, 

i 


u 


V 


C—COOCili 

I— COOCH, 


/ 


COOCH, 


HC 

.,1 


c 

H 


COOCH, 

1 

c 

^ V 


-N .C-O 

i L 


.C—COOCH, 
COOCH, 


:00CH, 


^O. Diels, K. Alder, U. Liibbeit, H. Winckler, E. Heinrich, W. LUck and W. Eckhardt, Arm, 1931, 
490, 277; Brit. Chem. Abi. A, 1931, 1428. 
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The addition principle underlying the formation of the 1,8-dihydropyriminazole 
derivative is the addition of two mols of acetylenedicarboxylic ester to the 
=C=N— double bond. 

On the other hand, a/3-unsaturated nitriles react with dienes (cyclopentadiene, 
cyclohexadienes and butadienes) to form compounds retaining the nitrile group.” 
Thus crotonic acid nitrile adds to cyclopentadiene to yield 3-6-endomethylene-A*- 
tetrahydro-l-methyl-2-cyanobenzene. 



The principle” of addition to the =C=N— double bond is shown in the case of 
pyridine, quinoline and isoquinoline.” Pyridine and methyl acetylenedicarboxylate 
in ethereal solution yield tetramethyl quinolizine-l,2,3,4-tetracarboxylate which 
has been applied to a synthesis of conine, norlupinane and ^/^-lupinine.” In addi¬ 
tion to the quinolizine derivative, however, there are two other compounds formed 
when pyridine reacts with methyl acetylenedicarboxylate. The yellow quinolizine 
compound will pass over into a red modification; it is also formed initially in the 
reaction in very small amounts. There is a second red variety which is isomeric 
with the yellow quinolizine compound and which reverts into the yellow form on 
recrystallization. Diels, Alder” and collaborators have recently studied the consti¬ 
tution of these derivatives and assign the name tetramethyl quinolizine-1,2,3,4- 
tetracarboxylate to the yellow substance. 


COOCH, 



The red modification, also known as the '‘Kashimoto-body,*’ is considered to be: 



British P. 341,047. 1938, to I. O. Farbenind. A.>0.; Chem. Aba., 1931, 25, 4891. 

"•*0, Dials, K. Alder, H. Wmckler and E. Petersen, Ann. 1932, 498, 1; Brtt. Chem. Aha. A, 1932, 
1144. 


"O. Di^, K. Alder, T. Kasbimoto, W, Friedrichsen, W. Eckhardt and H. Klare, Ann., 1032, 498, 
16; Chem. Abt„ 1082. 26, 5961. 

*•0. Dieli, K. Alder, W. Friedrichsen, H. Klare, H. Winckler and Schrum, Ann., 1933, 505, 103; 
BrU, Chem. Abe. A, 1933, lOM. 

‘>'^0. Diels, K. Alder, W. Friedrichsen, E. Petersen, Brodersen and Kech, Ann., 1984, 510, 87; Chem. 
Aba., 1884, 28, 5451. 
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The isomeric red derivative known as the labile isomer is written as a pseudo- 
pyridinium structure, 


-C—COOCH, 

/ V 

^ \ / C—COOCH, 



This isomer is considered to be the intermediate in the quinolizine formation. The 
structure of this compound was obtained by treatment with diazomethane to form 
an adduct and splitting the resulting compound with hydrochloric acid into pyri¬ 
dine hydrochloride, dimethyl pyrazol-l,2,-dicarboxylate and dimethyl acetylene- 
dicarboxylate. 




CH,OOC H,C-~N 

V a 


n' (!:—cooch, 

4 \ 



HCl 



and 


C—COOCH, 

rCHiOOC H,C—N 1 

\ / 11 

Hi 

C N 

C~COOCH, 

/ \ / 

and -<— 

C—COOCH, 

COOCH, 

N 

\ Z' 

H,c'^ 

c 

I 

GHjOCO—-(l>-GOOCH, 

L COOCH, J 


In a similar manner, quinoline and methyl acetylenedicarboxylate in benzene 
give a bright yellow addition product which is converted into a stable red isomer 
either by heating or by the action of concentrated sulphuric or hydrobromic acid. 
The quinoline derivatives behave in much the same manner as the pyridine com¬ 
pounds described above. 

Diels and Meyer’* have continued the study of compounds formed by reaction of 
pyridine'and acetylenedicarboxylic acid esters. In methyl alcohol solution at 0*C. 
a colorless derivative is obtained which is known as the ''white adduct” and which 
has been shown to be l-(a-methoxy-a-carbmethoxy)-2,3-carbmethoxyindoli2ine. 
The “white adduct” on oxidation with hydrogen peroxide in acetic acid yields 
o-picolinic acid; with alcoholic potash, hydrolysis occurs with the formation of 
l-(a-methoxy-a-carboxy)-indoli2ine-2,3-carboxylic acid which is converted by boiling 
acetic anhydride into l-(xi-methoxy-a-acetyl)-indolizine-2,3-dicarboxylic anhydride. 

no. Dicli and K. Meyer, Ann., 19S4, SIS. 1S9; Chmn. Abt., 1985, 29, 1419. 
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O—COOCH3 
III 

C—COOCH, 


H 

C O—CH, 

/ \ / 
no c===c— CH 

\ 


iiO 


N 

V V 

'■ i 


COCH, 
C—C=0 


J1 


-0 


H 

C O—CHa 

/ \ / 

HC C=-=C—CH 

\ 

COOCHj 
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CHiOH X KOH 
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H,Oj fCHiCOOH 


-COOH 
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HC C-===C—CH 


O—CH, 


COOH 


HC N C—COOH 

\ \ ^ 

C C—COOH 
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Reduction of l-(a-methoxy-a-carboxy)-indolizine-2,3-dicarboxylic acid yields a resin 
which IS converted with acetic anhydride into the tetrahydro derivative of l-(a- 
methoxy-a-acetyl) -indolizine-2,3-d;carboxylic anhydride. 

The mechanism of the addition of acetylenedicarboxylic acid esters to pyridine 
is not too well understood but the reaction has been explained in the following 
manner. Two molecules of the ester react to form an unsaturated chain 


—C .:.... -C=========C-- 

(ilOOCH, ioOCH, d^OOCH, ioOCH, 

In ethereal solution the chain attaches itself to the nitrogen of the pyridine with 
the formation of quinolizine compounds. In methyl alcohol solution, however, 2 
mols of alcohol could attach themselves to the unsaturated acetylene ester chain. 


CHr-0 




lOOCH, 


■CH-CH-CH--0—CH, 

diOOCH, cdoCH, doOCH, 


On fission 2 mols of methoxyfuinaric ester should result. Credence to this •hypoth¬ 
esis is substantiated by the isolation of methyl fumarate and methyl methoxy- 
fumarate in the mother liquors in the preparation of the “white adduct.^^ The 
addition of one molecule of methyl alcohol to the unsaturated ester chain would 
yield the following 


CH, 


r-O-^ 


-CH- 


=€- 


diOOCH, dxX)CH, djOOCH, diOOCH, 
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On the basis of the same type of addition as was noted in the formation of the 
pseudo-pyridinium structure, the reaction will take place as follows: 


OCH, 

==(!:—coocH, 
(!:h—COOCH, 
\A\ COOCH, 

\ x 

C—COOCH, 


H 


OCH, 

H(*>-COOCH, 
-<1:—COOCH, 
(!^-C00CH, 

. X 

G—COOCH, 


Diels and Reese’® indicate that hydrazobenzene also forms an adduct with 
methyl acetylenedicarboxylate whose structure may be expressed as 


-NII- 


-C—COOCH, 


CeHs 

C,!!,—llll .-C—COOCH, 

This compound may undergo a variety of reactions: by intramolecular loss of 
methyl alcohol, methyl l,2-diphenylpyrazol-5-one-3-carboxylate is formed: 

C6H5—N-C—COOCH, 

I II 

CeH^—N CII 

\ / 

C 

ji 

by loss of aniline, methyl-a,/3-indolo carboxylate, 



COOCH, 


COOCH, 


and by loss of methyl alcohol and rearrangement, metlnl 2-hydroxy-3-anilido- 
quinoline~4-carboxylate. 

COOCH, 





Hexatrienes and Higher Polyenes 

The hexatrienoids yield cyclohexene derivatives. Both the cis and the trans 
form of 1,3,5-hexatriene with maleic anhydride give rise to the same ethjlidene 
cyclohexene derivative.®® 


Diels and J. Reese, Ann , 1934 , 511, 168; Chem Abs , 1934, 28, 5453 
H. Farmer and F L. Waircn, J.C.S., 1929, 901. 
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CH—CH, 
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/ \h. 


\. 


CH 


V 


c o 

H, 

l,8-DipheiiyI-l,3,5,7-octatetraene unites with the same reagent to give the following: 


C.H, 


CH==CH 

H ^CH 

^CH- 

1 

C 


A 


V 


CH—»CH 

Ch ^ch—C tH. 

—da 
i c 

V \ 


The reaction in this instance is probably dominated by the strong reactivity of 
the terminal methine groups. This seems to be true in the case of the higher hydro¬ 
carbons of the structure 


C,H,—(CH==CH)CtH». 

l,10-Diphenyl-l,3,5,7,9-decapentaene reacts with either 2 or 3 mols of maleic an¬ 
hydride. When 2 mols of the anhydride react, addition appears to take place in 
positions 1,4 and 7,10.“ 

By a so-called “additive heteropolymerization” maleic anhydride reacts with 
stilbene in boiling xylene solution to yield a compound of high molecular weight 
which is insoluble in most organic solvents and only colloidally soluble with pre¬ 
liminary swelling in camphor. On dry distillation stilbene is regenerated. Wagner- 
Jauregg considers the structure to be according to a definite plan: 



-CH- 


-CH-CH- 


A.H. i A 


V 


o J 


Amylene and styrene heated with maleic anhydride give viscous gummy masses. 

The C=N union seems also capable of additive heteropolymerization, for with 
benzal- or cinnamal-azine, maleic anhydride reacts to form brown or yellow 
amorphous xnasses.“ Asymmetrical diphenylethylene reacts with 2 mols of maleic 
anhydride to yield a crystalline derivative but when heated to 330® C. reverte 
partly to maleic anhydride and to unidentified resinous material. Wagner-Jaureg^ 
considers this addition to be of the nature of the addition of maleic anhydride 
to pyrrole which does not involve a 1,4 addition. The structure would be, pre¬ 
sumably: 

AR. Kuhn and T. Wagner-Jauregg, Ber., 19S0. SS, 3662; Bnt. Chtm. Ahs, A. 1680, 1680. 

**T. Wafnw-J>uretC> Btr., tnO, 63. 3311. 

MT. Wsgner-jMinn. itim., 1931. 491, 1 ; Chtm. Ab<., 1993, 36, 983. 
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0 0 0 

w 

cja, in—in, 

c«=c 

C,H,^ ^CH-CH, 

i i 
V \ 


Alder,** however, considers that one of the double bonds of the benzene ring acts as 
a conjugated system with the bond of the side chain. The first maleic anhydride 
acts on the system 1,4, 

0=«C—O 





and the second maleic anhydride 1,4 on the second conjugate system in the benzene 
ring: 




Certain types of reactions take place between monolefins and compounds con¬ 
taining the €i^-6nal grouping. The structure of these derivatives has not been 
determined but they may be mentioned at this point. Olefins can be condensed 
with maleic acid, erotonic acid, acrylic acid, acrylic aldehyde or quinone. **Amylene 
succinic acid’' has been prepared by heating amylene for 2 hours at 180*C. with 
20 per cent by weight of malei& anhydride. The olefin aldehydes or carboxylic 
acids are useful in resin manufacture.* 

Daimler^ heated maleic acid with glycols such as 1,3-butylene glycol which 
are capable of splitting off water with formation of unsaturated compounds. 
With 1,3-butylene glycol, the product is a syrupy liquid soluble in ammonium 
hydrcMdde. Maleic anhydride dso reacts with castor oil and when this is com¬ 
bing with the product from maleic acid and 1,3-butylene glycol, an adhesive com¬ 
position is obtained Uiat is useful in safety glass manufacture.* 


M K. Aldw, '’MtihoUai dw he. eit.. $101. 8m Ret. T. thii eliMtcr. 

P. 7a,aOSi iw, to N. v. dfl Peiroltum M to t tonoppij; Chem. Abt.» 19S8. 27, 

S7S0. Dutch P. 3a,wSrm4; 

^K. Dftimlcr, Oeqaan P. 

•fK. Dtimler M . 

Abe., im, 29, 903. 8m ChipUf 


r 7 l9S9, to 'l. <). Pwb»bi4. A.-O.J Chem. Abe., I9W, 26, 1404. 

8. P. imm, SeeTWlSit, to I. Q. Fcrbcnind. A..Q.; Chem. 
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Rosin-Maleic Anhydride Adduct 


The diene synthesis, particularly the reaction with maleic anhydride, has thrown 
new light on the structure of abietic acid. The presence of two double bonds 
in abietic acid, but not their position is shown by hydrogenation. A dihydro¬ 
derivative is readily obtained but the tetrahydro with much more difficulty. Oxida¬ 
tion with perbenzoic acid likewise shows two double bonds. 

Methyl abietate and maleic anhydride at 160*C. yield an additive compound 
of the formula C 86 H 84 O 6 which on hydrolysis passes over into the aiihydride car¬ 
boxylic acid CtiHttOs (m.p. 227-8®C.). This same compound is obtained from 
American colophony by direct treatment with maleic anhydride. The fact that 
abietic acid and maleic anhydride react indicates that a diene system probably 
exists and the formula of abietic acid may be written" provisionally as: 


CHa COOH 
CH, 

dtti ^CH, 

i d: 


HaC 


([:h, h—dH 


CH. 


V 

H 


\ 


CHa 


Arbuzov" prepared the same compound of abietic acid and maleic anhydride, 
C«H„0., (m.p. 227‘’C.). 


CHa 




COOH 


/ 


CHa 


/ 


CH, 




HaC 



The adduct when heated with selenium to 300*C. yielded retene, which may also 
be obtained from abietic acid and heat directly. The natural assumption is that 
the maleic anhydride dissociates during the reaction. That this is not wholly the 
explanation is shown by the fact that abietic-maleic aimydride dissociates at 385- 
400®C. whereas retene is formed at 30p®C. 

Rosin reacts with maleic anhydride on heating. Other anhydrides (aconitic 

**L. Rttsieka, P. J. Ankenmit and B. Frank, Hetv, Chim. Aeta, IS8S, 15, 1589; Brii, Chem. Aht, A, 
1998, 1854. Sea alao Chapter 37. 

«B. Arbusov, /. Qm. Chem, U. 8. 8. R., 1932, 2. 809; Chem. Abe., 1988, 27, 8688. 
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and citric) will also react. The resulting acids may be esterified with alcohols or 
with glycerol to yield resins.*® The process may be applied to rosin, ester gums 
derived from rosin, phenol-formaldehyde resins modified with rosin, or alkyds 
modified with rosin. Other resins, such as dammar and gum mastic, may also be 
used.*^ 

The quantity of unsaturated acid added varies from 5-35 per cent of the weight 
of unsaturated resin. Thus, 35 parts of maleic anhydride are introduced at 150®C. into 
100 parts of American wood rosin. After 1.5 hours the product no longer gives the 
Storch-Morawski test for colophony, but forms a brown resin softening about 25®C. 
above the softening point of the initial rosin. By the use of 150 parts of colophony, 
a product’ is obtained which may be esterified with glycerol, yielding a resin softening 
at a higher temperature than rosin glycerol ester. 

The condensation with the unsaturated acid may be effected in solution: 100 parts 
of colophony and 30 parts of maleic anhydride yield, on refluxing for 4.5 hours in 
o-dichlorobenzene a resin softening above 100®C. and having an iodine value of 63. 
On heating the products obtained according to these two methods at 250-350®C., 
either with or without addition of 5 per cent of zinc chloride, resins of low acid 
number are produced. All these resinous substances are soluble in alkali, and the 
solutions yield the corresponding heavy-metal resinates on the addition of metallic 
salts. The method is particularly adaptable to the preparation of the corresponding 
lead carboxylate. If 33 parts of trihydroxystearic acid are heated in vacuo to 200® C. 
with 40 parts of the rosin-maleic adduct, a resin is produced having properties resem¬ 
bling those of shellac. 

The products formed by condensation of maleic anhydride with a glycerol or 
sorbitol ester of rosin are not soluble in alkali, but dissolve in benzene. For the 
production of a varnish, an equal weight of linseed oil may be added to a resin 
formed by heating 100 parts of colophony with 35 parts of maleic anhydride at 
150®C., the whole being heated for 5 hours at 250®C. Decrease in the proportion 
of maleic anhydride to 25 per cent by weight results in formation of a resin of 
higher softening point. According to Robertson,** linseed and bodied oils (slow 
drying) and the glycerol-maleic acid-rosin types of resin give good colors in paints 
formulated with titanium pigments. • 

The rosin-maleic-glycerides have been found to possess properties rendering 
them adaptable to the production of light-colored high-grade varnishes.**® One par¬ 
ticular rosin-maleic-glyceride has an acid number below 28, and is soluble in hydro¬ 
carbon solvents, turpentine and drying oils, but insoluble in the lower aliphatic 
alcohols. As a baking enamel, the resin may be mixed with one and a half parts 
of linseed oil and heated as high as 90®C.; as an air-drying varnish, one part of 
resin may be used with three or four parts of drying oil. The pale color and 
light-fastness of the resin render it useful for light-tinted enamels or varnishes. 
Such varnishes have good insulating properties. Maleic rosin glyceride is compatible 
with nitrocellulose, although its greater hardness necessitates the use of larger 
amounts of plasticizers. 


The Diene Synthesis and the Structure of Drying Oils 


Fokin** was apparently the first to suggest that conjugated double bonds existed 
in the tung-oil molecule. Recent researches based on the ozonolysis** of the com- 

•® British P. 365,281, 1930, to I. G Farbenind. A.-Q.; Brit, Chem, Abs. B, 1932, 72. French P. 
711,924, 1931; Chem. Aba., 1932, 26, 2072. ^ 

British P. 399,206, 1932, to I. G. Farbenind. A.-G.; Brtt. Chem. Aba. B, 19.33, 1021. 

•»D. W. Robertson, Off. Digeat Fed. Paint Vamiah Prod. Ctuba, 1933, 126, 200; Bnt. Chem. Aba. B, 
1933, 1018. 

••• Such a resin is that marketed under the trade name of “Resin K. M.“ by Messrs. Grindley & 
Co., Ltd., Englaifd. 

«»8. A Fokin, /. Ruaa. Phya.^Chem. Snr., 1913, 45, 283; J.C.S.. 1913, 104(1). 442 

A. Eibner and B. Rossmann, Chem. Umarhaa, Pettc, Oele, Wachae, Harzc, 1928. 35. 197; Chem. 
Aba., 1928, 22, 4839. J. Boeseken, J.S.C.I., 1929, 48, 71T. J. van Loon. Farbcn-Ztg., 1930, 35, 1767; 
Chem. Aba., 1930, 24, 4178. 
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pound have borne out this contention and the formula assigned to eleostearic 
acid is 


Two reactions take place on halogenation. The first trace of halogen causes an 
isomeric change, the a-eleostearic acid goes over into the /3-variety inasmuch as 
the same crystalline hexabromide is obtained with either the a- or /3-form by halo¬ 
genation in carbon tetrachloride in the presence of ultraviolet light. Debromination 
results in the regeneration of the /3-eleostearic acid. Four atoms of bromine are 
taken up readily whereas the hexabromoeleostearic acid is formed slowly and in 
a poor yield." 

Now, inasmuch as the eleostearic acids contain a system of double bonds, they 
should act as dienes with maleic anhydride to form a substituted, partially hydro¬ 
genated phthalic anhydride. This was found to be the case. Morrell and Samu¬ 
els" investigated this reaction between maleic anhydride and the a- and /3-eleo¬ 
stearic acids of tung oil. Both of these acids gave crystalline derivatives, the 
structures of which could be determined by oxidation with potassium permanganate 
and are 
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-(CH,)r-cil 


H 

C= 


H 

=C 


\ 


:c-CH 


C+H—C-H=C+H—{CH,)7—C+O-OH 
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V 

fi-eleoetearic add-maleic anhydride 


The structural formulas assigned above receive added support from surface- 
potential measurements. On dilute acid solution both the a- and /3-form spread 
to a unimolecular film with a limiting area of about 125 square A per molecule. 
This is taken to mean that the molecules are flat on the surface and not end-on, 
as is ordinarily the case. The films of both the a- and /3-form behave similarly 
on compression down to an area of 100 square A, whereupon for the a-derivative 
the surface potential of the film falls from -h 280 to -f- 80 m.v. on compression 
from 80-30 square A; for the /3-derivative under the same compression, the poten¬ 
tial rises from + 260 to -f 285 m.v. 

This difference may be explained on the basis of alternating polarity. The 
magnitude of the polarity with respect to the maleic anhydride residue in each com- 

Van TiOon, Rev. trav. rhim., 1931. 50, 82; Chem, Abi., 1931, 35, 2689. 

MR. S. Morrell and H. Samuels, 1932, 3251. R. S. Morrell, S. Marks and H. Samuels, 

4w8.C./., 1983, 52, 130T. 
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I)Ound will be the same but opposite in direction along the chain. On compression 
of the film from the state where the molecules are flat in the surface to the point 
where only the terminal group is in the surface, it follows that the 9,10-double 
bond (from the carboxyl) in the a-compound is =f when it is moved from the 
surface and when tending toward the vertical. This will oppose the ± vertical 
component of the carboxyl group and tend to decrease the total vertical com¬ 
ponent of the electric moment per molecule much more than in the ^-derivative 
where the electric moment of the 5,6-double bond (from the methyl group) is in 
the same sense as that of the carboxyl group on compression. 

^-Eleostearin-maleic anhydride differs from the ct-modification in that the 
solution can be stoved at temperatures of 80-100®C. to give films which resist 
the action of cold alcohol, benzene and xylene. The a-eleostearin films do not dry 
even after 8 hours heating and do not resist the action of benzene. This thermo¬ 
hardening property of the /3-compound appears to be due to the oxidation of the 
double bond on the end remote from tiie glyceryl group. In the case of the 
a-compound, steric hindrance is offered as a possible explanation for the retarda¬ 
tion of oxidation.®' 

The /3-eleostearin adduct with maleic anhydride is a pale yellow viscous mass, 
very readily soluble in acetone, alcohol, ether, benzene, turpentine and glacial acetic 
but only slightly soluble in 40-60®C. petroleum ether. When freshly prepared, it is 
miscible with linseed oil. Analytical figures showed the compound to be a tri¬ 
glyceryl ester of the formula C,H8(CaiH«0«)8. A benzene solution of the product 
stoved at 90-100®C. in 90 minutes to a hard colorless film which was elastic, non¬ 
webbing, non-frosting and non-blooming. The film may be dried at ordinary tem¬ 
peratures by use of cobalt linoleates or manganese resinates. Neutralizing the 
acidity by further esterification or by the addition of lime increases the viscosity 
of the varnish.*® 

Adam and Morrell"" have developed a method of measuring the water-attractive 
power of varnishes by determining the angle of contact between the film and water. 
This angle is determined to within 5" by tilting a flat plate until the water surface 
remains undistorted. With practically all of the varnishes, it was found that 
'^blooming” accompanies a contact angle of less than 60". If the angle is greater 
than 80®, the varnish does not bloom. The exceptions were those instances where 
the films dried slowly such as leaded drying oil. Stoving, which destroys blooming, 
increases the contact angle. In non-blooming varnishes which have angles from 
80-100®, it appears as if all the oxygenated portions of the linoxyn molecules were 
covered by hydrocarbon residues through orientation. 

The film-contact angles of some of the air-dried and some of the /3-eleostearic- 
maleic anhydride films were found to bloom and have low contact angles whereas 
the very slow drying a-films have high contact angles and show no bloom. Cobalt, 
manganese and lead-resinate driers have no apparent effect on the angle of con¬ 
tact or on the blooming of the films. Esterification of the /3-derivative with either 
glycerol or glycol raises the contact angle and thereby diminishes the water-attrac¬ 
tive power. It appears as if the greater exposure of the double bond in the /3-com¬ 
pound might be responsible for the more rapid drying. Indications point to the 
fact that in the dried film the molecules tend to stand more or less perpendicular 
to the surface with the carboxyl end buried in the interior.'®® 

At high temperatures (the so-called ^‘stand-oil formation^^), it has been sug- 


^ A. H. Hughes (/.C.S., 193S, 888). in a study of the surface films of a- and of S-alaostaarie acid* 
maleic anhydride, found that both acids undergo authxidation in the unimolecular film but that this is 
completely inhibited by 0.13 per cent of quinol in the substrate 
•• R. S. Morrell, S. Marks, and H. Samuels, British P. 407,3 
••N. K. Adam and R. 8. Morrell, /.S.C./., 1984, 58, 2MT. 

«»N. K. Adam and R. S. Morrell, /.S.C./.. 1984, 53, 360T. 


1983; Brit. Chem. Ab$. B. 1984, 511. 
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gested that the conjugated system of eleostearic acid may undergo a reaction anal¬ 
ogous to the diene synthesis with the formation of high-molecular glycerides. The 
reaction would probably be pictured as: 

CHs—(CH2)3--CH==CH—CH-~CH—CH===CH—(CH2)7—COOR 

CH,—(CHa),—CH ^CH—CH=CH—(CHa):—COOR 

\ / 

CH=CH 


CH,—(CHa)*—CH==€H~CH—CH—CH --CH -(CHa) 7—COOK 

ROOC—(CHa)7—CH--CH—€H CH—(CHa),—CH, 

\ / 

CH=CH 

It has also been speculated that linseed oil, at high temperatures, through isomeriza¬ 
tion may pass over into a diene system to undergo a similar intermolecular change. 
The transformation of linseed oil, however, is more complicated due to the fact that 
unpolymerized linseed oil also undergoes re-esterification.^"^ 

Jordan'"® is also of the opinion that in the first stages of polymerization of 
eleostearic acid there is a loss of one double linkage for each molecule of acid. 
He also proposed a T formula for the glycerides in place of the more usual E 
representation.'"* Using the T form it can be shown that combination can 
take place only by union of separate molecules.'"* 

In a study of the eleostearic acids, Rossman”* maintains that below 300"C. 
polymerization does not occur beyond the dimeric stage. Cyclomonoeleostearic 
acid (b.p. 200®C. at 4 mm.) is formed in variable amounts by heating a- and 
/S-eleostearic acids. Rossraan believes it to be 2-butyl-A*’*-cyclohexadienyloctoic 
acid 


CH 



H 


«*C. A. P. Kappelmcicr, Farben-Ztg., 1933 , 38. 1018, 1077; C/icm. Abt., 1933, 27. 4425 
C. A. P. Kappelineier, Chemweh Weekblad, 1934 , 31, 423. 

i®*-* L. A. Jordan, J. Oil, Colour Chem. A«90c,, 1934, 17, 47; Brit, Chem. Abe. B, 1934, 333. 
^ The T and B forma differ aa followa: 


~CHr~CO—0-CHj 


—CHt—CO—O— 


CH—O—CO—CHr 


T formulation 


CH»—O—CO—CH*— 
<!;H—O—CO—CHt— 

ini—O—CO-CHt— 
B formulation 


Sue alao 


On the baaia of x-ray examination of the Iriglyceridea from tridecoin to triateann, C. E. Clarkaon 
and T. Malkin (/.C.S., 1934, 666) conclude that the stable ^-form, which posaeaaea the higher melting 
point, has long carbon chaina tilted across planes formed by terminal methyl groups. In the a-form, 
the chains are considered to be perpendiculars to these planes. They likewise favor a T formulation 
rather than an B for the triglycerides. For other x-ray examinationa oF long-chain eat.ers see T. 
Malkin, Tram. Famday Soc., im, 29, 977; Brit. Chem. Abe. A, 1933, 1107. J.C.S., 1931, 2796. 

A. Jordan and J. 0. Cutter, J.S.C.L, 1935, 54, 89T. J. O. Cutter and L. A. Jordan, /. Oil, 
Col. Chem. A$mc., 1935, 18, 5: Chem. Abe., 1935, 29, 2762. 

Kossman, Fettchevi. Umechau, 1933, 40, 961, 117; Brit. Chem. Abe. A, 1933, 807. 
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A cyclodieleostearic acid is reported to have been sejiarated from tung oil that had 
been gelled and further heated at 290°C. for 0.5 hour. 

In the heat-polymerization of the highly unsaturated fatty acids isolated from 
Japanese sardine oil, the following factors were noted- the iodine value falls, the 
specific gravity and refractive index rise, the specific viscosity rises rapidly. The 
acid and saiionification values decrease, while the ester value increases. Extrac¬ 
tion of the syrupy polymerization products with light petroleum yielded resinous 
substances Toyama and Tsuchiya*"® consular that, in the first stages of polymeriza¬ 
tion, intramolecular cJiange such as ring formation preponderates over extra- 
molecular polymerization. 

Van Looii^’* has studied oiticica oil f’om the (\)uep a cjrandijioi a or Licanta 
ngida of Brazil; this oil contains “couepimc acid,” an acid which is a geometrical 
isomeride of a- and /8-eIeostearic acids Po-yoak oil (from Pannarium Sherhroesne) 
is closely related to oiticica oil and may find use as a tung oil substitute."'* The 
/Q-couepin of this oil reacts with maleic anhydride to yield a viscous >yrup; it has 
not been rejiorted to have given a fully thermohardenmg resin 

CH, 

Dchydrogeranio acid, (CH,).—CH-CH==CH-i=CH-COOH, from the wood 
of CalUtropsis araucaiioides, could not be condensed with maleic anhydride,al¬ 
though structurally (from absorption spectrum analysis) the acid contains a con¬ 
jugate system 

Y Toyama and T TsurhiNa. Chem Untsrhau. 1929, 36. 45. lint Chem ihs B. 1929, 291 
J van Loon, Verfknnuek, 1931, 4 (10). 7, 11, Chan Abs , 1932 26, 1463 St'e .1 \an Loon and 

A Stpger, Pec. trav chim , 1931, 50, 936; Bnt. Chem Ahs A, 1931, 1034 

J van Loon, Farben^Zifi , 1932 , 37 , 483; Bnt Chetyi Abn B, 1932, 194 ,T. van L(H)n (Z 

UnterHUch Lebensm , 1930 , 60, 320; Chem Ab» , 1931, 25, 4727) tliMUH.sed tin* tliiocvanometiy of tting 
oil and the ]jo‘'SihU' existence of 7 -elwsteniic and 

itw See R S Moirell, S Matks arul H ,Surnuel^, Biitish P 407,957 1932, lint Cfum Ab'< B, 1934, 
511 

R S Cahn A R Penfold and .1 L .Snnonsen, J.C S , 1931. 3’34 



Chapter 41 

Polybasic Acid-Polyhydric Alcohol Resins. 
Alkyd Resins. Theoretical 

The esterification of polybasic acids by polyhydric alcohols leads almost invari¬ 
ably to the formation of condensation products of high molecular weight. It is, 
indeed, only in a few cases—such as the esterification of ethylene glycol with car¬ 
bonic or oxalic acid derivatives—that the simple monomeric ester is formed in other 
than a very small yield. This simple reaction may be represented as follows: 

CHjOH COOH CHr-0—CO 

i “1“ 1 ^ J. J. 2 H 2 O 

CH,OH COOH CH 2 —O—CO 

More usually, as was first noted by von Bemmelen^ in the esterification of suc¬ 
cinic acid, HOOC-CH.CH.~COOH, with glycerol, HOCH.-CHOH—CHaOH, the 
product is a vitreous, resin-like body. 

The utilization of these polymeric compounds or resins was tardy, partly owing 
to their high cost but more particularly to a lack of recognition of their qualities 
and variety of uses. In recent years,'"however, phthalic anhydride, the anhydride 
of the simplest aromatic dibasic acid, has become a readily accessible industrial 
product used in the manufacture of dyestuffs. When this acid is combined with 
glycerol, a by-product of the soap industry, the so-called alkyd resins are ob¬ 
tained and these have acquired considerable industrial importance. 

Phthalic Glyceride. Whenever an organic acid reacts with an alcohol the 
product is an ester. The reaction between phthalic anhydride (or acid) and 
glycerol is no exception to this rule, but the ester formed is of a complex nature, 
having a high molecular weight and resinpus properties and thus differing greatly 
from ordinary esters. As is known, polybasic acids, reacting with monohydric 
alcohols, form simple esters, (diethyl phthalate from ethyl alcohol and phthalic 
anhydride). Moreover, polyhydric alcohol esters of monobasic acids are without 
complexity (triacetin and vegetable oils). The high degree of molecular complex¬ 
ity of the resinous esters formed when both components are poly-functional* can 
be explained if one considers the various ways in which combination is possible. 

Wlien phthalic anhydride and glycerol are heated the first product may be as¬ 
sumed to be the phthalic acid monoglyceride: 

CHiOH 

<!:hoh 

(!;H,0—CO—C,Hr-COOH 

That this is not the final product is easily understood when it is noted that this 
compound is simultaneously both an acid and an alcohol. Further reaction is there- 

^ J. M. von Bemmolen, /. prakt. Chtm., 1856, (1) 60, 84; /ahmber., 1856, 603. 

• See Cbnpter 4. 
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lore possible, leading to intermolecular esterification of the initial ester and iortn- 
ing finally immense resin molecules as an end-product. 

The structure of phthalic glyceride is difficult to picture graphically on account 
of the complexity of glycerol itself. But if glycol, which is simpler than glycerol, is 
the reacting polyhydric alcohol, the reaction is probably as follows: 

0 

i! 

CH,OH y\y \ CH^OH 

in,OH \J\ CHjO—CO—C.H 4 COOH 

c 

The initial ester may then combine intermolecularly to form a long chain-molecule: 

If HO-X-OH is glycol (or another dihydric alcohol) and H-Y-H is phthalic acid 
(or any dibasic acid), the symbolic formula is: 

HO~-X—Y~H, and HO—X—Y—(—X—Y—)„—X—Y—H 
(first product) (resin) 

The symbolic formula for phthalic glyceride differs from that of the glycol resin 
in having a branch-chain at each glycerol residue since there are three hydroxyl 
groups in glycerol to enter the reaction and only two in glycol. 

Classification of Alkyd Resins. As might be anticipated the general 
properties of such resins vary according to the type of acid and alcohol employed.* 
Kienle and Ferguson^ distinguish three main classes: (a) Resins non-convertible 
by heat, namely, those formed from dihydric alcohols (glycol) and dibasic acids 
(phthalic anhydride), which do not gel on heating, (b) Heat-convertible resins, 
given by alcohols with not less than three hydroxyl groups (glycerol) and dibasic 
acids, or by dihydric alcohols and acids with not less than three carboxyl groups. 
These resins, as first produced by esterification, are converted by further heat treat¬ 
ment into infusible and insoluble products, (c) Element-convertible resins, those 
derived from unsaturated acids or alcohols, the properties of which are irreversibly 
altered by the oxidation of the unsaturated component. 

One theory of resin formation was suggested by Kienle and Hove)r® and further 
elucidated by Kienle.* Whenever the reactivity of an organic reaction is 2 to 2 
» glycol and phthalic anhydride), where there are two functional groups, an 
amorphous or resinous substance results unless, as Carothers'^ has shown, the 
monomer can form a 6- or 6-membered ring. In these special cases cyclization 
would tend to take place and crystalline compounds would result. Thus with ethy¬ 
lene glycol and oxalic acid, a monomeric ester is formed. With glycerol and phthalic 
anhydride, the reactivity is 3 to 2, respectively, that is, there are three functional 
groups in glycerol but only two in phthalic anhydride. The tendency under these 

'These resins are often called "Qlyptals/* an incomplete anagram derived from the words gly(cerol) 
and p(h)t(h)al(ic). This term has been adopted by the General Electric Co. for alkyd resins. 

H5nel feels that the designation ‘'glyptal" should be restricted to resins which on sufficiently pro¬ 
longed condensation yield infusible and insoluble products. Such resins may have phthfilic aiffiydnde 
replaced by other poly basic acids, and within certain limits dihydric alcohols and monobasic acids may 
be substituted to confer modified properties. When such limits are exceeded, however, mfusible limit 
products are not formed, and the term ''glyptal" should then no longer be used. See H. H5nel, Pmnt, 
Oil, Chem. Rev., 1931, 91 (33), 19; Chem. Abe.. 1931, 25, 8854. 

The use of the name alkyd avoids the introduction of trade names. 

' R. H. Kienle and C. 8. Ferguson, Chem. Met. Sng., 1932, 39, 599. 

» R. H. Kienle and A. G. Hovey, J.A.C.8., 1929, 51. 509. 

' R. H. Kienle, Ind. Eng. Chem., 1980, 22, 590. 

^ W. H. Carothers, Chem. Rev., 1981, 8, 858. 
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conditions would likewise be to form chains but these chains could react with one 
another to form a highly complex, 3-dimensional pattern yielding on heating a large 
molecule^which was both infusible and insoluble. (See Table 41.) 

By the addition of monobasic acids to phthalic anhydride and glycerol, the 
course of the reaction is altered. The presence of the monobasic acid hinders the 
cross linkages of the chains. But with a highly unsaturated acid, cross linkages 
can occur through polymerization and oxidation of the side chains. This type of 
resin is known as the element- or oxygen-convertible type.* 

Table 41. —Effect of Varying Alcohols on Phthalic Anhydride^ 


Reactivity Acid/ 

Alcohol Reactivity Alcohol Type Resin 

Methyl. 2/1 No resin; pure compound. 


Ethylene glycol. 2/2 Heat-non-convertible. 

Hard glassy resin. 

Propylene glycol. 2/2 Heat-non-convertible. 

Hard resin. 

Diethyleneglycol.,. 2/2 Heat-non-convertible. 

Balsam. 

Glycerol. 2/3 Heat-convertible. 

Hard glassy resin. 

Mannitol. 2/6 Heat-convertible. 

Hard opaque resin. 


* R. H. Kienle, Ind. Eng. Chem., 1930, 22, 593 

Glycerol and Phthalic Anhydride. The reaction between glycerol and 
phthalic anhydride since its discovery by Smith” in 1901 has been the subject of 
many investigations into the mechanism of resin formation. Kienle and Hovey,’® 
in studying the rate of esterification of equivalent amounts of glycerol (2 mols) 
and phthalic anhydride (3 mols), found that reaction proceeded at first very 
rapidly, yielding within a rtiinute, at the temiTerature investigated, a product corre¬ 
sponding to 50 per cent esterification, i.e., to a mixture of the monobasic mono¬ 
glyceride (I) and the dibasic diglyceride (II) 


CHr-OH 

inoH 

(!;h,— o—CO— c,H 4 — cooH 
(I) 


CH,—O—CO—CJI,—COOH 
(^HOH 

dlHr-O—CO—C,H,—COOH 

(II) 


When esterification is about 60 to 70 per cent complete, the rate falls off, but pro¬ 
ceeds more slowly up to and beyond the point at which gelation occurs. No alde¬ 
hyde was detected in the reaction. This observation tends to invalidate the sug¬ 
gestion made by Barry, Drummond and Morrell,“ that an intermediate aldehyde 
is the mechanism by which the alkyd resins are formed. 

The preliminary formation of the monoesters was noted by Honel,"^ who found 
that the continued heating of the infusible resin after gelation decreased its ability 
to swell with solvents, indicating the continuation of the process of esterification. 

•See Chapter 44. 

•W. Smith, 1901, 20, 1075. 

»R. H. Kienle and A. Q. Hovey, J.A.C.S., 51, 509. 

H. l^rry, A. A, Drummond and Morrell, “Natural and Synthetic Resina,“ D. Van 

Voairand Co., New York, 1926. €. F. (British P. 250,949, 1920, to British Thomson- 

Houkon C6., Ltd.; Brit. Chem. Ah». B, Wm 988) found that the addition of small quantities of 
G^eiiol-formaldehyde resin to the alkyd r^m^jliid a tendency to accelerate the polymerisation of the 
latter, lliis observation tends to support m Vie# that acrolein miaht be an intermediate form. The 
fact that the formation of the alkyd resi%:^eurg more readily with polyglycerols than glycerol itself 
may ii^ieate that the polymerisation of mi glyceroT itself is involved in some manner. See T. H. 
Barry. Ind. Chemitd, 1928, 4, 58; Chem. Abe/, 1928. 22. 2071. 

UB. 1981,, 35, 78, p, 182; Chem. Ab«., 1981, 25, 5047. 










41 . ALKYD RESINS THEORETICAL 


865 


He therefore attributed resinification to the formation of compounds of high 
molecular weight solely by continued esterification of the acid esters first formed. 
Increase of the amount of glycerol causes the acid number of the mixture, imme¬ 
diately before it becomes infusible and insoluble, to decrease until finally the in¬ 
fusible state cannot be reached. When glycerol and phthalic anhydride are taken 
in such proportions as to form the mono- or the diester and heated, the^reaction 
proceeds very slowly at 160®C. Above 230®C., the reaction is more rapid, but 
the tendency is to form hard resins. The greater the amount of phthalic an¬ 
hydride, the greater is the tendency toward insolubility.” 

Bozza,’^ on the other hand, regards the reaction as leading first to the esterifica¬ 
tion of the a-hydroxyl grou])s of the glycerol, followed by a condensation process 
in which the molecular weight increases without increase in the degree of esterifica¬ 
tion, due to anhydride formation between the free acidic groups of adjacent 
molecules. Schlenker,” however, views the resins as long chains of glycerol mole¬ 
cules linked at the a-positions through the carboxyl groups of alternating phthalic 
acid molecules, while the ^-hydroxyl groups are esterified only in the later stages 
of the reaction. 

Savard and Diner” made an extensive investigation of the kinetics of the 
esterification in question, and from the velocity constants of the process deduced 
that the initial step is the formation of the dibasic diglyceride already mentioned. 
This reacts with any excess of glycerol to form a neutral glyceride. 


CHjO—C0™C«H4—COO—CH 2 

<!:hoh iflOH 

(1;h,o—CO—c,H4-<;oo—([:h, 

corresponding perhaps to conditions where an infusible resin cannot be formed. 
With excess of phthalic anhydride, the diglyceride reacts further at the /3-hydroxyl 
group. In the absence of excess of either constituent, it is deduced that the 
diglyceride undergoes internal esterification. According to HoneP it is this inter¬ 
nal esterification that is responsible for the formation and the characteristic prop¬ 
erties of the alkyd resins. He regards the first stage as giving rise (in equivalent 
mixtures) to a mixture of the mono- and diglycerides referred to above. With 
further heating, these react to give the condensation product as follows: 

COO—CH 2 —CHOH—CH 2 OH COOH HOOC 




COOH 




coo—CH,—CHOH—CH,—00c 


COO—CH,—CHOH—CHr-0—CO 


COO—CH,—CHOH—CH,—OOC 






COOH HOOC 

In the latter substance, two mols of glycerol are united to three mols of phthahc 
acid. The ^-hydroxyl groups of the glycerol are still unesterified (corresponding 

“S. Sueimoto, RtpU. Imp. tnd. Rttearch hut., Ottka, Japan, IMS, 14 (18), 1; Cham, X6«., IM4, 
' 28 4821 

** G. Bossa, Otom* chim. ind, applicata, 1882 , 14, 284 , 408; 

“E. Schlenker, Allgem. Oel- u. Fett-Ztg.p 1822, 28. 658; Brti. Chem. 

“ J. Savard and 8. Diner, Btil. »oc. ehim., 1882, 51, 587; Chem, Abe., 1822, 26, 5087. 

» H. Hdnel, loc. cit., 18. 
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to the invariable rule that the o-hydroxyl undergoes reactions firstone-third of 
the acidity of ^ phthalic anhydride remaining unneutralized. TMs stage of the 
reaction correspon<fa to the absence of excess of either component, and to the ex¬ 
perimentally found change in the rate of esterification 'when 33 1/3 per cent 
free acid remains. The theoretical relationship between molecular weight and acid 
number*representing various stages in the esterification of phthalic anhydride and 
C^ycerol, is shown Wow^ where P represents phthalic acid and G, glycerol. A 
terminal P implies the presence of a carboxyl group and a terminal G, a dihydroxy 
group. 


Table 41a,— Theoretical Relationship between Molecular Weight and Acid Num- 
ber in Olycerct^Phthalic Anhydride Esters, 


Name 


Monodycerol monophthalate 
D^vcerol dl^thalate 
Tngiycerol tni^thalate 
Tetraglyoerol tetraphthalate 


Monoglyoerol diphthalate 
Diglycerol triphthalate 
TViglycerol tetraphthalate 
Tetraglyoerol pentaphthalate 


Type Formula 

Molecular 

Weight 

Acid 

Number 

G—P 

240 

233 

G—P—G—P 

462 

121 

G—P-G—P—G—P 

634 

82 

Gr—P—G—^P—G—P—G—P 

906 

62 

P--G—P 

388 

280 

p——G—P““-G—P 

610 

184 

P—G—P—G—P—G—P 

832 

135 

p— Q —p—G—p—G—P—G—P 

1054 

106 


Further esterification, now involving the /9-hydroxyl groups, might conceivably 
proceed internally, forming such a glyceride"* as 





CO—0—CH| 


CO—0--CH 
CO—o—in, 


CO—O—CH, 
DO-O—<!5H 


CO-0—CH, 


This is, however, unlikely, as the limit product is almost completely soluble in very 
dilute potassium hydroxide, requiring in fact, only as much alkali as is required 
to neutralize the free acid. The progressive decrease in acidity and corresponding 
increase in resin-like properties can, however, be far more readily explained by 
the esterification of a hydroxyl group by the acid of another mole^e thus: 


A. FaIrboMnia mad O. W. Cowdi^, IMS. m, ^ ^ ^ . 

^ Tliiii in a Itf^pothetieal formula. Aeoordins to E. W. Spanagol and W. H. Carothari (/.d.C.S., 
ins, 9W). erelie ait^ invohriii| t-tnaoibfrod rinai hava novar baan praparad. Altboui^ it ia a 
laMi^ mattar to obtain <reUa pohrbasiO a^-polybydvic aloobol aatara in a monomaric form 

iSm tba ring of $ atoma <a.i^, ShraoT oxa]ata)*attd alao whan tba riim eonaiata of a lam numbar 

of atcmia, tba moaomm eonaaponoinf to ms* of f or S atoma aro {gaoUealiv impoatibla to fom» 
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i 

0—c 



COOH 


coon 
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c=o 
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c=o 

i 


djH, 

I 

0 

II 

([:h, 

1 

0 

CH-~OH 

HO—C 

- 

-o—i!; 

in, 

1 

X) 

in, 

1 

X) 

0 

o=c 

0 

o=c 

(jjssO 

A 

(!>=o 

A 

a 

in, 

1 - 

.a 

(!:h, 

1 

c=o 

CHOH 

I 

0=0 

CHOH 

I 

d) 

1 

CH, 

1 

d) 

1 

CH, 

1 

CH, 

(!) 

CH, 

d) 

(!:hoh 


^HOH 

0=d!J 

in, 

1 

X) 

in, 

1 


0 

o=c 

0 

o=c 

(!>=o 

A 


A 

a 

ill, 

1 

a 

(IjHt 

i 

0=0 

CHOH 

1 

0=0 

CHOH 

j 

(!)h 

CRt 

d)H 

CH, 




H 


A 

o=<!: 


o=c 

A, 





By the continuation of the above process, formation of giant molecules may be 
visualized, consisting of long-branched chains of the type shown, which may per¬ 
haps further condense to ring structures of a high order. The lenc^h of such chains, 
and the corresponding colloidal properties of the resin, thus depend primarily on 
the length to which the heat treatment is carried beyond the point at which 
internal esterification commences. 

Kienle and Race^ studied the change in the electrical, chemical and physical 
properties of the moMed and unmodified alkyd resins by measuring the cluuDiges 
in ^e D.C. rraistance of the melts held at 190»ld5*C. During the formation of 
the unmodified alkyds there is a progremve increase in the electrical resistance 
with time (see Fig. 124). It may be seen that the further away the resin is from 

WB. K. XidilA Mid H. H. Ram, Trent. JlMlreo^. Soe., 1«M. SS. SSl; Sril. CAtin. ASt. B, ItM. 

111 . 
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the heat-<:onvertible, the more the curve shifts to the right indicating higher 
resistance values for the same percentage of esterification. Inasmuch as the iper 
cent esterification gives the number of carboxyl and hydroxyl groups, the higher 
resistance must be due to a factor other than ionization. Kienle and Race ascribe 
this to fluidity or paobility. For a given per cent esterification the shift from the 
heat-non-convertible (mobile) to the heat-convertible (less mobile) is accom¬ 
panied by an increase in resistance. On this basis glycol phthalate gives a lower 
resistance than glycerol phthalate. Glycol phthalate, which produces a chain mole¬ 
cule rather than a criss-cross, three-dimensional molecule, readily approaches com¬ 
plete esterification without gelation and with a very high value for the resistance. 

No simple or adequate explanation may be advanced to correlate the electrical 
characteristics. Debye’s” theory of polar orientation, although mathematically 


• ttiTAt ^rmiJ0r£ 



Fig. 124.—-Comparison Between Per Cent Esterification and Electrical Resistance of 
Typical Alkyd Resins During Formation. (R. H. Kienle and H. H. Race.) 

rigid only for dilute solutions, may be a contributing factor in both the heat-non¬ 
convertible resins and in the heat-convertible types at high temperatures. For 
the latter, however, it seems more probable that during gelation a cellular structure 
is formed of good insulating properties containing pockets of liquid or plastic 
semi-conductors. 

A i^ilar conclusion has been reached by Winning and Williams” from a study 
of the adsorptive properties of alkyd resins and the effect of curing. Their results 
$gree with the assumption of giant molecules as the fundamental structural units, 
which increase in size and compactness, the chains lengthening and ramifying dur¬ 
ing the curing process, thereby decreasing the pore space and the adsorptive power. 
Corresponding to the decrease in adsorptive properties is a decrease in the tendency 
to disperse in a solvent, although as the pores take up solvent the resin swells, 
and can retain much solvent or vapor. The formation of ramified irregular chains 
is probaUy a cha^racteristic property of the heat-convertible alkyd resins. 

Pebyt, Molecules,^’ Chfim. Oitabc Co.. New York. 1929. 

mo, H. Wiaains and i. W. Williams, J, Phys. Chem., 1992, 3S» 291(; Chem. Abt., 1938, 27, 651; 

1988 , $ 5 , 8888 . 
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Wornumon the other hand, emphasizes the physical features. Two separate 
aspects must be considered in the colloidal behavior of ethylene glycol- and 
glycerol-phthalic anhydride: first, in the building up of the micelles and also the 
larger or secondary flocculates and, second, in the spatial distribution of the 
units throughout the system. The latter bears a distinct relation to phase stability 
which determines, among other things, the sol-gel transformation. 

In a system such as ethylene glycol-phthalic anhydride, Wornum believes that 
the formation of larger units of the dispersed phase can only be accomplished 
through the operation of secondary valence forces. At high temperatures and in 
the absence of these valence forces, any aggregate must of necessity be of an 
evanescent character and, therefore, no gelation occurs. At lower temperatures 
these valence forces would become active, the micelles and secondary flocculates 
would then assume a more stable form resulting in a state of reversible gelation. 

In the case of phthalic anhydride and glycerol, the conditions are less simple. 
The secondary valence forces act both at high and at low temperatures but, in 
addition, at higher temperatures it is necessary to consider the primary valence 
forces. Under these conditions larger units would easily be built up and the 
formation of irreversible micelles and irreversible flocculates would lead to irre¬ 
versible gelation. 

By mean^ of specific-viscosity determinations” Houwink and Klaasens** have 
tested the concept that at temperatures below 180®C. only the a-hydroxyl groups 
of the glycerol are active. At higher temperatures, the /^-hydroxyl group enters 
into the reaction with the formation of a 3-dimensional polymer. 

Glycol Resins. The esterification of glycol and other dihydric alcohols by 
dibasic acids, like the esterification of glycerol, leads to the formation of highly 
polymerized resinous products. The glycol resins differ however from the glycerol 
resins in that, even when esterification is carried to the limit, an infusible product 
is not formed. The glycol resins represent, then, the heat-non-convertible resins of 
Kienle and Ferguson.” 

Taking the case of ethylene glycol and succinic acid as an example the first 
product of esterification will be the monoester. 

HO—CH 2 —CH 2 —O—CO—CHs—CH 2 —COOH 

This might, according to circiunstances, either undergo internal esterification, giving 
the neutral, monomeric ester 

CH 2 —O—CO—CH 2 

in,—o—CO—in, 

or else the free acid groups may esterify the free hydroxyl of another molecule, 
resulting in an acidic dimeric ester. 

HO—CHa—CH,—O—CO—CHa—CHa—COO—CH 2 —CH 2 -<)—CO—CHr—CH,—COOH 

The first reaction leading to cyclization is excluded bn the basis of the rule of 
Carothers;” consequently the intermolecular reaction would be expected. The 
process may thus be considered to proceed almost indefinitely, with the formation 
of linear polyesters of the general type: 

HO—CHr-OH,-~0—(CO—CH3CHr-vCOO--OH,CH*-0)n-~00--OHr-OHr~COOH 
in which the long chain-like molecule may be built out of many units. As may be 

**W. E. Womum, Chem. Age (^London), 1984, 80, 848. See CSieptere 8 and 4. 

* See Chapter 4. 

Houwtnk and K. H. Klaasens, KoHoid.*Z.,>iW, 70. 339. 

^ R. H. Kienle and C. S. Ferguaoa, loc. eif. 

* W. H. Carothers, loc. cit. 
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WBCtk, the linear polymer differs distinctively from the extensively branched chains 
of tlM) glycerol phthalate t3rpe. To this difference in structure of the final resin 
may be attributed variations in physical properties such as the gelation of the 
glycerol resins to an infusible product and the usual absence of such a property on 
the part of the glycol resins. 

Glycol and Carbonic Acid. The neutral ester of glycol with carbonic acid, 
efl^lene carbonate, is the 6-membered cyclic compound 

CHr—O 
CHr-O^ 

Aa might be anticipated from the stereochemistry of 5-membered rings, the tend¬ 
ency is, therefore, toward cyclization to the simple ester rather than toward poly¬ 
merization to resins. This is, in fact, the case;'' ethylene carbonate is formed in 
good yield either by the action of carbonyl chloride (COCU) or of 1 mol of 
chlorofonnic ester on ethylene glycol. In the latter case, the carbethoxy-glycol 
first formed eliminates alcohol intramolecularly, rather than intermolecularly, which 
would lead to polymerization. 

The carbonates of the glycol monoethers, and especially of diethylene glycol 
ether. 


C,HsC)--€Hr^Hr~0--CH,~CHa--OH 

are high-boiling liquids which have been suggested as possible lacquer plasticizers.** 
While ethylene glycol 5 delds with carbonic acid only the monoester, polyesters 
may be obtained from other dihydric alcohols, all corresponding in composition to 
chains made up of the unit —O—(CH,)»—0—CO— which may recur 8 to 22 
times. 

Trimethylene carbonate exists both as the monomeric ester (m.p. 48"C.), 

C^, ^0=0 

and as a glass of 38 to 45 structural units. Polymerization takes place on heating 
a^ is catalyzed by a trace of potassium carbonate. The glassy polymer is found 
by x-ray examination to be crystalline.** 

By heating the linear polyesters with catalysts*' it is possible in certain cases 
to bring about a smooth depolymerization to the monomeric or dimeric esters. 
The ratio of the monomer to the dimer is determined first on the nature of the 
ester, that is, its unit length and secondly on the experimental conditions. 

Tetramethylene carbonate gives rise to a considerable amount of tetrahydro- 
furan, arising undoubtedly by the loss of carbon dioxide from the structural unit. 
Hie chief product was a 14-m^bered ring, a dimer which has been prepared by 
Ruzieka.** Carbonates of penta-,' hexa-, hepta-, octa- and nonamethylene were chiefly 
dimeric. Decamethylene carbonate, however, yielded a considerable amount of 
monomer, the same bring true of undecamethylene carbonate.** 


ma f. Aipiw sed w. M»w, /.C.S., i9U, tas. ssw. 

O. DnOt* lutdll. M. Olrtar. tttO, 52. 37S0. 

H. Qirollm tad F. J. Van Natto. J,A,CX, ino, 52, I3S. W. H. Carotheri, U.S.P. 1,906.221, 
Mer. trio, to t, du Pont do Komoun d Chem» Abi., 1286, 22, 2976. 

Vj/w. imtodw. H. csHotiMri, /ji.cA. im. u. m. 
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Glycol and Oxalic Acid. The six-membered cyclic ethylene oxidate forms 
an intermediate stage between simple and polyesters. By the action of ethylene 
glycol on ethyl oxalate," there is obtained a white powdery polymeric product, 
wMch from analyses and molecular weight determinations appears to be approxi¬ 
mately of the composition 

Cair--O~(C0--C0--<)--CHr^ 


On heating the polymer in a vacuum, the monomeric ethylene oxalate, (m.p. 
143’C.) 


CHr-0--0«0 

^Hr-O—(!>=0 


is formed in 50 per cent yield, but the solid substance undergoes polymerization 
in the course of a few days, being finally' transformed into an insoluble form 
(m.p. 170-173®C.), in which it is possible to distinguish two polymers: one of 
m.p. representing about 20-fold polymerization, the other,'probably higher. 

Propylene glycol forms with ethyl oxalate a colored viscous resin from which, 
on heating in vacuum, monomeric propylene oxalate 


CH|—CH—O—C^O 


hi 


was obtained. This did not polymerize at the ordinary temperature, but could 
be converted at 140®C. to a completely insoluble polymer melting at 176-178*0. 

Cyclization would not be anticipated in the reaction between trimethylene glycol 
—CHr-CHgOH) and ethyl oxalate inasmuch as this would necessitate 
the formation of a seven-membered ring. The reaction takes place intermolMuIarly 
yielding a product of molecular weight of about 2000, i.e., a 15-20 structi^-unit 
polymer. On distillation a small amount of dimer, 

is formed." Hexamethylene glycol and decamethylene glycol also .give rise to 
linear polymers of the same type. 

Glycol and Succinic Acid. By the action of succinic acid on excess ^ycol 
at 180*C., and subsequent removal of the excess glycol, a polymeric crystalline neu¬ 
tral glycol succinate is formed," (m.p. 102*C.), which may be tak^ as typical 
of the glycol esters of dibasic acids. This substance may be repiesented by the 
formula, 

H—(O—CHf—CHs—O—CO—CHf—GHu—CO)xii—O—CHi—CHf—OlEl 
consisting of 23 of the simple structural units, 

--<)--CH,CH,0--<X)-^ 

linked together." In the presence of excess of succinic acid, and with shorter times 
of heating there is a tendency to the formation of less-faighly condensed, lower- 
melting products. Substances containing 6, 9, and 12 of the basic structural units 
in the molecule were thus obtained. In all cases, even with 2 mots of succinic 
acid per mol of glycol, high-molecular products were formed, and not the diacid 
ester, 

HO(X>-‘(C®)r-<X>--<)r^(CH,)r--0^ 

» W. H. Cuothers, J. A. Arvia aiid O. L. DorougS, /.A.CJ9., IMO, 52, 3112. 

** W. H. Oftirothert, J. A. Arvin tiul O. h. X>oroii|^. Uk. eti. 

»W. H. and Q. L. Dofough. f.A.CA^ IMO, 51. 711. 

**The prepamtion of glyaol Mtan of diboiio aoidt it alio dtaeribtd hy F. B. Shorlatid, /.4.C.S.. 
1315, 57. 115. 
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The compound, HO—(CH*)aO—CO—(CH,)a—CO—0(CHa)aOH, formed as a vis¬ 
cous, non-volatile liquid by heating neutral ethylene succinate with glycol, is recon¬ 
verted into the neutral ester and glycol on slow heating in vacuum. 

These neutral ethylene succinates when dissolved in chloroform and spread on 
0.01 N hydrochloric acid form stable unimolecular films. The molecular chains, so 
formed, are flexible and may be packed closely before disruption by compression.” 

That esterification continues progressively, with the formation of longer, more- 
highly polymerized molecules, on continued heating, is indicated by Kienle and 
Hovey^s** study of the rate of esterification of glycol with phthalic anhydride. As 
in the case of glycerol, rapid initial esterification was followed by a slower steady 
decrease in the free acidity, but no irreversible gelation occurred, the flow point 
and viscosity rising with time to final steady values indicating completion. Honel® 
states that the monoester, HO—CHa—CH*— 0 —CO—CflH 4 —COOH, corresponding 
to the initial rapid esterification, can be isolated. 

Properties of the Polymethylene Polyesters. The esters of dibasic 
acids with dihydric alcohols are thus regarded in every instance as linear polymers. 
Carothers and Dorough" found that in all cases the limiting length of chain, under 
ordinary conditions, was about 200 atoms. Although diethylene glycol carbonate, 

I I 

©(CHa)*—O—(CHa)a— 0—C=0, ethylene malonate and decamethylene phthalate 
are liquids, most of the esters are found by x-ray methods to be microcrystalline 
solids. 

The physical properties of the substances depend largely on the nature of the 
structural units of which they are composed. Increase in the length of the poly¬ 
methylene chains, —(CHa),,—, increases the solubility in organic solvents and 
diminishes the viscosity of the molten ester although this is always relatively high.^^ 
Where the ester groups are separated by polymethylene chains the substances may 
be crystalline. Less symmetrical polyesters, such as glycol phthalate, are resins 
(either transparent glasses or balsams). The crystalline esters also, when melted and 
cooled, yield opaque masses, which may be brittle and porcelain-like or soft and 
waxy. The waxy quality increases with the length of the polymethylene chains. 

A special polyester found by Carothers and Van Natta*“ to possess toughness 
and elasticity was hexamethylene carbonate, which, though crystalline, separates 
from solution as opaque horny flake^. The reason for this property in hexa¬ 
methylene carbonate alone is obscure. 

As stated above, under normal working conditions the limit of condensation is 
a resin with a molecular weight of about 3000. Carothers and Hill** noted that 
by continuing the heat treatment in high vacuum, the so-called molecular still, 
the process could be carried further, yielding '*super-polyesters” of modified prop¬ 
erties. The properties of the products thus obtained may be exemplified by the 
polyethylene succinate so formed, which forms a tough, slightly elastic, horny mass 
at 97®, but flows only at a higher temperature. The melt may be drawn out intq 
strong, pliable fibers; several of the esters, indeed, notably ethylene sebacate and 
the, ester produced by auto-cohdensation of w-hydroxypentadecanoic acid, can be 
cold-drawn. It is not possible to spin filaments from the polyester of hydroxy- 
decanoic acid unless the molecular weight reaches about 7(XX). Cold drawing does 
not appear until the molecular weight approaches 9000. This relation between 

« S. A. Mo88, J.A.C.8., 1934, 56, 41. 

«®R. H. Kienle and A. G. Hovey, J.A.C.8.. 1930,' SZ< 3686. 

•»H. Hdnet, Kuntt$toffe, 1981, 85, 76, 105, 132; Chem. Abs., 1981, 35, 5047. 

••W. H. Carothers and G. L. Borough, JA.C.8.. 1930, 52. 717. 

"W. H. Chrothers and F. J. Van Natta, /.A.C.S., 1980, 52, 317. * 

OW. H. Chrothera and F. J. Van Natta, ibid., 1930, 53, 314. 

4>W. H. Ohrothen and /. W. Hill, tb«d., 1983, 54, 1559. 
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the fiber and molecular length is important when it is seen that a fiber appears to 
require a molecule whose weight is at least 12,000 and whose length is not less 
than 1000 A. 

The glycol-phthalate resins also belong to thus class of derivatives and have 
been proposed*^ in the production of artificial silk but, though lustrous threads 
may be obtained, they are exceedingly fragile according to Carothers and Hill." 

Resins of Mixed Type. Resins of the ethylene succinate type have been 
seen to possess the long-chain molecular structure favorable to the formation of 
flexible fibers; but to be non-heat-convertible. Kienle and Schlingman" have de¬ 
scribed heat-convertible flexible resins formed by introducing a proportion of the 
rigid, heat-convertible glycerol-phthalate into ethylene succinate. The resulting 
resins therefore comprise flexible, two-dimensional chains of the ethylene suc¬ 
cinate type, which may be pictured as follows: 


HO—CO—CeH4—CO—O O—CO—(CH2)r-CO -O 

<I;h, (^h, (^Hs), 

(*JHOH (*:hoh (*) 

OHs (t:Hs (^o 

A—CO—C,H,—CO—(') ((t:Hj), 

io 

CO—(CH,),—CO—0—(CH,),—O—CO—(CHs) 5—CO-0—(CHi),0 

A 

(Ah,)j— OH 


The resins are convertible by heat owing to cross-tying occurring between the 
glycerol phthalate units. The flexibility and hardness of the resins formed depend 
on the proportion of the two types present, increase in either the proportion or 
the chain length of the dihydric alcohol-dibasic acid component increasing the 
flexibility. 


Table 42.— Properties of a Series of Flexible Alkyd Resins^ 


Mol per cent 


Flow point 

Cured resin 

Glyceryl 

Glycol 

Mol 

at “ A stage 

Shore 

Shore 

phthalate 

succinate 

ratio 

®C. 

hardness 

elasticity 

100 

0 


120 



60 

60 

1:1 

123 

99 

— 

33 

67 

2:1 

67 

97 

— 

20 

80 

4:1 

66 

96 

33 

14.3 

86.7 

6:1 

60 

83 

38 

11.2 

88.8 

8:1 

60 

63 

96 

9.1 

90.9 

10:1 

56 

66 

96 

0 

100 






• R. H. Kienle and P. F. Schlingman, Ind. Eng. Chem., 1033, 25. 073. 


The flexible alkyd resins can be cast into sheets or rods and then cured at 125®C. 
or over. The harder-cured resins (i.e., containing a high proportion of glycerol 
phthalate) may be milled, machined or pressure molded. They may be obtained 

^H. Schuohmann and F. Streuber, German P. 338,005, 1088, to Allgemetne Elrictricitiita-Gea.; Chem. 
Abt., 1038, 26. 4718. Allgemeine Elektricit&ta-Gei^ British P. 808,807, 19M, to International General 
Sleetrio Ob.; Brit. Chem. Aba. B. 1080, 46|5. See Chapter 47. 

H. Carothen and J. W. Hill, he. cit. 

4* R. H. Kienle and P. F. Schlingman, Ind. Eng. Chem., 1083, 25, 071. See J. G. E. Wright, Trana. 
Am. Inat. Chem. Eng., 1083, 28, 81. 
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in a transparent state and offer a non-inflanunable substitute for celluloid. The 
very flexiUe reeins display a remarkable sound^absorbency and facility for dampen¬ 
ing vibrations. Such resins have found application further as lacquer plasticizers, 
as a base for heat- and oil-resistant varnish cloths and as gaskets. 



1^0.126.—Relationships Among Alkyd Resins. 


Monobasic Acid-Modified Resins. Addition of monobasic acids to the 
alkyd type of resin modifies the propertiee connderably. The alkyd resins, accord¬ 
ing to tiM type of monobado acid may be non-drying, semi-drying or drying. The 
WHMlrying type of alkyd redn is used mostly in nitrocellulose lacquers as a redn 
plastiidser dr both. Castot oil also finds use in these nitrocellulose lacquer 
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alkyds. The semi-drying-oil alkyds can be baked at high temperatures and show 
no tendency to wrinkle under this treatment. The short-drying alkyds may be 
baked rapidly and exhibit unusual hardness and good adhesion.^^ They can also 
be air-dried. 

By the interaction of linseed oil fatty acids (1 equivalent) and phthalic anhy¬ 
dride (2 equivalents) on glycerol (3 equivalents), a product is obtained simulating 
bodied linseed oil. It displays on heating both the element-convertibility of the 
drying oils and the heat-convertibility of the alkyd resins, according to Honel." 

Alkyd Resin Modifications. Due to various modifications, alkyd resins 
have been classified in several ways. Knimbhaar^ suggests the following groups; 
(1) Straight alkyds, (2) phenol-modified alkyds, (3) phenol-modified and oil- 
extended and (4) non-phenolic, modified by natural resin acids. Malowan” uses 
the classification: (1) Unsaturated modifications containing fatty acid residues and 
cpmpatible with nitrocellulose lacquers, (2) modified with natural resin acids, (3) 
unsaturated containing drying oils and (4) mixed types from natural and syn¬ 
thetic resins. 

The divisions which will be adopted in this instance depend upon the use of: 
(1) non-drying oils and acids, (2) natural resins, (3) various drying oils and acids 
and (4) other synthetic resins. In Figure 125 are shown the inter-relationships 
and ramifications of the alkyd resins. The very center of the diagram reveals 
the various ingredients used in making up the resins. From the ingredients it 
is possible to trace the various types which may be sjmthesized. Thus the heat- 
non-convertible resins are prepared from dihydric alcohols and dibasic acids. Heat- 
convertible alkyds may be made from dihydric alcohols and tribasic acids, from 
dihydric alcohols and tribasic acids or from tribasic acids and trihydric alcohols. 
It will be noted that the element-convertible alkyds correspond to the drying-oil 
alkyds. Use of such acids as non-drying or natural resin acids yields other deriva¬ 
tives which do not correspond to the convertible and non-convertible types. 

«W. Knimbhaar, Pcdnt, Oil, Chem. Rev., 1934 . 96 (12), 7, 8, 29; Chem. Ah$., 1984. 28. 4920. 

Hdnel. ibtd., 1981, 91 (85), 25; Chem. Abs., 1981, 25, 3854. The chemical reactions that take 
place in stand*oil are not too well understood but according to C.^ A. P. Kappelmeier (Chem. Weekblad, 
lOM, 31, 428) higher acids may be formed and these can be fonnulated on the basis of the diene 
synthesis. (See Chapter 40.) E. Fonrobert and F. Pallauf (Chem. Umechau Fette, OeU, WacJiee, Harem, 
1920, 33, 41; Chem. Abe., 1926, 20, 2418) and W. E. Womum (/. Oil, Colow Chem. Aeaoe., 19U, 16, 281; 
Chtm. Abe., 1988, 27, 4694) have called attention to the similarities which may exist between tuntf oil 
and the alkyd resins. For the temperature coefHoients and energy of activation of the heat .convertible, 
heat-non-convertible and element-convertible resins, see R. H. Kienle, Ind. Eng. Chem., 1980, 22, 590. 

^W. Knimbhaar, loc. cit. These divisions are based on the solubilities of the alkyd retina 
determined by adding methylated spirit, ethyl acetate and white (mineral) spirit to toluene solutions. 
See Faint, Oil, Chem. Rev., 1984, 96, 18. 

^ S. Malowan, Synthetic cmd Applied Finiehee, 1984, 5, 85. 



Chapter 42 

Alkyd Resins. Production 

The reaction products of polyhydric alcohols and poly basic acids form a very 
important group of resinous substances. Glycol, glycerol and their homologues 
are typical polyhydric alcohols. The more common polybasic acias include 
phthahc, tartaric, citric, succinic, maleic and malic, and in addition there are many 
other acids of this type which are less easily available. 

Phthalic glyceride, the reaction product of glycerol and phthalic anhydride, 
serves as a basis of comparison for the resins of this group. This chapter includes 
the investigations relating to this resin and others which may be formed from 
polybasic acids and polyhydric alcohols, that is, two-component resins. When part 
of the polybasic acid or polyhydric alcohol is replaced by other types of acid or 
alcohol, or when any other ingredient enters into the composition, more complex 
resins having different properties are obtained. 

In 1901, in an attempt to make a phthalein dye, Watson Smith' heated for a 
long time nearly to boiling a mixture of 2 mols glycerol and 3 mols phthalic an¬ 
hydride (the proportions corresponding to diglyceryl triphthalate) and on cooling, 
a solid resin-like, perfectly transparent and strongly refractive substance was ob¬ 
tained. This substance was insoluble in water, but soluble in an excess of glycerol 
on heating. From the solution in glycerol the addition of water caused the separa¬ 
tion of white oily drops soluble in alcohol and ether. Similar resin-like masses 
were made using zinc chloride; these deliquesced and became sticky on exposure 
to air. Upon distilling in vacuo to remove the excess of glycerol a mass resembling 
glass slag was obtained; the end point of the distillation was noted when frothing 
set in. The same compound was obtained regardless of whether an excess of either 
phthalic anhydride or of glycerol was used. The resin was easily saponified by al¬ 
kali hydrates. Smith varied the fusibility of the resin by stopping the vacuum dis¬ 
tillation of the glycerol at some intermediate point. The initial melting point 
(190®C.) and the decomposition point (220‘’C.) were not far apart. At the latter 
temperature the resin did not completely melt and crystals of phthalic anhydride 
distilled off which were deposited on the sides of the tube. The resin ignited readily 
and burned with a bright flame but softened without melting. Smith recommended 
it as a cement for glass and earthenware. 

The next investigator of phthalic glyceride was Callahan.* He gave certain 
details of operation as follows: One part by weight of glycerol and 2 parts of 
phthalic anhydride are heated slowly. At 100®C, the mixture forms a clear liquid 
and as the heating continues, distillation occurs to a slight extent. At 185°C. the 
temperature rise should be checked until distillation ceases. Then the heating 
is continued at a higher temperature, about 210®C., until the first stage of the re¬ 
action is completed. This point is ascertained by withdrawing small samples, cool¬ 
ing and observing if these are hard and brittle without stickiness. The resin is 
yellowish and transparent. If the heating is continued at 210®C., further change 

»W. Smith, 1901, 20. 1075. 

•M. J. Cfttlahan. U. «. P. 1,108J29, Aug. 25, 1914; CAfm. Ab«.. 1914 , 8. 3508. 
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takes place with the evolution of heat. At 275®C. a violent ebullition sets in and 
there results a brittle infusible mass filled with cavities. Even at 210®C. some 
vesiculation occurs. 

Callahan* prevented vesiculation when carrying out the transformation or poly¬ 
merization to an insoluble product by heating at SS-IOC^C. (or even 135°C.) for a 
considerable period, say 15 to 20 hours. The product is a homogeneous dense 
resin which softens at temperatures above 40®C. but never actually melts without 
decomposition. It may be molded with a filler in various ways. The insoluble 
product possesses high. dielectric strength and good insulating propertied. Alkali 
saponifies the resin to regenerate glycerol and the corresponding phthalate. Calla¬ 
han also proposed to employ glycol and carbohydrates (glucose, sucrose, starch, 
and cellulose) instead of glycerol. 

The resin described above does not represent the final product. Callahan found 
this resin to be affected by water. On standing for several weeks in contact with 
water the surface of the insoluble resin became white and cheesy. Long exposure 
to the weather caused it to become white and crumbly. Callahan termed this 
product an intermediate resin and made further experiments on the effect of heat 
treatment leading to a final form having notable resistance to water. The pro¬ 
cedure he recommended is to heat the intermediate product for 5-10 hours at 
180-250®C. At this temperature condensation is completed and any traces of 
free glycerol are eliminated. The resin is insoluble in all the usual solvents but 
like the intermediate product is soluble in glycerol. The final product is not at¬ 
tacked in the cold by alkaline solutions. At 140®C. the resin becomes leathery 
and may be bent or molded. 

The water formed during esterification distils off as fast as it is formed, espe¬ 
cially if the heating is carried out in an open vessel, or (as is usually the case) 
under a short air-condenser. It may also be eliminated by the addition of an 
inert, water-insoluble organic liquid capable of forming a pseudo-azeotropic mixture 
with water. Xylene, cyclohexane or acetylene tetrachloride may be used.* The 
reaction can also be carried out in the presence of high-boiling inert liquids like 
tetralin or dekalin which are later distilled off along with the water of reaction.* 

The resin produced from glycerol and phthalic anhydride is practically colorless 
when the condensation is carried out in an atmosphere of carbon dioxide or of 
hydrogen, or in a vacuum.* Another method of treating the resin is to spray the 
aqueous mixture into an inert atmosphere.' 

Stages of Resinification 

According to Weisberg" the condensation of glycerol with polybasic acids takes 
place in three stages. 

A. The initial condensation product is soluble in acetone and is fusible. Its 
melting point seldom exceeds 120®C. This resin is not resistant to cold water 
6ut on further heating passes over into a resin of class B. 

B. This resin is an’ intermediate condensation product practically insoluble 
in acetone and difficultly fusible, although it can be molded under heat and pressure. 
Like the resins of class A it is not resistant to cold water. On heat treatment it 
is converted into a resin of class C. 

•M. J. Callahan, U. S. P. 1,108.330, Aug. 25, 1914; CA<>m. A6«., 1914 . 8. 3506. 

« British P. 352,981, 1930, to I. G. Farbenind. A.-Q.; Chem. Abi„ 1932, 26, 5440. Fi^nch P. 704,657, 
1930: Chem, A6«., 1931, 25. 4558. 

BBritish P. 363,029, 1930, to Sohering-Kahlbaum A.-Q.; Chem. Ab».. 1933, 27, 1531. 

B British P. 296,787, 1927, to International Gen. Elec. Cb.; Chem. Abt., 1929, 23, 2585. 

7 British P. 408,689, 1934, to Bakelite Corp. ; Chem. Abe.. 1984, 28, 5693. 

•L. Weiaberg, U. B. P. 1,413,144 and 1.413,145, Apr. 18, 1922, to Barrett Co.: /.S.C.I.. 1923, 42, 667A. 
Briti^ P. 173, 225, 1921; /.3.C./.; 1923, 42, W7A. 
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C. This resin represents the final condensation product. It is insoluble in ace¬ 
tone and infusible, but it can be molded under heat and pressure. It is resistant, 
moreover, to both cold and boiling water. The resin produced from glycerol and 
phthalio acid is very brittle and the addition of an aliphatic acid tends to reduce 
brittleness, although probably diminishing resistance to water. In fact, a tougher 
md more elastic product is obtained when a substantial proportion of a dibasic 
aliphatic acid (succinic, malic, tartaric, maleic or fumaric acid) is present. 

The C-stage products are superior to B-stage resins in hardness and resistance 
to water and solvents. They are intractable substances, however, and require 
drastic treatment to make them useful unless they are formed under such condi¬ 
tions that they can be used directly as produced, as for example, in molded articles 
or baked coatings. 

The B-stage resins swell rather rapidly and become gelatinous in hot acetone. 
Weisberg** used glycerol phthalate in the B-stage. The resin is treated with hot 
acetone and mixed with fillers. The acetone is then distilled off and the product 
molded. Curing time is shorter than that of a molding composition made from 
resin in the A-stage. Wright* also used the B-stage with swelling agents along 
with a plasticizer. This plasticizer may be added directly or the resin may have 
its own iriasticizer in the form of an ester from the ingredients used. One may 
also dissolve the A-resin in a B-resin solvent (e.g., cyclohexanol) and heat the 
solution to convert the resin into the B-state; the filler being introduced at any 
convenient stage before pressing.^ 

It is possible to prepare colorless resinous bodies, which are hard, tough and 
infusible, from the initial reaction products of phthalic anhydride and glycerol 
by sufficiently prolonged baking of the resin at a moderate temperature. The 
time necessary to achieve this result is, as compared with most chemical reactions, 
very long, but varies with the size of the piece or block, with the temperature 
and with the degree of hardness desired. For molded blocks or slabs of moderate 
size a heat-treatment of several weeks or even months may be necessary. For 
examine, blocks approximately 4X4X^ inches require heating at about 125*C. 
for a period of 12 weeks. 

Schmidt" heated a mixture of one part by weight of glycerol with 2 parts of 
phthalic anhydride to about 150** to 175*’C. until the first condensation was com¬ 
plete. The resulting condensation product was poured into molds, and main¬ 
tained at about 90*C. until it assumed a firm, rubbery consistence. The tempera¬ 
ture was then gradually increased to about 125*C. and maintained until the resin 
became infusible. The product is transparent, free from bubbles or flaws, prac¬ 
tically coloriess, toug^, infusible, and sufficiently thermoplastic to allow it to be 
molded under heat and pressure. The final hardening may also be carried out ip 
a mdd under pressure at a temperature of about 170*C. It is advisable to use 
molds made of aluminum or stai^ess steel or to line the molds with aluminum or 
vitreous enamel." Another resin of the glycerol phthalate type which is insoluble 
in water, neutral and soluble in organic solvents is obtained by carrying out the 
reaction at a low tmperature and by separating the neutrcd glycerol phthalate 
formed during the reaction. The reaction mass is taken up in an organic solvent 


Wvisbtrg, V. a P. 1,4am Jan. 10, 103, to Etnvtt Go.; Ab$,, 1938, 17, 130. 

O. H Wrighlj, Britiib P. 394,430, lOtt to Britiah Thomton-Houston Oo.; Chem, Abt., 1934, 

P. IW, to Ojn.b.H.; Srit. Chm. Ab$. B, 1981, 8M. 

af.m CMunidb U. a P. 1,868,118, Hv. 10, IM, to Bdiolito Corp.i Chm. Abi., 1918, 88, 1898. 
BritUi P. i8»,868, Chm. Ab$.. 18M, 88, «W. PitDch P. 888,884, 1987; Chm. Ab,.. 1989, 88, M. 
OuMto P, 880,781, 1988. P. 148,111, 1987. Ittliu P. 880,488, 1888. 

pbM. Wiura, B.. NfVboiitui and A. T. Wanl, Britiah P. mMO. 1937, to Britiak Tkomaon- 
Hdivtoft, Ca,8 XM.f Ohm* 4^., 1939, IS, 1317. Freneh P. 049,037, 1990, to ,Comi>agnie franoaiaa 
ThoinaoatiBEOiiiftoiu Ah$*, 1039, IS, 3113. Qtnnan P, 330,707, 1931, to Allgemaina Blaktrioiata- 

Oiai IS, m. 
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(acetone or alcohol) which dissolves the neutral phthalates; addition of alkali pre¬ 
cipitates the resin,“ 


Acceleration op Conversion 


Resins may be converted to the infusible-insoluble, or C-stage, without the 
formation of a frothy mass if the intermediate form is heated under pressure, or at 
a moderate temperature without pressure, but these operations are usually unsatis¬ 
factory on account of the length of time required. It is important commercially 
to shorten the curing time as much as possible. 

If the initial resin is heated at 205''C. to a stage just short of its conversion 
to the insoluble C-stage, the period of baking is reduced. As soon as a sample of 
resin, cooled to about 180*C. shows signs of stringing, the entire mass is poured 
out into shallow pans to cool it rapidly, and the resin is afterward baked at a mod¬ 
erate temperature until it becomes infusible.^* 

Another way of controlling the conversion to the infusible stage is to heat the 
initial resin until a sample is hard and brittle when cold. The entire mass is then 
allowed to cool and is pulverized. This finely divided resin is heated in a rotating 
oven at lOO^C., the temperature is gradually increased as the resin gets harder, 
and finally it is heated for about 4 hours at 225®C., the treatment being stopped 
before the particles reach the stage of complete infusibility. The powder thus ob¬ 
tained may be used directly for molding.“ 

Wright and Bartlett" dissolved the initial resin in an inert, high-boiling solvent 
(diethyl phthalate or benzyl benzoate) and heated the solution until the resin 
was almost converted to the insoluble stage. A solution of the resin in diethyl 
phthalate (b.p. 295®C.) is heated to between 210-290®C. without a reflux condenser 
(to eliminate volatile materials) until the resin is just short of the insoluble stage. 
After heating, the solution is poured into benzene which precipitates the resin as 
a white curd, which is dried and ground to a powder. The product is slowly 
soluble in acetone and unlike ordinary glycerol phthalate is non-corrosive to metals. 
It is converted to the'final hard form in a shorter time than a resin which has not 
been treated in this way. 

A similar procedure was used by Schmidt." In this instance the phthalic an¬ 
hydride and glycerol were dissolved in diethyl oxalate or glycol diacetate and the 
solution was heated to the stage of incipient gelatinization of the resin. A medium¬ 
boiling solvent is then added to form a solution of highly polymerized resin. 

Adams" allowed the resin to reach the infusible vesiculated condition by heating 
it to about 300®C. and ground the mass after cooling. Although the resin in this con¬ 
dition is insoluble in all organic solvents in the cold, it may be dissolved by pro¬ 
tracted heating at a high temperature under pressure in a large number of organic 
liquids which are solvents for both glycerol and phthalic anhydride, among which 
may be mentioned glycol diacetate, diethyl phthalate, acetone, acetone oils, benzyl 


^French P. 752,020. 1088. to Soo. fran^aise Duoo; CAm. Aht,, 1084, 28, 1208. 

HJ. H. Schmidt, U. S. P. 1,780,771, Dec. 17, 1020, to Bakelite Corp.; Chem. Ab$., 1080, 24, 061. 
Fnneh P. 088,258, 1020; Chem. Ab$., 1080, 24, 4048. British P. 880,045, 1020; Brxt. Chem. A6s. B, 1080, 
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uW. R. May. U. S. P. 1,852.178, Apr. 5. 1082. to Weetini^ouse Elec. A Mff. Oo.; CKem. Abt., 1082, 
26, 8125. Qeiman P. 572,125, 1028, to Siemefia-Shuokertwerke A.-G.; Chent. Ab«., 1038, 27, 1000. 

^ J. Q. E. Wright and W. J. Bartlett, U. S. P. 1.084,000. July ^ 1027, to General Electric Co.; Chem, 
Abi.. inr, 21, 2^ British P. 285,530, 1024, to Bnt. Thomson-Houston Cb., Ltd.; Chem. Ab$., 1020, 
20, 007. Canadian P. 202,800, 1020, to Canadian Qmm\ Electric Co.; Chem, Abe,. 1020, 20, 8880. 
German P. 448,582, 1027, to AUgemeine Elektrieitkts-Oea. _ ^ 

wj. H. Schmidt, British P. 275,004, 1027, to Bakelite Cbrp.; Brit, Chem. Abs. B. 1020. 204. Prso^ 
r. 1«7; Chem. Abt., lt», 2». MS. OnniMi P. 181,W, IMt; Chem. ItM, 28, 1881. 

P. 848,427, 1«87. IteUu P. 280,484, 1028. 

UL. V. Aduns, V. S. P. tA40,81T, Mar. 18, 1181, to Qamral Eleetrle Oo.; Chem. Abi., 1182, 26. m. 
BiitUh P. 278,748, 1828, to Britiih ThcnMoa-Roolton Oo., Ltd.: Chem. Abt., 1828, 22, m. Wemu k t . 
88,788, 1827, addn. to 8M,I88, to Obmpacnie fralitoiaa Tboimn-lIoiittM; Chem. Abe., 1821, 28, 2888, 
Canadian P, 230,812, 1020, to Osnadian General Electric .06., Ltd. 
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benzoate, benzyl acetate, toluidine, benzyl alcohol, cresol, tricresyl phosphate, tri- 
acetin, anisol, o-cresyl benzoate, ethyl lactate, indene and indene polymer. Heat¬ 
ing in a closed container for about 36 hours at 170®C. is necessary for solution. 

The temperature of hardening soluble resins made from polyhydric alcohols 
and polybasic acids is reduced by treatment with an acid (sulphurous, hydro¬ 
chloric, hydrofluoric, formic or acetic acids) of stronger acidity than the acid com¬ 
ponent of the resins 



CourUty Modern Plaetica 

FxG. 126,—Buttons Before and After Tumbling Operation. 


The time required to convert the resin to the intusible state may also be re¬ 
duced by treating the initial resin with an acid anhydride or an acid chloride. 
The excess is removed by heating the resin at ordinary or reduced pressure. For 
oxaraple, 100 parts by weight of fusible gly^rol-phthalate resin are treated with 
10 parts of acetic anhydride at 120®-130®C. for about an hour. Heating the re¬ 
sulting product at 125®-130®C. in a vacuum rainoves the, excess reagent and yields 
a resin which cures more rapidly than an Utttreated one." 

Arsem® found that sulphonic acids have an accelerating effect both in the 


British P. 817,225, 1928, to I. G. Farbenind. A.-G.; Chem. Abs„ 1980, 24, 1997. French P. 672,177, 
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»H. W. Warren, R. Newbound and A. T. Ward, V. 8. P. 1,902,477, Mar. 21, 1938, to General Electric 
Co.; Chem. Abe., 1983, 27. 8851. French P. 89.480, 1980, addn. to 661,518. to Oompagnie francaiae. 
Thomaon-Houston; Chem. Abe., 1982, 26, 2884. British P. 846,883, 1929. to British Thomson-Houston 
Co.; Ohm. Abe., 1982, 26. 2072. German P, 564.956, 1930, to Allgemeine Elektricithts-Ges.; Chem. Abe., 
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formation of the initial resin and in the conversion of this product to the infusible 
state. When 1 to 5 per cent of such acids as benzene sulphonic, 1-naphthylamine- 
4-sulphonic or 4-aminotoluene-2-sulphonic acids is used, the time required to form 
the initial resin from phthalic anhydride and glycerol may be reduced to only 
one-sixth of the period necessary and the initial resin hardens in a relatively short 
time. Neutral phenyl benzenesulphonate and other sulphonic acid esters have been 
used by Carswell.” 

The addition of zinc oxide or calcium oxide lowers the solidification tem¬ 
perature.® Wright** recommended heating the resins with dehydration catalysts 
(calcium oxide, magnesium oxide, zinc oxide or finely divided iron or zinc) to con¬ 
vert them to the insoluble form. Metallic soaps, incorporated with the resin during 
its formation, yield a tougher and more shock-resistant product which sets more 
quickly under heat treatment. Adams® heated a mixture containing 68.8 parts 
of phthalic anhydride, 28.3 parts of glycerol and 2.9 parts of cobalt linoleate 
to form a similar resin. Lead oleate, aluminum stearate and metallic linoleates are 
other soaps and salts which act in the same way. 

Rosenstein and Hund® used silica gel” as an esterification catalyst in the 
reaction between glycerol and phthalic anhydride; Ushakov” employed mineral 
salts, metallic oxides or metals, with or without pressure. 

Blumer” reduced the acidity of the resin and removed uncombined initial mate¬ 
rials both in one step by treating the resin in an intermediate stage of condensa¬ 
tion through use of ethyl, methyl, butyl or propyl alcohols. For example, the 
condensation product derived from glycerol, phthalic acid and citric acid is dis¬ 
solved in a small amount of alcohol or in alcoholic benzene; the solution is separated 
into two layers by the addition of ethyl alcohol. The residual resin has a much 
improved heat-hardening rate. 


Retardation of Conversion 


If fillers are to be impregnated with the molten resin a difficulty arises, in that 
hardening takes place rendering impregnation difficult. Callahan® avoided the 
hardening by adding naphthalene (preferably 13-18 per cent) to the resin. Mono- 
chloro- and tetrachloronaphthalene or anthracene can also be used. These sub¬ 
stances allow the resin to liquefy at a lower temperature than that necessary for 
the straight resins, and consequently gelation occurs less quickly. The addition 
of from 1-10 per cent of boric acid is said to retard the formation of insoluble 
masses." Urea or thiourea added to the polyhydric alcohol and polybasic acid 
resin causes the resin to gel or polymerize more slowly.” 

*T. 8. Carswell, U. S. P. 1,924,396, Aug. 29, 1933, to Monsanto Chemical Co.; Chem. Abs , 1933, 
27, 5561. 

"Carleton Ellis, U. 8. P. 1,897,977, Feb. 14, 1933, to Ellis-Foster Co.; Chem, Ab$„ 1933. 27. 2832. 
«J. G. E. Wright, U. 8. P. 1.581,902, Apr. 20, 1926, to General Electric Co.; Chem. Abe., 1926, 20, 
1918. British P. 236,591, 1925, to British Thomson-Houston Co., Ltd.; J.S.C.I., 1925, 770B. German P. 
555,534, 1925, to Allgemeine Elektricitdts Ges.; Chem. Abe., 1982, 26, 6167. 

»L. V. Adams, U. 8. P. 7,805.473, May 19, 1931, to General Electric Co.; Chem. Abe., 1931, 25. 3856. 
British P. 310,854, 1928, to British Thomson-Houston Co., Ltd.; Chem. Abe., 1930, 24, 740. French P. 
36,8i^, 1929, addn. to 616,463, to Compagnie franQaise Thomson - Houston; Chem. Abe., 1931, 25, 1110. 
Canadian P. 321,619, 1932, to Canadian Gen. Elec. Co., Ltd.; Chem. Abe., 1932, 26, 3892. German P. 
537,364, 1929, to Allgemeine Elektricit&ts-Ges.; Chem. Abe., 1932, 26, 1144. 

»L. Rosenstein and W. J. Hund, U. 8. P. 1,851,405, March 29. 1933; Chem. Abe., 19», 26, 3968. 

the use of silica gel in other esterificationa see A, Korolev, /. CAem. Ind. (Moecow), 1937, 4, 
547; Ckem. Abe., 1^. 22, 944. 

«S. N. Ushakov, Russian P. 82,157, 1933: Chem. Abe., 1934,* 28, 300(». 

» L. Blumer, British P. 406,444, 1984, to Firma Louis Blumer; Chem. Abe., 1934, 28, 4924. French P. 
748.720, 1983; Chem. Abe., 1983, 27, 5339. See Gerroan P. 546,605, 1926; Chem. Abe., 1932, 26, 3644. 

«>M. J. CalUhan, U. 8. P. 1,108,831, Aug. 25, 1914, to General Electric Co.: Chem. Abe., 1914. 8, 3506 
81 British P. 358,491, 1930, to I. G. Faifcnind, A.-O.; Bnt. Chem. Abe. B, 1931. 1147. French P 
714,572, 1931; Chem. Abe., 1982, 26. 1813. 

•>T. F. Bindley, British P. 412,172, 1984, to American Cyansmid Go.; Chem. Abe., 1934, 28, 7184. 
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Improving Flexibility 

Various plasticizers (soft r^ns or liquids) may be mixed with phthalic 
glyceride to improve its flexibility. Callahan** and Arsem** used succinic glyceride 
which was formed in situ. Dawson** found m-dinitrobenzene, acetanilide and ethyl 
benzoate to be useful with citric glyceride. 

The disadvantage of using the glycerides of aliphatic dibasic acids (succinic) 
to increase the flexibility of phthalic glyceride is that the effect is not perma¬ 
nent. When heated for a long time or when aged the mixed resir. becomes 
brittle and tends to have a high acid number. Glycols give highly esterified bodies 
which remain soft for an indefinite period but they retain solubility at all times 
aUd do not cure. Kienle and Rohlfs** have suggested the incorporation of glycol 
succinate with phthalic glyceride in such amounts that the composition cures 
when heated at a high temperature. About one mol of each resin may be used. 
The resins may be prepared separately and then mixed, or all ingredients may 
be heated together at 180-200®C. Curing is carried out at 150®C. and a soft, 
flexible product is obtained. 

High-boiling solvents were used to increase flexibility by Conover,*' who mixed 
15 parts of diethyl phthalate with 85 parts of freshly prepared phthalic glyceride 
and heated the solution to 150®C. A soft, light-colored resin was obtained which 
could be converted into a flexible, infusible form by heating to a high tempera¬ 
ture. Kienle** added dibutyl phthalate, triphenyl phosphate, triacetin or aniline 
to overcome the brittleness of phthalic glyceride.*** The addition of furfural in¬ 
creases flexibility but also has a tendency to darken the color. Conover** heated 
a mixture containing 92 parts of glycerol and 148 parts of phthalic anhydride at 
210*C. for an hour, allowed the temperature to fall to 140*C. and added 48 parjs 
of furfural, producing a soft, dark-colored mass. This product is converted to 
the infusible form when heated, the conversion being about 10 times as rapid 
as that of the resin in the absence of furfural. 

Amino-carboxylic acids may be added at any stage before the conversion of 
the resin to its final form. The amino acid may be formed in situ as for ex¬ 
ample by the action of chloroacetic acid on aniline. Blue-colored resins of im¬ 
proved mechanical and electrical properties are formed.** 

Harder and more water-resistant glycerol phthalate resins are prepared by 
treatment with ketene. The free hydroxyl groups in the glycerol phthalate resin 
are acetylated under these conditions." Glycerol, 29.7 parts, is heated with 70.3 
parts of phthalic anhydride for 4 hours at 200*C. tmtil the resin has an acid value 

••M. J. Gbllahan, U. S. P. 1,108^. Aug. 25, 1014, to General Electric Co. ; Chem. Abt., 1014, 8, 8506. 

**W. O. Arsem, U. 6. P. 1,008,770, June 2, 1014, to General Electric Co.; Chem. A&«., 1014, 8, 2816. 
Britiali F. 24,254, 1012, to General Electric Co.; Chem. Ab».» 1014, 8, 1248. 

•B. 8. Daweon, Jr., U. S. P. 1,085,112, Jan. 27, 1014, to General Electric Co.; Chem. Ab$., 1014, 
i, 1215. 

Kienle and H. C. RoMfi, U. S. P. 1,807,260, Feb. 14, IgHI, to GenWal Electric Co.; Chem. 
Abe., 1088, 87» 2881. British P. 865,140, 1020, to British Thomson-Houston Co., Ltd.; Chem. Abt., 1088, 
9ft 1775. French P. 701^ 1080, to Comragnie francaise Thomson-Houston; Chem. Abt., 1081, 25, 4180. 

•^C. Conover, U, 8. P. 1,502,082, July 18, 1026, to Selden Co.; Chem. Abt., 1026, 20, 8242. British P. 
281,742, 1028, to Selden Oo. ; Chem. Abe., 1028, 22, 8702. 

Mft. Kienle, British P. 275,210, 1026; Chem. Abe., 1088, 22. 2282. See also V. H. Turkington, U. S. P. 
1,880,116, Dee. 18, 1028, to BakeUte Oorp.; SrU. Chem. Abe. B, 1029. 444. 

Diphenyl phthalate hae also been/nggeeted as a flsxibiUsii^ agent. See T. S. Careerell, U. 8. P. 
2,008,845, July 2, 1080k to Monsanto Chemieal Go. 

•»a Conover, p. 8. P. 1,078,105, July 24, 1028, to Selden Ooip.; Chem. Abe., 1028, 22, 8548. 

^Oemeae P. 582*164, 1088, to Allgmoeine Klektrieithts-Oes.; Chem. Abe., 1084, 28, 852. The neutral 
pfodnel may lii thin be furthor f^lytperiied by heating. See Oeiman P. 508,024, 1084, to X>egea A.-Q. 
(A u e rg om Pe c haf Og Chem. Abe., 1084, 28, 1807. 
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of 120-130. Ketene (CHt=C=:0) is then passed through a 50 per cent acetone 
solution of the resin, the temperature being maintained at 50'’C. until the 
exothermic reaction is complete. The product thus formed is darker in color and 
has a higher acid number than the original resin but is more resistant to water. 
The ketene-treated resin is compatible with nitrocellulose.^ 

A great many other modifying agents may be combined in the resin molecule 
for the same purpose or to produce resins of different properties. Such chemi¬ 
cally modified resins are the subject of the chapters immediately following. 


Other Polybasic Acids 


Of the aromatic polybasic acids, other than phthalic,** Downs and Weisberg** 
suggested diphenic and 1,8-naphthalic acids. These aromatic acids are not as 
easily available as phthalic (see Fig. 126) and, when an acid other than phthalic 
is to be used, it may be selected from the aliphatic polybasic acids (succinic, maleic, 
fumaric, malic, malomalic, citric, aconitic, adipic, azelaic, sebacic, diglycolic and 
thiodiglycolic acids) 

Table 43. — Pdybdne Acids. 

Aliphatic Acids 

Carbonic HO—COOH 
Oxalic HOOC~€OOH 
Succinic HOOC—(CHi)i—COOH 
Malic HOOC--CHOH~-CHr-COOH 

Tartaric HOO(>-CHOH--CHOH-~COOH 
Maleic HOOC--CH*«CH—COOH (ds) 

Fumaric HOOC—CH«=CH—COOH (trans) 

Citric HOOC-~CHr-C(OH) (COOH)~CHr~COOH 

Glutaric HOOC~CH,--<:Hi--CHr-OOOH 
Adipic HOOC—CHr-<:JHr-<JHr--CHr-<K^ 

PimeUc HOOC—CHr--CHr~CHr-<JHr-<:JHr--^^ 

Suberic HOOC—CHr-<;Hr-<JHr--<:)Hr~DHr-<5Hr--^ 

Azelaic HOOC—CHr~CHr-<3H,—CHr-€H«-CHr-CHr--DW 

Sebacic HOOC—CHr-^^Hr-^JH,—CHr-CHr-<JHr-CH«---CHr-<^ 

Ether Acids 

Diglycolic HOOC—CHr-O—CHr-OOOH 

DiKctic HOOC—CH(CH,)-0—CH(CH,)—COOH 

Dihydracrylic HOOC—CHr-<5Hr~0—CHr-<JHr-^ 

Salicylaoetic HOOC—CiHi—O—CHt”*~OOOH 


Ketone Acids 


Benzophenone-2,4'-dicarboxylic 





H 


COOH 


Benzoylbenzoio (monobasic) CO—CtHr—COOH 

M. M. Brubaker Mid Q, P. GravM, V. S. P. Mar. IS, IttS, to E. I. du Pont de Nemours A 

Oo.; Chem. A6«., IMS, 29, 8071. British P. 410m iOM; Brit. Chem. Abi. B, 1088, 118. 

^•A. 0. Jaem (U. 9. P. 1,088,087, Apr. 10. 1084, to SeldSD Reeeansh A Eag. Om. ; BrB. Chm. 
Abi. B. low, IM) puriAed the phthalie nthydride, obtained by the aerial oxidation of anthraeene, by 
refluxiM or distillinc over polymerisation eatatysta sueh aa pumtoe, seoUtes, silioa, alumina and sine oxide. 

^an. Pewne and L. Weisberg, U. 8. P. 1,480,744 Apr. 8, ioi4, to harmtt Oo.; Chsm. Abt., 1084, 
14 iOtt Bii^ P. 178,888, 1081, to Barrett Oo.; / J.CX, 1088, 42, 0674. 

«>P. Pfeiffer and A, Bansen (/. yroAt. SHI, 180, 1; Chm. Abi,, 1081. 28, 8844) have dis- 

e moed the dOtsnninatioii of the equhralent weii^t of organie acids in the erystalUne state by 
dry ammonia over the dry arid to constant aright. 
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Table 43 .—Polybasic Adda (Continued) 
Cyclic Dibasic Acids 

COOH 



1,8-Naphthalic acid 


Camphoric 


Tetrahydrophthalic acid 



H 

C COOH 


hJ! A: 


H 

^COOH 

H, 


3,6-Endomethylene-A*-tetra- 
hydrophthalic acid 



Halogenated acids (tetrachlorophthalic anhydride,^ chlorosuccinic, chloromalic and 
halogenated fumaric and sebacic acids)*^ have also been I'ecommended. Other types 
are aromatic ketone-aoids and. the condensation products obtained when maleic 
anhydride reacts with either vinyl acetate or styrene. Examples of simple poly- 
hydiric alcohol resins^ made from these acids^.^ill now be described. 

^O. Walter, Mcmitih., 64, 287 1 Chem. Abti., 1986, 29, 152. The tetrachlorophthalic acid was 
prepared by the aetion of chtoromilphonic acid on naphthalene. 

^P. SSwCsmeyer, V. 8. P. 1,950,468, Mar. 18, 1984, to National Aniline A Chem. Co.; Cheat. Aoe., 
1984, 28,8855. 
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Oxalic Acid. This is the simplest dicarboxylic acid but it does not readily 
form resins by reaction with glycerol. When the two substances are heated, 
decomposition occurs, of course, into formic acid. Resins, however, have been made 
by starting with alkyl oxalates. Tilicheiev" heated dimethyl oxalate and glycerol 
and obtained a hard glassy substance having the composition of glyceryl oxalate. 
It melted and decomposed at about 220®C. to give carbon monoxide, carbon 
dioxide, allyl alcohol and a thick oil which was assumed to be glyceryl carbonate. 
Tilicheiev prepared an ethylene oxalate from dimethyl oxalate and ethylene glycol, 
but • this ester was also unstable when heated. With excess glycol, oxalic acid 
yields formic esters at 100®C.*® 

The oxalic polyesters were further studied by Carothers, Arvin and Borough."' 
Heating ethylene glycol and ethyl oxalate at 180° to 190°C. gives some ethyl 
i3-hydroxyethyl oxalate, and ethylene oxalate, which exists in three mutually inter¬ 
convertible forms: a monomer, a soluble and an insoluble polymer. None of these 
forms is stable at ordinary temperatures. The monomer polymerizes spontan¬ 
eously and the purified polymers are partially depolymerized. Propylene oxalate 
exists in at least two mutually interconvertible forms, a monomer and a polymer. 
The monomeric form polymerizes much less rapidly than the ethylene derivative, 
and shows no tendency to polymerize spontaneously at room temperature, but 
on heating at 140-150°C. for 8 hours it is converted to a white powder. 

Carbonic Acid. Glycerol carbonate (CoH^oOo) has been described as a crystal¬ 
line compound, melting at 138°C., and is formed by heating glycerol with diphenyl 
carbonate, or by passing phosgene into glycerol and pyridine dissolved in acetone.” 
This carbonate is probably the simple diglycerol tricarbonate but small amounts of 
more or less viscous and resinous products are also obtained which are possibly 
polyesters.®* The structure of diglycerol tricarbonate may best be expressed by 
the formula 


CH2-CH---CHr- 0 -<>-O~-CH 2 —CH-CH2 

i i ii i i 
V V 

ft ft 

according to Contardi and Ercoli.” 

Ethylene carbonate is also a crystalline solid®* and its structure is probably that 
of a monomeric 5-membered ring. Carothers and Van Natta“ prepared the poly¬ 
meric trimethylene, tetramethylene, hexamethylene and decamethylene esters of 
carbonic acid by heating diethyl carbonate with glycol in the presence of a small 
quantity of metallic sodium.” 

«SM. Tihcheiev, Ber„ 1023, 56. 2218; Chem. Aba,, 1924, 18, 970. 

*»F. B. Shorland. J.A.C,8., 1935. 57. 115. 

“W. H. Carothers, J. A. Arvin and G. L. Dorough, J.A.C.S., 1930, 52, 3292. See also W. H. 
Carothers and F. J. Van Natta (Ber,, 1931, 64, 1755; Chem. Aba, 1931, 25, 5144) in reply to E. Blerg- 
mann and H. A. Wolff (/. prakt. Chem., 1930, 128, 229; Chem. Aba., 1931, 25. 919), who doubt the 
existence of more than one ethylene glycol ester of oxalic «cid. 

British P. 19,924, 1911, to Chem. Fabrik Dr. R. Schenble v. Dr. A. Hoehstetter; J.8.CJ., 1912, 31» 
702. German P. 252,758; Chem. Zentr., 1912, 2. 1766. 

®®E. Henser and F. Schneider (Ber., 1924, 57, 1389; J.8.C.J., 1924, 43, 904B) have prepared carbonic 
esters df cellulose. 

^A. Contardi and A. Erooli, Owns. chim. ital., 1934 , 64, 522; Chem. Aba., 1935, 29, 1392. 

.T. Nemirovsky, J. prakt. Chem., 1883, (2) 28, 439; Chem. Zentr., 1884, 23. See also C. F. AUDres*^ 
and W. Maw, J.C.8., 1924, 125, 2259. For the preparation of the carbonates of glycol ethers, see N. L. 
Drake and R. M. Garter, J.A.C.8., 1980, 52, 37M. These are high-boiling nitrocwluloee solvents and the 
carbonate of glycol monomethyl ether is a solvent for cellulose acetate. 

» W. H. Carothers and F. J. Van Natta, J.A.C,8., 1930, 52. 314. W. H. Carothers, U. S. P, 1,995,291, 
Mar. 26. 1935, to E. I du Pont de Nemours A Co.; Chem, Aba., 1935. 29, 2975. 

“ Certain of the carbonic eaters find a use. The A,5-dialkoxyethyl carbonates, either the methoxv 
or the ethoxy, may be employed as plasticisers for cellulose acetate. Sm H. B. Smith, U. S. P. 1,905,518. 
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Succinic Acid. (HOOC—(CH,)r—COOH) ” A product called succinin 
was obtained by van Bemmelen** on heating equal weights of succinic acid and 
glycerol to 130®C. More glycerol was thus present than corresponded to the acid 
equivalent. The product was a thick syrup and when heated to 200-220®C. for 
several hours the mass became hard and tough, losing all acid taste. The resinous 
material was of a brownish black color, insoluble in water, alcohol, ether or carbon 
disulphide. When boiled with alcohol and water it slowly decomposed, forming 
a syrupy substance. The resin likewise dissolved on treatment with caustic 
alkali solutions or with a suspension of lead oxide. On heating one equivalent 
each of succinic and benzoic acids and somewhat more than one equivalent of 
glycerol, water was driven off at about 100® and at 140®C. benzoic acid began 
to sublime. Additional quantities of benzoic acid were added and the mixture 
was heated to 200®C. for several hours until sublimation no longer took place. 
When hot the product was a viscous black mass, cooling to a tough elastic sub¬ 
stance which could be drawn into threads. It was insoluble in alcohol, ether and 
water but decomposed slowly on boiling with water. It dissolved readily in hot 
alkaline solutions. Van Bemmelen observed that succinic acid combined quickly 
with the glycerol whereas benzoic acid combined later and with less readiness. The 
product was called benzosuccinin. Funaro and Danes!”® also prepared succinin 
according to van Bemmelen's method by heating succinic acid and glycerol to 
200®C. The product was dissolved in boiling water, treated with animal char¬ 
coal and filtered while hot. On cooling, succinin separated as a colorless semi¬ 
solid mass. 

Van Bemmelen”® obtained a water-soluble syrup by heating equivalent pro¬ 
portions of succinic acid and mannite to 170®C. Cane sugar and succinic acid 
at 160®C. yielded a humus-like substance. 

As a result of a series of investigations Callahan”^ concluded that 2 parts of 
succinic acid to 1 part of glycerol yielded the most satisfactory product. A greater 
proportion of acid renders the product too hard; less acid results in a soft sticky 
resin. For succinic acid the temperature of treatment is 200®C. The time of heat¬ 
ing depends somewhat on the size of the batch, from 15 minutes to 3 hours being 
required. A solution of the soluble resin in acetone may be used as a varnish. 

The resin from succinic acid and glycerol is tough and flexible whereas that 
from phthalic anhydride and glycerol is hard and has a tendency toward brittle¬ 
ness according to Callahan.”* By combining succinic acid and phthalic anhydride 
with glycerol it was found possible to make a tougher resin than that from phthalic 
anhyc.ride alone. When a mixture of 118.4 parts of phthalic anhydride (4/5 
mol), 141.5 parts succinic acid (1 1/5 mols) and 184 parts glycerol is heated, the 
first stage is the fonhation of a viscous, acetone-soluble resin. Further heating 
causes it to become insoluble and infusible. If the temperature is too high in 
the final heating a vesiculated mass is formed, but at lower temperatures (85- 
150®C.) no bubbles appear and the resin is clear. A layer 1/10 inch thick be- 

M«r. 15, im, to Xkftmaa Kodak Oo,; Brit. Chwi. Ab»., B, 1154, 57. M-Propylena glycol carbonate 
(b.p.if 110* with dMoiiip.) haa bean prepared by meting l,2«propylene ehlorohydr^ with sodium 
oaibonate. See Q. Steimmig and M. Wittwer, U. S. P. 1,007,^1, May 9, 1983, to I. O. Farbenind. A.-0.; 
Chem. Abt., 1983, 27. 3ni. 

For the preparation ol fttecinie acid by the dectrolytic reduction of fumaric or maleic acid, eee 
2. F. Norris and E. O. Oumminga, U. A P- 1.457,791, June 5, 1985; Chem. Aht., 1988. 17, 8487. 

J. M. van Bemmelen, J. p^t* Chem., 1556, (1) 69, 84; JahrMbwiehte, 1556, 608. 

OoM** chim. 1880, 10, 58; Jahr$tbtnr%ehte» 1880. 799; Chem. Fenfr.. 

1880, 886. 

M. van Bemmeleii, /eAr«s6eH^hf«, 1858, 485. 

J. OUlahan, U. S. P. 1,091,788, March 81, 1914, to General Electric Oo.; Chew. Abs., 1914, 

8, 1878. 

«*M.. J. Callahan, U. S. P. 1,108,888, Aug. 85, 1914, to General Elactrie Oo.; Chain. Ab#., 1914, 8. 8506. 
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comes insoluble in 10 hours at 150®C. and forms a very tough product. Glycol 
succinate has been used in laminated glass.** 

Arsem** made a mixed phthalic-succinic resin. He first prepared an intermedi¬ 
ate resin from 1 mol of phthalic anhydride and 1 mol of glycerol and then com¬ 
bined succinic acid with this hydroxy-ester. A mixture of 184 parts of glycerol 
and 296 parts of phthalic anhydride is first heated at 200-210®C. until gas 
* bubbles cease and 118 parts of succinic are then added to combine with the basic 
resin. The mixture finally is heated at 210-225®C. until it becomes jelly-like and, 
when cold, forms a brittle, hard, transparent mass. Arsem believed that this 
resin is not identical with one formed by heating a mixture of all three reactants 
in one step. 

Downs and Weisberg" produced mixed resins containing succinic and malic, 
tartaric, maleic or fumanc acids. Like phthalic resins, these also exist in three 
forms: soluble (A), partially soluble-fusible (B) and insoluble, infusible, and 
water-resistant (C). To obtain the resin in the final form, the reacting materials 
are heated between 170° and 200°C. for about 20 hours, then below 135°C. for 
10 hours or until the stage is passed where bubbles form in the resin, and finally 
the temperature is raised as high as 250°C. until the resin is water-resistant. 

By the reaction between silver succinate and ethylene dibromide, Vorlander** 
obtained a microcrystalline powder which he considered to be the dimer of 
ethylene succinate. However, Carothers and Arvin*^ found the molecular weight 
of the material to vary between 1400 and 2000. The succinic ester of ethylene 
glycol biay be prepared in various degrees of polymerization. These esters have 
been investigated by Carothers and Borough,** who found that when prepared 
by the general method of heating the glycol and acid the products contained 
the group 

to an extent varying between 6 and 23 structural units per molecule. These 
polymers are soluble in chloroform but insoluble in ether and benzene. The 
lower polymers are soluble in water. A still lower polymer, probably the dimer, 
was obtained by Tilicheiev** by distilling the higher. polymers. The monomer is 
not known to exist. 

Carothers and Hill” heated a sample of polyethylene succinate in a high vacuum 
and obtained a tough, horny, somewhat elastic residue. On heating to 97°C., it 
softened to a very viscous, slightly rubbery mass which could be drawn out 
in^ fibers. With excess glycol at 100®C. succinic acid forms the di-^-hydroxy- 
etiiyl succinate, 

HC^Hr-CHr-<)--<JO--<;H,~<;Hr-CO-^^ 

The diacetyl derivative boils at 198® at 5 mm. 

•• H. C. Rohlfi, U. S. P. 1,899,588, Feb. 28, 1938, to General Electric Co.; Brit. Chem. Abi. B, 1984, 
82. For the employment of aoidi other than succinic acid, such as citric, adipic, pimelio and phthalic, in 
compound glass along with cellulose derivatives, see British P. 872,579, 1982, addn. to 883,9tt, to I. O. 
Farbsnind. A.-O.; CHem. Abi., 1938, 27, 8575. Britiab P. 868,988, 1980; Chem. Abt., 1988, 27, 1729 and 

British P. 868,940, 1980; Chem. Abt., 1988, 27, 37tl. See Chapters 47 and 49. 

MW. C. Anem, U. S. P. 1,098,776, June 2, 1914, to General Electric Co.; Chem. Abt., 1914, t. 2816 

and British P. 14^54, 1912, to General Electric Co., Ltd.; Chem. Abt., 1914, 8, 1248. 

MCE. Downs and L. Weisberg, U. S. P. 1,667,900, Apr. 24, 1928, to Banett Co.; Brit. Chem. Abe. 
B, 1928, 419. British P. 178,225, IW; /J3.C.L, 1923, 42, 6i7A. 

MD. Vorlander, Aim., 1894, 280. 167; Chem. Zentr., 1894, 2, 657. 

•rw. H. Osrothers and J. A. Arvin, /.A.C.B., 1929, II, 1566, 

<9W. H. Osrothera ahd O. L. Dotough, /.A.C.8., 1980, 52, 711. 

MM. TUiehtimr, /. Eusi. Phys.-Chem. 8oc., 1925, S7, 143; Chem. Abt., 1986, 20, 2828. 

ML W. Bill spd W. H. Osrothers, J.A.C.i, 1988, 54, 1566. 

MF. B. Sborland, IMT. cif. 
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Malic Acid. Callahan” used malic acid and glycerol to produce a resin 
which could be used for molded insulation, or mixed with harder resins (phthalic 
glyceride) to make them tougher. In his process 134 parts malic acid and 92 
parts glycerol are heated first to 110®C., ebullition occurs and the temperature 
is then raised' gradually to 235®C., yielding a flexible and somewhat sticky resin. 
It is soluble in acetone and is fusible at approximately 1(X)°C. Heating for a 
l>eriod of about 15 hours at a temperature below the fusing point but rising to 
100®C. yields an infusible resin. 

Protracted heat treatment is necessary if the resin from malic acid and glycerol 
is to be resistant to water. Downs and Weisberg'"* found that this resin and 
mixed resins containing malic and other dibasic acids could be rendered water- 
resistant to such an extent that a test .sample submerged in boiling water for 
two minutes does not turn white. Heating the resin for about 30 hours at 170‘"C. 
is necessary'. 

Edible resins for use in making grease-proof wrapping paper for foodstuffs or as 
chicle substitutes in chewing-gum compositions are obtained from fruit acids such 
as malic or citric.”" For example a mixture of 101 parts malic acid, 42 parts 
diethylene glycol and 24 parts glycerol is heated at 220-240°C., finally yielding a 
semi-elastic gel. 

When malic acid is heated at 100°C. in air or m a vacuum, tribasic rnalomalic 
acid is formed from two molecules of malic acid. After fusing, the cold melt has 
a glass-like appearance.^^ Downs and Weisberg’’ have suggested the use of this 
acid in resins. 

Tartaric Acid. In 1847 Berzelius,” on heating glycerol and tartaric acid 
to 150®C., obtained a soft ma.ss which could be drawn out into threads. The 
product was deliquescent and could easily be hydrolyzed by water. Desplats” 
also studied the reaction between glycerol and tartaric acid.” 

Maleic and Fumaric Acids.” Weisberg and Potter*® heated maleic acid 
in the proportion of one mol of glycerol to one of acid. The acid dissolves form¬ 
ing a homogeneous mass and, as the heating is continued, the melting point gradu¬ 
ally rises and the material, which at first is quite sticky and viscous, eventually 
loses its stickiness and becomes more solid when cold. At this stage the product 
is soluble in acetone, making a clear solution useful as a varnish. The time 
required to reach this point may vary according to the temperature at which the 

«M. J. Callahan, U. S. P. 1,091,627, Mar. 31. 1914, to Generol Electric Co.; Chem. Abs., 1914, 8, 1877. 
British P. 34.060, 1912; Chem. Abn., 1914, 8. 1243. 

R. Downs aiul L. Weisbeig, U. S. P 1,667,199, Apr. 24, 1928, to Barrett Co.; Chem Abs., 
1928, 22, 2072. 

Curleton Elli.s, U. S. P. 2.007,965, ,luly 16, 1935, to BlHs-Foster Co. 

P. Walden, Ber., 1899, 32, 2706. For further stitdv of the effect of heat on malic acid see F. W. 
Morse, J.A.C.8., 1929, 51, 1276. 

WC. R. I^wns and L. Weisberg, U. ,S, P. 1,667,198. Apr. 24, 1928, to Barrett Co.; Chem. Abs., 1928, 
22. 2072. 

'’•J. Beraetius, Rapport annuel, 1847, 260; A. WmHb, “Dietloiinnire de Chimie,” Parts, Libiniie 
Hachette & C.e, 1870, 1, (2), 1590. 

^ Desplats, Compt. rend., 1859, 49, 216; A. Wurtl/lor. cit. 

™For the oxidation of furfural to maleic and tadUric acids, see H. W. Witsel, U. S. P. 1,945,246, 
Jan. 30, 1984. to the Selden Co.; Chem. Abs., 1934, 21^ 2870. See also A. O. Jaeger, U. S. P. 1,945,854, 
Jan. 30, 1934, to the Selden Co.; Chem. Abs., 1984, 28, 2866. J. Grolea and J. L. Welder (British P. 
128;7l2.. 1918; J.8.C.I., 1919, 38, 714A.). made use of the neutral i-eaction products from tartaric acid 
(or citric) and various monohydne alcohols (n-butyl alcohol, isobutyl alcohol and isoamyl alcohol) in 
the making of dopes, lacquers, coatings and plastic films with acetone-soluble cellulose acetate. These 
esters yielded a transparent him which did not change under atmospheric influences. 

^ Among various processes for the preparation of maleic anhydride by the catalytic partial oxidation 
of bensene see, E. Sk Punnett, V. 8. P. 1,895,522, Jan. 31, 1988, to National AnUine A Chemical Co.; 
Chem. Abe., 1988, 27. 3458. British P. 415.748, 1984; Brit, Chem. Abs., B. 1985, 819. For the purification 
of maleic anhydride ace C. Conover, U, 8. P. 1,914.558, June 20, 1988, to Monsanto Chem. Worics; Chem. 
Abt., 1988, 27. 4348. Sea also C. R. Downs, Ind. Sng. Chem., IW, 26. 17. For diene synthesis see 
CSuipter 40. 

»h. Weisberg and R. S. Potter. U. 8. P. 1,434,187. July 38, 1933, to Barrett Co. ; Chem. Ahs., 1922. 
26. 8219. 
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heating is conducted, the bulk of the batch and the rate of stirring. This resin 
is also soluble at room temperature in ethyl alcohol and ethyl acetate but less 
so than in acetone. It dissolves slightly in benzene. Cold water acts on it rapidly, 
causing it to become discolored and soft. If heating is continued at about 2()0°C., 
an exothermic reaction occurs with frothing, and the material becomes filled with 
bubbles. This frothy product may be rendered homogeneous by grinding and 
molding under heat and pressure. A bubble-free product may be obtained directly, 
however, by heating at a temperature at or near the melting point of the A-stage 
resin; the maximum temperature below 136®C. and may be as low as 90®C. or 
lower. For example, a batch of two pounds may be converted at 135°C. in 
about ten hours from the A-stage resin to the B-stage. This B-stage resin is 
insoluble in acetone, ethyl alcohol, and ethyl acetate, but on standing in contact 
with any of these materials for a considerable time, the finely powdered resin 
swells and forms a jelly-like mass. Heated for about 30 hours longer the resin 
reaches the C-stage. 

On attempting the preparation of ethylene fumarate and maleate the forma¬ 
tion of resins was observed by Vorlander.*^ Silver fumarate gave with ethylene 
dibromide ^ a crystalline, apparently polymeric product which was transformed 
on heating into a transparent, infusible and very insoluble glass. The original 
^^ethylene fumarate” was slowly dissolved by alkali, and added on bromine to give 
polymeric ethylene dibromosuccinate as a gummy mass, solidifying to an amorphous 
substance. From silver maleate with ethylene dibromide the corresponding ester 
was also obtained as a viscous gum, solidifying to a glass at low temperatures. 
Heated at 150-160®C, it was transformed into a rubber-like substance. 

Vorlander likewise obtained resinous products on removal of chlorine from 
di(chloroethyl) fumarate, 

C1--C,H4—0--<^0--CH==<)H---C0--<)— 


by silver. 

Fumaric acid also forms resins with polyhydric alcohols.” This acid behaves 
very much like maleic in its reaction with glycerol except that having a higher 
melting point, the first step is usually carried out at a higher temperature. 

Zwilgmeyer” has made use of halogenated acids in the preparation of the alkyd 
resins. The method of carrying out the preparation is as follows: a mixture of 183 
parts of glycerol and 355 parts of monobromo-maleic anhydride 

O 

i! 

Br—\ 

h4 / 

V 

is slowly heated with stirring while a general increase in viscosity takes place. 
When gas evolution ceases, 430 parts of the mono-isopropyl ester of monocUoro* 
succinic acid, 

np. Vorl&nder. Ann., 18M, 3S0, 171; Chtm. Zenir., 18M, 3, 657; Beilstein, 4th Ed.. 1980. II, 753. 

** C. R. Downs and Woisberg. U. S. P. 1,667,167. Apr. 34, 1938, to the Barrett Co.; Cham. 

1938, 33, 3673. 

•BF. Zwilguieyer, U. S. P. 1,950,468, Mar. 18, 1984, to National Aniline A Chem. Co., Inc.; Chnm. 
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Cl CH, 

^CH, 

h,6-co-oh, 


are added. The resulting mixture is heated to«180-290®C. to yield a resinous mate¬ 
rial of very high elasticity. The mono-isopropyl ester of monochlorosuccinic acid 
is prepared by heating maleic anhydride and isopropyl alcohol in the presence of 
hydrogen chloride and separating with alkali the mono-acid salt. 

In place of the mono-isopropyl chlorosuccinate, 145 parts of acrylic acid may 

be added** and the mixture heated to 180-200®C. to produce a hard, brittle resin 

. soluble in acetone and in diethyl phthalate. 

Citric Acid. Experiments by van Bemmelen* yielded a product which he 
termed citrin. One equivalent of citric acid heated at 160®C. with an excess of 
glycerol yielded a syrupy product which after several hours heating at 160-170® C. 
b^ame very hard, tough, brownish-yellow, porous and difficult to pulverize. Even 
at 200®C. ^e material exhibited approximately the same consistency as at room 
temperature. On exposure to air the sample grew softer. It was insoluble in 
water, alcohol and ether and when allowed to stand in cold water for a long 

time produced no acid reaction. When boiled with alcohol and water it be¬ 

came a thick syrup. One equivalent of citric acid with approximately two equiva¬ 
lents of glycerol heated for several hours to 170®C. yielded citro-diglyoerol. One 
equivalent each of citric acid and glycerol heated for 20 hours at 160®C. yielded a 
very hard, light yellow, transparent resin, which adhered tenaciously to the glass 
of the vessel in which it had been prepared and could not readily be separated. 
This was much harder than citro-diglycerol and did not soften in the air. In hot 
and cold water very little action was noticed. It was soluble in concentrated 
hydrochloric acid and dissolved in sulphuric acid with blackening. Van Bem- 
melen considered this product to be citro-monoglycerol. He summarized the 
reaction between citric acid and glycerol in this manner: at 100-120®C. a syrup is 
formed and water is evolved, between 100-200®C. the syrup grows thicker and, 
after longer heating and the loss of 4 to 6 equivalents of water, this changes to a 
solid neutral insoluble substance. 

Lourengo** heated citric acid and glycerol to 160®C. obtaining a gummy, 
water-soluble body. Heating to 215®C. resulted in a hard, brittle product, 
insoluble in water. At 140®C. equivalent quantities of mannite and citric acid 
yielded a hard yellowish, tasteless substance insoluble in water, alcohol or ether.*' 

Callahan,** on heating 1.5 parts of citric acid and 1 part of glycerol at a tem¬ 
perature of 160®C., formed a resin which was hard and strong but which did 
not have the flexibility desired for impregnatii^g paper or cloth for electrical in¬ 
sulation. Hie addition of certain substances, specifically, meta-dinitrobenzene, 
ethyl benzoate, acetanilide and /9-naphthol, promotes flexibility of the citric acid 
resin accordi^ to Dawson.** To a mixture of 11.4 parts of citric acid, 5 parts 
of glycerol and 5 parts of methyl alcohol are added from 1 to 10 parts of the plas- 

mF. Zwilimyer, U. S. P. 1,970,346, Dot. 3, 1394, to Kational Aniline A Chemieal Oo., Ino.; CWi. 
Abt,. 1994, asTim. 

*J. M. van Bemmelen, /. prvkt. Chern,, 1956v H) 69, 99; JahreEheriehte, 1856, 669. 

M M. A. von Louren^, Ann. ehim, 1869, <•) 67, 919. 

** H. Debut, Phit. iUOf 1898 (4), 16, 498.' See J, M. van Bemmelen, Jahre$berieht6 Chem., 1898, 
494. Qn^in, ^'Handbook of Qiemistty,'* TranattUon by H, Watte, Oavendieh Society, Ixxndon, 1869, 
XIIL 689. 

WM. jr. Oellahan, U. S. P. 1,091,793, Mar. 81, 1914, to General Eleetrie Go. ; ChBm. Abe., 1914. 8, 1878. 

8. Daerlofi, Jr., U. 8. P. 1,985,113, 17, 1914, io XimM Eleetrie Co.; CAeei. Abi., 1914. 
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ticizing agent. Articles to be impregnated are dipped into the solution and baked 
at 125°C. to drive out the alcohol and to start the reaction which is completed at 
150-200°C. The resin obtained from citric acid and glycerol at low temperature 
lacks water-resistance. Reaction at high temperature (180-200°C.) lessens the 
hygroscopicity of the product but at the same time causes a deepening in the 
color. By adding an appropriate dye (methyl violet 2B)" to the resin before 
it becomes infusible and insoluble, a colored product is first obtained. On heat 
treatment, the color developed during resin-decomposition is neutralized by the 
dye and a water-white product results. The proportions of the various constit¬ 
uents used are as follows: 200 g. of citric acid (crystals), 100 g. of glycerol and 
8 cc. of a 0.1 per cent aqueous solution of methyl violet 2B." 

The product obtained by treating citric glyceride with acetic or benzoic an¬ 
hydride is water-soluble. A mixture of glycerol and aconitic acid forms an elastic 
resin.“ 

Sager“ recommended as a ground-joint lubricant the resin obtained by heating 
1 mol of citric acid and 1.5 mols tetraethylene glycol at 180°C. for 1.5 hours. It 
is insoluble in both aromatic and aliphatic hydrocarbons but is soluble in water, 
alcohol and acetone. 

Adipic Acid. HOOC(CH,) 4 COOH. A process for making adipic acid and 
its homologues consists in the oxidation of hydroaromatic alcohols produced by 
the hydrogenation of phenols. The oxidation may be carried out with nitric acid 
in the presence of an oxidizing catalyst (vanadium or molybdenum oxide or com¬ 
pounds such as ammonium vanadate )** at a temperature of 50-60°C. Homologues 
may also be obtained by this means: a^-dimethyl adipic acid (2,3-dimethyl hex- 
anedioic acid) is produced by oxidizing 1,3,5-hexahydro-xylenol.*® 

The adipic esters can be used as softening agents in the celluloid, lacquer, and 
film industries.*® Heating the esters of adipic acid with polyhydric alcohols yields 
gum-like, hard products, which have been suggested as rubber substitutes.*^ 

Differing from the glycerol-phthalic anhydride resins, which become hard and 
brittle at high temperatures, those formed from glycerol and adipic acid or other 
straight-chain dibasic acids (pimelic, suberic, azelaic or sebacic) are permanently 
soft, rubbery and plastic. There are three stages in their formation, as in other 
resins of this class. In the A stage they are syrupy liquids, soluble in acetone; 
in the B stage they are soft and rubbery and soluble in acetone but insoluble in 
benzene and in the C stage they are soft and rubbery but insoluble in the common 
organic solvents. One mol glycerol and 1% mols adipic acid are heated at 165- 
170°C. for 1 to 5 hours to yield a resin in the A stage which sets to a fiirm jelly 

Methyl violet 2B haa the atnicture 


(CH.)r-N— 

-I. « 


*^0. A. Cherry, U. S. P. 1,988,W8, Dec. 11, 1W4, to Economy FuUe A Mfg. Co.; Chem. A6«„ 1M5, 
29, 864. 

«*T. Hahu, Japanese P. 03.028 and 08.029, 1081; Chem. Ab$., 1982, 26, 4488. 

WT. P. Sager, Ind. Eng. Chem., (Anal. Edit.), 1032. 4. 888. 

M For the use of copper, cerium, manganeee, lead, iron, chromium, cobalt, nickel, tungerten. tellurium, 
bismuth, calcium, magnesium, uranium, barium, silver, molybdenum, vanadium or mercury compounds 
m the oxidation of cyolohexanol and cyclohexanone to adipic acid, see R. P. Perkins and A. J. Dietsler, 
U. S. P. 1.960.211. May 22, 1084, to Dow Chemical Co.; Chem. Ab$., 1084, 28, 4436. 

*ew. Sohrauth, V. S. P. 1,021,101, Aug. 8, 1083, to E. 1. du Pont de Nemours A Co.; Chem. Abt., 
1988, 27. 6084. 

** Esters such as bomyl adipate, oyclohexyl hydrophUialate and cyclohexyl bensoate have also been 
suggested for itse as vulcanisation accelerators. (British P. 880,886, 1080, to Deutsche Hjrdriorwerke 
A.-a.; Brit. Chem. Abe. B. 1081, 264.) _ 

W. Sohrauth, Chem. Ztg., 1020, 88, 41; Brit. Chem. Abe. B, 1020, 168. See J.8.C.I., 1029, 48, 08. 
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on cooling* Further heating for 4% hours gives the B stage and in a half hour 
more the C stage ~ 

Synthetic resins are also prepared by condensing adipic acid homologues con* 
taining a branched chain with a polyhydric alcohol. These products, which are 
very plastic and which may be added to phthalic glyceride to produce flexibility, 
are made by heating a mixture of isomeric methyladipic acids with glycerol and 
boric acid at 160®C."* Vulcanizable mixtures are obtained by adding the elastic, 
factice-like glycerol ester of methyladipic acid to rubber."” When adipic acid 
is first condensed with triethanolamine it gives an alcfohoUsoluble product. On 
further heating this is converted into an insoluble gummy, elastic a:id gelatinous 
material which likewise finds use as a softening agent for synthetic and natural 
resins, and as a vulcanization accelerator."^^ 

Adipic esters of the dihydric alcohols form tallowy or butter-like masses. The 
glycol ester may be prepared by mixing a solution of ethylene glycol and pyridine 
in pinacolone with a similar solution of the dichloride of adipic acid, or by the 
action of ethylene dibromide on potassium adipate. The propylene glycol ester 
is similarly obtained. a-Methyladipic acid and ethylene oxide react to give a 
brownish waxy mass."* With excess glycol at 100®C. adipic acid forms the di- 
/5-hydroxyethyl adipate (b.p. 210®C. at 6 mm.)."” 

Azelaic Acid. HOCWU(CHi)tCOOH. The oxidation of unsaturated oils yields 
azelaic acid as one of the products. This acid may be condensed with glycerol to 
form a plastic material"” recommended for making lacquers or as a binder in 
linoleum."* When azelaic acid is replaced by acids having a longer carbon-chain 
the products are more flexible,'®* 

Sebacic Acid. HOC)C(CHa)gCOOH."* Berthelot"* reacted sebacic acid 
with glycerol at 200®C. and isolated from the product a small quantity of neutral 
crystalline compound which he called sebin. 

Bruson"* heated 1 mol of glycerol and 1.6 mol of sebacic acid at 170®C. until 
a test sample was a firm jelly when cold. At this stage the product is soluble and 
may be used as a plasticizer for nitrocellulose in coatings for fabrics,'" or for rub¬ 
ber articles.'" Further heating renders the mass insoluble but it is still soft and 
pliant. 

The glycol ester was prepared by Carothers and Hill'" by heating a mixture 
of sebacic acid and a slight excess of glycol. The product was a hard wax 
which when softened by heating could be drawn out to transparent fibers. 

The resin obtained from sebacic acid and glycerol has been used as a cement 


••H. A. Bruson, U. S. P. 1,779,W7, Oct. 21, 1980, to Resinous Products 4 Chem. Co.; Chem. Abs., 
1981, 25, 177. British P. 841,477, 1929, to Chem. Fabr. Dr. K. Albert G.m.b.H.; Brit. Chem. Aba. B, 
1981, 453. 

••British P. 828,728, 1929, to I. G. Farbenind. A.>G.; Chem. Aba., 1930, 24, 5518. 

German P. 555,5M, 11^9, to Deutsche Hydrierwerke A.>G.; Chem. Aba., 1932, 26, 6183. 

British P. 876,929, 1932, to Chem. Fabr. K. Albert G.m.b.H.; Chem. Abe., 1938, 27, 4111. 

^ German P. 818,222, 1917, to Farbenfabr. vorm. F. Bayer 4 Oo.; J.8.C.i., 1920, 39, 427A. 

**P. B. Sborland, loc. eit. 

British P. 377,265, 1931, to Deutsche Gasglilhlioht-Auer-Ges.m.b.H.; Brit. Chem. Abe. B, 1982, 
948. French P. 715A84, 1931; Chem. Abe., 1982, 26, 2035. 

SM British P. 848,598, 1929, to Deutsche GasgltUilicht-Auer-Ges.m.b.H.; Chem. Abe., 1982, 26, 5321. 
French P. 688,962, 1930; Chem. Abe., 1981, 25. 1046. 

^ French P. 40,924, 1981, addn. to 668,963, to Deutsche Gasgliihlicht-Auer-Ges.; Chem. Abe., 1938, 
27, 1464. 

According to Ishiguro (/. Rubber Soe. IJapanl, 1980, 2, 238; Brit. Chem. Abe. B, 1981, 1108), 
•ebaetc acid is a better softening agent for rubber than is stearic acid. 

»»M. M. Berthel<^ Aim. ehim. phye., 1854. (8} 41, 398. 

^ H. A. Bruson, U. 8. P. JLTToitf, Oct. 11, 1980, to Resinous Products 4 Chem. Oo.j Chem. Abe., 
1681, 25. 177. Biitish P. 841,417, 1«9^ to Chem. Fabr. Dr. K. Albert G.m.b.H.; BrU. Chem. Abe. 8, 
1981, 452. 

h«a. A. Bruson, U. 8. P. 1,761,818, June 8, 1980, to Reeinoue Pioducte 4 Chem. Cb.; Chem. Abe., 
1966 24» P W. 

hi H, A. Bruson, U. 8. P. 1,761314, June 6, 1980, to Rsiinoue Products 4 C2iem. Co.; Chem. Abe., 

MM. aVMtl. 

»W. H. ChfOtlm UHl J. W. Bill, J,A.CS.. tttS, 54. 1555. 
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in laminated glass Resins of this type when used as binders in safety glass 
have a high holding power. They do not become brittle on exposure to light and 
maintain their strength and resilience after a long period of use. 

With an excess of glycol, sebacic acid reacts at 110-115°C. to yield the di-i5- 
hydroxyethyl sebacate of m.p. 46®. On heating to 160®, the ester slowly poly¬ 
merizes. The diacetyl derivative 

CH,—C0--<)-~(CH2)a--0-<^0~(CH,)r~C0--^--(CH2)2--O-€ 
boils at 242®C. at 5 mm.“^ 

Camphoric Acid. C 8 H, 4 (COOH),. Heated to 200®C. in a sealed tube with 
glycerol, camphoric acid forms a viscous, neutral mass that Berthelot“® called cam- 
phorin. Callahan”® also studied its reaction with glycerol. He heated 46 parts 
of glycerol and 100 parts of camphoric acid to 100®C. whereupon the mixture 
became uniform in appearance. The temperature was then slowly raised to 250®C. 
The resinous product is soluble in acetone, slightly soluble in methyl and ethyl 
alcohol and insoluble in benzene. It is clear, yellow, melts at 110^130®C. and 
may be hardened by heating for some time at 90-135®C. 


Boric Acid 


Glycol and glyceryl borates and boriborates are water-soluble resins. They 
are compatible with nitrocellulose and with gelatin. Glycol boriborate”^ has been 
used for the lubrication of dyed cotton previous to spinning; it is waxy, hygroscopic, 
non-corrosive, non-inflammable and water-solubleBy heating to 1(X)®C. 150 
parts of diethylene glycol and 70 parts of boric acid together with 80 parts of borax 
with agitation, combination takes place and, as the temperature is raised from 120- 
130®C., water is evolved. The resin obtained is a viscous syrup of high molecular 
weight, tasteless, odorless and of a light amber color or colorless. The resin, 
moreover, is soluble in water and it is practically neutral, non-corrosive, non-toxic 
and antiseptic. When heated above 275®C. the product loses water and becomes 
harder and non-tacky; if heated further, a water-soluble glass is obtained which 
goes into solution very slowly but which is extremely hygroscopic. It is particu¬ 
larly adaptable as a plasticizer for glues, gelatin, gum arabic, tragacanth or karaya 
and as a base for cosmetical and phannaceutical preparations. Dissolved in methyl 
alcohol or in glycol ethers, it can be used as a special adhesive for glassine, cello¬ 
phane or celluloid.^ 

The method of refining oils and fats by treatment with anhydrous boric acid'* 
has been extended to the use of the boric acid esters of polyhydric alcohols.'* 
Moreover, the polyhydric alcohols can be condensed with phthalic anhydride in 
the presence of boric acid by heating to 250®C. A glycerol-boric ester is used in 
the preparation of mucilage,** and a viscous composition suggested for electrolytic 
condensers is obtained by the reaction of ethylene glycol with ammonium borate 
and boric acid.** 


u«J. C. Zola, U. B. P. 1,900,636, Mar. 7, 1933, to Duplate Corp.; Brit. Chem. Aha. B, 1984, 90. See 
Chapter 47. 

“*P. B. Shorland, he. eit. 

M. M. Berthelot, Compt. rend., 1863, 37, 898. 

^M. J. OhRahan, U. 8. P. 1,091,028, Mar. 81, 1914, to General Electric Oo. \ Chenu Aba., 1914, 8, 
1878. BHtieh P. 24,069, 1912; Chem. Aba., 1914, 8, 1248. 

Known a« Aquareiin QM. 

^C. B. Ordway, Rayon and MeBiand Text. Month., 1984, 15, 18; Brit. Chem. Aba. B, 1984. 369; 
Am. Dyut^ Reptr., IW, 22, 038; Chem. Aba., 1934, 28, 4289. 

Bennett, U. 8. P. 1,968,741, Apr. 8, 1984; Chem. Aba., 1934, 28, 8849, 

^ Cf. M. Sohellmann and H. Franeen, German P. 609,797, 1988, to I. Q. Farbenind. A.-Q.; Chem. 
Aba., 1988, 27, 8841. 

Schellinann, Oennan P. 592,089, 1984, to X. Q. Farbenind. A.-Q.; Chem. Aba., 1984. 28, 8809. 
^•BrHiih P. 406,898, 1988, to I. G. Farbenind. A.-G,: Brit. Chem. Aba. B, 1984, 280. _ 

^8, Rubim, Canadian P. 880,058, 191^, to^the Ruben (^ndenser Co.; Chem. Aba.. 1933. 27, 2100. 
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Ether-Acids 

Resins for moldings or. for coatings are formed by the reaction of polyhydric 
alcohols and ether-carboxylic“* or thioether-carboxylic*” acids (diglycolic, inethyl- 
hydracrylic, salicylacetic, thiodiglycolic, thiodilactylic and 2-carboxyphenylthio- 
glycolic acids or anhydrides). For example, diglycolic acid, heated with glycerol 
to a final temperature of about 140®C., yields a colorless product having the con¬ 
sistency of honey, which on heating in a thin layer at 160®C. for several hours gives 
a solid film. These hardened condensation products are good electrical insulators 
and are very elastic and pliable. They are recommended as coatings for wire, wire 
fabrics^* and other metallic parts'*^ of electrical machinery, or they can be mixed 
with fibrous fillers and molded under pressure 


Ketone-Acids 


Acids of this class, which have been used to form resins by reaction with poly¬ 
hydric alcohols, include benzoylbenzoic, toluylbenzoic, and benzophenone-2,4'-di- 
carboxylic acids. 

Downs and Weisberg“* heated benzoylbenzoic acid with glycerol to produce a 
hard resin unaffected by water. Polybasic acids may replace part of the benzoyl¬ 
benzoic acid. Ellis“® found that a mixture of 120 parts of toluylbenzoic acid and 15.5 
parts of glycerol, heated for half an hour to a temperature of 290®C. in an alumi¬ 
num vessel equipped with a short air-cooled condenser, yields a hard resin of acid 
number 23.4. This resin is compatible with cellulose acetate. Benzoylbenzoic 
acid treated in the same way yields a resin whose acid number is 19.3. 

Hahn"“ incorporated benzoylbenzoic glyceride with cellulose acetate in a lacquer. 
One formula suggested is 12 parts of cellulose acetate, 3 parts resin, 6 parts of 
softener and 79 parts of sol vent Other esters of benzoylbenzoic acid (propyl, 
butyl, isoamyl) have been suggested as plasticizers for cellulose nitrate and 
acetate."** 

Benzoylbenzoic, toluylbenzoic, chlorbenzoylbenzoic and similar acids, formed by 
the action of aromatic hydrocarbons or hydrocarbon derivatives on phthalic an¬ 
hydride in the presence of aluminum chloride, are monobasic acids. The resins 
obtained by their reaction with glycerol can hardly be considered to have the 
complexity of the resins formed from dibasic acids. It is even doubtful if they 

« 

^K. Schumann, E. Mtinch and O. Schlichting, German P. 534,215, 1928, to I. G. Farbenind. A.-G.; 
Chem. Ahs,, 1982, 26, 814. British P. 327,722, 1928; Chem. Aba., 1980, 24, 5173. French P. 685,565, 1929; 
Chem. Aba., 1080, 24, 6041. 

^E. MUnch and G. Kraemer, German P. 538,831, 1929, to I. G. Farbenind. A.>G.; Chem. Aba., 
1982, 26k 2025. Addn. to German P. 584,215. 

»»Britith P. 381,203, 1929, to I. G. Farbenind. A.-G.; Brit, Chem. Aba. B, 1930, 915. French P. 
689,104, 1930. to I. Q. Farbenind. A.-G.; Chem. Aba., 1931, 25, 1108. 

French P. 694,425, 1930, to I. G. Farbenind. A.-G.; Chem. Aba., 1981, 25, 1926. 

French P. 694,944, 1930, to I. G. Farbenind. A.-G.; Chem. Aba., 1981, 25. 1957. 

^ C. R. Downs and L. Weisberg, U. S. P. 1,667,IW, Apr. 24, 1928, to Barrett Co.; Chem. Aba., 
1928, 22, 2072. 

»»Carleton Ellis, U. S. P. 1,886,242, Nov. 1, 1932, to Ellis-Foster Co.; Chem. Aba., 1988, 27, 1530. 

^ F. C. Hahn, Canadian P. 312,568, 1981, to Canadian Industries, Ltd.; phem. Aba., 1931, 25, 4422. 
British P. 816,331, 1928, to Imp^l Chem. Ind„ Ltd.; Chem, Aba., 1980, 24, 1754. 

^ A. 0. Jaeger used the alkyl esters of acids of this type, such as butyl bensoylbensoate, methyl 
b<|iisoylaerylate and butyl naphthoylbensoate as plastioisers for resins. See A. O. Jaeger. U. 8. P. 
1,978,710, Oct. 80, 1934, to American Cyanamld A Cnemicals Corp.; Chem. Aba., 1985, 29, 358. French P. 
708*018, 1980, to Seldeo Go.; Chem. Aba., 1931. 85* 4438. British P. 359,164, 1939; Chem. Aba., 1982. 36, 
4989. H. J. West (U. 8. P. 1,800,614, June 9, 1981, to Seldeii Co.; Chem. Aba., 1931, 25, 4828) 
mommended butyl bensoylbensoate for use in high^vacuiim pumps. 

A. Biiiaon, U. 8. P, 1,909.092. May 10, 1988, to American 'Cysnamid Co.; Brit. Chem. Aba. B, 
1984 , 57 . ; 
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can be considered polymeric in the same sense. Their resinous nature is more 
probably the result of their slowness of crystallization. Toluylbenzoic acid can be 
fused to form a melt which remains glassy for a long time.“* 

Benzophenone-2,4'-dicarboxylic acid is insoluble in water and does not sublime 
when heated, properties of importance in resin production. Resins made from this 
acid are resistant to water and no loss of atjid occurs in their formation. Bruson** 
heated a mixture of 270 parts benzophenonedicarboxylic acid and 62 parts glycerol 
in a kettle equipped with an agitator and after heating for about 5 hours at 190- 
200®C., obtained a hard resin readily soluble in acetone. After 8 or 10 hours 
at this temperature the resin reverts into an insoluble and infusible form. Ethylene 
glycol and benzophenone-2,4'-dicarboxylic acid yield a hard, brittle, pale resin 
soluble in butyl acetate or acetone. If pentaerythritol is used, the resin becomes 
insoluble and infusible after only 3 or 4 hours at 180-190®C. 

Another group of polybasic acids includes the products obtained by treating 
maleic anhydride with compounds containing conjugated double bonds and capable 
of forming simple adducts according to the diene synthesis.”* 

Such compounds as vinyl acetate, styrene, indene and acrylic esters react 
with maleic anhydride when heated in the presence of a catalyst like benzoyl 
peroxide to form polymeric polybasic acids These products may be heated with 
glycerol to yield resins or the glycerol may be added before polymerization.”* 
For example, a mixture of styrene, maleic anhydride and glycerol, heated in an 
autoclave to 120°C., yields a resin insoluble in alkalies or in organic solvents. 


POLYHYDRIC ALCOHOLS 


Being the most generally available polyhydrir alcohol, glycerol has been more 
widely used than any other alcohol of this type to form resins by reaction with 
polybasic acids. In certain instances the glycerol is replaced by an acid glyceride 
such as triacetin. The acid under these conditions is volatilized at the tempera¬ 
ture of the reaction.”* 

Other alcohols than glycerol include polyglycerol, the glycols and polyglycols, 
pentaerythritol, sorbitoF" and mannitol. Different polyhydric alcohols usually 
yield different products with the same polybasic acid. When heated for a suffi¬ 
ciently long time with either a dibasic acid or a more highly carboxylated com¬ 
pound, glycerol forms an insoluble, infusible mass. Polyhydric alcohols containing 
more than three hydroxyl groups form this kind of material even more readily 
than glycerol. On the other hand glycols (containing only two hydroxyl groups) 
react with dibasic acids to form permanently fusible bodies, but with acids con¬ 
taining more than two carboxyl groups they may be expected to yield insoluble 
bodies: The complexity of the reactants thus forms the basis for classifying sim- 


Ci. Chapter 4, especially the work of D. Vorlander. 

^H. A. Bruson, U. S. P. 1,818,838, July 7, 1931, to R5hin A Haas Co.; Chem, Abi., 1931, 25, 5305. 
U. S. P. 1,807,503, May 26, 1981; Chem. Ah$., 1981, 25, 4139. See German P. 582,954, 1938, to Chem. 
Fabr. Kurt Albert G.m.b.H.; Chem, Abe., 1934, 28, 919. 


British P. 876,479, 1931, to I. G. Farbenind. A.-O.; Bnt. Chem. Abe. B, 1932, 948. 

^British P. 376,481, 1931, to I. G. Farbenind. A.-G.; Brit. Chem. Abe. B, 1982, 948. See A. Voss 
and E. Dickhkuser, German P. 544,826, 1930, to I. O. Farbemnd. A.-O.; Chem. Abe., 1932, 26, 2609. 
Addn. to Qeiman P. 540,101, IIW; Chem. Abe., 1982, 26, 1818. 

R. Weithdner, British P. 895,894, 1982, to Glasurit-Werke M. Winkelmann A.-G.; Brit.' Chem. 
Abe. B, 1933, 887. French P. 743,027, 1983; Chem. Abe., 1933, 27, 3837. German P. 590,638, 1934; Chem. 


riua., «0, MOO. ... 

H. H. Strain (J.A.C.S., 1984, 56, 1756) has found that the rare sugar alcohol d-sorbitol occurs, m 
large quantities (2.4-2.7 per cent) in Toyon berries (the fruits of Photima arbuHfolia, LindL) and may 
be isolated by extraction with boiling water or with ethanol, followed by fermentation and reorystallisa- 
tion. When ethanol is used, fermentation apparently is not necessary and the sorbitol may be directly 


recrystallised from pyridine. 
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Table 44.— Polyhydric Alcohols, 


Glycol 
Polyglycols 
Propane-1,2-diol 
Trimethylene | ‘ 
Butane-2, 
Glycerol 
Polyglycerols 


HO—CHr-CH 2 --OH 
HO—(CH,~-CHy-G)„—H 
HO—CHo—CH(OH)-~GH, 

HO—CH,—CH,—CH,--OH 
CH,—CHOH—CHOH—CH, 

HO—CH,—CHOH—CHj—OH 
HO—(CHa—CHOH—CHa—0)n—H 


Pentaerythritol 


HO—CHa CHaOH 
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Hexitols 

(Sorbitol and Mannitol) 


Hexahydroxycydohexane 


HO—CHa—(CH0H)4—CHa—OH 
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pie polyhydric alcohol-polybasic acid resins into heat-convertible and heat-non- 
convertible resins as proposed by Kienle and Ferguson.“^ 


PoLYGLYCBROL 


Polyhydric alcohols generally can be condensed with themselves to yield com¬ 
plex bodies retaining an alcoholic character.^** When glycerol is distilled the residue 
in the still contains di- and triglycerol, the mixture being called ‘^polyglycerols.^^^** 
They are formed by the eliminatiqn of water between two or more molecules of 
glycerol. By heating glycerol for a half hour at 280°C. in the presence of 0.5 per 
cent of sodium hydroxide (or acetate) the greater part of the glycerol is con¬ 
verted into the condensation product. This condensed glycerol reacts more rapidly 
with organic acids than normal glycerol and its use facilitates resinification. The 
initial fusible or class A resin is formed in about one-fifth the time required 


^ R. H. Kienle and C. S. Ferguson, Ind, Eng. Chem., 1929, 21, 349. See also R. H. Kienle, ibid,, 
1980, 22, 590. See Chapter 41. 

^The formation of polyglycerola is discussed by E. Leurs (J.S.C.I., 1922, 41, 97T), by A. Rayner 
(ibid,, 224T) and by M. Rangier (Compt. rend,, 1923, 187, 345; Chem. Abs., 1928, 22, 4498). R. 1. 
Bashrord heats glycerol with sino chloride (U. S. P. 1,497,2W, Sept. 11, 1923, to Grasselli Powder Co.; 
Chem, Abe., 1923, 17, 3880). Diglycerol is obtained by heating glycerol with thorium or magnesium 
oxide and with or without solium silicate (British P. 295,149 and 2^,147, 1929, to Henkel A Cie. G.m.b.H.; 
Chem. Abe., 1928, 22, 244. H. Weber and F. Niemeyer, Gern^an P. 494,430 and 494,431, 1929, to Henkel d 
Qe. G.m.b.H.; Chem, Abe., 1980, 24, 2790). Passing inert gases through glycerol which is heated with 
sodium acetate yields digls^cerol. (British P. 294,8(w, 1929, to Henkel d (3ie. G.m.b.H.; Chem. Abe., 
1928, 22, 244.) S. N. tJAakov and E. M. Obryiulina, PUuU Menem, 1982, (1) 19; Chimie et induetrn, 
1983, 29, 1418; Chem. Abe., 1938, 27, 4429; Ind. Eng. Cn^„ 19^, 25, 997, state the most e$cient catalysts 
for direct polymerimtion of glycerol by heat are sulphuric acid, sulphurous acid, sulphates and sulphites, 
particularly mMUurio and cupric sulphates. By refluxing glycerol for 4 hours in the presence of 4 per cent 
catalyst, condensation occurs to the extent of 90-98 per cent. The product is dark-brown, viscous and 
soluble in water, alcohol, acetone and in alcoholic bensene. Further heating results in an infusible 
material which can form elastic Aims. Puriflcation by steam distillation yields 31-50 per cent of a dark 
brown seoonda^ resin which is insoluble in water and oorrespbnds to the structural formula (CkHTOs)e> 
See Chapters 28 and 50. 

^For the mhc ethers formed by autooondensation of glycerol and their use as plasticisers for 
eeHnlose derivaiivss, see H. Dreyfus, P. 745,040, 1983; Chem. Abe., 1983, 27, 4428. O. Mers 

(Ferben^Chem., 1984, 5. 91; Brit Chem. Abe, B, 1934. 919) has considered the glycerol ethers as solvents, 
espeeially the^ miieibility with common varnish solvent# and thinners, the solvent power for nitro- 
emulose, for acetyl cettul^ atkl for naturil and synthetic resinS. For the action of heat and glycerol on 
idtroeidtttibse runner in whi^ the viscosity of the latter is lowered, see M. Q. MiUiken, 

0. S. r. Uiv 1. 1«M, to Honuln Powdtr Oo.i Chmi. AbZ MM, 28, 42^1. 
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with glycerol. The physical properties of the polyglycerol resins do not differ 
greatly from those made from normal glycerol.^" 


Glycols 

When equimolecular amounts of phthalic anhydride and ethylene glycol are 
heated together to 140-160°C., the monoester 

HO—C«H4C0-^H 

is first formed by direct addition of the reactants. This compound can be obtained 
in the form of crystals. Further heating causes an increase in the molecular weight 
by union of a large number of molecules of the initial simple ester. The viscosity of 
the heated mass increases but the product remains fusible at all stages.'*® It is com¬ 
patible with both nitrocellulose and cellulose acetate.'** Glycol-phthalic anhydride 
resin has been reconunended as a cement for high-vacuum work'*^ and has been sug¬ 
gested for impregnating paper and for the manufacture of lacquers.'** The ethylene 
glycol phthalate can be prepared by using as catalysts such substances as sulphuric 
acid,'** basic cuprous carbonate, bismuth subcarbonate, the carbonates of cobalt, 
lithium, manganese, cadmium and barium, and the nitrates of calcium, beryllium, 

1** See L. Weisberg and R. S. Potter, U. S. P. 1,424,137, July 25, 1922, to the Barrett Co.; Chem. 
Abs., 1922, 16, 3219. See also F. Qroff, U. S. P. 2,008,417, July 16. 1935, to BakeUte Corp. 

i«H. H6nel, KuntUtcffe, 1931, 35, 78, 105, 182; Chem. Abi., 1931, 25, 5047. 

H. £. Hofmann and E. W Reid, Ind. Eng. Chem., 1029, 21, 9M. The soft nature of the esters of 
glycol and polyglycols makes them valuable as plasticisers for cellulose esters. O. Loehr reacts polyglyools 
with bensoic acid and obtains a high •boiling viscous liquid which he mixes with cellulose nitrate or 
acetate to form flexible lacquers. (U. S. P. 1,783,176, Dec. 2, 1930, to I. Q. Farbenind. A.-Q.; Chem. 
Abi., 1031, 25, 414. Canadian P. 285,019, 1928; Chem. Ab»., 1929. 23, 1267.) O. Loehr also uses the 
benzoates of polyethylene glycol monoethyl ethers (U. S. P. 1,865,196, June 28, 1982, to I. G. Farbenind. 
A.-G.: Chem. Aba., 1932, 26, 4487). Such mixed esters of diethyleqe glycol as the butyrate-laurate have 
been suggested for the same purpose (R. Calvert, U. S. P. 1,807,304, May 26, 1931, to Van Schaack Bros. 
Chemical Works, Inc.; Chem. Aba., 1931, 25, 4090). Other phthalic esters which have been mentioned 
for use as cellulose ester plasticizers are: dibenzyl phthalate (R. H. Van Schaack, Jr., U. S. P. 1,734,657, 
Nov. 5, 1929, to Van Schaack Bros. Chemical Works, Inc.; Chem. Aba., 1930, 24, 515) phenoxy phthalate 
(R. L. I^mer, British P. 306,911, 1928, to £. I. du Pont de Nemours A Co.; Chem. Aba., 1929, 23, 58M), 
the phthalate of methyl salicylate (L. P. Kyrides, U. S. P. 1,979,559, Nov. 6, 1934, to Monsanto Chonicals 
Corp.; Chem. Aba., 1935, 29, 177. British P. 421,420, 1933; Brit. Chem. Aba. B, 1935, 194), fi-acetoxyethyl 
butyl phthalate (H. D. Young, U. S. P. 1,786,404, Dec. 28, 1930; Chem. Aba., 1931, 25, 610) and di- 
(g-methoxyethyl) phthalate (British P. 279,771, 1926, to I. G. Farbenind. A.-G.; Chem. Abt., 1928, 22, 
3044). On the preparation of j^-methoxyethyl benzoate see R. C. Conn, A. R. Collett, and C. L. Lazzell 
U.A.C.S., 1982, 54, 4371). R. H. Van Schaack, Jr., and R. Calvert make a plasticiser by acetylating di- 
(d-hydroxyethyl) phthalate (U. S. P. 1,733,689, Oct. 29, 1929, to Van Schaack Bros. Chem. Works, Ine.; 
Chem. Aba., 19^, 24, 379). They also recommend compounds like hydroxyethyl ethyl phthalate as 
high-boiling solvents and plasticizers (R. H. Van Schaack, Jr., and R. (divert, U. S. P. 1,706,639, Mar. 
26, 1929, to Van Schaack Bros. CThem. Works, Ino.; Brit. Chem. Aba. B, 1929, 636); also ethylene glycol 
phthalates or mixed esters of bis-fi-hydroxyethyl phthalate H. Van Schaack, Jr., and R. Calvert, 
U. S. P. 1,922,646, May 8, 1933, to Van Schaack Bros. C3iem. Works, Inc.); Brit. Chem. Aba. B, 1984, 
546. J. M. Kessler and O. B. Helfrich form the phthalic esters of polyglyool monoalkyl ethers; for 
example, the phthalate of diethylene glycol monoethyl ether (U. 8. P. 1,714,173, May 21, 1929, to 
Kessler Chemical Co.; Chem. Aba., 1929, 23, 8588). The esters formed from saturated fatty acids and 
the ethylene glycol monoalkyl ethers also sei've as plasticizers for cellulose esters (J. R. Buckley, U. S. P. 
1,869,660, Aug. 2, 1932, to £. I. du Pont de Nemours A Co.; Chem. Aba., 1932, 26, 5310). The esters of 
saturated acids, such as stearic, and ethers of diethyleoe glycol have be^ suggest^ (J. M. K^ler and 
O. B. Helfrich, U. 8. P. 1,739,315, Dec. 10, 1929; Chem. Aba., 1930, 24, 862). g-Butoxyethyl-a-hydroi^r. 
ethyl phthalate formed by esterifying glycol with phthalic acid and subsequttit esterification with 
8-butoxyethanol, or vice versa, and compounds of this general structure have a high solvent power for 
plastics in general (R. B. Frasier, British P. 410,797, 1984, to Carbide A Carbon C^iemicals Corp.; 
Chem. Aba., 1984, 28, 6443. French P. 746,467, 1988; Chem. Aba., 1988, 27, 4589. 8ee also H. Dreyfus, 
British P. 418,506, 1984; Chem. Aba., 1935, 29, 2260.) This also applies tp the esters of monoaryl 
ethere of the polyi^yools (E. F. Izard, U. 8* P. 1,948,972, Jan. 16, 1984, to £. 1. du Pont de Nemours A 
Co.; Bnt. Chem. Aba. B, 1984, 982). H. Dreyfus (British P. 420,221, 1988; Brit. Chem. Ahs. B, 1985, 
161) prepared cyclic monomeric esters by reacting ethylene glycol with phthalic anhydride in the presence 
of 0.5 per cent of orthophosphorio acid at 185* C. or by heating sodium i9-chloroethyl phthalate at 150* C. 
and by treating s-dicarbethoxyethylene and 0fi'-iminodiethyl phthalate. For alkozyalkyl esters of long- 
chain dibasic acids see E. F. Izard, U. 8. P. l,wl,891, Feb*. l9, 1985, to £. I. du Pont de Nemours A Co.; 
Chem. Aba., 1985, 29, 2176. 

P. £lager and B. G. Kennedy, Jr., Phwaice, 1981, 1, 352; Chem. Abt., 1982, 26, 1808. 

MCA. D, Whipple, British P. 405,054, 1982, to Mantle Lamp Oo. of America; Brit. Chem. Abt. B, 
1984, 200. French P. 745,852, 1988; Chem. Aba., 1988, 27, 4431. 

McC. L. Gabriel and L. C. Bwallen, V. & P. 1,946,202, Feb. 6, 1084, to Commercial Solvents Corp.; 
Chem. Abt., 1184, 28, 2872. 
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lithium”® and copper.*® The presence of metallic compounds stabilizes the products 
against the destructive influences of light. 

Ethylene glycol boils at a lower temperature (197®C.) than glycerol and 
when it is used to form a resin the reaction will be carried out at a lower tem¬ 
perature. The polyglycols or dihydroxy ethers, however, have fairly high boiling 
points. Of these, diethylene glycol has been used most widely. Gardner, Knauss 
and Van Heuckeroth*®* have used triethylene glycol. They heated equimolecular 
proportions of phthalic anhydride, triethylene glycol, and tartaric acid at 185- 
200®C. for 3 hours and obtained a pale amber viscous liquid resin, soluble in 
acetone, alcohol, and chloroform, insoluble in toluene, and compatiole with nitro- 
celluloj^ solutions. When heated for 15 to 18 hours this product becomes a dark 
amber plastic mass incompatible with nitrocellulose but compatible with cellulose 
acetate solutions. Exposure tests of lacquers containing equal parts of the dark 
resin and cellulose acetate gave fairly satisfactory results. 

Glycol condenses with glutaric acid in the presence of zinc chloride at 135- 
140® to give a gummy acid ester.*" The degree of polymerization of this ester is 
apparently less than in the succinic acid series and corresponds to the formula 

HO—[—C0-~(CH2),—C0--0--(CH2),--0H4--0H 

1,3-Butylene glycol, when heated with phthalic anhydride to 160®C., gives 
a glassy product;*®* with maleic anhydride reaction also takes place.*®® 

When the same glycol is heated to 100® with adipic acid, butyl alcohol and con¬ 
centrated phosphoric acid, it yields a thick oil.*®® 

Bradle]^ used glycols such as propane-1,2-diol, trimethylene glycol and 2,3- 
butylene glycol. These react with phthalic anhydride to yield resins which are 
more soluble than those from glycerol. The resins from the first two glycols 
mentioned are partially soluble, and that from the third, completely soluble in 
toluene. A mixture containing one mol each of propane-1,2-diol and phthalic 
anhydride is heated in a partially closed vessel to 290®C. for approximately 2.5 
hours. The product is a soft, straw-colored resin (acid number about 56). These 
resins improve gloss and adhesion when added to nitrocellulose lacquers. 

Polyglycols are formed by heating ethylene glycol or by polymerizing ethylene 
oxide. The alkylene oxides themselves form various light-colored, viscous products 
when treated with polybasic acids. For example, water-soluble esters are pro¬ 
duced by treating 1 mol of phthalic anhydride with 2 mols of ethylene oxide. 
The reaction is carried out in the presence of a small amount of sodium phthalate 
in an autoclave heated to 60-65®C. The product is a viscous liquid.*®® Succinic 
acid and ethylene oxide, heated in an autoclave at 80-90®C., also 3 deld a viscous, 
water-soluble product.*"® Tetraethylene glycol, HOCH*—(CHaOCH,)*—CHaOH, 

U»A. D. Whipple, British P. 410,837, 1984, to the Mantle Lamp Co. of America; Chem. Abs,, 1934, 
28, 6581. 

^A. D. Whipple, British P. 411,154, 1984, to the Mantle Lamp Go. of America; Chem. Abs., 1934, 
28, 6582. 

A. Gardner, C. A. Knauss and A. W. Van Heuokeroth, Ind. Eng. Chem., 1929, 21, 57. 

Tsusuki, BvU. Chem. Hoc. Japan, 1933, 8, 318; 1935, 10, 17; BrU. Chem. Abe. A. 1934, 57; 

1935, 474. 

^German P. 545,780, 1926, to I. G. Farbenind. A.-O.; Chem. Abe., 1932, 26. 3687. 

tfBK. paimler and G. Balls, U. 8. P. 1,984,671, Dee. 18, 1934, to I. G. Farbenind. A.-Q.; Chem. Abe., 
1985, 29. 902. 

»F. Moll, German P. 566,519, 1930, addition to 545,780, to I. Q. Farbenind. A.-’G.; Chem. Abe., 
1988 27 2457. 

^T. F, Bradley, U. S. P. 1390,668, Dec. IS, 1932, to American Cyanamid Co.; Chem. Abe., 1938, 
27, 1774. 

Webel, U. 8. P. 1,888,182, Oct. 18.'1988, to I. G. Farbenind. A.-G.; Chem. Abe., 1938, 27. 781. 
Geiman P. 648,617, 1927; Chm. Abe., 1982, 26. 8864. British P. 802,041, 1927; Chem. Abe., 1929, 23, 
4229. Osaadian P. 284,968. 1928; CAm, Abe., 1929, 23. 849. French P. 647,518, 1928; Chem. Abe., 
1929 23 2448. 

hap. Webel, Germaik P. 544,288, 1928, addn. to 542,617, to L G. Farbenind. A.-G.; Chem. Abe., 
1912, 26, 8818. Bthylene oxide may be used to neutralise the free fatty acids in vegetable oils by 
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can be prepared from ethylene oxide and triethylene glycol by a pressure reaction.'** 
Glycerol ^-hydroxyethyl ether is formed by treating glycerol with ethylene 
oxide at an elevated temperature.'*' Heated with phthalic anhydride this com- 


Table 45.— Oxides. 

O —I 


Ethylene oxide 
Polyethylene oxides 

Propylene oxide 


CHa—CHj 

HO—(CHa—CH*--0)n—H 


CHa—CH 


“a 


Ha 


Cyclohexene oxide 



pound forms a soft mass which may be used as a plasticizer. With succinic acid 
the ether yields a viscous product which hardens on further heating to an insolu¬ 
ble, elastic resin. Sorbitol hydroxyethyl ethers are obtained in the same way and 
can be used m aqueous solution instead of glycerol to soften water-soluble plastics. 
The ethers have been suggested as softeners for casein, nitrocellulose or rubber.'” 
When these hydroxyethyl ethers are treated with polybasic acids, heavy, balsam- 
hke liquids are produced. 

Pentaerythritol can also be treated with ethylene oxide in the presence of boric 
acid. The product is a viscous liquid insoluble in water, acetone and alcohol 
but soluble in many organic solvents.'” The reaction of other alkylene oxides 
(propylene oxide, tetrahydrobenzene oxide) with pentaerythritol results in the 
production of etherified alcohols of high boiling point and of a viscous nature 
which find use in paper making, in explosives, in textile processes, as lubricants 
and as solvents or separating agents. These esterified alcohols when acetylated 
with either monobasic acids or polybasic acids give plasticizing substances and 
camphor substitutes. The nitric acid esters may be used in films, plastics, lacquers 
and explosives.'” 

Ethylene oxide may also be used to neutralize the acidity of resins. For 
example, a hard, fusible resin of acid number 130, obtained by heating 444 parts 
phthalic anhydride and 184 parts glycerol, was treated in an autoclave with about 
140 parts ethylene oxide for six hours at 150®C. The product was a light-colored, 
clear, viscous balsam whose acid number was zero.'” 

heating the solution under pressure. See Britiah P. 912,523, 1928, to I. G. Farhenind. A.-G.; Chem. 
Abs., 1930. 24, 983. 

See T P. Sager, page 891, for prepating a ground-joint lubiicant by reacting triethvlene givcol 
with citric acid. 

Loehr, German P. 510,422, 1925, to I. G. Farbenind. A.-G.; Chctn. Ahtt„ 1931, 25, 984. British 
P. 318.892, 1927; Chem. Abe.. 1980, 24, 1119. French P. 852,388, 1928; Chem. Abe., 1929, 23, 3478. 

*®®0. Schmidt and E. Mever, German P. 538,887, 1927, and nddn. 540,723, 1928, to I. G. Fnrbwmd. 

A. -G.; Chem. Abe., 1932, 26, *2287. British P. 317,770, 1928; Chem. Abe., 1930, 24, 2141. 

S. Malowan, Ploetic piroducte, 1984, 10, 147. See also, Faebe und Lack, 1934, 30; BrU. Chem. Abe. 

B, 1934 , 288. 

>«*0. Schmidt and E. Meyer, U. S. P. 1,922.459, Aug. 15, 1983, to I. G. Fnrl>enind. A.-G.; Chem. 
Abe., 1933, 27, 5082. See U. S. P. 1,959.930, May 22, 1934; Chem. *n*., 1934, 23, 4430 and German P. 
598,598. 1934; Chem. Abe., 1934, 23> 5832. 

"»0. Schmidt and E. Meyer, U. S. P. 1,845,198, Fob. 18, 1982, to I. 0. Farbenind. A.-G.; Chem. 
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Ethylene oxide reacts with cellulose to form hydroxyethyl ethers which, when 
treated with polybasic acids, form esters having a resinous character. They may 
be molded or used in lacquers."® 

Ether-alcohols, other than the hydroxyalkyl ethers, also yield resins. Law- 
son'®^ heated monoethylin (glycerol monoethyl ether) with phthalic anhydride and 
obtained a product which can be used with nitrocellulose or ethyl cellulose in lac¬ 
quers. Hahn'*® formulated a cellulose acetate lacquer consisting of 12 parts of 
monoethylin phthalate resin, 12 parts cellulose acetate and 6 parts of a softener 
(diethyl or dibutyl phthalate) dissolved in 79 parts by weight of solvent. Another 
resin from monoethylin is made by heating 1 mol of glycerol ether with 2 mols 
of benzoylbenzoic acid at 175-250°C. for 3-14 hours.^** Nitrocellulose plasticizers 
can be prepared from the acid phthalic ester of monoethylin by esterifying the 
free carboxyl groups with a monohydric alcohol. Butyl monoethylin phthalate is 
a substance of this type.'"^® 

Scheiber'^' also used polyhydric alcohols which had been partly etherified by a 
monohydric alcohol. These are condensed with polybasic acids by heating at about 
2(X)°C. For example, he made a resin by heating phthalic anhydride and glycerol 
monomethyl ether. 

Hoover”* used glycerol ethers such as the monophenyl or monotetrahydro- 
furfuryl derivatives. A mixture of 420 parts of a-glyceryl phenyl ether (1-phenoxy- 
2,3-propanediol, CHaOHGHOHCHaOCeHs) and 370 parts of phthalic anhydride are 
brought to 220-225°C. during the course of 2 to 3 hours and heating is continued 
within this range of temperature until a test sample has an acid number of 10 
or less. The finished product is a hard clear resin having a brownish-red color. 
It is soluble in organic esters and aromatic hydrocarbons and in the mixtures of 
esters, alcohols and hydrocarbons ordinarily used in lacquer compositions. It is 
compatible with nitrocellulose in all proportions. Another resin is made by 
heating 112 parts of the tetrahydrofurfuryl ether of glycerol (CsH^OtCHaCHOH- 
CHaOH) and 96 parts of phthalic anhydride. The finished resin has an acid 
number of approximately 10 and is a soft, clear mass, dark brown in color. It 
is soluble in acetone, or in a mixture of alcohol and benzene. The resin from 
phenol glycerol ether and phthalic anhydride can be incorporated with rubber 
and the mixture vulcanized to yield a rubber mass of increased resistance to 
chemical and electrical effects.'" 


Pentaerythbitol 


By the condensation of formaldehyde and acetaldehyde in the presence of 
calcium hydroxide, pentaerythritol, a tetrahydric alcohol, is obtained.”® 

,Ab8„ 1932, 26. 2334. Gernmn P. 561.626. 1927. French P. 663,603. 1023. to I. G. Farbenind. A. O.; 
Chem. Ab8., 1930. 24. 516. Britii<h P, 323.190. 1923; Brit, Chem, Abs. B. 1930. 677. 

^French P. 705,316. 1930, to I. G. Farbenind. A.>G.; Chem. Aba., 1932. 26^ 303. 

“^W. B. Lawson, U. S. P. 1,967,055. July 24, 1934, to E. I. du Pont de Nemours A Co.; Chem. 
Abt., 1034, 26, ^2. British P. 316,325, 1929, to E. I. du Pont de Nemours A Co.; Chem. Abi., 1930, 
24, 1754. Canadian P. 324.955, 1932, to Canadian Industries, Ltd.; Chem. Ab$., 1932, 26, 54189. 

MtF. C. Hahn. U. S. P. 1,812,335, June 30, 1931, to E. I. du Pont de Nemours A Co.; Chem. Aba., 

1931, 25, 5049. Canadian jP. 312,560, IMI, to Canadian Industries, Ltd.; Chem. Aba,, i931, 25, 4422. 

British P. 316,323, J923, to Imperial Chem. Ind., Ltd.; Chem. Aba., 1030. 24, 1754. 

F. C. Hahn. U. S. P. 1,909.195, May 16. 1933, to E. I. du Pont de Nemours A Co.; Chem. Aba., 
1968, 27, 3837. British P. 316,322, 1923, to Imperial Chem. Ind., Ltd.; Chem. Abs., 1980, 24, 1754. 
Canadian P. 828.656, 1982, to Canadian Industries, Ltd.; Chem. Aba., 1M2, 26, 3945. 

mW. K Lawson, U. S. P. 1,9(M),196 and 1,909,197, May 16. 19tt. to E. 1. du Pont de N^nours A 
Co.; Chem. Abs., 11^, 27, 8721, Bntish P. 816,824, 1928, to Imperial Chem. Ind., Ltd.; Chem. Aha., 
1986, 24, 1650. Canadian P. 310.128, 1981, to Canadian Industries. Ltd. 

J. ScheibSr, German P. 537,687, 1928; Chem. Aba., 1932, 26, 1461. 

H. Hoover, U. B. P. 1,858,049, Apr. 12. 1932, to Association of American Soap and Glycerine 
Frodueers, Inc.; Chevu Abs., 1938, «98. 

i«»Swiss P. 106.713. 1934, to J. R Oeigy A.-G.; Chem. Aba., 1984, 28. 2946. 

B. Burke, U. S, P. 1,716,110, June 4, 1929, to E. I. du Pont de Nemours A Co.; Chem. Aba., 
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There is also formed simultaneously a small amount of dipentaerythritol/'’ 


HO—CHa CHaOH 

HO—CH2X3—CH,—O—CHj—C—CHjOH 
HO—^CHjOH 


which occurs in the commercial material. Von Herz”* heated pentaerythritol and 
phthalic anhydride at 140®C. until the anhydride ceased to sublime and obtained 
a soluble resin which when heated at higher temperatures became insoluble 
and infusible.'” Pentaerythritol, condensed with succinic acid, a mixture of suc¬ 
cinic acid and phthalic anhydride, or with glycerol and maleic acid, also gives 
moldable resins.”* Bruson'” made a nitrocellulose plasticizer by the reaction 
of pentaerythritol and 9,10-dihydroxystearic acid. Burke'*® used the mono-, di- 
or triethyl ethers of pentaerythritol for the same purpose. These ethers are 
formed by the action of ethyl chloride on pentaerythritol in the presence of 
sodium carbonate. 

Clarke*" has prepared pentaerythritol tetra-acetate by reacting acetic acid and 
pentaerythritol and distilling off the water. Linseed oil acids may also be esterified 
with pentaerythritol by using 0.05 per cent of lead monoxide.*** Pentaerythritol, 


1929, 23, 3717. See also J. Meissner, French P. 702,416, 1930; Chem. Abs., 1931, 25, 4286. German P. 
588,916, 1929; Chem. Aba., 1932, 26, 2202. E. Naujoks, German P. 596,509, 1934, to Deutsche Gold- & 
Silber-Scheidanstalt voim. Roessler; Chem. Aba., 1934 , 28, 5081. British P. 404,975, 1932; Brit. Chem. 
Aba. B, 1934 , 266. French P. 744,397, 1933; Chem. 1933, 27, 3953. T. Sakai. Japanese P. 94,210, 

1932, to the War Minister; Chem. Aba., 1988, 27, 2697. For use of catalysts other than calcium 
hydroxide, see A. Corbellini and A. Langini, Oiom. chim. ind. applicata, 1933, IS, 53; Chem. Aba., 11^, 
27, 4526 and H. Molinari, Oiom. chim. ind. applicata, 1933, 15, 325; Chem. Aba., 1984, 28, 104. For 
determination of pentaerythritol, see M. Y. Kraft, J. Chem. Ind., Ruaata, 1931, 8, 507; Brit. Chem. 
Aba. A, 1932, 72 and H. A. Aaronson, U. 8. P. 1,678,628, July 24, 1928; Chem. Aba., 1928, 22, 3418. 

”»W. Fri^erich and W. Briin, Bet., 1980, 63, 2681; Chem. Aba., 1931, 25, 1486. According to L. 
Ebert (Ber., 1931, 64, 114; Brit. Chem. Aba. A, 1981, 334) the moat efficient method for the purification 
of pentaerythritol is by sublimation in a high vacuum at about 130*. 

I'ME. von Hers, German P. 501,955, 1927. British P. 801,429, 1928; Brit. Chem. Aba. B, 1980, 520. 
French P. 671,208, 1929, to I. G. Farbenind. A.-Q.; Chem. Aba., 1980, 24, 1997. 

E. Burke and H. H. Hopkins, V. S. P. 1,667,189, Apr. 24, 1928, to E. I. du Pont de Nemours 

A Co.; Chem. Aba., 1928, 22, 2071. British P. 2^,7M, IW, to Nobel Industries, Ltd.; Chem. Aba., 
1989, 23. 1002. Canadian P. 888,398, 1980, to Canadian Industries, Ltd. See Chapter 44. 

^German P. 554,857, 1928, to I. O. Farbenind. A.-Q.; Chem. Aba., 1982, 26, 6165. 

»»H. A. Bruson, U. S. P. 1,885,208, Dee. 6. 1981, to Rdhm A Haas Co.; Chem. Aba., 1982, 26, 1120. 
]MC. B. Burke, U. S. P. 1,774,500, Sept. 2, 1910, to B. 1. du Pont de Nemours A Co.; Brit, Chem. 
Aba. B. 1981, 881. _ 

»H. T. CI«rko, U. 8. P. 1,588,658, Mey 4, 19^: Chem. Aba^. 1926, 20, 1996. ^ 

British P. 499,826, 1988, to B. I. du Pont de Nemours A Co.; BHt. Chem. Aba. B, 1984, 884. 
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on heating with dicarboxyethers or with thio-ethers and their anhydrides (digly- 
colic acid, carboxymethyl ether of salicylic acid, methyl diglycolic acid and thio- 
diglycolic acid, sulphidodiacetic acid), yield resins which form substitutes for glass, 
horn or shellac.^** 


Mixtures op Polyhydric Alcohols 

Hill and Walker^ used a mixture of ethylene glycol and glycerol to make resins 
of improved solubility and low acid number. Ordinary phthalic glyceride resins 
are very sparingly soluble in ester solvents, have a high acid number and if 
heatod too long they change to an infusible, insoluble form. In order to make a 
more soluble resin, the glycerol is partly replaced by glycol. The incorporation of a 
dihydric alcohol allows heating to a high temperature without causing insolubility. 
A transparent, brittle resin made from 370 parts phthalic anhydride, 250 parts 
glycerol and 50 parts ethylene glycol, after heating 5 hours at about 200® C. 
was still soluble and had an acid number of only 2.7. These resins may be made 
in one step, or phthalic glycol resin and phthalic glyceride may be fused together. 
Kienle“* also described polyb^ic acid resins from glycerol and glycol, diethylene 
glycol or propylene glycol. 


Monohydric Alcohols 

Part of the polyhydric alcohol used in the resin reaction with polybasic acids 
may be replaced by monohydric alcohols (ethyl, amyl, butyl, allyl, diacetone 
alcohols or borneol). The products thus obtained are soft, depending upon the 
amount of monohydric alcohol employed and are useful for coating wires and 
sheet metal because of their high flexibility and water-resistivity. A clear and 
transparent resin can be made up as follows: To the reaction product of 285 
parts of phthalic anhydride and 40 parts of butyl alcohol, which have been heated 
for 1.5 hours at 160®C., 100 parts of glycerol are added and the mass re-heated 
to 200-220®C.‘** Hill and Walker"*’ made a phthalic anhydride-glycerol-butyl 
alcohol resin as follows: To a mixture of 18.5 parts of butyl alcohol and 74 parts 
of phthalic anhydride heated under an air condenser to about 200 ®C. for an hour, 
23 parts of glycerol are added and the temperature held at 185-195®C. for 4 hours. 
On cooling, the product is a tough resin soluble in acetone and having an acid num¬ 
ber of 48. If the butyl alcohol is replaced by glycerol, the resin gels in about 3 
hours and the acid number just before gelation is close to 100. Cyclohexanol may 
be lised in the same way as butanol. 

Arsem'** sought to prepare ester groupings containing no free carboxyl groups 
or hydroxyl groups. The product of butyl alcohol, phthalic anhydride and glycerol 
would be represented as follows: 

CH j—O—CO—O 6 H 4 —CO—O—C 4 H • 

(!/H—o—CO— c«H 4 —CO— 0 —C 4 n 9 

<!;Hr-O-C 0 -^D,Hr-<:: 0 - 0 ^ 

i^Brituih P. 837.722, 1228. to I. Q. Farbenind. A.-G.; Brit. Ckem. Abt, B. 1230. 024. 

Hill and E. B. Walker, British P, 300,965, 1927, to Imperial Chem. Ind., Ltd.; Brit. Chem. 
Ah$> B, 1929, 883. French P. 1928, to Imperial Chem. Ind., Ltd. ; Chem. Aht., 1930, 24, 740. 

H. Kienle, British P. 817,797, 1929, to British Thomson-Houston Co., Ltd.; Chem. Aba., 1980, 

2817. French F. 080,449, llKNl, to Compagnie fraoQaise Thomson-Houston; > Chem. Aba., 19^, 24, 

g. 8,^ 1933, to General Electric Co.; Chem. Aba., 1988, 27, 
Thomson-Houston Co,, Ltd.; Chem. Aba., 1929, 23, 3360. 
Bise Thomson-Houston; Chem. Aba., 1980, 24, 516. German 
Qes.: Chem. Aba., 1982, 26, 861. 

^ W,9M, 1927, to Imperial ^em. Ind., Ltd.; Brit. Chem. 
Chem. Aba., 1980, 24, 740. 

12, 1988; Chem. Aba., 1984, 98, 1588. See alio German P, 
1985, 29, 8072. 


E. H. Kienle, V. B. P. 1,921,756, 
5208. Br^sh P. 2W.424, 19|8, to British 
FrOndi P. <)tt,5l8. 1128, to Oommnie fmno 
P. 5844H. m to AllgemeiiiO iSStrieit&ts 
We, Hill B. E. Walk^ British I 

to 2241611 A. 7 O.; Chem, Aba., 
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By first heating two mols (296 grams) of phthalic anhydride and one mol (92 
grains) of glycerol at 150-200°C., glyceryl phthalic acid is produced: 

CH2OH CO CH,---0--CO~C.H4--CO-~OH 

inoH +2 (!;hoh 

(!:h,oh (!:h,--(>-co-<::,H4—co-oh 

To the latter is added a large excess of butyl alcohol, benzene and 10-20 g. of sul¬ 
phuric acid. The butyl alcohol is distilled off, water being removed from the reaction 
as a constant-boiling mixture with benzene to yield the compound: 

CHa—O—CO—C«H4—O—CO—C4H9 

<[:hoh 

(!:h^—CO—c.H 4—o—CO—C4H,. 

More alcohol and benzene are added and distillation carried out at reduced pres¬ 
sure to remove traces of water. By initially using 3 mols of phthalic anhydride 
to one mol of glycerol and esterifying similarly with butanol, the hydroxyl-free 
ester is obtained. Swallen and Irey‘* have improved the method of Arsem by 
using a petroleum hydrocarbon to remove undesirable by-products. One mol 
(92 g.) of glycerol and 1.5 mols (222 g.) of phthalic anhydride are fused at 130- 
135°C. and the mass is then heated at 160®C. for 10 minutes. To this product 
are added 300 g. of n-butyl alcohol together with 22 g. of hydrochloric acid (sp.gr. 
1.2). The resulting mixture is heated quickly to 110° C. and distilled first through 
a fractionating column and then in vacuo. The material is subsequently heated 
at 175-190°C. for 10-30 hours and then agitated with a petroleum hydrocarbon 
(b.p. 95-160°C.) at 90°C. for a few hours. The extraction with the hydrocar¬ 
bon is continued until the resin is free of dibutyl phthalate. The residual hydro¬ 
carbon is removed along with by-products by heating to 120°C. under reduced 
pressure.'*® 

Cetyl alcohol (Ci«H880H), on reacting with phthalic anhydride, yields a waxy 
ester; cetyl alcohol, phthalic anhydride and glycerol, a viscous balsam-like resin. 
These cetyl alcohol esters may be blended with nitrocellulose to produce films of a 
clear transparent characterThe resin made from 121 parts of cetyl alcohol, 148 
parts of phthalic anhydride and 47 parts of glycerol by heating to 250°C. for 15 
minutes and subsequently at 270°C, for 25 minutes is a viscous balsam, melting 
at 12°C. and of acid number 40. The products are miscible with butyl acetate, 
toluene and naphtha but not with denatured alcohol. Brubaker'*'* used a mixture 
of phthalic anhydride, glycerol and lauryl alcohol or the alcohols obtained by 
catalytic hydrogenation of fatty oils. 

Terpene derivatives can also be included in the resin. Ad^ams'** heated a mix¬ 
ture of phthalic anhydride and terpene hydrate at 200°C. until a clear liquid 
was obtained. Glycerol was then added and the heating continued until a sample 
of the resin hardened on cooling. Borneol, camphoric anhydride and gutta-percha 
can be used. The resins obtained in this way have good water-resistance. 

^L. C. Swallen and K. M. Irey, U. S. F., 1,998,700, Mar. 6, 1935, to Commercial Solvents Corp.; 
Chem. Abi., 1935, 29, 2028. 

For the use of the lauryl alcohol ester of phthalic acid as a plasticiser in cellulose varpishes see 
British P. ^,534, 1932, to Deutsche Hydrierwerke A.-O.; Brit. Chem. Ab$. B, 1988, 317. 

ittT. F. Bradley, U. S. P. 1,951.598, Mardi 20, 1984. and 1,953,583, Apr. 3. 1984, to American Cyanamid 
Co.; Chem. Abe., 1984, 28, 3410,^902. 

M. M. Brubaker, British P. 422,845, 1988, to £. 1. du Pont de Nemours A Co. ; Brit. Chem. Abe. 
B, 1935, 278. 

iml. V. Adams, U. S. P. 1,904,598, Apr. 18, 1988, to General Electrio Co.; Chem. Abi,» 1933, 27, 
3029. British P. 344,405, 1929, to British Homson-^ouston Co., Ltd.; BrU. Chem. Abe. B, 1981, 598. 
Canadian P. 821,020, 1982, to Canadian General Electric Co., Ltd.; Chem. Abe., 1^, 28, 8891 French 
P. 083,772, 1929, to Compamie francaiae Thomson-Houston; Chem. Abe., 1980, 24, 5178. Oenaan P. 
557,028, 1929, to AUgemeine Elektricitllts-Ges.; Chem. Abe,, 1988, 27. 010. 
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Miscellaneous Alcohols 

Alcoholamines (mono-, di- or triethanolamine) form resins when heated with 
phthalic anhydride. The products are used as softening agents or as accelerators 
for vulcaniiation.^ Weisberg and Greenwald'®* extended this reaction to include 
a combination of triethanolamine, phthalic anhydride and oleic acid. The amine 
and acid are first allowed to react at 150®C. whereupon the oleic acid is added. 
Substitution of citric acid in place of the oleic leads to considerable foaming.*” 
Bums*” has used hexahydroxycyclohexane or its mono- or dimethyl ether 
(quebrachitol) as a polyhydric alcohol with phthalic anhydride in the prepara¬ 
tion of resins. Other alcohols include dimethyloldimethylmethane, trimethylolethyl- 
methane, 2,2,6,6-tetramethylolcyclohexanol and /3-2-quinolylpropane-a,7-diol.*” 

CH, CHaOH CHaOH 

C,H—C^HjOH 

^CHjOH ^CHjOH 

dimethyloldimethylmethane trimethylolethylmethane 



$y2fifiA€trameihyhlcydohexanol fi-^-quindylpropan€,^fy~diol 


Cellulose itself reacts with phthalic anhydride in the presence of pyridine at 
60®C. to form a white mass.*” Cellulose phthalate can also be prepared by treat¬ 
ing undissolved cellulose (either modified or partially etherified or esterified) with 
phthalic anhydride along with a tertiary organic base until a dope is formed. 
Under these conditions one of the carboxyl groups of the phthalic anhydride is 
esterified with the cellulose whereas the other combines with the organic base. 
Treatment with acid removes the base. When the reaction is carried out below 
95®C. in the presence of benzene or ethylene dichloride and the compound pre¬ 
cipitated, a product is formed which is soluble in water rendered basic with 
pyridine, or in pyridine solutions of benzene or of tetrachloroethane.*” 

Celluiose can be similarly treated with succinic, glutaric, diglycolic, dilactic, 
dihydracrylic, thiodiglycolic, thiolactic acids and the like.** These acids may be 
neutralized with ammonia, alkylolamines or treated with heavy-metal salts.*** 
Cellulose triethanolamine phthalate is used in making anti-halation coatings for 
backing photographic films.*** 


P. 376,929, 1931, and addn. 378,696, to Chem. Fabr. Dr. K. Albert G.m.b.H.; Bnt. Chem. 
Abt. B, 1932, 948, 998. French P. 121,463, 1931; Chem. Abs., 1982, 26, 4iQ? German P. 696,114, 1934; 
Chem. Abt., 1934, 28, 4616. , , ^ , 

^t. Weisberg and W. F. Greenwald, U. S. P. 1,918,222, July 11, 1983, to Weisberg A Oreenwald, 
Ine.; Chem. Abt., 1933, 27, 4761. 

^Tbe mixtures of triethanolamine with acids (phthalic, bensoic, salicylic or naphthalene sulphonic) 
i^y be incorporated .into soap. See French P. 766,886, 1984, to Ormul Products, Ltd.; Chem. Abt., 
1984, 2^ 7066. 

Bums, British P. 408,697, 1932, to Imperial Chem. Ind., Ltd.; Brit. Chem. Abt. B. 1934, 647. 
British P. 419,604, 1984, to B. I. du Pont de Nemours A Co.; Brit. Chem. Abt. B, 1936, 112: 
Chm. Abt., 1936. 29, 2628. 

M Swiss P. U2,123, 1928, to Soc. anon, pour J'iitd. chim, k B8le; Chem. Abt., 1931, 25, 2288. 
-•British P. 416,118, 1984, to Eastman Kodak Co,; Chem. Abt., 1934, 28, 6867. 

9-gritieh 416426, 1934, to ^Mtman Kodak Go,; Chem. Abt., 1934, 28. 8307. 

db#.. l9M. 38, 6367. 

I^istman Kodak Co,; Chem. Abt., 1934, 38. 

a"i*. 



Chapter 43 

Modified Alkyd Resins 
I. Use of Non-Drying Oils and Acids 
Effect of Natural Resins 

The modification of alkyd resins with monobasic acids imparts increased solu¬ 
bility to the resin. Lower aliphatic acids (acetic, butyric) have a pronounced 
softening action. Acids from non-drying oils (stearic, palmitic, oleic, ricinoleic) 
lead to the formation of products of greater flexibility.^ As a rule the free acids 
are used instead of the oils themselves since, with the exception of castor oil, 
it is difficult to incorporate the glyceride oils in an alkyd resin unless indirect 
methods are used. Other monobasic acids used with alkyd resins include natural 
resins (rosin, copal) which increase solubility and brittleness. The main use for 
all these modified resins is in coating compositions, particularly nitrocellulose 
lacquers.* 


Use of Acids from Non-Drying Oils 

Arsem* described the preparation of glycerol phthalate resins modified by oleic 
acid. Such a product is obtained when 92 parts of glycerol are heated with 148 
parts of phthalic anhydride at 200-210®C. until evolution of water vapot ceases, 
after which a mixture of 141 parts of oleic acid and 37 parts of phthalic anhydride 
is added. On further heating at 215-230®C. for 1.5 hours a deep red liquid is 
obtained which congeals at room temperature. It is soluble in organic hydrocarbon- 
solvents, and may be hardened by prolonged heating (20-30 hours) at 160®C., 
but retains its flexibility. Increase in the proportion of oleic acid improves the 
elasticity. The hardened resin, which is transparent in thin layers, is insoluble, 
unattacked by weak acids or by chlorine, and little affected by long heating at 
150®C. The liquid resin or its solutions, or solutions of a product partially 
hardened at 160®C., may be used for impregnating fabrics, wood or paper, or as a 
direct insulating coating for metal surfaces. 

One application of the resin made by reaction of glycerol with phthalic an¬ 
hydride and oleic acid is to coat electrodes which come in contact with litharge. 
The latter has been found to affect linseed oil but does not destroy the alkyd 
coating. The resin is applied in acetone solution and when the coating is baked a 
surface is obtained which exhibits a greater degree of resistance to water than 
is i^own by shellac. 

The addition of sulphuri to the oleic acid-modified alkyd yields rubber-like 
masses insoluble in solvents, although somewhat attacked by benzene and by 
xylene. These are infusible, but char like rubber on beating. By use of molecular 

^ The monobeste acide from drying oila aleo impart hioreaaed iolubiUty and flexibility and at the aame 
time eauee the resin to be more susceptible to heat-hardening. (See Chapter 44.) In contrast, the 
non-oxidisabie acids of non-drying oils make the resin less sensitive to heat-hardening, the effect 
depending upon the proportion of monobasic acid used. 

• See Chapter 47. 

a W. O. Arasm, U. 8. P. 1,008,777. June S, 1114, to Oeneral Electric Oo.; Chem. 1014. S, 0818. 

«W. a Afsem, U. 8. P. 1,088,100, Deo. 81, 1018, to Oeneral Eleo. Go.; CAem. Ab$., 1914, 8; 880. 
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proportions of glycerol and phthalic acid, with subsequent addition of 1 mol of 
oleic acid at 210-216®C., a viscous liquid is obtained to which 10-20 per cent of 
sulphur is added. Up to 19 per cent of castor oil may also be incorporated. The 
product may be used for stoppers, washers and molded material in place of 
rubber. 

By the use of lactic acid or chloroacetic acid with glycerol-phthalic anhydride, 
resins of low flow-point are obtained; thus the resin produced by one-quarter mol 
of chloroacetic acid and one and three-eighth mols of phthalic anhydride per mol 
of glycerol has a flow point of 88®C., is hard and brittle and is rendered infusible 
by heating at 160®C. for 8 hours.® Butyric acid* combined with glycerol phthalate 
yields a very soft rubber-like product, which may be dissolved in acetone and 
used to impregnate wood, cloth and paper, the resin being rendered insoluble and 
infusible by heating 2 or 3 hours at 100-120®C. while still retaining flexibility. Such 
a resin may be procured by heating 22 parts of glycerol phthalate (from 2 
parts by weight of phthalic anhydride and 1 part of glycerol) with 10 parts of 
butyric or isobutyric acid in glycerol for 8-24 hours. The temperature is finally 
raised to 300®C. 


Arsem^ heated glycerol phthalate with stearic acid and obtained a soft, paraffin¬ 
like substance which was soluble in heavy hydrocarbons and had good insulative 
properties. Alkyd resins modified with stearic or other fatty acids are not homo¬ 
geneous and contain ingredients which confer solvent retentiveness on their 
solutions. Quick-drying resins may be formed, however, by treating the mass 
with solvents* (gasoline or 95 per cent alcohol) which dissolve out the slow-drying 
constituents. The residual resins are then quicker-drying, and harden more 
rapidly under heat treatment. Addition of the acids derived from coconut oil 
to the stearic acid-modified alkyd also improves the drying qualities without im¬ 
pairing the fastness to light.* For example, a resin was prepared from 100 parts 
of glycerol, 160 parts of phthalic anhydride, 45 parts of stearic acid and 45 parts 
of the distilled acids of coconut oil by heating at 200-290®C. in an inert atmos¬ 
phere. 

Cottonseed oil acid-modified glycerol phthalate resins are soluble in acetone 
and may be incorporated with nitrocellulose in any proportion to form lacquer 
coatings.'® Soluble resins for coating compositions are also made by treating a 
glycerol phthalate-cottonseed oil acid resin with 1-2 per cent of its weight of sul¬ 
phur monochloride.'' The product from 80 parts of phthalic anhydride, 50 parts 
of glycerol and 45 parts of the distilled fatty acids from cottonseed oil, brought 
to acid number 25 by heating to 230®C., is dissolved in toluene-monochlorobenzene, 
or benzene-ethyl acetate mixture, and treated with 1 per cent of sulphur mono¬ 
chloride. The free acids are neutralized after 2 hours with magnesium oxide 
giving a solution which may be incorporated with cellulose esters, plasticizers 
and pigments. By heating together glycerol, phthalic anhydride, oleic acid and 
ammonium acid sulphate tO' 170-240®C., a vigorous reaction sets in and a dark 
resin is produced which is soft, transparent and adh^ive. The composition is 
soluble in benzene and toluene and blends well with nitrocellulose in a solvent 
consisting of butyl acetate and toluene." 

Modified alkyd resins, such as that derived from 80 parts of phthalic anhydride, 


ar. to, to ElUs-Fonter Co.; Chem, Abs\, 1VS3. »•«. 

gfe;g; V. 8. P. mil S^.-**** ' 

^ Vf 0. P, AMSt M, 1084, to Ellii-Fo#tor Co.; Chem. Abt,, 1984, 2S, 9880. 
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60 parts of glycerol and 45 parts of cottonseed oil acids^ thinned with a hydro¬ 
carbon solvent, have been used with wood flour and pigments, for a wood filler 
or coating composition which bonds well with superposed lacquer. 

In the manufacture of water-resistant abradants (emery and whetstone), a 
binding composition is made up with a resin resulting from condensation of glycerol, 
glycol and a fatty acid of at least ten carbons (lauric, palmitic, and stearic) and 
a polybasic acid (phthalic, maleic or succinic).“ 

When the oleic acid-modified glycol-phthalate resin is sulphonated with chloro- 
sulphonic acid, water-soluble resinous products result which act as resolving agents 
for water-in-oil emulsions 

By employing a succinic acid-benzoic acid-glycerol mixture'® light-colored resins 
of great toughness are formed which blend well with cellulose esters. Such a 
product is obtained from 61 parts of benzoic acid, 59 parts of succinic acid and 
46.5 parts of glycerol, heated slowly to 290®C. and chilled rapidly. The resin 
may be used with, for example, an equal weight of cellulose acetate in a mutual 
solvent, such as a mixture of 10 per cent acetone, 30 per cent ethyl oxybutyrate 
and 60 per cent ethylene dichloride. The product from succinic acid and dihydroxy- 
diethyl ether (diethylene glycol) has especially high blending powers with nitro¬ 
cellulose. 

The ester prepared from benzoic acid and glycerol,” though soluble in ethyl, 
butyl and amyl acetates, is nevertheless quite soft. Addition of phthalic anhydride 
improves the hardness and at the same time does not limit the solubility in ester 
solvents provided that not too much phthalic anhydride is used. Glycerol ben- 
zoate-phthalate is of a pale color when prepared by heating in a vacuum and is 
soluble in ester solvents, softens easily and mixes well with nitrocellulose to form a 
lacquer. Ethylene glycol, propylene glycol and chlorohydrins may replace the 
glycerol with no appreciable change in properties. 

Use of Fatty Oils 

Howell“ found that both the toughness and the flexibility of alkyd resins were 
improved by the incorporation of castor oil. He first partially esterified 184 parts 
of glycerol with 296 parts of phthalic anhydride by heating for about 1 hour at 
180®C.; 320 parts of castor oil were then added. At first the oil formed a dis¬ 
tinct layer but on continued heating at 220®C. solution took place and a homo¬ 
geneous liquid resulted. At this stage the resin was soluble in alcoholic benzene (1-3) 
but quite insoluble in benzene itself. By further heating to 280°C. a violent gas 
evolution occurred and a vesiculated infusible product was obtained. 

This resin may be further modified by the addition of oleic acid" in accordance 
with the following procedure: 92 parts of glycerol and 148 parts of phthalic an¬ 
hydride are heated to 200®C. and 70.5 parts of oleic acid, 70.5 parts of castor oil and 
37 parts of phthalic anhydride added. The flexible condensation product is soluble 
in hydrocarbons (benzene, naphtha, turpentine, coal-tar oil) and forms a varnish for 
impregnating paper. When mixed with a mineral filler the resin may be applied di¬ 
rectly to metallic surfaces. The hardened resin is resistant to dilute acid or alkali 
but is attacked by more concentrated solutions. 

up. S. Kennedy, U. S. P. 1,903,768, Apr. 18, 1983,.to Murphy Vnraish Co.; Chem, Abt., 1983, 27, 
3350. 

British P. 376,131, 1930, to I. Q. Farbenind. A.-Q.; Chem. Ah«., 1933, 27. 3810. 

»T. B. Wayne, U. S. P. 1.919371, July 86. 1983; Brit, Chem. Abt, B, 1934, 440. Patent also mentioiis 
othw resina (sniiiote>{onntldd>yd«-oleio uid) wbich may b« aolabilind by sulphonatiou. 

KCarleton Ellii, U. S. P. Nov. I, latt, to EUit-Fomcr Co.t Brit. Ch*m. JU B, lUS, n9. 

n T. F. Bradim, U. S. P. May I, t«M, to Bllia-Foater Co.i Ctom. Aba, Ittt, 38, dW. 

»K. B. Howell, U. S. P. 1,088,718, June 1, 1814, to General Eleo. Oo. 

>*B. 8. l>aweon, V. 8. P. 1,141,844, June 8, 1818, to Geoeial Bate. Co.; Chem. Abe., 1818, 9, 1878. 
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The castor oil-modified alkyds are compatible with nitrocellulose** and in 
admixture with the latter form lacquers for coating artificial leather.” Castor oil 
resins can be bleached by heating them with a small amount of phosphoric or boric 
acid and exposing to light for several days 

Elastic products, approximating the properties of natural Hevea rubber are 
made, according to Bruson,” by heating castor oil with an aliphatic dibasic acid 
(adipic, pimelic, suberic, azelaic, or sebacic) and a polyhydric alcohol. Drying 
oils (linseed oil) may also be incorporated. In this way, by heating 65 parts of 
glycerol, 181.8 parts of sebacic acid and 189.6 parts of castor oil for 10 hours at 
1M-200®C., a rubbery mass is produced, soluble in butyl alcohol and toluene. 
Longer heating insolubilizes it, but the material is capable of being rendered solu¬ 
ble again by mastication in a rubber mill. The products may be used as plas¬ 
ticizers for cellulose nitrate lacquers and as bonding materials for rubber, wood 
flour anil clay pigments. In place of castor oil, its hydrolytic product, ricinoleic 
acid, may be substituted.” 

^sins can also be prepared from oxidized fats. When air or other gas con¬ 
taining oxygen is forced through the glycerol esters of fatty acids (glycerol-oleic 
ester), a liquid of high viscosity is obtained, provided the oxidation has not been 
allowed to proceed to the gelatinizing stage. Condensation with maleic anhydride 
then yields a resin with an acid number of 30-40.” 

An interesting development arises from the observation that geometrical 
isomerism has a distinct bearing on the characteristics of the resin. The jS-form 
of the acid yields products which are harder and have greater resistance to 
aging and oxidation than those from the a-acid.“ The a- and /3-forms are related 
as ^*cis** and ^^trans** isomers, the low-melting a-form being converted to the higher¬ 
melting /3-form by nitrous acid: 


H—C—(CH,) 7 -~C 00 H 
H—I—(CH,)t—CH, 

orform 
oleic acid 


H—C—(CHj)r-COOH 


CHr~(CH2) 



fi-form 
eldidic add 


Natural fats (olive oil and castor oil) of iodine number more than 70 ate con¬ 
verted by shaking with freshly prepared nitrous acid solution to give the /3-form, 
and the resulting elaidin, or ricinelaidin, is reacted with glycerol and phthalic an¬ 
hydride. The /3-form of olive oil (37.7 parts) and glycerol (18.5 parts) are heated 
with stirring in the presence of 0.05 part of sodium hydroxide for an hour at 
250*C. Phthalic anhydride (43.8 parts) is then added in small portions and heating 
continued for about 5 hours at 200^C. until a resin of acid number of 55-60 results. 
The product is soluble in ^thyl alcohol, toluene and butyl acetate and alcohol- 
hydrocarbon mixtures. A clear, pale resin can be prepared from ricinelaidin, adipic 
acid and ethylene glycol. These resins, which are soluble in hydrocarbons, acetone 
and esters, can be used as softeners in nitrocellulose lacquers. 


«T. F. Bradley, U. S. P. 1,785,980, Deo. 88. 1980, to Ellis-Foster Co.; Brit. Chem. Abt. B, 1981, 818. 
«T. F. Bradley, U. 6. P. 1,863,364, June 14, 1982; Brit. Chem. Abt. B, 1988, 478. 
ne German P. 609,705, 1985, to Finna Louie Blumer; Chem. Abt., 1985, 29, 5801. 

8* H* A. Brusem, U. A P. 1,788,167, Nov. 25, 1980, to Resinoue Producti A Chem. Co.; Brit. Chem. 
Abe. Bt 1981, 644. British P. 8684^, 1980; Chem. Abt., 1988, 27, 1774. German P. 555,082, 1980^ 
Chem, Abe., 1982, 26, 5328. Freneh P. 705,069, 19 |M 1 , to Chem. Fabr. K. Albert G.m.b.H.; Chem. Abt., 

S^Btuioa,. BritUi P. SNJNt, int; Brit. Chem. Ab*. B, 11183, 871. PratA P. 788,913, 1888, to 
Gbmi. P,br. % ABMrt Q.iD.kH.; CA«m. Ab$„ 1883, 38, 478. 

^f. fi Plkkttod X. Ott, Omow P. U7,8i3, 1938, to 1. O. FlulMnind. A.-a.; Cbm. 4b,., 1888, 

*14.41. BtndtolPto. V. S. P, 1,881488. Oet. 81, 1888. to |(. L do Pant d. Hwnoun 4 Ok! CAmt. 

4<M., im »- *«• 
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Treatment op Castor Oil with Dibasic Acids 


Castor oil,* which is essentially the glycerol ester of ricinoleic acid, 

(ch,~(ch,),--<:hoh--ch,--<:jh===ch-~(Ch,)7---^ 

contains free hydroxyl groups and may be esterified with acids.*’ Oda“ studied 
the reaction of phthalic anhydride and castor oil by heating the reactants at 
190-245®C. in carbon dioxide and found that multimolecular compounds are 
formed. Citric and malonic acids react easily with castor oil whereas succinic and 
tartaric enter with difficulty. Castor oil with oxalic acid at 140-150®C. and 15 
mm. pressure yields an acid ester as well as a condensation product of 2 mols of 
the oil to 1 mol of the acid.* 

By heating 311 grams of castor oil and 100 grams of maleic acid for 18 hours 
at 110-120®C., a yellow, transparent gummy mass was obtained which was prac¬ 
tically neutral and which was soluble in castor oil and in other oils under heat. 
In hot turpentine, a true solution is not formed but rather a viscous pseudo-solu¬ 
tion.® Plastic materials are also obtained by reacting castor oil with the half¬ 
ester of maleic anhydride obtained by condensing equimolecular proportions of 
maleic anhydride with a monohydric alcohol (cyclohexanol, hexyl, capryl, benzyl 
alcohols, borneol, a-terpineol, diethylene glycol monobutyl ether or octadecanol). 
The syrupy products prepared under these conditions are soluble in benzene, 
toluene, acetone, butyl acetate, petroleum naphtha and are compatible with nitro¬ 
cellulose.*^ 

Castor oil either free or hydrogenated can be condensed with phthalic anhydride 
by heating at 140®C. for 1 hour in such a manner that the acid ester is formed. 
On neutralization, metallic salts are obtained which are soluble in butyl alcohol, 
butyl or ethyl acetate and which are compatible with nitrocellulose. When incor¬ 
porated into films, there is an improved fastness to light.** By carrying out the 
reaction at 220®C. with phthalic or maleic anhydride and castor oil, the com¬ 
pound may be used directly as a softening agent for nitrocellulose** or for the 
formation of nitrocellulose films.** Reaction can also be effected at 100®C. provided 
a condensing agent (zinc chloride) is used. The product is a pale yellow-brown 
oil.** Heating castor oil with phthalic anhydride to 150-180®C. yields a stiff oil 
which can also be mixed with cellulose esters.* Moore”* made a resinous product 

" For the use of castor oil as a raw material for plasticizers and resins, see L. Light, Chem. Age. 
1934, 30, 491; Chem. Aba., 1934, 28, 4921. Treatment of castor oil with 0.5 per cent of an alluU metal 
oxalate or oxalic acid or its esters retards rancidification of the oil when as a softener m nitro¬ 
cellulose coating compositions. See T. H. Rogers, U. S. P. 1,820,258, Oct. 0, 1931, to E. 1. du Pont de 
Nemours A Co.; Chem. Aba., 1932, 26, 613. 

''For the mner-esterihcation of castor oil and derivatives, that is. the formation of estolides, see 
Chapter 61. 

MR. Oda, JJSI.C.L, Japan, 1938, 36, 628; BrU. Chem. Aba. A, 1934, 171. 

MR. Oda, ihtd., 1938, 36, 496, 571; Brit. Chem. Aba. A, 1933, 1275. 

MK. Daimler, German P. 479,965, 1927, to I. Q. Farbemnd. A.-G.; Chem. Aba., 1929, 23, 5018. When 
this material is mixed with the reaction product of maleic anhydride and butylene glycol, a composition 
suggested for use in safety glass is formed. See British P. 368,988, 1930, to I. G. Farbenind. A.-G.: 
Chem. Aba., 1988, 27, 1729. Oelluloae derivatives can also be added. British P. 868,940, 1931, to I. G. 
Farbenind. A.‘Q.; Brit. Chem. Aba. B» 1982, 262. For the reaction of maleic anhydride and 1,3-butylene 
glycol, see K. Daimler and G. Balle, U. S. P. 1,984,671, Deo. 18, 1934^ to I. G. Farbenind. A.-G.; Chem. 
aU. t»86, 29, Wa. 

M British P. 405,806, 1984, to the Resinous Products A Chem. Co.; Chem. Aba., 1984, 28, 4849. 

MO. CoolMge, U. S. P. 1,900,698, Mar. 7, 1981, to £. I. du Pont de N«nours A Co.; Brit. Chem. 
Aba. B. 1933, 1017. See Chapter 46. 

1984**28* ^ 1,988,697, Nov. 7, 1988, to E. I. du Pont de Nemours A Co.; Chem. Aba., 

hn. J. Barrett, 17. S. P. 1,986,787, Jan. 2, 1985, to E, I. du Pbnt de Nemours A Co.; Chem. Aba., 
1985, 29, 1246. 

_«W. H. Glover and W. B«rry, British P. 878.911, 1982, to Courtaulds, Ltd.; Chem. Aba., 1988, 27, 
4108. 

M German P. 602381, 1934, to Firms Lduis Blumer; Chem. Aha.i 1985, 29, 855. See German P. 
564,800, 1980; Chem. Aba., 1988, 27, 1219 and Oireiaii P. 580,282, 1988; Chem. Aba., 1988, 27, 4948. 

O. Moore, Canadian k U8.040, 1915, to Qtiddan Co. ; Chem. Abai, 19M. 29, 8422. 
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for use in nitrocellulose lacquers by heating 186 parts castor oil and ^0 parts suc¬ 
cinic acid to 180®C,, at which point condensation actively begins. The temperature 
was finally raised to 260-310®C. until the resin had an acid number of about 20. 

Castor oil has also been esterified with the natural acidic resins. By heating 
rosin with castor oil or with ricinoleic acid in vacuo or in an inert atmosphere at 
260®C., an acid-free viscous oil is obtained which acts as a softening agent for 
celluloid, casein or phenol-formaldehyde resins.” The castor oil fatty acids may 
first be dehydrated before esterification with natural resins. In this instance, how¬ 
ever, glycerol should be added. Scheiber* in subjecting ricinoleic acid or the mix¬ 
ture of castor oil fatty acids to prolonged heating in vacuo^ prepared an isomeric 
linoleic acid. This acid was first esterified with an excess of glycerol and the excess 
esterified with a resin acid (copal, rosin). On adding a diluent a varnish is ob¬ 
tained, the drying capacity of which may be regulated by the addition of driers. 
The same method can be used with a mixture of acids, for example those derived 
from semi- or non-drying oils together with ricinoleic acid.* 

The resin of acid number 50 derived from glycerol (18 parts), phthalic anhy¬ 
dride (44 parts) and castor oil (38 parts) at 2()0°C. can be modified with poly¬ 
merized terpene resins in the following proportions: 75 per cent of alkyd resin, 
21.2 per cent of ^'polymerized terpene resin G”'® and 3.8 per cent "polymerized 
terpene resin E.”" An adhesive for laminated material is thus formed 

Water-soluble products, used as wetting-agents in dyeing, are obtained by 
treating higher unsaturated fatty acids with a sulphonating agent in the presence 
of sulphonated aromatic carboxylic acids. Thus,* castor oil or ricinoleic acid is 
treated with a mixture of phthalic acid anhydride-/3-sulphonic acid and sulphuric 
acid,* or with phthalic acid anhydride-i3-sulphonic acid in vacuo at 150-160®C.* 
The product of the latter process is used as a wetting and finishing agent for tex¬ 
tiles. Wetting, penetrating, foaming and dispersing agents are also formed when 
aliphatic acids with more tban 8 carbon atoms (ricinoleic and hydroxy-stearic 
acids) or aromatic acids (/3-naphthoic acid) are sulphonated and esterified with 
glycol monomethyl or monoethyl ether." The castor oil-modified glycerol phthalate 
of low acid number has also been employed in dressing textiles." 


Resins from Polyhydroxy Acids 


Bruson” has utilized polyhydroxy acids for the preparation of alkyd- 
type resins. Acids available for the purpose include dihydroxystearic acid, 
C,»H«(OH)aCOOH, trihydroxystearic acid, CiTH 3 a(OH),COOH, tetrahydroxystearic 
acid, C,»H„(0H)4C00H, hexahydroxystearic acid, Cx 7 H»(OH),COOH, and dihy- 
droxybehenic acid, CfiH«(OH)aCOOH, which may be obtained by regulated oxida¬ 
tion of the unsaturated oils by means of alkaline potassium permanganate. 

These acids, containing two or more hydroxyl groups, may be condensed with 
pplybasic acids, such as phthalic, succinic, maleic, adipic, diphenic, naphthalic acids 


B, 1031, 213. 

British P. 300,542, 1920; 


^ British P. 330,058, 1020, to I. G. Farbenind. A.-G.; Bnt. Chem. Ab$. 

••J. Scheiber, U. S. P. 1,070,405, Nov. 0, 1034; Chem. Abt., 1035, 29, 1 
Brit, Chem. Abi. B, 1030, 720. Seo Chapter 47. 

»J. Scheiber, British P. 300,453, 1030; Brit. Chem. Abe. B. 1030, 871. 

' ^“Polymerisw terpene resin G'* is also known as ‘Tlexoresin GQ-l.” 

^ **Polyinerised teipene resin £'* is also known as **Flexoreein £-1.” 

4«J. B. Snyder, XJ, S. P. 1,002,240, Feb. 20, 1035, to Du Pont Cellophane Co., Inc.; Chem. Abs., 
1035. 39, 2027. 

German P. 535,854, 1930, to Soo. anon, pour Find, chim h Bftle; Chem. Ab$., 1032, 26, 1070. 

MGerman P. 548,700, 1030, to Soc. anon, pour Find, chim k Bale; Chem. Ab$., 1032, 26, 4184. Swiss 
P, 149,404, 1030; Chm: Ahs., 1032, 4066. . , . , o wa 

«British P. 351,450. 1030, to H. t. Bdhme A.-0.; Brit. Chem. Abe. B. 1031, 1003. 

^ German P. 605,5^3, 1034, to Firma Louis Bluroer; Chem. Abs., 1935, 29, 1900. 

*»H..A, Bniion, t), S. P. 1315,886, July 21, 1081, to Rtthm A Haas Co.; Chem. Abs., 1031, 25. 5525. 
Oemiah P. 508339. 1934, to Clumi. Falur. K. Albert, Gjn.b.H.; Chem. Abe., 1034, 28, 6004. See also 
Qen^ F. 611350k S085« to CStem. Fabr. K. Albert, Q.m.b.H.; Chem. Abi,, 1035, 29, 4103. 
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and the like to form resins, which in turn may be modified by incorporating a 
proportion of fatty oils. As an example 9,10-dihydroxystearic acid (obtained by 
permanganate oxidation of oleic acid) is mixed with an equimolecular quantity of 
phthalic anhydride, and heated to 1^®C. As condensation proceeds, the mixture 
yields a hard translucent wax, which eventually forms an oily liquid, becoming 
more viscous, as heating is continued. On cooling, a rubbery mass is obtained 
which is soluble in acetone, but becomes insoluble on long heating. Incorpora¬ 
tion of drying oils leads to viscous oily masses useful for coating compositions. 
In general, the products are suited for coating textiles, leather, rubber and thin 
sheet metal, where flexibility and waterproof ness are prime requisites. 

If, on the other hand, the polyhydroxy acids are esterified with alcohols, prod¬ 
ucts can be prepared which serve as plasticizers for cellulose derivatives.^® Glycols 
give rise to viscous oils, whereas glycerol or mannitol first yields a clear liquid, 
then a soluble rubbery material and finally an insoluble plastic mass. 

A liquid acid portion of the oxidation of paraffin hydrocarbons," which con¬ 
sists essentially of hydroxycarboxylic acids and which is insoluble in light petro¬ 
leum, can be esterified with a polyhydroxy alcohol (glycol, glycerol) to yield a 
rubbery plastic composition. Before or during the heating process, siccatives (lead 
oxide, linoleic acid or linolein) may be introduced,®® or air may be passed through." 
Sulphur or sulphur monochloride can be added also. A similar class of substances 
results from the unsaturated acids of oxidized paraffin wax.“ The carboxylic 
acids from the oxidation of paraffin hydrocarbons can be condensed with glycerol 
and phthalic anhydride to yield a resm.“ 

By heating a polyhydric alcohol with bleached montan wax, together with a 
monobasic fatty acid (coconut oil fatty acids," ricinoleic acid),®* an aromatic (sali¬ 
cylic) or a hydroaromatic acid,“ and with or without an accelerator (sodium bisul¬ 
phate, boric acid, or anhydrous zinc chloride), products are obtained which re¬ 
semble natural waxes. Any free acid is converted into an ester, an amide or a salt. 
Fillers, dyes, gums, plasticizers and other resinous compounds may be added and 
the final material is pressed and heated after comminution." Montan wax can 
also be treated with glycerol in the presence of sodium hydroxide or lead oxide. 
The resulting composition can then be esterified with phthalic anhydride, rosin, 
and drying oil acids.** 


Effect op Natural Resins 


By the incorporation of certain other constituents both the properties and the 
applications of alkyd resin products are altered considerably. When the added 
ingredient is a natural resin the alkyd resins so modified are well known under 
the name 'Teglac,”®* (see Fig. 127) and some products of the Teglac type approxi- 


**H. A. Bruson, U. S. P. 1,835.203, Dec. 8, 1931, to Rohm & Haas Co.; Brit. Chem. Aba. B, 1932, 902, 
For the oxidation of paraffin wax «ee Carleton Ellis, “Cliemiatry of Petroleum Derivativee,' 
Chemical Catalog Co., Inc., N. Y., 1934. 

»M. Luther and R. Held. U. S. P. 1,884.023 and 1,884,024, Oct. 25, 1932, to I. G. Farbenind. A.-G. 
Chem. Aba., 1933, 27, 1222. German P. 575,954, 1938; Chem. Aba., 1933, 27, 4890. British P. 322,490, 
1928; Chem. Aba., 1930, 24. 2904. 

“British P. 327,094, 1928, to I. Q. Fariienind. A.-G.; Chem. Aba., 1980. 24, 5172. 

“M. Luther and H Beller, U, S. P. 1,897,138, Feb. 14, 1933, to I. Q. Farbenind. A.-G.; Chem. 
Aba., 1933, 27, 2845. Bntish P. 823.580, 1928; Chem. Aba., 1930, 24. 3134. French P. 676,059, 1929; 
Chem. Aba., 1930. 24. 3135. See also French P. 764.948, 1984; Chem. Aba., 1984, 28. 6003. 

"»G. V. Mitvitikii and B. V. Maksorov, Russian P. 27,789, 1931; Chem. Aba., 1938, 27, 2821. 

“W. Pungs and K. Behringer, U. S. P. 1,825,248, Sept. 29, 1932, to I. Q. Farbenind. A.-Q.; Chem. 
Aba., 1932, 26. 329. 

flow. Pungs and K. Behringer, U. S. P. 1,825,249, Sept. 29, 1982, to I. O. Farbenind. A.-G.; Chem. 
Ab$., 1932, 26, 329. 

“British P. 324.681, 1928, to I. O. Farbenind. A.-Q.; Brit. Chem. Aba. B, 1930, 519. 

“ British P. 387,713, 1928, to I. G. Farl>enind. A.-0.; Brit. Chem. Aba. B. }980, 780. 

“ British P. 417,87t, 1933, to E. I. dii Pont de Nemours A Oo.; Brit. Chem. Aba. B, 1914, 1110. 

“ Teglacs are prodocta of the American Cyamauid Co. 
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mate in their physical properties those of the natural resins. For the most part, 
however, they lack the toughness of alkyd resins made with oil modifying agents 
and |;enerally are not recommended for use alone in coating compositions. They 
are, nevertheless, more truly compatible with nitrocellulose than the greater part 
of the natural resins. Hence the Teglac materials have a wide use in lacquer 
^^reparations. They have also been cooked into varnish, and incorporated into 
enamel and paint products.*® 

Natural-resin-modihed alkyds are easily soluble in cold toluene, in turpentine, 
in CJelloeolve and in similar solvents, and are suited for the production of glossy 
brushing lacquers. Their exceptionally high index of refraction imparts a gloss 
and a depth of film similar to that secured with oleo-resinous varnishes. Blending 
of a proportion of the natural-resin-alkyd with a drying oil-alkyd lacquer results 


Fig. 127. 

Fragment of Teglac Which Shows a 
Peculiar Conchoidal Fracture. 


in improved hardness to the latter; for this reason the former are especially well 
adap^ to the production of sanding sealers." 

Metallic driers cannot, as a rule, be incorporated with rosin-phthalic glyceride 
varnishes by the common process of adding the accelerator to the bodied oil and 
resin at about 200‘’C. Precipitation occurs either at once or upon aging, regardless 
of whether linseed or tung oil is xised; the drier is removed from solution by 
the acid constituents present in the resin. The driers may, however, be added to 
the cold varnish, in the form of their solutions in oil, without any precipitation 
ensuing. This tendency to precipitate the added metallic driers may be partially 
overcome by removing free phthalic anhydride from the resin. 

Resins, which are soluble in acetone, in acetone-alcohol or in acetone-benzene 
mixtures and which blend with nitrocellulose to yield good films, are formed by 
incorporating rosin in a glycerol phthalate resin. A resin of this type is formed** 
when SO parts of phthalic anhydride, 33 parts of glycerol and 75 parts of light- 
colored rosin are heated to 250*C. To the clear product thus formed (acid 
plumber 68), 10 parts of glycerd are added, and further heated to 290*. A 
clear trahq;>arent redn is produced, somewhat darker than the original rosin, 
WK. It Trfmmw and J. M. Sanderton, Paint, Oil, Chem. Rev,, 193t <23), 19; Chem, Ab§„ 

imil 

taa wm of Ko. |S raaln aa a qtikk-dryiiif landinc aealer tea Paini, Oil, Chem. Rev., 

Imia 14. iMf 9$ 

P. Joly SO, |9S0; Cham. Abe., im, U, 4181. 
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and having an acid number of 12.7. The use of 100 parts of rosin, 15 parts of 
phthalic anhydride and 25 parts of glycerol heated to 290®, yields a hard resin 
of acid number 7.7. 

In the preparation of such resins, lime, zinc oxide or baryta may be added. 
The basic substances produce a hardening effect, inasmuch as they combine with 
any free acid. (See Chapter 37.) If the resin, after the addition of the bases, 
be heated until combination with free acid is complete, the acid number of the 
final product may be reduced to a low value. A mixture of equal parts of shellac, 
glycerol and phthalic acid heated to 295®C. yields a dark resin which softens at 
about 60®C. to a rubbery mass, and ultimately fuses between 120“ and 150®C. 

An important property of the rosin-phthalic glyceride resins is that already 
mentioned, that is, their compatibility in all proportions with nitrocellulose.” Addi¬ 
tion of as little as 5 per cent of nitrocellulose or celluloid (conveniently in the 
form of scrap motion-picture film) greatly improves the toughness of the resins. 
By using a higher proportion of nitrocellulose the toughness is still further en¬ 
hanced, so that a resin containing 25-30 per cent of nitrocellulose in a solvent may 
be poured out onto glass and will dry to a clear coherent film which may be removed 
in its entirety. Such hardened resins may be used as varnishes or japans, as 
substitutes for hard rubber and for tough transparent sheets, although the color 
of the natural-resin-modified alkyd is not as light as that of good quality nitro¬ 
cellulose. The presence of a considerable or preponderant proportion of rosin- 
phthalic glyceride apparently reduces the inflammability of the nitrocellulose, and 
the latter in turn increases the water-resistance of the resin. An example of a 
coating for floors is that produced by dissolving 25 parts of rosm-phthalic glyceride 
resin and 50 parts of scrap motion-picture film in a mixture of 50 parts of benzene 
and 100 parts of acetone. The viscous solution dries to a tough, transparent, 
light-yellow film. Congo copal can be used to replace the rosin in the rosin-glycerol 
phthalate resins; the copal-alkyds are also compatible with nitrocellulose.” 

For blending with nitrocellulose, it is advantageous to employ products of an 
acid number less than 20 and devoid of free glycerol.” The latter being hygro¬ 
scopic, tends to give rise to turbidity or to "blushing'' of the film. The function 
of the natural resins, co-esterified with a polyhydric alcohol-polybasic acid resin, 
is to produce soluble, water-resistant resins of low acid number. Although natural 
resins”* of various kinds such as copal, manila or dammar, may be used in conjunc¬ 
tion with the various possible combinations of alkyd resins, the low cost and wide 
range of useful properties has led to the greatest development of rosin-glycerol 
phthalate resins. A useful resin fulfilling the above conditions, that is, of low acid 
number and the absence of free glycerol, is made by heating 1340 parts of WW 
rosin, 308 parts of phthalic anhydride and 348 parts of glycerol, with agitation, 
to 2W®, until the acid number of a test sample is below 20. The product is 
light-colored and soluble in benzene. It contains the equivalent of 3 parts of rosin 
glyceride to 1 part of phthalic glyceride reacted together in such a manner as to 
form a homogeneous resin complex. Such compositions may be given an increased 
flexibility and improved adhesion, when employed in conjunction with nitrocellu¬ 
lose, by incorporating a softening agent such as castor oil, diethyl phthalate or, 
less appropriately, triacetin. A coating composition may be derived from 3 parts 
of the above resin and 2 parts of low-viscosity nitrocellulose in the form of a 50 
per cent solution. 

The acid number may further be reduced by neutralization of the resin with 

MH. M. Weber, U. 8. P. 1,722,776, July 30, 1920. to ElUs-Foster Co.; Chem. Ab$., 1929, 23, 4582. 

MH. M. Wober, U. 8. P. 1,757,104, Mey 6. 1980, to EUie-Foeter Co.; Ch€m, Ab*,» 1980, 24, 8888. 

MOrleton Ellis. V. 8. P. 1,848,869. Feb. 2 , 1988. to Bllia-Foster Co.; Chem. Abt.» 1982, 26, 1811 
Cerleton Ellis. U. 8. P. 2,000,987, May 14, 1985. to Ellis-Foster Co. 
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aromatic aminesThus, 100 parts of a resin prepared as above (acid number 
10.9) when heated at 2^®C. with 5 parts of p-toluidine, yielded a product of 
acid number 4.9. By the use of 10 parts of the amine, the acid number was re¬ 
duced tQ zero. The complete absence of free acid is advantageous in some mold¬ 
ing compositions, and, in certain cases, in nitrocellulose lacquers. Phthalic glyceride 
resins of high acid number, which tend to become infusible on heating, may have 
their acid number considerably reduced, and at the same time their heat-converti¬ 
bility subdued, by this method of amine neutralization. Fusible shellac substitutes 
may be made in this manner. 

By a process of controlled atmospheric oxidation, the melting point of resins 
of this nature may be raised."^ In the case of a rosin-phthalic glyceride which 
softened initially at OO^C., the softening point was raised to 99®C. by four days' 
heating at 50®, finally reaching 105®C. after a further two days’ heating at 
60®. The procedure is to heat the powdered resin in a shallow layer, at a tempera¬ 
ture somewhat below the fritting point. With certain synthetic resins the oxida¬ 
tion may proceed to a point where insolubility occurs, although this is not the 
case with tile rosin-phthalic glyceride. On the contrary, the resin becomes more 
soluble in lacquer solvents, and is rendered more valuable for the production of 
hard lacquer coatings. It is also feasible to incorporate catalysts (lead resinate) 
in the original resin to accelerate the oxidation process. 

Resins of a lower melting point than an unmodified rosin-phthalic glyceride 
may be made by introducing a monobasic acid* such as benzoic. The property 
of compatibility with cellulose esters is thus retained, whereas the toughness and 
adhesion of the lacquer film are enhanced. The quantity of plasticizer may fre¬ 
quently be reduced when such resins are employed. Moreover, the employment of 
low-melting resins with nitrocellulose in plastic compositions decreases the danger 
of decomposing the cellulose ester. By appropriate choice of the organic acid, 
the softening point may, on the other hand, be raised, giving rise to harder films. 

The incorporation into glycerol phthalate of fatty acids (stearic, dihydroxy- 
stearic) or aromatic monobasic acids (toluylbenzoic, benzoylbenzoic) and natural 
resins, (rosin or Congo copal)* leads to the formation of light-colored products 
which are soluble in lacquer solvents and compatible with nitrocellulose. In 
these lacquers the nitrocellulose is not the chief constituent, but only a toughening 
and hardening agent. Substitution of pentaerythritol, or di- or triethylene glycol, 
for glycerol is advantageous in that it facilitates the formation of more homogene¬ 
ous products. A resin illustrative of this type is produced by heating at 290®C. 
46 parts of stearic acid, 45 parts of fused or *'run” Congo resin, 74 parts of 
phthalic anhydride and 58 parts of pentaerythritol. The addition of small amounts 
of basic substances (urea) prevents the formation of insoluble substances from 
mixes which contain a large proportion of phthalic anhydride; the latter may be 
partly replaced by a monobasic acid. Resins from glycerol and polybasic acids, 
modified with copal, kauri, dammar or resin acids’® or with cottonseed oil acids,” 
may be used with a lesser proportion of cellulose ester for coating compositions. 

Bradley’* sought to overcome the use of nitrocellulose entirely in lacquer com¬ 
positions by using waxy substances in the alkyd resins. He first prepared a cotton¬ 
seed acid-modified glycerol phthalate in the ratio of 90-100-160 respectively, and 


«Cftrleton Ellis, U, S. P. I,8i3.8r0. F«b. 2, 1932, to Ellia-Foster Co.; Chem. Abt., 1982, 26, 1812. 
^rCarleton Ellis, U. S. P. 1378,568, Aug. 16, 1982, to ElUs-Foster Co.; Chem. Abs., 1932, 26, 6165. 

M. Wsber, TJ. S. P. 1.897,015, Feb. 7, 1933. to ElUs-Fostep Co.; Chem. Abt,., 1933. 27, 2809. 
«»Cftrl6ton Ellis, U. B. P. 1,900,638, Mar. 7, 1933; Brit. Chem. Abs. B, 1933, 1022. 

»British P. 327,095, 1928, to Ellis-Fostar Co.; Chem. Ab*., 1930, 2^, 5172. French P. 667,918, 
1389; Chem. Ab».. im. 24. 1529. 

nidtisb P. 387,096, I82a to Ellis-Foster Co.; Chem. Ah«., 1980, 24, 5172. French P. 667,919, 
1929; Chem* Ab$., 1910. 24, im. 

F. BradW/tJ. B. P. 1,953,589, Apr. 3, 1934, to American Gynnomid Co.; Chem. Abe., 1934, 

28, 3903. 
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then mixed 1 part of this resin with 5 parts of rosin ester and 0.3 part of spermaceti 
wax in 22 parts of toluene. Cetyl alcohol (CH,—(CHa)i4—CH*OH), the hydro¬ 
lytic product of spermaceti wax, may also be incorporated into the rosin-modified 
glycerol phthalate.” 

Further Modification op Natural Resin Alkyds 

Bruson'^* has developed a process of esterifying rosin or other natural resins 
with glycerol and the straight-chain aliphatic dibasic acids such as adipic acid 
and higher homologues. The products are unusually tough and flexible, and 
maintain their flexibility down to —5®C. They are compatible with cellulose 
esters. An example of this variety is the resin produced by heating 30 parts 
of rosin with 15 parts of sebacic acid and 6 parts of glycerol to 200®C., finally 
raising the temperature to 260®C. Increase in the proportion of colophony in¬ 
creases the hardness. A similar composition, but containing 15 parts of glycerol, 
has been cited as giving a transparent, flexible and very elastic layer useful for 
photographic films or as a coating composition for leather, fabrics and rubber.” 
The resin derived from 95 parts of glycerol, 150 parts of rosin and 148 parts of 
adipic acid at 280®C. has been described by Sellet” as useful for paint, varnish 
and lacquer production. 

Bruson" has also made application of the high-melting relatively insoluble and 
non-volatile benzophenone poly carboxylic acids with regard to resin formation, and 
has obtained very hard, water-resisting products of high melting point. The 
ketonic acids, especially benzophenone-2,4'-(iicarboxylic acid, appear to be adaptable 
for this purpose. Seventy-five grams of benzophenone dicarboxylic acid were heated 
with 150 grams of rosin and 35 grams of glycerol to 250°C. for 4.5 hours to yield 
a benzene-soluble resin which melted at 120-130®C. Darkening of the product may 
be avoided by allowing the esterification to take place in a nitrogen atmosphere. 
Related acids, such as 2,2'-dinaphthyl-l,r-dicarboxylic acid, or 2,2'-di(biphenyl- 
ketone) dicarboxylic acid, or tri- or tetrabasic benzophenone carboxylic acids give 
resins of similar properties. When ?38 grams of dihydroxydiphenylmethane are 
heated with 123 grams of glycerol, a soft, colorless, sticky, partially esterified com¬ 
pound is formed. Subsequent reaction with 600 grams of rosin at 290®C. yields a 
clear, brittle resin soluble in fatty oils, esters, acetone and benzene.” 

A rust-preventing paint can be produced by mixing rosin-modified glycerol 
phthalate with oils and pigments.” The clear resin (softening point 85®C.) is 
prepared by treating colophony with glycerol and then condensing with phthalic 
anhydride at 250®C." 

The co-esterification of phthalic (or other polybasic) acid and resin acids, 
in the form of colophony, rosin oils or abietic acid, with glycerol fias also been 
applied by Yeates” to the production of hard, high-melting resins soluble in lacquef 

F. Bradley, U. S. P. 1,961.608, Mar. 20, 11^, to American Cyanamid Co.; Brit. Chem. Abs, B, 

1086, 02. 

A. Bruson, U. S. P. 1,788,106, Nov. 25, 1080, to Resinous Products A Chem. Co.; Chem. Ab$., 
1081, 25. 424. * 

A. Bruson, British P. 841,477, 1029, to Qiem. Fabr. K. Albert Q.m.b.H.; Brit, Chem. Abe. B, 
1081, 462. Sea French P. 700,856, 1984; Chem. Abe.. 1084, 28. 7504. 

^L. Sellet, French P. 097,008, 1081; Chem. Abe., 1981, 25. 8180. 

A. Bruson, U. S. P. 1.820,088, Oct. 27, 1081, to ROhm A Haas Co.; Chem. Abe., 1982, 26. 801. 

^O. A. Cherry, U. S. P. 1,082,788, Dec. 4, 1084, to Economy Fuse A Mfg. Co.; Chem. Abe., 1085, 
29, 628. 

»K. Ott, F. Frick and H. Bematd, German P. 558,512. 1980, to I. Q. Farbenind. A.-Q.; Chem. 
Abe., 1082. 26, 5770. 

••K. Ott, F. Frick and H. Bernard, German P. 547,517, 1927, to I. Q. Farbenind. A.-a: Chem. 
Abe., 1082, 26. 8086. 

R. L. Yeates, British P. 800.024, 1027, to QrindUy A Oo., Ltd. ; Chem. Abe., 1020, 23, 5880. 
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solvents. Fatty acids from drying oils (linseed or tung oil) or from non-drying 
oils (oleic or stearic acids) may also be incorporated. A^en the quantity of 
glycerol employed is less than the chemical equivalent, inorganic basic materials 
may be added, if desired, to lower the acid number. A modification of the method 
lies in condensing a polybasic acid, together with an acid resin, with an excess of 
a polyhydric alcohol in the presence of cyclohexanol or methyl cyclohexanol.*® 

Duri^ modified the process of co-esterification of glycerol, phthalic anhydride 
and natural resins and obtained a product of acid number 2-4 which may be heated 
indefinitely at 250"* without becoming insoluble. When pulverized, the resin is a 
white- to brown-colored powder, very readily soluble in esters and in the usual 
cellulose lacqaer solvents. The method consists in heating glycerol with phthalic 
acid and with natural resin, the total amount of acid taken being insufficient to 
esterify the glycerol completely. A resin of this nature is produced by taking 
285 parts of phthalic anhydride and 200 parts of colophony with 240 parts of 
glycerol and heating gradually for 15-20 hours until tlie temperature reaches 
260®C., then maintaining the melt at this temperature for 2 hours. The prod¬ 
uct melts at 105-120‘’C., as me^ured by its Ubbelohde dropping point. By heat¬ 
ing a similar mixture to 290®C., a resin of Ubbelohde dropping point ISO-ISS'^C. 
is obtained. 

Another process developed by Durr** consists in condensing a natural resin 
with glycerol, or of already formed resin esters, with previously formed glycerol 
phthalate resins. Condensation takes place above 2(X)®C., the entire mixture be¬ 
coming soluble in ethyl acetate, and yielding products stated to be analogous 
to, but not identical with, those formed by simultaneous esterification. An ex¬ 
ample cited is as follows. To 100 grams of colophony at 250®C. are added 100 
grams of Congo gum and 4 grams of glycerol, the whole being heated until limpid. 
The resin ester so made is then introduced at 170®C. into a product made from 
200 grams of glycerol and 285 grams of phthalic anhydride, finally heating for 4 
hours at 260®C. The final product is soluble in esters and in mixed solvents. 

Synthetic resins useful in heat-resistant molded articles or as cements for 
mica and similar materials, are produced by the reaction of Congo resin and a 
polybasic acid with polyhydric alcohols.*® By heating to 230*C. 1000 grams of 
Congo copal, 247 grams of phthalic anhydride and 203 grams of glycerol, a resin 
is obtained which may either be dissolved in benzene or toluene or mixed with 
a filler and molded. Substitution of rosin for one-half of the Congo gives a more 
fusible, brittle, quick-setting product. The use of 920 grams of rosin with 740 
grams of phthalic anhydride and 420 grams of glycerol yields a hard, tough resin 
which hardens less rapidly. 

The low degree of resistance to water, which frequently constitutes a disad¬ 
vantage to the use of glycerol phthalate or modified glycerol phthalate resins, is 
said to be overcome by the incorporation of sheila^.** The process may be applied 
either to the initial soluble stage of the polybasic acid-polyhydric alcohol condensa¬ 
tion, to the intermediate insoluble stage or even to the final infusible condensa¬ 
tion product. The shellac may be dissolved in the same solvent, or powdered 
and intimately mixed in the case of hot-moldin|f compositions.*' The products, con- 


»E. L. Ytifttes, British P. 881.422, 1982, to Qrindiey d Co., Ltd.; Chem, Ab$., 1938, 27. 4111. Freneh 
P. 741.877. 1988; Ckem, Abi,, 1988. 27. 4702. 

A. H. V. Durt. U. 8. P. 1,789,4M, Deo. 10. 1929, to Compasnie n»tii^le Nord reunies (titeb. Kuhl- 
maiiii); Ctum. Abi., 1980. 24. 282. BritiA P. 803,888, 1927. to Compagme Iranoaise Thomson-Houston; 
Clum. Abi., 1929, 28. 4888. 

** A. E. V. iHtrr, U. 8. P. 1.789.448, Dee. 10. 1929, to CompAfnie nationale Nord reimiee (Atab. Kuhl- 
^an); Cbem.Ab$^t 1880, 24. 962. British P. 308,888. 1927. to Compognie a:ancai8e Thomfon-Houstoo; 

^ 8.‘ p. 1.722,854. July 80. 1929; <?hem. Ahs.. 1929. 28. 4881. 

mt, Wsi8bersk U« t P. 1,418,148. Apr. 18. 1912, to Banott Co.; Chmn* AbV?ifn, 16. 2288. 

¥ hgi deoenbod the inoorpor*tm of shslfaM whih alkyd resuMnto yield oompositioiie 
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taining about one-half of their weight of shellac, are water-resistant and may re¬ 
place shellac for many purposes. Shellac may also be incorporated into a natural 
rosin-modified alkyd in the presence of zinc oxide.®® 

Useful conversion products have been obtained by reacting natural resins and 
their esters with phenols in the presence of boron fluoride or hydrogen chloride.* 
The method has been extended to alkyd resins modified with natural resin acids. 
Alternatively, the natural resins or natural-resin-alkyd combinations may be treated 
alone in inert solvents with volatile halides, such as aluminum, titanium or tin 
chlorides.* Another modification consists in dissolving a natural resin in an 
aromatic hydrocarbon and treating the solution with aluminum chloride. The 
product can be incorporated in alkyd resins.” 

which may be used as a flexible cement (U. S. P. I,99&,0d7, Apr. 23, 1935, to Continental Diamond Fibre 
Co.) or which may be rendered insoluble and infusible by the application of heat and can be eipployed 
m the production of molded articles or electrical insulation (U. 8. P. 1,099,006» Apr. 23, 1935, to Conti* 
nental Diamond Fibre Co.). 

WW. A. Boughton, U. S. P. 1,953,951, Apr. 10, 1934, to New England Mica Co.; Chem. Abs., 1934, 
28, 3920. 

» French P. 734,390, 1932, to I. G. Farbenind. A.-G.; Chem. Abs., 1933, 27. 1221. 

•® British P. 399,206, 1932, to I. G. Farbenind. A.-G.; Brit. Chem. Abs. B, 1933, 1021. French P. 
734,525, 1932; Chem. Abs., 1933, 27, 1113. 

^ British P. 421,542, 1934, to E. I. du Pont de Nemours & Co.; Chem. Abs., 1935, 29, 3748. 



Chapter 44 

Modified Alkyd Resins 
II. Use of Drying Oils and Acids 

A distinct class of modified polyhydric alcohol-polybasic acid resins includes 
those containing a drying oil component. That is, a monobasic drying oil acid 
(e^., linoleic acid) is embodied in the molecule to yield a resin possessing proper¬ 
ties that differ from those of other alkyd resins."" 

Solutions of the different alkyd resins thus far described produce films which 
at ordinary temperatures retain for a long time the properties of the original 
resin, and which may, or may not, be hardened by heat. Alkyd resins modified 
by the addition of certain unsaturated monobasic acids form films which harden 
rapidly at ordinary temperatures in the same way as drying oils or oil varnishes. 
The hardening of the film is caused principally by aerial oxygen and is catalyzed 
by the addition of compounds of lead, cobalt and manganese. The property 
of hardening at ordinary temperatures differentiates these resins as a class from 
those that do not undergo this change. Kienle and Ferguson* showed this distinc¬ 
tion by clafisif3dng them as oxygen-convertible resins in contrast to those, such 
as phthalic glyceride and alkyd resins modified by adding only a small amount 
of monobasic acid, which require heat to harden them (heat-convertible resins), 
and those that do not harden under heat, such as the resin from phthalic anhydride 
and glycol or a phthalic-glyceride resin modified by adding a high proportion of a 
non-drying acid (non-convertible resins). 

Oxidizing alkyds are formed by a deep-seated reaction between the raw mate¬ 
rials, which brings the drying oil component into chemical combination with the 
resin-molecule. If —G— represents a glycerol molecule with the three hydrogen 
atoms of the hydroxyl groups replaced, 

CHr-CH—CH, 

i i i 

III 

—— represents the phthalyl radical, 



^AU raeiiu oontaimng a polyhydric alcohol and a polybaaic acid arc called "alkyd** resins, even if 
they contain one or more monobasic acids or n^onohydric alcohols. For purposes of classification, 
however, the simple term alkyd resin is generally used to designate two-component reeins, and when other 
rnnctants are adcM, the products are usually referred to as niMified alkyd reeins. 

Klinie ai^ d. S. Fentueon, Ind, Kno. Chmn,, IMW, 21, 8411. to aim H. H. Morgan, /. Oil, 
Cohwr Chem, Assoc.* 1882, 1$, 100; Ohm* Abt., 1982, 26, 8941; Chem. Age (London), 1982, 26 (664), 
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and D— represents the radical of a drying oil acid 

CH,--(CH,)4~€H==<;H--4:JHr~CH===OH~(CH,)^^ or 
. (radical of linoleic acid) 

CH,—(CH,)i—(CH=CH),- (CH2)7—€0- 
(radical of eleostearic acid of tung oil) 

then the molecular structure of the resin may be represented in a more or less 
idealistic manner thus: 


ODD 

■ —i—p—p- 


Of course, this applies only when equimolecular quantities of the reactants are 
used. If less of the drying oil component (D) is used, more of the glyceryl radi¬ 
cals (G) tend to unite with phthalyl (P), thus approaching the structure of 
phthalic glyceride. If more than one molecular quantity of (D) is used, more 
of the glyceryl groups (G) are combined with radicals of the drying oil acid and 
the structure approaches as an upper limit that of the drying oil itself, 

D 

D-h—D 
(drying oil). 

Oxygen reacts with the unsaturated linkages of the drying oil component both 
additively (oxidation) and catalytically by inducing linkage between the double¬ 
bonds of the drying oil component (polymerization). This cross-linkage of the 
drying oil radicals may occur either, (a) in the same molecule (intramolecular 
oxidation and polymerization), (b) between two or more resin-molecules (inter- 
mqlecular oxidation and polymerization). The latter yields infusible and more 
or less insoluble products by air-drying films of the resin. Oxidation may be 
represented in the resin molecule by ——0—D—, and oxygen-induced poly¬ 
merization by —D—D—, so that the structural formula for the final hardened 
resin becomes: 


(a) 


(b) 


D—0--D D - D 

..— p —... 

(intramolecular oxidation and polymerization); or 


D - 

’'-h—P—Q—P—G—P-ii— 

A L-.. 




-P~^—P- 

A 
A 
h 

- P-^P-<h-P-^P—G—P—G - 

— h k - h 

(intermoleoular oxidation and polymerization) 

The result is a three^limensional moleotde of very large size. 

Drying oil alkyd resins dry faster than ordinary oil varnishes. This pro- 
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nouBced <kying property is somewhat of an anomaly when these resins are com¬ 
pared Witt the behavior of other derivatives of drying oils. The free fatty acids 
of drying oils do not dry. They oxidize, darken and become more viscous on ex¬ 
posure to the air but do not form a solid film.* Also the monohydric alcohol 
esters do not dry.* They absorb oxygen but remain liquid. Replacing glycerol 
in a drying oil by ethylene glycol gives an oil which dries more slowly than the 
original oil and produces a softer film; however, it forms a fairly tough film 
on baking. The glycol ester of tung oil acids yields an oxidation product which 
is a dark brown, tacky gel.® 

It may be noted that the simplest formula for a resin from 1 mol phthalic 
anhydride, 1 mol glycerol and 1 mol drying oil acid (RCOOH) may be written: 


This may be looked upon as the drying oil fatty acid ester of the monohydric 
alcohol: 



0 —CO-0—CH* 

-CO-O—djH 

(!:h,oh 

However, as mentioned above, the usual monohydric alcohol esters of drying oil 
acids do not dry, whereas the drying oil alkyd does. From a consideration of 
derivatives of drying oil acids other than the oxidizing alkyds, it might be con¬ 
cluded that the oxidation of drying oil acid radicals to form hard films requires 
a ccanbination of glycerol and drying oil acids as is present in the natural drying 
oils and that any variation in this arrangement results in poor drying. The pro¬ 
nounced film-forming properties of this type of drying oil derivative refutes that 
view. Nevertheless the result is unexpected and surprising. 

Besides being molecularly of a different nature, drying oil-alkyd resins also 
show a contrast with ordinary oil varnishes in being more durable. Films of the 
resins dry rapidly, have excellent adhesion and are tough and flexible. Scheiber® 
has stated that the future of oil varnishes lies in the further development of the 
alkyd resin-oil combinations. 

Production of Drying Oil Resins 

Drying oil fatty acid radicals may be incorporated with the alkyd resin base 
in several ways. The free fatty acids obtained by hydrolysis of drying oils are 
most commonly used, and, when mixed with phthalic anhydride and glycerol, 
form an oily layer on top of the heated reaction mixture with which it gradually 

• Sm E. 8. Morrdl Apd H. E. Wood, “The Cawmistry of Drying Oils,*' D. Van Noatrand Cb., Naw 
York, IM, SI, S7. 

Fonrobart ftM F. FaUanf, Ohem. Uvauhmk PMte, 0«le, Waehie, None, 1026 , 86, 41 ; Chem. 
AU, im, 20 , 2411 

* A. D; Miller and B* Clattoti, Jnd* Baa* Chm** 1$28, SO, 48. See abo B. D. Thunnan and W. E. 
Ckaa<^, ibid., 1281 se, 1800. _ _ 

TlSOMber, mbpm. tJaek, 1082, 6S, 18; lOH, 826, 819; Chem. Aht., 1082, 81 8881; 1084, 38. 6826. 
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(more rapidly when stirred) reacts to form a homogeneous melt. Sometimes it is 
possible to use the drying oils themselves, but on account of the immiscibility of 
drying oils and phthalic glyceride, the extreme slowness of reaction and the danger 
of gelatinization, it is usually* advisable to modify the drying oil in some way 
first. This can be done by preheating the oil with glycerol or with the polybasic 
acid, or the glycerol can be modified to form ethers and esters, or be replaced 
by a glycol. Other ways of incorporating drying oils consist of mixing them with 
some of the drying oil acids or with a natural resin which acts as a flux and 
facilitates combination. 


Use of Drying Oil Fatty Acids 

Kienle’ was the first to prepare a drying oil resin. He gradually heated a naix- 
ture of 92 parts by weight of glycerol and 296 parts of phthalic anhydride. When 
the temperature had reached 160®C. and a clear solution had formed, he intro¬ 
duced 140 parts of the fatty acid derived from a drying oil and an additional 74 
parts of phthalic anhydride. Heating was continued at around 200®C. until froth¬ 
ing had ceased and a clear liquid had formed. The resin may also be made in a 
one-stage process by heating the entire mixture until the resin has formed, the 
correct degree of resinification being quickly determined by the stringing out of 
the product when it is allowed to fall in drops at a temperature of about ISO^C. 
Resins of this type are soluble in acetone, alcohol-benzene mixtures, coal tar hydro¬ 
carbons, acetone oil, butyl acetate, butyl alcohol, ethyl lactate, glycol diacetate, 
glycol, glycol ethers, benzyl acetate, diethyl phthalate and triacetin. Upon air 
drying, the resin becomes hard, insoluble and infusible. 

Weber® found use for the fatty acids of soya bean oil. He heated a mixture of 
94 parts of glycerol, 160 parts of phthalic anhydride and 80 parts of soya bean 
oil acids to a temperature of 265®C. and obtained a somewhat dark resin soften¬ 
ing at 7UC. and having an acid number of 17. This resin was soluble in butyl 
acetate and butyl alcohol and easily miscible with nitrocellulose. 

The fatty acids derived from walnut oil were employed by Bradley® in propor¬ 
tions of from 20 to 60 per cent by weight of the total mixture. Two hundred and 
thirty parts of the walnut oil fatty acids (which may be thickened by preheating), 
148 parts of phthalic anhydride and 110 parts of glycerol were gradually heated (^ 
minutes) to 260®C. and the mixture held at from 270-290®C. for an additional 30 
minutes. The resin is soluble in the ordinary paint and lacquer solvents and pro¬ 
duces a harder and more durable film after drying; it may also be baked to a 
higher temperature with no material amount of discoloration or darkening; this 
•allows both a longer baking period and a higher temperature. The finished product 
does not discolor with time. Lead oxide can be added to the oil-modified alkyd 
resin. Phthalic acid, 46.31 parts, 30.96 parts of linseed oil acids and 22.73 parts 
of glycerol are heated at 200®C. for 3 hours and allowed to cool to 170®C. Then 
about 10 per cent by weight of litharge is incorporated while the temperature is 

▼R. H. Kienle, U. S. P. 1,893,878, Jan. 10, 1888, to Qaneral Electric Co.; Chem. Aba., 1988, 21, 
2819. Britiih P. 884,849, 1927, to British Thomson-Houston Co., Ltd.; Chem. Aba., 1928, 22, 4844. 
French P. 684,175, 1988, to Compsgnie frsDQaise Thomson-Houston; Chmn, Aba., 1929, 33» 8822. Canadian 
P. 292,854, IIKM, to Canadian General Electric Co., Ltd. Belgian P. 654,175, 1928, to La $odete d'Eleetii- 
oite et de Mechnique. The Kienle Patent is one of a group of patents formerly involved in a controversy 
between General Electric Co., E. I. du Pont de Nemours Co., American Cyanamid Co. and Ellis-Foeter 
Co. Arrangements were subsequently made looking to a oeesation of hostilities. Later, a suit was brought 
by General Electric Co. against Paramet Chemical Cb. of Brooklyn for infringement of this patent 
(U. 'S. Disinot Court, Eastern Dist. of N. Y.^ Fruity No. 7192), Ind. Bng. Chem., Newa Bd., 1985, 13, 
84; Potnf, Oil, Chem. Ret., 1985, 16. In this case the patent was declared invalid. See Ind. Bng. Chem., 
Neuf$ Bd., 1985, IS, 814. 

9 a. M. Weber, V. 8. P. 1,690,515, Nov. 6, 1928, to EUis-Foste^ Ce.; Chem. Aba., 1929, 22, 511. 

9T. F. Bradley, BrHlsh P, 895,899, 1982, to American Cyanamid Co. ; Brit. Chem. Aba. B, 1988, 887. 
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maintained at 170®C. The mixture is thinned with 150 parts of solvent naphtha 
and centrifuged to remove excess litharge and other impurities." 

Dawson*^ made a dr 5 dng oil resin by using drying oil fatty acids but carried 
out the reaction in the presence of a small amount of concentrated sulphuric acid. 
The resin obtained in this way becomes hard and insoluble more quickly than 
without the acid. He added 10 cc. of concentrated acid to a mixture of 92 parts 
of glycerol and 200 parts of phthalic anhydride, and heated the mass to about 
120®C. At this point much foaming occurs, water vapor and sulphur dioxide are 
given off and the mixture turns brown. After the rather violent reaction has sub¬ 
sided, about 70 parts of eleostearic acid (from tung oil) are added. This acid 
forms a distinct upper layer but dissolves as heating is continued. The product 
is a dark red mass, soluble in coal-tar hydrocarbons and in esters. It forms an 
adherent, water-resistant coating when applied to metals. Baking the coating for 
30 minutes at about 210®C. causes it to harden. Scheiber" found that about 1 
per cent of benzidine, diphenylamine or phenylenediamine facilitates the combina¬ 
tion of drying oil fatty acids with phthalic anhydride and glycerol. 

Resins of lighter color can be made by carrying out the reaction in the presence 
of an inert gas. Ninety-two parts by weight of glycerol, 148 parts of phthalic 
anhydride and 298 parts of linseed oil fatty acids, heated in an atmosphere of car¬ 
bon dioxide to a temperature of 220®C. and held at this point for about 7 hours, 
produce a soluble, light-colored resin which hardens by oxidation. The addition 
of metallic driers accelerates oxidation and yields quick-drying varnishes whose 
films harden in about an hour." Another related resin is obtained by heating 176 
parts of glycerol, 288 parts of phthalic anhydride, 402 parts of linseed oil acids 
and 134 parts tung oil acids. This resin is dissolved in a hydrocarbon solvent and 
lithopone is ground into the solution to form an enamel for printing linoleum. 
The coating is hardened by drying at about 60®C. for 30 hours." A further mod¬ 
ification involves the use of glycol, phthalic anhydride and tung oil acids." Zinc 
oxide and para toner may be incorporated to form a coating composition. 

Bradley" heated a mixture containing 100 parts of glycerol, 160 parts of 
phthalic anhydride and 110 parts of linseed oil fatty acids at 230-250‘’C. for about 
an hour, or until a sample on cooling was non-sticky. A stream of carbon dioxide 
or nitrogen was passed through during the heating. The resin after cooling was 
thinned with solvent naphtha to a 40 per cent solution. The addition of 1 per 
cent liquid cobalt drier to this solution results in the formation of a light-colored, 
quick-drying varnish. When the film is baked a wrinkled finish is obtained. Lin¬ 
seed oil fatty acids which have been distilled under reduced pressure yield a light- 

^Q. D. P»tter8on and R. A. Shive, U. S. P. 1,984,158, Deo. 11, 1934, to E. I. du Pont de Nemours 
a 0>.; Chem. Ahi,, 1985, 29, 854. E. I. du Pont de Nemours & Oo., British P. 874,876, 1^1, to 
Impei^ ^em. Ind., Ltd.; Brit, Chem. Abt. B, 1M2, 808. Canadian P. 815,487, 1981, to Canadian 
Indiaatries, Ltd.; Chem, Abi,, 1983, 26, 1812. See W. W. Lowers and G. D. Patterson, U. S. P. 
1A85,(M, Oot. 25, 1983, to E. I. du Pont de Nemours A Co.; Chem. Abe., 1983, 27, 1215. Canadian P. 
843,358, 1984, to Canadian Industries, Ltd.; Chem. Aba., 1934, 28. 5691. 

^E. S. Dawson, Jr., U. S. P. 1,808.174, Apr. 28, 1931, to General Electric Co. ; Chem. Aba., 1981, 
85, 8855. British P. 253,894, 1935, to Brit. Thomson-Houston Co.. Ltd.; Chem. Aba., 1927 , 21, 2890. 
Fmieh T. 718,4U, 1981, to O^pacnie francaise Thomson-Houston: Chem. Aba., 1932, 26, 3126. German 
P. 547,968, 1988, to AliMeihs Elektriext5ts*Ges.; Chem. Aba., 1983, 26, 8087. Canadian P. 293,858, 1939, 
to Canadian General j^eetrio Co., Ltd. 

**J. Scheiber, British P. 319,318, 1938, to British Thomson-Houston Co., Ltd.: Chem. Aba., 1980, 24, 
3838. German P. 585,180, 1939, to Allmeine ElektHeit5ts-Ges.; CAm- Aba., 1938, 27, 1217. 

H. Hopkins and F. A. MeDcamott, U. 8. P. 1.974,472, Sept. 35. 1984, to E. I. du Pont de 
Kemoufs A Co.; Chem. Abe., 1984. 36, 7654. British P. 320,041, 1938; Chem. Aba., 1980, 24, 3624. French 
P, 653,119, 1938; Chem. Aba., 1939, 28. 8589. 

H. Hopkins, U. 8. P. 1,959,861, ,May 33, 1984, to E. I. du Pont de Nemours A Cb.; Chem. 
Abe.. 1984, 26, 458i British P. 817,175, 1936; CAem. Aba., 1980, 34, 3816. Canadian P. 810.134, 1981, 
to OuMdisA Industries, Ltd.; Chem. Abe., 1981, 25, 1184. 

^ B, H. Hopkins, U. 8. P. 1,9MW, May 33, 1984, to. E. I. du Pont de Nemours A Co.; Chem. 
Abe., IfjM, 26 , 1564. Omadian P. 861.459, 1968, to Canadian Industries, Ltd.; CAem. Abe., 1988, 27, 8888. 

F, Biadlay, U. 8. P, 1,898,61L 10, 19I8, to AmeiWn C^snatnid Co.; Chem. Abe., 19tt, 27, 

na 
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colored resin with glycerol and phthalic anhydride especially if the reaction is car¬ 
ried out in the presence of carbon dioxide.” 

The solubility of linseed oil fatty acid resins in hydrocarbons increases in 
proportion to the amount of fatty acid. The resin made from 2 parts (by weight) 
of phthalic anhydride and 1 part of glj'cerol in the main is soluble only in alcoholic 
and ketonic solvents. If to this resin are added (A) 1 part, (B) 2 parts or (C) 
4 or more parts of linseed oil fatty acids, the solubility in hydrocarbons ])rogres- 
sively increases. (A) is partially soluble in coal-tar hydrocarbons and soluble in 
alcoholic toluene; (B) is soluble in coal-tar hydrocarbons; and (C) is soluble in 
petroleum hydrocarbons. The same solubility relationship holds when all the in¬ 
gredients are heated simultaneously. Amieva“ reported that resins containing 
enough linseed oil fatty acids to render them soluble in petroleum hydrocarbons 
dry faster when made by a modified two-stage process. He heated a mixture con¬ 
taining 2 iiarts of phthalic anhydride, 2 parts of glycerol and 4 parts of linseed 
oil fatty acids at about 200®C. for 6 hours and then added 2 parts more of phthalic 
anhydride. After heating for 6 hours longer the rubbery resin is easily soluble m 
petroleum hydrocarbons to give a solution which, with the addition of a small 
amount of liquid driers, forms a hard tough film in from 4 to 6 hours. 

A higher temperature and a correspondingly shorter heating can also be used. 
Hopkins^” heated a mixture of 171 parts of glycerol, 248 parts of phthalic anhy¬ 
dride, 490 parts of linseed oil acids and 164 parts of tung oil acids at for 

2 hours. The soft and sticky mass thus obtained can be mixed with ground cork 
and pigments and feheeted on a burlap backing to form a floor covering. Drying 
of the comiiosition is carried out for several days at a temperature of about 
100°C. 

When raw tung oil is cxiiosed to light in the presence of a trace of iodine or of 
sulphur, a solid modification, known as the /9-form, is obtained." Treatment with 
acetone and centrifuging eliminates the catalyst and the liquid oily residue. 
Saponification of the oily solid glyceride and neutralization yields the fre43 |9- 
eleosteanc acid that can be heated with glycerol and phthalic anhydride to form 
a resin which dries faster than those containing the acids of other drying oils.*^ 

When the acids of ordinary raw drying oils are used, the resin film is apt to 
be soft during the initial drying iieriod but more brittle when completely dried. 
Pieper®^ sought to overcome this by substituting an oxidized fatty acid which 
tends to reduce the hardening effect of aging. That is, brittleness through oxida¬ 
tion of the film does not occur, since the drying oil acid is already more or less 
completely oxidized before it is combined. He heated a drying oil acid at 60-82®C. 
and parsed air through it for S to 16 hours, or until it had l)ecome thoroughly 
oxidized. By heating 125 parts of the solid acid with the resin made from 50 

•’ll A Hsiinptoii, Biitish P. 408,667, 1932, to liii|>oiinl Chciii. Ind , Ltd.; Cfirni. Abi*., 1934 , 28, 
5603. Foi (ho UM' of pol>iiirnzpd cliyiiig oil arid8 ft'oia whicli the volatile unpolvnieiMed (‘onstitiients 
ha\c ivnioved bv distillation, see H. Hill and K. E. Walker, British P. 428,864, 1933; to Imperial 
ciu’in. Ind., Ijtd.; Hrit. Chvm. Abx. B, 1935, 683. 

i^M. A. Amie\a, Jr, U. S. P. 1,875,408, Sept. 6, 1932, to W. P. Fuller A C5o.; C/»«m. Ab»., 1933, 27, 

200 . 

J»H. H. Hopkins, U S. P 1,012.200, May 30, 1933, to E. I. du Pont do Nomoui-s A Co.; Chem. 
Abut, 1933, 27, 4109. Hiili>li P. 354,324. 1930, to Iiniierinl Clieni. Ind., Ltd., and to K I. du Pont do 
Nemouis A Co.; Chew. Abs., 1932 , 26, 5440. Canadian P. 308,107, 1931, to Canadian Industries, Ltd 

A. W Thomas and J. C. Thoni.son iJ.A.C.8., 1934, 56, W8) have recently gi\en ’an impiov«*<l 
method for the isolation of the a- and ^-eh*t».st<*nne iickU. A s^M‘ctroscopie study of tlie>leosteario 
ai'ids by A. Dintf^xell and J. C^ 1'hoiiison iJ,A.C,8; 1034. 56, 8M) has shown that the absorption luinds 
of the a- and ^'oleostearic acids are very similar yet diffci'em^ av>pi*nr which enable the aehls to be 
leadily identified by this niiniis Even though light does have a pmfomid effect on the acids, no 
dirticultv was experienced in idi^itlfication b\ this proeedui'e. A stronger light source, liow'ever, pixMluced 
a decided change in the structure of the a-cleosti'oric acid. 

* C. O. Gaueike, U. H. P. 1,920,980, Aug. 8. 1933. to E. 1. du Pont de Nemours A Co.; Chem. Abe., 
1933, 27. 5204. Canadian P. 330.337; Chrm. Ab»., 1933, 27« 3351. French P. 678,589, 1929; Chvm. Abi., 
1930, 24. 3662. Biitish P. 341,012. 1929; Chrm. dhs., 1931, 25, 4137. 

«>E. J. Pii^iw, II. S. P. 1,845,330. Feb. 16. 1932. to Ariiuitrong Coik Co.; Chem. Abe., 1932, 26, 2334. 
BntUh P. 363,345, 1930; Brit. Chem. Abe. B, 1932, 272. 
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parts glycerol and 80 parts phthalic anhydride, immediate solution occurs, and the 
tem^rature is token to 200*0. where it is held until the product has the right 
consistency. This resin is soluble and forms permanently flexible films. 

Burke and Hopkins** used pentaerythritol instead of glycerol as the polyhydric 
alcohol. One formula includes 0.75 mol pentaerythritol, 1 mol phthalic anhydride 
and 1 mol linseed oil acids, the mixture being heated between 180* and 265*0. until 
foaming has ceased. Pentaerythritol resins dry more rapidly than those containing 
glycerol and form harder and more print-resistant films. Sorbitol,** or a mixture 
of sorbitol and a lower polyhydric alcohol, has also been suggested. The resin 
obtained from tung oil fatty acids can be hardened by heating with sulphur and 
the rub^r-like mass thus formed may be mixed with waxes to form a floor-waxing 
composition. Quebrachitol has also been condensed with fatty acids of drying oils.* 

The drying oil resins containing glycerol are fast-drying but the dried films 
are somewhat sensitive to washing with alkalies. Pieper* asserted that higher 
alkali-resistance is obtained when glycols are used with glycerol. This can be 
accounted for possibly by a higher degree of esterification with glycols in com¬ 
parison with glycerol. Pieper mixed 35 parts of ethylene glycol, 3.5 to 7.5 parts 
of diethylene glycol, 8 to 13 parts of glycerol, 105 parts of phthalic anhydride 
and 10 to 20 parts of drying oil acids and heated the mass to about 220*C., 
just under the point of gelation. This formula utilizes only enough drying oil 
component to make the film flexible without imparting tackiness. The resin 
is soluble in the usual hydrocarbon, ester and glycol ether solvents and may be 
air-dried to form a film which can be washed with mild alkalies. Sherburne** also 
used a mixture of glycol and glycerol. A resin was made by first heating 294 parts 
phthalic anhydride, 31 parts ethylene glycol, 59 parts succinic acid and 72 parts 
linseed oil fatty acids at 180-190®C. for 30 minutes and subsequently adding 127 
parts glycerol and heating until the gel time at 200®C. by hot-plate test was 30-40 
seconds. The resin becomes brittle on prolonged baking but is flexible and oil- 
resistant when baked for hour at 100®C. Jlecommended uses are as a leather 
impregnant and as a coating for rubber and cloth. 

The resin made by heating 1 mol each of phthalic anhydride, linoleic acid 
and glycerol can be treated with 5 per cent of sulphur chloride at 160*C. to give 
a product whose solutions are somewhat more viscous than those of the unsul¬ 
phured resin and which dry more rapidly to films resistant to washing with sodium 
carbonate solutions.* 

Bruson,** as stated, has used benzophenone-2,4'-dicarboxylic acid instead of 
phthalic anhydride for making drying oil resins. The principal advantages of this 
acid over phthalic anhydride are stated to be that it does not sublime during 
the heating operation, it has a higher melting point, it produces resins which do 
not soften as easily when warmed and the resin films show less solvent retention 
and therefore appear to dry faster. Bruson made a benzene-soluble resin by 
heating, for 4 hours at 250*C., a mixture of 135 g. benzophenone-2,4'-dicarboxylic 


»C. E. Burke and H. H. Hopkins, U. 8. P. 1,667,189, Apr. 24, 1^, to E. I. du Pont de Nemours A 

dbs.. 1929, 

= *’• 

...“A- Mid B. E. W»lk«, Britidi P. 406,738, 1034, to Imperial Chan. Ind., Ltd.; Chm. Ab$., 
vnA,n, 4m. 

^B. i. tixptt, U. B. P. 1347,783, Mar, 1, 1633, to Arnittrona Cork Co.j Chtm. Abt. 1633 36. 3881. 
*363*9. 13*6 i BHt. Chm. Ab$. B, 1683, 383. Canadian P. 331,863, 1632; CAemTAtiTI im, 

*0 Canadian OMiarnl BlNtrie Co., Ltd.! Chem. Ab$.. 

* *»,*64, 1636, to I. a. Farb«iind. A..Q.j Chm. Abt., 1631, *S, 3831. ' German P, 


Ae ,llrusoa« U. fit P. 1,867,566, May 26, IWl, tQ.Rdbm A Haas Co,, Inc,; Chem. Abt., 1981, 
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acid, 46 g. glycerol and 149 g. linseed oil fatty acids. Both isophthalic acid (ben- 
zene-m-dicarboxylic acid) and terephthalic acid (benzene-p-dicarboxylic acid) react 
with glycerol and linseed oil acidsRosenbliinr’®'* replaced part of the phthalic 
anhydride by maleic acid and obtained light-colored resins from glycerol and 
drying oil acids. 

Rubberseed oil, which by itself has a high acid value and poor drying prop¬ 
erties, may be hydrolyzed and its hydrolytic products when incorporated in an 
alkyd resin give a cheap resin base which yields a tough film.®® Rubberseed oil 
itself may be admixed,®" as in the use of 6.75 parts of phthalic anhydride, 4.3 
parts of 95 per cent glycerol, 2.55 parts of rubberseed oil and 3.2 parts of rubber- 
seed oil acids, which are first heated at 175®C. and then finally at a temperature of 
250®C. but avoiding gelation. The products are soluble in hydrocarbons, alcohols 
and esters. 


Use of Drying Oils 

Drying oils cannot be blended with phthalic glyceride by merely mixing in a 
common solvent, or by adding the oil to the fused resin. When a drying oil is 
heated with a mixture of phthalic anhydride and glycerol, combination of the 
oil occurs so slowly that the phthalic glyceride usually gels before all the oil has 
reacted. If glycol is used instead of glycerol a homogeneous resin is readily 
formed but its siccative properties are poor. To use drying oils and glycerol, the 
reaction is best carried out in the presence of a high-boiling liquid or by heating 
in an autoclave at a high temperature. However, glycerol may be first modified 
and the resin obtained by heating the drying oil with phthalic anhydride and the 
chemically modified glycerol, 

Weber®® heated a mixture of 94 parts of glycerol, 160 parts of phthalic an¬ 
hydride and 80 parts of tung oil at a temperature of 235°C. in a vessel fitted with 
a short air-condenser. The product was a dark-yellow, hard and brittle resin 
containing a small amount of free oil. It had a softening point of 73®C. and an 
acid number of 56. This resin was soluble in a mixture of butyl aceiate and butyl 
alcohol and was compatible with nitrocellulose in all proportions. 

Combination ol a drying oil with phthalic glyceride in any proportion can be 
accomplished by heating the two in the presence of a high-boiling solvent (benzyl 
benzoate, benzyl acetate, nitrobenzene, toluidine, benzyl alcohol, cresol, aniline, 
glycol diacetate, phenylhydrazine or o-cresyl benzoate). For example, when tung 
oil is added to a solution of phthalic glyceride in benzyl benzoate and heated for 
a long time at 200®C., the oil gradually thickens and finally disperses in the resin. 
Upon removal of the solvent by distillation, a sticky, viscous mass (a product of 
the resin and drying oil) is obtained.” 

Monohydric alcohols also help to unite drying oils with glycerol and phthalic 
anhydride. The reaction can be carried out in the presence of a hydrocarbon or 
ester solvent, although the reaction occurs more rapidly if an excess of the alcohol 
is used. Glycerol, phthalic anhydride, tung oil and an alcoholic solvent (butyl al¬ 
cohol, cyclohexanol) or glycol ethers or ethyl lactate are heated for about 20 hours 

*»See British P. 414,665, 1934, to I. Q. Farbenind. A.-G.; Chem. Ab$.» 1935, 29, 525. 

I. Rosenblum, U. S. P. 2,004,880. June 11, 1935; Chem, Ahs., 1985, 29. 5201. 

G. Moore and M. Zuoker, U. S. P. 1,812,639, June 80, 1931, to Glidden Co.; Chem. Ab»., 1931, 

25, 5049. 

»C, G. Moore and E. H. Drake, U. S. P. 1,922,743, Aug. 15, 1938, to GUdden Co.; Chem. Ab»., 
1933, 27, 5204. 

M. Weber, 0. S. P. 1,690,619, Nov. 6, 1928, to EUis-Foeter Co.; Chem, Abe., 1929, 23. 512. 

ML. V. Adams, IT. H. P. 1,893,871, Jan. 10. 1938, to General Blectnc Co.; Chem. Abe.. 1933. 27. 2320. 
British P. 285,595, 1924, to British Thomson-Houston do,, Ltd.; Chem. Abe., 1926, 20, 997. Ouiadian 
P. 262,979, 1926, to Canadian General Eleeiria Co.; Chem. Abe., 1926, 20, 3580. 
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under a reflux condenser. The resin solution thus formed can be used as a var¬ 
nish.** 

If glycerol is first chemically modified, as by forming a monobasic acid mono¬ 
glyceride, a drying oil reacts readily with the modified glycerol and phthalic an¬ 
hydride to yield a resin. The increased reactivity of the oil is possibly to be 
ascribed to the fact that a monoglycende can be considered a glycol which retards 
gelatinization and allows the oil time to combine. Moreover, the monoglyceride 
is more soluble in the oil than glycerol and the reaction occurs in the liquid phase 
rather than at the interface between the oil and phthalic glyceride. Morgan and 
Drummond** heated phthalic anhydride, tung oil and glycerol monobenzoate at 
220-230®C. a-Chlorohydrin can be substituted. The reaction product of glycerol 
with formaldehyde,** when heated with phthalic anhydride and tung or linseed 
oil is stated to yield a homogeneous resin. Varnishes prepared from such prod¬ 
ucts dry rapidly in the air after the addition of cobalt linoleate. Linseed oil is 
more easily incorporated than tung oil. 

Adams” effected combination of a drying oil with polybasic acid-polyhydric 
alcohol resins by heating them together in an autoclave until dispersion was com¬ 
plete. Since no loss of volatile matter can take place, combination of the oil and 
resin occurs by re-esterification and the formation of a mixed glyceride. A solvent 
may be added to the initial mixture, and instead of phthalic glyceride, the separate 
ingredients glycerol and phthalic anhydride can be used. The mixture is heated 
in the autoclave at temperatures between 190° and 230°C. for about 5 hours. 
The product can be dissolved and used as a baking varnish but does not air-dry; 
it can be made to do so satisfactorily by heating with a small amount of glycerol. 
Kienle** added 5 per cent of glycerol to the drying oil resin formed by autoclaving 
a mixture of 70 parts phthalic glyceride and 30 parts of linseed oil for 6 hours 
at 220°C. This product is heated in an open vessel at 240-260°C. until a drop, 
placed on a hot-plate at 200°C., gels in about 2 minutes, after which it is thinned 
with a mixture of toluene and solvent naphtha. This varnish dries tack-free in 
about 15 hours. 

A two-stage process** has been used to overcome the risk of gelation which may 
occur with short-oil resins, that is, those resins in which there is less oil than 
resin. Thirty one parts of glycerol, 74 parts of phthalic anhydride and 45 parts 
of bleached menhaden oil are heated in an enamelled autoclave for 4 hours at 
240®C.; the heating is then continued at 193°C. in an open vessel and the water 
of esterification is driven off. 

Bradley*® first makes up what he terms a ‘‘synthetic flux'* consisting of the reac¬ 
tion product of diethylene glycol, phthalic anhydride aq,d tung (or linseed) oil and 
then heats this flux with glycerol and phthalic anhydride until the whole mass is 
homogeneous. 

Baird, Hill and Walker** heated a resin made from glycerol, phthalic anhydride 

H. Morgan. A. A. Drummond and G. C. Attfield, British P. 327,946, 1928, to Imperial Chem. 
Ind., Ltd : BrU, Ch^. Abi. 1930, 677. German P. 608,363, 1935; Chem. Abt., 1936, 29, 2623. 

»H. H. Morgan and A. A. Drummond, British P. 329,336, 1928, to Imperial Chem. Ind., Ltd.: 
Chem, Abe., 1980, 24, 5617. Austrian P. 23,292, 1929; Chem. Zentr., 1930, 2. 2969. French P. 683,290, 
1980. 

R. Hilt, U. 8. P. 2,906,499, June 18, 1986, to Imperial Chem. Ind., Ltd.; Chem. Abe., 1986, 29. 6201. 
British. P. 888,698, 1929: Chem. Abe., 1981, 25, 2012. 

•f L. V. Adami, U. 8. P. 1,898,874, Jan. 10, 1988, to General Electric Co.; Chem. Abe., 1988, 27, < 

2810. British P, I78j90, 4920, to British Thomson-Houston Co., Ltd.; Chem. Ab$., 1928, 22, 1863. 

Wreath P. 638,275, 2927. to Oompaanie franoaise Thomaon-Houston; Chem. Abe., 1929. 28, 298. 

4^1. H. U. 8. P.M368.840, reb.^ 21, 1888, to General Electric Co.; Chem. Abe., 1988. 27, 

8882. British P. 8iM^> >981, to British Thomson-Houston Co., Ltd.; Brit. Chem. Abe. B, 1933, 168. 
Prei|^ P. 71^458, 298L to ComMgnie franoaioe Thomson-Houston; Chem. Abe., 1982, 26. 8126. 

^W. Baird, Mtiah P. mi78, 1980, to Imperial Chem. Ind., Ltd.; Chem. Abe., 1988, 27, 616. 

F. toMl&Jri Vj a P. ysyio. Mar. 27. I984jto Ellis-Foster Co.; Chem. Abe. 1984. 28, 8606. 

«W. Baird, R. Sill and £. B, Walker, British P. 928.006. 1929. to Imperial Chem. Ind., Ltd.; Chem, 
Abe,f 1910, 2^ Am Wvmeh P. 687,6M, 1966; Chem. Abe., 1961, 29, 685. 
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and oleic acid and added linseed oil slowly to the melt. A clear product is ob¬ 
tained after heating for about 2 hours at 230®C. The resin from linseed oil acids, 
phthalic anhydride and glycerol can be combined with linseed oil in the same 
way. Baird and Walker** have extended this method to first incorporating glycerol, 
phthalic anhydride and castor oil by heat and then adding with further heat a 
non-hydroxylated oil such as tung or linseed. 

Castor oil is a non-drying oil. It is hydroxylated and differs from other vege¬ 
table oils in its ease of incorporation into alkyd resins.** A homogeneous product 
for varnishes is made by the destructive distillation of castor oil** until the resi¬ 
due is from 60-80 per cent of its original weight. The residue is esterified with 
glycerol and condensed with phthalic anhydride.** Heating the castor oil under 
reduced pressure yields lighter-colored products. The same method has been 
applied to mixtures of castor oil and vegetable drying oils having an iodine value 
above 100.*® 

Heck*^ vacuum-distilled castor oil at a pressure of 30 mm. and at a temperature 
of 260-270®C. and obtained essentially 9,11-octadecadiene-l-acid. This acid is 
heated with glycerol and phthalic anhydride at 180-230®C. until a resin is obtained 
which is non-tacky and soluble in benzene, toluene and coal-tar oils. 

Modified polyhydnc alcohol-poly basic acid resins containing a sufficient amount 
(usually over 50 per cent) of monobasic acid are miscible with drying oils and 
the resin-oil solution can be condensed by further heating. This allows the prepa¬ 
ration of resins containing an increased amount of siccative component. 

Adams*® incorporated more drying oil in a finished resin to make a more flexible 
and adhesive cementing composition. A linseed-phthalic glyceride resin is heated 
until a test sample hardens in 1.5 minutes at 2()0®C., whereupon a small amount 
of bodied linseed oil is added and the mixture heated until it is homogeneous. 

Use of Solutions of Drying Oils in Polybasic Acids 

Another method of incorporating a drying oil with phthalic glyceride consists 
in first preparing a solution of the oil in phthalic anhydride by heating them to¬ 
gether. If glycerol is now slowly added it dissolves and reacts readily since the 
polybasic acid, being in excess, acts as a blending agent. The composite resin, 
formed in the mixture as glycerol is added, is also a blending agent and allows 
a homogeneous product to be formed. Dawson** dissolved 70 parts of linseed oil 
by mixing with 206 parts of molten phthalic anhydride. About 92 parts of glycerol 
were added to the solution and the mixture heated gradually to about 250®C. A 
brownish resin is obtained whose solutions form a varnish which can be dried at 
ordinary temperatures or baked. It can also be used in a limited way as a mold- 

Baird and E. E. Walker, U. S. P. 1,925,947, Sept. 5, 1933, to Imperial aiem. Ind., Ltd.; 
Chem. Abs., 1933, 27, 5562. 

*»See Chapter 43. 

**E. C. Holton, U. S. P. 1.799,420, April 7, 1931, to Sherwin-Williams Co.; Chem. Aba., 1931, 25, 
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*®E. C. Holton, U. S. P. 1,888,595, Nov. 22, 1932, to Sherwm-Williams Co.; Chem. Aba., 1983, 27, 
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920. Canadian P. 292,355, 1929, to Canadian Getieral Mectric Co., Ltd. 
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inf mteriat since it is converted to the infusible state by heating at about 200®C. 
for an hour under a pressure of 1000 pounds per square inch. 

Schlingman^ observed that there is always a slight amount of water present in 
a drying oil and when the oil is heated an equilibrium is set up as follows: 

Drying oil + water ^ glycerol -f drying oil acids. This equilibrium is such 
that the amounts of glycerol and oil acids are small. In the presence of an acid 
such as ph^^id anhydride, however, the equilibrium is disturbed on account of 
reaction of . this acid with the glycerol formed by hydrolysis of the oil, yielding 
phthaiic glyceride and liberating water. The water thus formed is the same in 
amount as Originally present and it again hydrolyzes more oil to yield again more 
glycerol and drying oil acids in a continuing cycle. When the reaction is carried 
out under reflux conditions so that the water is retained in the system the mix¬ 
ture that Anally results consists of phthaiic glyceride, drying oil acids, water and 
any excess of phthaiic anhydride (as acid) that was used. If glycerol is now added 
the exceed acid is combined and a homogeneous resin is obtained. Schlingman 
carried out this process as follows: 243 g. phthaiic anhydride are heated to about 
270‘*C. in a container provided with a reflux condenser and 200 g. linseed oil are 
slowly added drop by drop*, maintaining the temperature between 270° and 
300®C. during the operation. After all the oil has been introduced, 100 g. glycerol 
are slowly added to the mass. The resinous product is usually formed by the time 
all the glycerol is in, and the final heating may be done in an open vessel to allow 
the escape of water. This resin contains 36.8 per cent of combined oil, but a resin 
containing other proportions may be made in the same manner. 


Use op Drying Oil Monoglycerides 


As indicated, the monoglycerides of the fatty acids of drying oils combine readily 
with polybasic acids to form drying oil resins. The monoglycerides may be made 
in several ways: (1) by heating 1 mol of the free acid with 1 mol of glycerol; 
(2) by heating the drying oil itself (a triglyceride) with glycerol until re-esterifica¬ 
tion occurs between the oil and glycerol or (3) enzymatic partial hydrolysis. In 
no case is the product a pure monogtyceride but contains some diglyceride, tri¬ 
glyceride and perhaps a little free glycerol. The second process of forming mono¬ 
glycerides is one of alcoholysis and is accelerated by use of catalysts." 

Kienle" prepared the monoglyceride of linseed oil acids by heating the acids with 
a large excess of glycerol. Linseed oil can be mixed with the monoglyceride thus ob¬ 
tained and the sub^quent addition of phthaiic anhydride to the hot solution yields a 
drying oil resin. About 100 g. linseed fatty acids and 92 g. glycerol are heated at 
200-260*0. until combination has occurred and 392 g. linseed oil are stirred in, fol¬ 
lowed by 200 g. phthaiic anhydride. Heating is continued until a test drop, placed 
on a hot plate at about 200*C., hardens in less than 5 minutes. The drying oil can 
be added all at once as above, or part of the oil can be mixed vfith the monoglyceride 
and the Yest added after phthaiic anhydride has been introduced. Hence it is 
po^ble to incorporate practically any proportion of oil desired. 


P. V, S. P. l.Sd8,790, Feb. 2L 19^^ to Geaeral Electric Co. ; Chtm, Abs., 1988. 

288L 879,440, 1980, to Britisb Thomeon-Houstoa Co., Ltd.; Bnt. C/iem. Abi. B, 1982, 
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Soluble balsam-like products that dry readily in the presence of metallic 
driers to give flexible films are obtained from linoleic monoglyceride (monoUnolein) 
and diglycolic acid or anhydride. Thus, 180 parts of linoleic monoglyceride and 
55 parts of diglycolic anhydride are heated for 8 hours at 120-125^0.; the tem¬ 
perature is then raised to 160®C., and the mixture heated 8 hours longer until the 
acid number is about 20.“ 

Ott, Frick and Bernard'** heated 282 parts by weight of linseed oil and 92 
parts of glycerol for 3 hours at ITO-ISO^C. in an atmospliere of carbon dioxide 
and then gradually increased the temperature to 230®C. After adding 148 parts 
of phthalic anhydride the mixture was heated 3 hours longer at 230®C. The prod¬ 
uct was a viscous, light-brown resin readily soluble in drying and non-drying oils.“ 
In another case, 0.05 part of calcium glycerate was added to 872 parts of linseed 
oil and 276 parts of glycerol; the mixture was heated for 2 hours at 250-280°C., 
518 parts of jdithalic anhydride were introduced, and finally the temperature 
was raised gradually to 300°C. for an hour. The acid number of the resin thus 
formed was reduced to 10 by allowing a stream of nitrogen to pass through it as it 
cooled. The resin was a clear, i)ale yellow material, readily soluble in aromatic 
hydrocarbons, esters and ketones. When this resin is heated with about 3 per 
cent of sulphur, or with about 5 per cent of sulphur chloride at temperatures below 
200°C. the product is soluble and forms films which are tougher, dry faster and 
have better adhesion than the untreated resin. Using amounts of sulphur greater 
than 5 per cent yields insoluble products." 

Boiled drying oils can be heated with glycerol first to facilitate their combina¬ 
tion in a resin.Kienle“ used a boiled linseed oil obtained by heating the oil at 
300°C. until it had reached the desired body. Forty parts by weight of this oil 
and 20 parts of glycerol are mixed and heated at about 250°C. until the originally 
turbid mixture becomes clear. Then 49 parts of phthalic anhydride are added 
and the temperature held at 235°C. until the whole melt is again homogeneous. 
Tung oil can be combined in a resin by this process. For example, 400 parts of 
tung oil are heated to 235®C., 100 parts glycerol are added gradually and the 
mixture is heated until clear. The addition of 243 parte of phthalic anhydride 
forms a tung oil resin. Lighter-colored resins which do not yellow on aging are 
made by this process if the oil is first bleached (by heating it to 260-290®C. in the 
absence of oxygen)." The linseed oil is heat-treated at 270°C. and a rapid current 
of carbon dioxide is bubbled through the oil for 5 hours. The viscosity of the oil 
increases whereas the color diminishes. The oil is cooled to 250®C., glycerol 
poured in and the mass agitated for 3.5 hours. Molten phthalic anhydride is 
added and carbon dioxide bubbled through the reactants during esterification. On 
the other hand, tung oil can be heated with glycerol and the partially esterifie I 

“French P. 677,428, 1029, to I. G. Farbenind. A.-G. 

“K. Ott. F. Frick and H. Bernard, German P. 547.517, 1927, to I. G. Farbenind. A.-G.; Chem. 
Ab8., 1082, 26, 3686. British P. 216,914, 1928; Chem, Abs., 1930, 24, 1907. French P. 680,671, 1928; 
Chem. Ab$., 1930, 24, 258. See F. Frick, German P. 585,353, 1933, to I. G. Farbenind. A.-G.; Chem. 
Abi., 1934 , 28. 1485. 

“E. MOnch and G. Kraemer (German P. 587,037, 1933, addn. to 547,517, 1927, to I. G. Farbenind. 
A.-G.; Chem. Ab 9 ., 1934 , 28, 2555) treat linseed oil with ethylene oxide before condensing with phthalic 
anh 3 rdride. 

“British P. 388,604, 1929,,to I. G. Farbenind, A.-G.; Chem. Abe., 1931, 25, 2531. 

Boric acid heated with linseed oil causes polymerisation but retards elation. See R. E. Ooleman, 
British P. 413,162ft 1933, to British Thomson'Houston ,Co.; Chem. Ab»., 1935, 29, 626. 

“R, H. Kiente, British P. 356.340. 1929, to British Thomson-Houston C^., I.,td.; Chem. Abs., 1932, 
26, 5778. French P. 39,011, 1930, addn. to 688,27S| 1927, to Compacuie francaise Thomson-Houston; 
Chem. Abff; 1932, 26, 1811. _ 

“J. W. lUff ami P. Robinson, U. B: P. 1.972,521, Sept. I, 1934, to R. 1, du Pont de Hcmours A Co.; 
Chem. Abe., 1934, 28. 6587. British P. 859,365, 198Q; Chem, Abe., 1983, 26, 4970. Canadian P. 322,657, 
1933, to Canadian Industries, ttd.; Chen* Abe,, 19^. 26, 8945. See also W. Iliff and P. Robinson, 
T;, S. P. 1,986,930, Jan. 8, 193^ to E. I. du Pdnt de.Kemoura A Cb.i Chem. Abe., 1935, 89, 1668. See 
British PV 877,365, 1933. to DeUiSche Oasgtahlieht-Atier-G.m.b.R. ; Chem. Abe., 1983, 27, 41|t, for 
treating olive and Unseed oils with psone or potaMutn permanganate. 
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alcohol m heated with linseed oil fatty acids. The mixed acid ester is then re- 
alcoholized and further esterified with phthalic anhydride." Moore"* used a small 
amount of sodium hydroxide as a catalyst in forming the monoglyceride from a 
mixture of tung or rubbernseed oil and glycerol. 

Bradley** added to the drying oil alkyds a small amount of oil-soluble phenols 
in order to prevent frosting. Glycerol, phthalic anhydride, tung oil fatty acids, 
tung oil and linseed oil fatty acids were heated to 240®C. To the hot mixture 
were added o-hydroxybiphenyl and tung oil which had been pre-heated to 290°C. 
The mixed resin, thinned with turpentine, yields a varnish which does not frost in 
an impure atmosphere such as is found in gas-fired baking ovens. 

I^t^d of heating the drying oil with a polyhydric alcohol, Baird and Hill" 
heated it with the product formed from phthalic anhydride and an excess of 
glycerol. After the oil and hydroxyl-containing intermediate have combined, suf¬ 
ficient poly basic acid is introduced to unite with the free hydroxyl groups. 

By avoiding heat and alkali in hydrolysis, both polymerization and discolora¬ 
tion of the oil are inhibited. Robinson" used an enzyme preparation to bring this 
about. The enz3ane is essentially lipase and is prepared from castor beans which 
have been allowed to remain at 25®C. for several days to promote germination and 
then crushed with sand in the presence of 0.5 per cent toluene. By allowing 8 
parts of the enzyme in 200 parts of water of pH 5 (buffered with phosphates) 
and 200 parts of alkali-refined linseed oil to stand for 30 days at 25®C. an oily 
layer is formed of acid number of 73. Tung oil is also partly hydrolyzed by this 
procedure; after 75 days, the acid number is 61. By heating to 250°C., 206 
parts of the filtered partially hydrolyzed oil, 96 parts of phthalic anhydride and 
42 parts of glycerol, a clear, not excessively dark resin is obtained of decidedly 
superior dr 3 dng qualities. 


Mixtures of Drying Oils and Their Fatty Acids 


As previously mentioned, the drying oil acids are fairly easy to incorporate into 
a polyhydric alcohol-polybasic acid resin but the free oils (glycerides) are rela¬ 
tively diflScult to use and call for the various modifications of procedure already 
noted. If the oil is mixed with some of its own fatty acids, however, combination 
is easier since the latter act as a blending agent. The mixtures of oil and fatty 
acids may include simple blends or they may be partially hydrolyzed oils. Brad¬ 
ley" heated a mixture of 75 parts of glycerol, 148 parta of phthalic anhydride, 85 
parts of linseed oil fatty acids and 85 parts of tung at a temperature of 230- 
250*0. for an hour and thus made a clear resin whose solutions dry rapidly." 

Heating 135 parts of benzophenone-2,4'-dicarboxylic acid and 46 parts of glycerol 
with 120 parts of linseed oil fatty acids and 50 parts of linseed oil at 240*0. for 
4 hours yields a clear, tough resin soluble in butyl acetate, toluene and acetone." 


•»C. O. Qtiiterke. U. S. P, 1,979,200^ Nov. 1934. to B. 1. du Pont de Nemours A Co.; Chcm Ahs 
1933, 99, l«r. British P. 4W,897, 1984; Chem. Ab$., 1934. 28. 4924. . ' 

^ Olidden Oo.; Chem, Abt., 1935, 29, 3422. 

P, British P. 4^,W. 1984. to ^erican Cyanamld Co.; Chem. Aba., 1984. 28, 5898. 

For tho iiae of diMwdiphenylm^hanocj^xylm acid with rosin tung oil and glycerol, see O. A. 

^ Economy Fuse 4 Mfg. CSo.; Chem. Aba., 1985, 29, 528. Cf. 

^ &ird And B, HiH, Britiidi P. 304,787, 1930, to Imperial Chem. Ind., Ltd.; Chem. Aba., 1933, 
ITTI. V 

5 ^ Nemours A Co.; Chem. Aba., 

Industries, IM.; Chem. Aba., 1933, 27, 8837. 
American Ojmnamid Co.; Chem. Aba., 1983. 27. 

5 * Jiff * 

^ Imperial Chem. Ind., Ltd.; 
1^; Aoa.,tW, tS, 835) discus.^ above. 

A y. Ei F» l,OT^i(^, Jiwy 29, liiit, to 4 9 mm Co., Inc.; Chem. Aba.^ 1811, 85, 
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Use of Natural Resins 

All the drying oil resins thus far described in this chapter have been of the 
three-component type, polyhydric alcohol, polybasic acid and a drying oil residue. 
If rosin or another natural resin is used with these constituents, a harder and fairly 
durable resin is obtained. Rosin serves to cheapen the product and for ordinary 
purposes forms an acceptable additive. The addition of rosin makes incorporation 
of the drying oil component with the resin much easier. In the presence of suf¬ 
ficient rosin the fatty acids react very quickly and even glyceride oils can be com¬ 
bined with great ease, since it acts as a blending and fluxing agent. With suf¬ 
ficient drying oil (or drying oil acid) on the other liand, the alkyds will dissolve 
both the natural and the synthetic resins.*” Tung oil and rosin with glycerol 
phthalate resin yields a water-resistant coating. By heating 101 parts of glycerol, 
164 parts of phthalic anhydride, 140 parts of tung oil and 200 parts of rosin at 
285-290*C. combination between the components is effected. Tung oil appears to 
combine at temperatures as low as 200-210^0.** 

A resin may be made by heating 92 parts by weight of glycerol, 148 parts 
of phthalic anhydride, 142 parts of linseed oil acids and 175 parts of rosin at 
220®C. until a test-sample is clear and tough. A stream of carbon dioxide passed 
through the melt during the heating produces a lighter color than when the reac¬ 
tion occurs in contact with air. If Congo copal is used instead of rosin, the resin 
is less brittle.*® /3-Eleostearic acid, glycerol, phthalic anhydride and Congo copal, 
heated gradually to 250®C., form a soluble resin whose solutions dry very rapidly 
on exposure.™ 

The use of a mixture of rosin and castor oil to modify a drying oil resin has 
been proposed by Durant.’' He heated phthalic anhydride, glycerol and linseed 
oil acids with rosin and castor oil at 2^-260®C. until the acid number of the 
product was below 25. This resin is convertible by further heating into an infusi¬ 
ble, insoluble mass. The drying properties can be increased by heating with a 
mixture of linseed and tung oil. Durant and Strutchfield’* have further incor¬ 
porated dibasic aliphatic acids. Phthalic anhydride, glycerol, succinic acid, ethyl¬ 
ene glycol, rosin and tung oil are heated to 250‘’C. The oil-modified alkyd is 
soluble in acetone, cellosolve, butyl carbitol, cellosolve acetate, ethyl acetate, fur¬ 
fural and toluene, and has a high dielectric value. 

Burke and Hopkins” used a mixture consisting of 3 mols of pentaerythritol, 
4 mols of phthalic anhydride, 2 mols of linseed oil acids and 2 mols of rosin« The 
ingredients are heated between 180-265’C. for 7-10 hours. 

«H. A. Hampton and R. Hill, British P. 406,991, 1992, to Imperial Chem. Ind., Ltd.; Brit, 
Chem. Ab«. B, 1934, 413. 

• Carleton Elba, U. S. P. 1.958,614. May 15, 1934, to Ellia-Foster Co.; Chem. Abs., 1934, 38, 4615. 

MH. H. Hopkms and F. A. McDermott, U. S. P. 1.974,472. Sept. 25, 1934, to E. 1. du Pont de 
Nemours A Co.; Chem. Aba., 1934. 28, 7564. British P. 320,041, 1928; Chem. Abt., 1930, 24, 2624. Fieoch 
P. 652,119, 1928; Chem. Aba,, 1929, 23. 3589. 

Q. Qauerke, U. S. P. 1.920,980. Auff. 8, 1933, to E. I. du Pont de Nemours A Co.; Chem. Aba., 
1033, 27. 5204. British P. 341,012, 1929; Chem. Aba., 1931, 35, 4137. French P. 678,589, 1929; Chem. 
Aba.^ 1930, 24. 3662. Canadiim P. 330,837, 1929; Chem, Aba., 1930, 24, 3662. See A. M. OoUins, Oma- 
dian P. 324,734, 1982, to Canadian Industries, Ltd.; Chem. Aba., 1932, 26^ 5439. 

nw. W. Durant, British P. 343.624, 1928, to Britiab Thomson-Houston Co., Ltd.; Chem. Aha„ 1931, 
35, 4428. French P. 87,670, 1929, addn. to 649,384, to Ct^pagoie franoaise Tliomson-Houston; Chem, 
Aba., 1981, 25. 4724; 1929, 23, 2841. See Chapter 47. 

^ W. W. Ditrant and P. H. Strutchfield, U. 8. P. 1,975.569, Oct. 2. 1984, to OeneMi J3eetrie Gb.; 
Chem. Aba., 1934, 28, 7568. British P. 393.034, 1982, to British Thorns^-Houston Co., Ltd.; Brit. 
Chem. Aba. B, 1983, 640. Canadian P. 342.566, 1984, to Canadian Qeiietal Electrie Co., Ltd.: Chem. 
Aba., 1984, 38, 6003. German P. 608,981, 1934, to Allg^eine Elektriciats-Oes,; Chem., Aba,, 1935, 29 , 
657. French P. 41,896, addn. to 726,745, 1931, to Compagnte frati^aiae Thomson-Hbostoii; Chem. Aba,, 
1933. 27. 470L 

v»C. Bnrke and H. H. Hopkins, U. g. P. 1,667,189, Apr. 24, 1928, to E, 1. du Font de KiMHoon A 
Co,; Chem. Abt^ British F* 2^.794, 1227, to KobeT lodustriM, Ltd.; Chem* Aha,, l629» 

23, lOM* Canadian P, 888,3M, 1930, to Canadiap IndustiW^ Ltd. 



082 fas CmmSTBY OF SYNTHETIC RESINS 

Wma /Mepfirt^arte (obtained by the action of ultraviolet light on tung oil) 
ie pm-beal^ to fiOO^’F., it becomes soluble in high-boiling gasoline or naphtha. 
After heat^treatment it may be added directly to drying oils (linseed) to render 
them faster drying or it may be incorporated in an alkyd-rosin glyceride by heat.’* 
Another piboedure for incorporating tung oil is as follows. Tung oil is first heated 
to 300*C. in the presence of sine rosinate and to the heated oil is added a reaction 
product of :^yeei^^ l^thalic anhydride, linoleic acid and maleic acid.’” By heating 
wBlm anh^ride with a dihydric alcohol and subsequently incorporating rosin 
a strongly ecklic resin is formed. Further esterification with glycerol and drying 
oils end di^ng oil fatty acids yields a homogeneous resinous mass.’” 

lOtole”” heated 390 parts by weight of tung oil to 280*C. and added 85 parts 
of glycerol gradually to the hot oil. As soon as the mixture was homogeneous 
he introduced 191 parts of phthalic anhydride and 120 parts of rosin and heated 
it furtiber until aU ingredients had combined. Schlingman” reversed the process 
by adding the drying oil to the heated mixture of rosin and phthalic anhydride, 
llien, 118 g. phthalic anhydride and 63 g. rosin are heated to 270'*C. and a mix¬ 
ture of 92 g. linseed oil, 18 g. tung oil and 8 g. castor oil is added drop by drop. 
After the oils have been completely incorporated 56 g. glycerol are added and the 
entire mass further heated at 200''C. until clear. Baird’” still further modified 
the process. He heated linseed (or blown linseed) oil and rosin with glycerol, 
in excess of the amount needed for the initial esterification, until the product was 
homogeneous; the excess was then neutralized with phthalic anhydride. 

Diying oils can be mixed with a rosin-phthalic glyceride resin merely by adding 
the oil to the molten resin. If the initial resin contains sufficient rosin (about 
60 per cent), solution occurs at once, but if the rosin content is lower, the mix¬ 
ture must be heated for a period to obtain a homogeneous product. If the oil is 
only dispersed in the rosin-phthalic glyceride and there is no chemical combination 
between the oil and the resin molecule, the drying oil alkyd solution or dispersion 
is more closely related to usual varni^ bases. Warren, Newbound and Ward,*® 
by heating a glycerol phthalate resin with a natural or S3mthetic resin for some 
hours, obtained a clear transparent product which readily dissolved in fatty oils 
under tiiort heat treatment. The solution may be thinned to a varnish of the 
deti^ consistency by addition of acetone, turpentine or hydrocarbon solvents. 
In an example, 1 lb. of glycerol phthalate resin and 2 lb. of rosin are heated to 
22Xi* for 6 hours. The product may be dissolved in 2.5 lb. of linseed oil by heating 
to 320” for 2 minutes. 

The glycerd-natural resin-phthalate modification with drying oils may be ef¬ 
fected by heating equid weights of prepared resin and linseed oil or other drying 
oil in ah autoclave to 210® for 6 hours, or until homogeneous.*^ The product is a 


Qavwkt, U. 8. P. 1,988,088, Feb. 31, lOIS, to E. I. du Pont de Nemours a Co.; Chem, 
Abt.. Viki tl, MW. Britiih P. »1.0n, Ittl; BrU. Chen. Abt. B, IMO, W7I. Oinadisn P. 

UMsCikjfc _- . „ „ _ 


ni. a«Mn\>htin, U. 8. P. 8^. 11, 1W4| Ohtm. 1«M, M. MW. 

P>. m,SM, MH. to Cbnh. P«br. K. Albot Q.mAmi_CH*m, Ab$., 1W4, 28, 5U. 
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viscous, yellow-green fluorescent mass which may be dissolved in naphtha or other 
hydrocarbon solvent on warming. The filtered solution forms a varnish which 
dries rapidly at a high temperature (3 minutes at 300®C., 15-20 hours at 110®C.) 
to a film which is both flexible and of a good dielectric strength. The varnishes 
are responsive to the customary siccative agents. 

The use of natural resins, particularly the formerly despised rosin, as an aid in 
the commercial production of dr 5 dng-oil alkyds has prov^ a great boon to the 
coating industry, as important in its way as the revolutionary discovery of the 
drying-oil alkyds themselves. 



Chapter 45 

Modified Alkyd Resins 
.III. Use of Other Synthetic Resins 

The modification of alkyd resins by means of other synthetic resins, and par- 
ticuiariy by the phenol-formaldehyde products, has yielded a considerable num¬ 
ber of plastic materials for use in the production of varnishes, coating and molding 
compositions. Polyhydric alcohol-polybasic acid resins possess the desirable quali¬ 
ties of toughness, flexibility and ready solubility in numerous organic solvents, 
nevertheless they harden slowly under the action of heat. This property may be 
partially eliminated by the addition of drying oils and drying oil acids. Another 
alteration is by certain additions of phenol-formaldehyde resols. Moreover, the 
glycerol phthalate condensation products, due to their superior flexibility, can be 
made to compensate for the brittleness of some of the other synthetic resins. This 
applies again to the phenol-aldehyde type. In general, the solubility of the modi¬ 
fied alkyd resins varies according to the type of synthetic resin modifier. 


Modification by Phenol-Formaldehyde Resins 


The incorporation of alkyd resins with phenol-formaldehyde resins^ is capable 
of yielding plastics which in certain respects have better qualities than either com¬ 
ponent individually. Resins of the first type are superior in respect to mechanical 
strength, toughness and resistance to shock, whereas phenol-formaldehyde resins 
are harder and have less tendency to stick in molding. The latter may be molded 
quickly and be hardened or ‘^cured^^ by a relatively short heat-treatment. By 
npxing in judicious proportions the two resins, products are obtained which possess 
good mec^nical properties and which are said to be capable of being molded as 
readily as the phenol-aldehyde resins.* An early application of the mixed resins 
was made by Weisberg* who found that the proportions of the two resins could 
be varied widely, and that fillers or coloring matter (talc, rotten stone, wood flour, 
asbestos, ihin oxide or chromium oxide) could be incorporated. A greater propor¬ 
tion of filler may be used than is possible when operating with phenol-formalde¬ 
hyde resins alone. The two resins may be mixed by using a mutual solvent 
(acetone, alcohol or ethyl acetate),* a procedure which is said to be useful when 
the final product is to be employed as a varni^r When no fillers are added and 
when the resin is fusible, the two resins may be melted together. When one or 
both of the resins# however, are infusible, it is more advantageous to swell the resins 
together with the fiUere by the use of hot acetone. In addition to the use in 
ViM^nish manulaetu^, these resins are good electrical insulators. 
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Honel* has extended the process of alkyds with phenol-aldehyde resins so 

as to include a much wider range of starting materials. For example, the initial 
resin may be derived by heating at 160-170* C. 100 parts of phthalic anhydride and 
63 parts glycerol until an acid number of 228 is attained. To the thus-formed glycerol 
phthalate monoester are added 60 parts of linseed oil fatty acids and 60 parts of 
American rosin M and the components melted. Further, a liquid reaction product 
obtained from 35 parts of technical m-p-cresol and 40 parts of formaldehyde (40 
volume per cent) is then stirred into the mix at 160-180®C.; a homogeneous mass re¬ 
sults. The temperature is raised to 200®C., 120 parts of linseed oil are added slowly 
and the mixture is heated at 280®C. for several hours. The product is soluble in aro¬ 
matic or in mixtures of aliphatic and aromatic hydrocarbons and, when incorporated 
with driers, forms a hard varnish. The turbidity which appears in the reacting mass 
when an acid number of 30 is reached can be dispersed by the addition of a small 
amount of glycerol. Tung oil, or its fatty acids with a corresponding amount of 
glycerol, may be added simultaneously with the phenol-aldehyde resin. Moreover, 
castor oil may be substituted for linseed oil. 

A further method of preparing‘a varnish resin of the above type is to con¬ 
dense 50 parts of maleic anhydride with 50 parts of glycerol at 160*0., until a 
clear oily product with an acid number of about 280 is obtained. Five hundred 
parts of American wood rosin and 150 parts of tung oil fatty acids are melted 
and combined with the first product. The liquid formed by the condensation 
of 120 parts of cresol and 160 parts of formaldehyde is then stirred in. When the 
reacting mass is uniform, 50 parts of tung oil, 550 parts of linseed oil and 60 parts 
of glycerol are added, and the entire mixture esterified. The resulting material 
serves as an excellent base for varnishes. A product soluble in petroleum hydiro- 
carbons is derived from camphoric acid, glycerol, American or French rosin and 
corn oil fatty acids, together with the cresol-aldehyde condensate.* 

The material obtained by reacting natural with phenol-aldehyde resins may 
be combined with a polyhydric alcohol and a carboxylic acid.’ The phenol-alde¬ 
hyde condensate may be derived from 150 parts of technical m-p-cresol and 180 
parts of 40 per cent formaldehyde condensed by means of alkali and then intro¬ 
duced into 1000 parts of melted French rosin W G. The temperature of the 
melt is raised to 210*C. Further, 3(X) parts of benzoic acid and 200 parts of 
glycerol are added and the final esterification is carried out at 270*C. The re¬ 
sulting resin has a rather low melting point, but is tough and has good adhesive 
qualities. It is soluble in aromatic hydrocarbons and the usual mixed nitrocel¬ 
lulose solvents and is compatible with nitrocellulose in all proportions. 

Butyric, succinic, Wleic, adipic, phthalic, camphoric or citric acid may be 
used in place of benzoic acid. When the phenol used is substituted in the para 
positions (as, for example, by treating m-cresol with,sulphuryl chloride), the 
resin finally obtained possesses a satisfactory light-proofness. A resin of the type 
described above may also be combined with fatty oils by heating to 240-280*C.; 
such materials tend to be more ^soluble in petroleum hydrocarbons. 

In general, when an ester is heated with a low-molecular-weight resin obtained 
by alkaline condensation of formaldehyde with a phenol, products for coatini^, im¬ 
pregnating agents and binders are formed.* The polyhydric alcohol esters of mono- 
or polybasic acids are especially used, and the reaction is carried out in absence 
of solvent or dispersing agent. For the condensation with formaldehyde the 

»H. H6nel, it. S. P. UTO,45a, Aug. 9, 1959, to Beek, KollOr A Co., Inc.; Chem. Abt., lISI, 26. 5m. 

•H. Hdn«l, U. 8. P. 1,899,455, Aug. 9, 1939, to Bede, Koller A Co., Inc. ; CAcin. Ab$^ im, 36, 5m. 

’H. Hdnel, V. S. P. 1.870,454, Aug. 9, 1981, to Bode, KoHer A Co., Inc.; Chm* Ab$.^ 1951. 26, 5m. 
Boe niao H. Hdncl, U. S. P. 1,968,980. July ZUjmi Ghem. A6«., t9|i, 28, . 

•H, HOaot, U. 8. P. 1,988M 1.988,854, ijmm bnd 1,988456, Jan. 15, 1985, Bede, KoUer A CU.; 
Chm. AH, 1915, 89. 1587. Britidi P. 88i4«l, 1929; m. Ghtm, Ab$. 8, 1930, 1194. French P. 
976,456, 1699; Chm. A6a., 1910, 24, lOM. OeTttinit P. 561.418, 1999, adejUi. to 56l476i Ckm. AH, 1988, 
27. 85^1. <3ermto P. 58445$, 1988^ Ckm. AH, W4. Alt U54. r 
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phenol should have at least one of the positions in 2, 4 or 6 of the benzene nucleus 
substituted and the product should be capable of thermohardening. 

Among the examples given by Honel are the following: melissic palmitate (bees¬ 
wax) with the liquid product from p-tertiary-amylphenol and formaldehyde; beef 




formaldehyde; moderately boiled tung oil and linseed oil with thymol-formalde- 
l^de; glycerol succinate-lactate with p-chlorophenol-formaldehyde; glycerol-citrate- 
ricinoleate-salicylate with p-cresol-f ormaldehyde; glycerol-phthalate-stearate with 
the reaction product of o-cresol and methyl ethyl ketone; and guaiacol-formaldehyde 
with glycerol-abietate-sebacate. Other examples include glycerol-phthalate-linoleate- 
abietate with butylphenol-formaldehyde; phthalic anhydride, ricinoleic acid and man- 
nite mixture with o- and p-chloro-m-cresol; phthalic anhydride, methylcyclohexanol, 
glycerol with di-chloro-diphenylolpropane and formaldehyde; and citric acid and 
benzyl alcohol with oleic acid and glycerol. The properties of these condensation prod¬ 
ucts range from that of an oily liquid to one of rubber-like consistency. 

Lacquers containing phenol-formaldehyde and klkyd resins may be coated 
on a metal surface and, after the film has hardened, a top coat of a nitrocellulose 
lacquer can be applied. The alkyd resins should contain some fatty acids, espe¬ 
cially those derived from linseed oil or castor oil. Moreover, it is advantageous to 
add to the initial coating an acid catalyst (sulphuric acid in alcohol) to facilitate 
hardening.® Both the transparency and the hardness of the finish obtained are 
improved by this means. A lacquer prepared from a phenol-free phenol-formal¬ 
dehyde resol-modified alkyd resin dries and hardens better than one which con¬ 
tains free phenol. The punfication of the resol may be accomplished by extracting 
with water. The lacquer, which consists of 12.5 parts of purified phenol-formal¬ 
dehyde resol and 50 parts of a linseed oil-modified glycerol phthalate in 48 parts 
of butyl acetate, 16 parts of ethyl acetate, 16 parts of butanol and 7 parts of 
ethanol, can be brushed, sprayed or dipped, and stoved at 80-l(X)°C.^® It is also 
possible to heat a natural resin (rosin) with a phenol-formaldehyde product and 
an alkyd resin, either or both of which may be prepared in situ. The products 
have Mgh melting points, dissolve readily in drying oils and act to form var- 
nishes.“ 

Moore and Zucker** have described a somewhat similar composite resin for 
varnish manufacture. It is formed from glycerol phthalate-linoleate and a solu¬ 
ble phenol-aldehyde or phenol-ketone resin. The resins are all readily soluble 
in low-boiling solvents. Megson and Holmes" recommend heating the phenol and 
paraformaldehyde with glycerol and a polybasic acid (or its anhydride) at 185®C. 
for 9 hours in the absence of catalysts, to yield resins. The addition of relatively 
small proportions of phenol-formaldehyde to glycerol phthalate resin was found 
by Peterson" to accelerate the curing of the latter. The resulting material had less 
tendency to soften under heat. Condensation products of naphthols with aldehydes 
can be used with alkyd resins." 

*N. Strafford, £. E. Walker and W. J. Jenkins, British P. 312,304, 1928, to Imperial Chem. Ind., 
Ltd.; Chem. Ab»., 1980, 24, 980. French P. 069,290, 1929; Chem. Abs., 1930, 24, 1763. 

SON. Strafford and E. E. Walker, U. S. P. 1,977,662, Oct. 23, 1984, to Imperial Chem. Ind., Ltd.; 
Chem. Ab»., 1986, 29, 364. British P. 808,048, 1928; Chem. Ahs., 1930, 24, 263. French P. 669,612, 
1929; Chem. Abe.. 1980, 24, 1996. 

uw. J. R. Evans and R. Hill, British P. 867,001, 1980, to Imperial Chem. Ind., Ltd.; Bnt. Chem. 
Abe. B, 1982, 487. French P. 781,240, 1932; Chem. Abe., 1933, 27, 868. See also A. A. Drummond and 
H. H. Morgan, British P. 413,718, im, to Imperial Chem. Ind. ; Brit. Chem. Abe. B, 1934, 897. 

UC. O. Moore and M. Zucker, U. S. P. 1,867,688. July 19. 1982, to Glidden Co.; Chem. Abe., 1982, 
26, 6221. 8m U. 8. P. 1,8674»4, July 19. 1983, to GUdden Co.; Chem. Abe., 1932, 26, 6221. 

^N. J. L. Megson and £. L, ^mes, British P. 368,966, 1981; Brit. Chem. Abe. B, 1932, 476. 

^ O. F. Peterson, British P. 260,949, 19M, to British Thomson^Houston Co., Ltd.; Chem. Abe., 1987, 
21, 1866. Sm French P. 768,081, 1984, to Gompagnie francaise Thomson-Houston; Chem. Abe., 1986, 
a9, 624. 

wp'reiicfa P. 742,164, 1988, to Compaf^le nationale Kord reutiiss (Btablissements Euhlmann) and 
OompWfe franoalse Thomson^Btoit^n; Chem. Abe., 19tt, 27, 8^. m also Freniii P. 746,602, 1988, 
to IMiiM et vemis artificiels (8oe. anon.): Chem* Abe., 1988, 27, 4481. 
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The phenol-aldehyde-alkyd resins have been formed in the presence of boric 
acid to yield products which are of a sensibly neutral character, of good consistency 
and body and which are compatible with nitrocellulose and other cellulose esters. 
The resins are prepared by heating to 240®C. 148 g. of phthalic anhydride, 31 g. 
of boric acid and 150 g. of glycerol together with 50 g. of a phenol-formaldehyde 
condensate containing an organic salt of zinc. The reaction is carried out in the 
presence of a solvent or flux which consists of natural resins and drying or non¬ 
drying oils." 

Bielouss" has developed phenol-formaldehyde-alkyd resins with the following 
characteristics: solubility in drying oils with the capacity of forming quick-drying 
varnish; miscibility with nitrocellulose solutions to give durable lacquers for in¬ 
terior and exterior exposure and compatibility with other cellulose esters. Alkyd 
resins, when prepared in the presence of certain carboxylic acids of high molecular 
weight, are said to be insoluble in vegetable oils, which limits their usefulness in 
oil varnishes; they are, however, compatible with cellulose esters. Phenol-aldehyde 
resins, on the other hand, when fused with natural gums (rosin) are readily solu¬ 
ble in drying oils, but have a very restricted use with cellulose lacquers, due to 
limited compatibility, odor, brittleness of the resulting film and discoloration when 
exposed to the atmosphere. The combination of these two types of resin was 
found to give the required properties. As an example, 50 parts of phenol, 30 
parts of phthalic anhydride and 65 parts of rosin were heated to 110°C., and to 
the molten mixture were added 17 parts of formaldehyde; heating being con¬ 
tinued for 1 hour. The esterification of the free acids is then accomplished by 
adding 21 parts of glycerol and heating for 2 hours at 250®C. The acidity of the 
resulting resin is 11. Such a resin is soluble in oils and may be incorporated into 
cellulose acetate or nitrocellulose solutions with the formation of clear, xlurable 
lacquers. The order of carrying out the operation may be varied; the rosin-cresol- 
formaldehyde product can be esterified with glycerol at 270° C. and the resulting 
resin heated with the glycerol phthalate. 

Bruson" has described a series of rubber-like resins, obtained by condensing 
a polyhydric alcohol (glycerol) with long-chain dibasic aliphatic acids (adipic, 
HOOC--(CH,)*-COOH, to sebacic acid, HOOC>-(CH.)r-COOH). When a 
phenol-formaldehyde resin is mixed with a solution of one of these alkyd condensa¬ 
tion products in alcohol, acetone, ethyl or butyl acetate, homogeneous solutions 
result which yield tough, adherent and flexible films that retain their flexibility 
even when baked for a long time. Such films in either the baked or the unbaked 
state are insoluble in oils or hydrocarbons and may be used for coating oil-storage 
tanks, a case in which elasticity of the film is of prime importance. 

In manufacturing a resin of this type 100 parts of a soluble Novolak phenol-form- 
aldehyde resin are dissolved in 200 parts of alcohol and mixed with 50 parts by 
weight of the soluble rubbery condensation product prepared by heating glycerol 
with sebacic acid. A clear solution results which forms films on evaporation. !^sins 
other than the phenol-formaldehyde may be plasticized in the same manner. These 
include shellac, cresol-formaldehyde resins, ketone-formaldehyde resins and condensation 
products of phenol with furfural as well as formaldehyd^urea resins. Instead of 
preparing a solution of the two resin components, the solid, hard, brittle resin may 
be powdered and mixed directly with the viscous rubbery condensation products in a 
mixer to yield a pasty mass which may be molded. 

Phenol-formaldehyde condensation products containing carboxylic groups are 

^•I. Rosenblum, U. S. P. Aug. 14, 1981; Chem, Abt,, 1984. 28, 6880. See I. Roaenblum. 

British P. 410,476, 1984; Chtm. Ab$., 1985, 29, 1170. French P. 788,444, 1988; Chem, Ab$., 1938, 27, 1775. 

BielouM, U. S. P. 1,800,902, July 13, 1983, to Henry A. Gardner Laboratory, Ine.; Chem, Abt., 
1983, 26, 4730. 

iL Bniaon. U. S. P. 1,788,100, Nov. 35, 19W, to Reainous Products A Cbemioal Co.; Brit. 
Chem. Abe. B. 1981, 087. 
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formed in the reaction of a phenol-formaldehyde resin with a halogenated aliphatic 
acid (chloroacetic acid) or by the reaction of a phenoxy aliphatic acid (cresoxy- 
acetic acid) with formaldehyde. The product is a '"resin acid/' and when it or its 
ammonium or amine salt is heated with a polyhydric alcohol above 100®C. a 
hardened mass is formed. Mixed with fillers, this may be used for making laminated 
products." An example is given in which an alkaline solution of a condensation 
product from a mixture of cresols and formaldehyde is treated with sodium chloro- 
acetate. The resinous product is precipitated by acidifying, and is then con¬ 
densed with glycerol. A resin is obtained which becomes insoluble and infusible, 
but which remains elastic, when heated to 150-170®C. Polyvinyl alcohol and 
water-soluble carbohydrates may take the place of glycerol.*® 

The condensation products of polybasic aliphatic acids with hydroxyalkyl 
ethers of polyhydric alcohols may be mixed with unhardened or incompletely 
hardened phenol-aldehyde condensation products and the mixture subjected to a 
hardening process. The products obtained are less brittle than those from the 
corresponding phenol-aldehyde resins alone, and may be used for making films, 
plastic masses and lacquers. Suitable condensation products are obtainable from 
succinic acid and glycerol trihydroxyethyl ether or sorbitol polyhydroxyethyl 
ether. Aromatic or hydroaromatic acids may be used in place of the aliphatic 
acid.“ 

A resin for cementing glass, metals and wood is prepared by heating benzoic or 
cinnamic acid with glycerol and cyclohexanol in the presence of phenols and alde¬ 
hydes. The. material obtained is dehydrated by heating under reduced pressure.” 
Glass sheets and sheets of cellulose or cellulose acetate compositions may be united 
by means of resins formed from phthalic anhydride (with succinic) and glycerol 
and from phenols and formaldehyde at the "A" stage of condensation, with or 
without further treatment with resin acids such as abietic acid. Nitrocellulose, 
dissolved in a solution of the mixed resins, assists cohesion.” 

Xylenol-aldehyde resins have been incorporated into glycerol phthalate and 
into the rosin-glycerol phthalate condensation products. A mixture consisting of 
61 parts of the technical xylenols, 83 parts of formalin and 2.5 parts of sodium 
hydroxide solution were heated to boiling for 30 minutes, cooled, the aqueous 
layer decanted and then reheated to 70®C. in order to clarify the solution. The 
xylenitic resin was then incorporated with 148 parts of rosin, 63.1 parts of phthalic 
anhydride and 48.4 parts of glycerol and heated to 280-290®C. for 45 minutes, 
followed by steaming for 1 hour at 250-260®C. The softening point of this resin 
was 155-1W®C. and it was compatible with nitrocellulose. A solution of 20 parts 
of the xylenol-aldehyde modified alkyd resin and 5 parts of half-second nitro¬ 
cellulose in 10 parts of butyl alcohol, 20 parts of butyl acetate and 30 parts of 
toluene yielded hard, brilliant films which were relatively light-stable.” 

Modification by Phenol-Furfural Resins 

The combination of polybasic acid-polyhydric alcohol resins with furfural-phenol 
resins was developed by Weber.” A molding mixture is prepared by dissolving 

British P. 298.08«, 1928, and 328,214, 1928, to 1. G Farbenind. A.-G.; Brit. Chem. Ahn. B. 1930, 520. 

**A. Vou, Qertnan P. 478,171, 1927, to I. G. Farbenind. A.-G.; Chem. Abt., 1929, 23, 3115. French 
P, 701,722, 1930; Chem. Abi., 1981, 2.. 4096. 

AQ. Schmidt and E. M<^er, German P. 588,323, 1929, to 1. G. Farbenind. A.-G.; Chem. Abt.. 1982, 
2S, 1812. French P. 708311, 1931; Chem. Abt., 1932, 26, 1077. German P. 545,636, 1930, addn. to 
588328; Chem. Abt., 1082, 26, 8687. 

li, C. Peehin, French P. 722,128, 1931; Chem. Abt., 1932, 26, 4191. 

M J. £. AlcoOk, Britiab P. 819,^, 1928; Chem. Abt., 1930, 24, 2568. 

MOaHeton Ellis, U. S. P. 1307,232, .July 24, 1934, to Ellis-Foster Co.; Chem. Abt., 1934, 26, 6008. 

*H. C. P. Weber, U. S. P. 1,715,688, June 4, 11^, to Westinghouse Electric 4b Mfg. Co.; Chem, 
Abt., 1989, 23, 8823. BHtiih P. 258,519. 1925, to MetropoliUn-Vickers Electrical Co., Ltd.; Chem. 
Abt., 1927, 21, 2857. 
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10-30 parts of the phenol-furfural resin in about 10 parts of alcohol and adding 
a solution of 70-90 parts of the glycerol resin component dissolved in 10 parts 
of alcohol. Twenty parts of a filler (e.g., mica or wood flour) are incorporated 
and the solvent is removed by evaporation. The dried, impregnated composi¬ 
tion is then finely ground, and may be converted into an insoluble infusible stage 
by molding with heat and pressure. Instead of mixing solutions of the resins, 
the solids may be mixed, either with or without a filler, and hot-molded as be¬ 
fore. In cases where a varnish is required, an alcoholic solution is employed. Both 
the molded products and films or impregnated materials have excellent insulating 
properties. 

The properties of the blended resin probably result from a mutual condens¬ 
ing action of the resins upon each other, inasmuch as the resin can be brought 
to the infusible stage, that is, the stage much more easily than if the com¬ 
position were merely a mixture of the two resins. The final product retains the 
good insulating and resistant properties of the alkyd resin, together with the ease 
of molding of phenol-furfural resins. 

Modification by Urea-Formaldehyde Resins 

As has already been mentioned,** colorless resins are formed by condensing urea 
with formaldehyde. These resins harden rapidly under the influence of heat but 
they lack flexibility when so hardened and are only sparingly soluble in such com¬ 
mon solvents as acetone and toluene. Hill and Walker*" have employed urea- 
formaldehyde resins as modifying agents for the alkyd resins, and have developed 
in this way products which are said to harden very readily* under various con¬ 
ditions. First, an alkyd resin is prepared by heating together 148 parts of phthalic 
anhydride, 62 parts of glycerol and 150 parts of castor oil at 190-200® for 45 
minutes. The product is a pale yellow, tough, flexible and moderately hard resin 
which is soluble in ketones, esters, hydrocarbons and in hot alcoholic solvents. 
After dissolving 14 parts of this resin in 14 parts of butyl alcohol, and adjusting 
the hydrogen-ion concentration to 10 * by adding alcoholic caustic potash, 3 parts 
of urea are added. The solution is heated to dissolve the urea and then 3 parts 
of paraformaldehyde are added and the mixture refluxed for a short time. The 
resulting solution is diluted with 10 parts of solvent naphtha and traces of sus¬ 
pended matter are filtered off. The product is a clear, pale yellow liquid from 
which the resin may be isolated by vacuum evaporation at low temperatures. On 
baking, transparent colorless coatings are obtained which possess good adhesion, 
flexibility, hardness and toughness. This resin is compatible with nitrocellulose, 
and may be employed as a component in lacquers. 

Dimethylolurea itself may be employed and thiourea may be used in place of 
urea. The components are said to react chemically and do not form a simple 
mixture. As little as 5 per cent of the urjia-formaldehyde condensation product 
exerts a considerable modifying action on the alkyd resin. The choice of the com¬ 
ponents of the polyhydric alcohol-polybasic acid resin is controlled by the pur¬ 
pose for which the product is intended. When hardness in the final material is 
the chief consideration, an unmodified glycerol phthalate condensation product 
should be employed. When flexibility and light color are desired a castor oil- 
modified alkyd resin serves the purpose. Incorporation of a drying oil fatty 
acid is likely to result in a degradation of color. Small amounts of inorganic 

** See Chapter 26, et ieq. 

•ffR. Hill and E. E. Walker, U. S. P. 1.877,186, Sept. IS, 1682, to Imperial Oiem. Ind., Ltd.; Chem. 
Ab$., 1638, 27. 200. British P. 844,401, 1626; Brit. CAem. A6«. B, 1681, 867. Jerman P. 664,167, 1634; 
Chem. A6f., 1634, 2t. 8606. French P. 664,181, 1630; Chem. Abt., 1631, 25. 2013. 
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acid may be used in preparing the final product; this allows drying at room 
temperature. 


Thus, to 100 parts of the alkyd resin (castor oil-modified, just described) dissolved in 
200 parts of glycol monoethyl ether, ICX) parts of dimethylolurea are added and the 
mixture reflux^ for 30 minutes; 85 parts of methylated spirits (ethanol denatured 
with methanol) and 85 parts of toluene are then added. Sixty parts of the resulting 
lacquer are treated with 0.42 part of a 10 per cent solution of sulphuric acid dis¬ 
solved in a mixture consisting of 2 parts of glycol monoethyl ether, 1 part of toluene 
and 1 part of methylated spirit. A lacquer of this type, containing a small amount 
of acid, dries rapidly at ordinary temperatures, whereas one without acid requires 
heat treatment for rapid hardening to take place. Besides sulphuric acid, sodium 
hydrogen sulphate, chlorosulphonic acid, sulphuryl chloride, hydrochloric acid, trichloro¬ 
acetic acid, tartaric acid, boric acid and malic acid are effective. 


Goldschmidt and Mayrhofer* have produced modified alkyd resins by adding the 
liquid or viscous condensation products from phthalic anhydride and polyhydric al¬ 
cohols to an aqueous suspension of urea and formaldehyde. The addition is 
made prior to, during or after formation of a condensation product by heating 
in presence of 2 A" sulphuric acid. The products can be hardened in molds at a 
temperature higher than normal without danger of cracking and are transparent 
and vitreous. The ratio of the weights of urea and phthalic anhydride must 
be considerably greater than unity and an acid or an alkaline condensing agent 
may be present. It is also possible to include a phenol in the reaction mixture in 
carrying out the above condensation." Colored lacquers, made from synthetic 
resin compositions of glycerol phthalate-formaldehyde-urea (or -thiourea) and dyes 
(Cardinal Red J) may be used for producing colored electric-light bulbs. The 
lacquer is applied to the bulbs by dipping and the coating hardened by the 
normal heat of the lamp.® 

Condensation of urea and formaldehyde in aqueous solution may be carried 
out to yield an initial product, to which is added, after concentration, a poly¬ 
hydric alcohol-polybasic acid resin. The solution is further concentrated, dried 
in vacuof and may then be molded under heat and pressure. Thiourea may 
be substituted for part of the urea. In the initial condensation the pa is ad¬ 
justed to between 5 and 6 by adding triethanolamine* A sufficient quantity of 
the alkyd resin is then added to lower the pa to between 3.5 and 5.0.*^ A similar 
product” is obtained by adding less than 1 mol of urea to 2.25 mols of formalde¬ 
hyde, the Ph of which has been adjusted to between 6 and 7 by addition of an 
organic base (triethanolamine). The mixture is heated under reflux until spon¬ 
taneous boiling ceases, whereupon more urea is added and the product concentrated 
to a thick syrup by evaporation in the open. The Ph is then adjusted to 7-7.5, and 
thiourea added in the ratio of 1 mol to 2 mols of the remaining uncombined 
formaldehyde. The product is again boiled and concentrated. An alkyd resin 
(or other plasticizer) is added and the Ph adjusted to between 3 and 5. The 
product is then dried in vacuo and ground. Resinous condensation products 
from urea or its derivatives and paraformaldehyde may also be formed in presence 
of organic compounds such as colophony, copal, amines, in addition to the alkyd 
resins. Anthracene and chlorinated or nitrated naphthalenes serve as plasticizers 
for these products.** 


*S. Qoldsehmidt wd R. Mmhofer, British F. 819,144, 1928; Chem, Ah$., 1930, 24, 1711. German 
P. 872,807, 1928; Chem. 27, tki. 

^OenoMn P. 880,109, 1927, to Jaro^w's Brsta Olimmerwaren-Fabrik; Chem. Abs., 1981, 25, 4432. 
BiltiA P. »3.M7, ItM; C/um. Abt., ItU, 22, 1832. Frotch P. t8<,748, 1227; Clum. Ab.’ 1&, 22, 
47«. Sm GhBim P. 4*2,184, 1*28; Chem. Ab.., 1280. 24, 2848. 

"S. A. Bevui, BritUh P, 849,186, IttO, to lmp«ri,l C%em. Ind., Ltd.; Srif. Chem, Abt. B, ItSl, 
7M. rmeh P. 712,7(1, 1*21; Chem. Abt.. 1*82, 3d, 1741. 

P. 887,8(7, 1*2*, to T6l«lo Sob Mfg. Co.; Chem. Abt., 1*81, 3(, 2818. 

•* Britbh P. 848,88^ 1IS», to Tohdo Sole Mto. Co. : Brit. Chem. Abt. B, 1*81, 842. 

••Britbh P. 818,888, 1*28, to Bakdito 0.m.b.H.; cA<m. Abe.. 1*88, 24, 2824. 
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Howald“ has prepared a resin by reacting 1 mol of ammonium thiocyanate with 
1.5-2 mols of formaldehyde, the excess formaldehyde being condensed with urea, 
thiourea or resorcinol during the molding operation. The resin was plasticized 
by a polybasic acid-polyhydric alcohol ester so prepared as to contain free 
carboxyl groups. 

Phthalides as Modifying Agents 

The use of phthalides as modifying agents for alkyds and other synthetic resins 
has been developed by Jaeger.* Phthalide* (m.p. 83®C., b.p. 290®C.), the lactone 
or internal ester of o-carboxybenzyl alcohol of the structure 


O 



H, 


possesses desirable softening properties when incorporated into alkyds. It is 
also non-corrosive, relatively non-volatile and satisfactorily withstands the tem¬ 
peratures required in molding. Hexahydrophthalide (b.p. 134-138®C. at 25 mm.) 
IS a much more fluid compound than phthalide itself and is a colorless, odorless, 
heavy oil. Other derivatives include the mono- and disubstituted phthalides, as 
well as the alkylidene phthalides. 


0 0 0 



The method of using the phthalide is as follows: to 85 parts of glycerol phthalate 
resin, which is freshly prepared and fairly hard but not infusible, are added 16 
parts of phthalide and the mixture heated to 150®C. until a homogeneous mass is 
obtained. 

Among the polyhydric alcohols used in preparing the alkyd resin to be modi¬ 
fied by phthalides, glycerol and glycol are of the greatest commercial importance, 
although others may be employed, among which are butylene glycol, mannitol 
and glycol propyl ether. Phthalic anhydride is the most important dicarboxylic 
acid, though su^tituted phthalic acids, sebacic or succinic acid, give similar re¬ 
sults. Other acids, such, for example, as the monocarboxylic acids, may also be 
incorporated in the alkyd resin. 

The following example illustrates the method of preparing a resin of this type: 
1 mol of glycerol and 1 mol of phthalic anhydride are heated at 180®C. until gas 
evolution ceases; 1 mol of phthalide is then added and the mixture is heated at 
210®C. until a test portion on a glass rod solidifies to a hard product which is not 

**A. M. Howald, U. S. P. 1,910,388. May 28, 1988, to Toledo Synthetks Products,'Inc.: Brit, Chem. 
Aba, B, 1984, 109. See British P. 878,184, 1931, to Toledo Ss^thetie Products, Inc.; Brit, Ckam, Aba, B, 
1982 787 

iiA.'0. J..ger, U. S. P. l,8M.0tg, May 14, IM3, to the SeMen Co.; Chem. Abt., inS, 2S. (MS. 
Cbnadian P. Ul.aU, 1M3; Chm. Abi., ItU, 2<, SW. (3«man P. S8«,740, IW; Chem. Abt.. 1882, 2«. 
2888. French P. 874,012, 1828; Chem. Abt., 1880. 84, 2628. _ 

"A. O. Jaeger, V. B. P. 1,841,474, Jan. 2, 1884, to the Selden Co.; Chem. Abe., 1884, 28, 1880. 
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sticky. The resin is then mixed with an equal weight of phenol-formaldehyde or 
phenol-furfural resin, capable of being hardened by heat, together with a wood-flour 
filler and a pigment. This admixture is best made by grinding in the dry state. After 
adding 6 per cent of dibutyl phthalate, the product is hot-molded. Products are 
obtained which have excellent strength and which will take a high polish. 

A resin obtained from 2 mols of glycerol, 2 mols of phthalic anhydride, 1 mol 
of phthalide and 1 mol of benzoic acid may be incorporated with half its weight 
of a formaldehyde-urea or formaldehyde-urea-thiourea resin. Again, a resin 
containing 1.5 mols of phthalic anhydride, 1.5 mols of phthalide or ethylphthalide 
and 1.0 mol of the fatty acids of coconut oil, is soft and flexible. Mixed with 
an equal proportion of a vinyl resin and dissolved in a solvent, a solution for 
impregnating paper results. Other synthetic resins may also be incorporated, 
among which are amine drying oils of the tung oil-toluidme type, aminoketone 
resins, polymerized styrene or itaconic acid resins. In general the phthalide- 
ihodified resins are soluble in the solvents which will dissolve the unmodified resin 
as well as in additional solvents. This range of solubility adds greatly to the 
adaptability of these resins for coating compositions. The phthalide-modified alkyd 
resin in its fusible stage is soluble in alkyd resin solvents and may be blended 
with nitrocellulose.*^ An impregnating varnish is thus obtained which leaves film 
of excellent quality without the use of any plasticizer. Where maximum flexi¬ 
bility is needed, an amount of dibutyl phthalate or ethyl benzoylbenzoate equal to 
aI)out 5-10 per cent of the weight of resin may be added. A soft, balsam-like resin 
is obtained with 1.5 mols of ethylene glycol, 1 mol of phthalic anhydride and 1 
mol of phthalide or hexahydrophthalide.” 

Miscellaneous Resins 

Hovey*® has tabulated the means by which alkyd resins may be made compatible 
with or blended with other plastic materials. Due to the many types of alkyds and 
to the variation in naturally occurring materials with which these resins may be 
used, certain minor discrepancies will occur; the table nevertheless serves as a 
useful guide. See page 943. 

Natural or artificial rubber may be mixed with resinous esters of mono- or 
polybasic acids with polyhydric alcohols before vulcanization in order to increase 
the strength of the product. Thus, for example, acids such as abietic, phthalic or 
palmitic may be esterified with glycols or with ethylene oxide and the products 
added to the rubber in the proportion of about 2 per cent.*® Coating and adhesive 
compositions may be manufactured from the oily polymerization products of 
diolefins (butadiene) polymerized without the aid of alkali metals. The oil is 
incorporated with synthetic resins, among which are those of the alkyd type. 
Cellulose ethers and esters, drying oils, natural resin, fillers and vulcanizing agents 
may also be added." Addition of drying oil-modified alkyds to the lacquers pre- 
jmred from chlorinated nibber improves the films." 

An adhesive for uniting celluloid to glass prepared by Ford and McCarroll" 
consists of polyvinyl acetate, glycerol phthalate and a plasticizer. Products used 

” A. O. Jaeger, U. S. P. 1,864,M9. June 28, 1982, to the Selden Co.; Chem. Abn., 1932, 26. 4488. 

«For resins plasticised with hexahydrophthalide, see A. O. Jaeger, U. S. P. 1,892,784, Jan. 3, 1983, 
to the Selden Co.; Chem. Ab*., 1933, 27. 2298. 

«A. G. Hovev, Ind. Bng. them., 1933. 25. 613. 

^British P. 323.323. 1928, to I. G. Farbenind. A.-O.; Chem. Ab»., 1930. 24. 3134. 

A British P. 339,944, 1930. to I. G. Farbenind. A.-G. ; Hrit. Chem. Abe. B, 1982, 118. 

Rosenthal and Q. Schultse. Farb€n.^aiem., 1934. 5. 33; Brii. Chem. Abe. B, 1934, 636. 

Ford and R. H. McCarroll, British P. 863,828, 1980; Chem. Abe., 1988, 27, 2260. M. Sakaina 
(lapahese P. 101,032, 1938; Chm. Abe., 1934 . 28, 4849) has also prepared an adhesive from glycerol 
phthalate and polyvinyl acetate. For alk 3 'd resins modified with polyvinyl halides see F. Oschats, 
Genttan P. 607,333. IW to 1. Q. Farbenind. A..O.; Chfim. Abe., 1983, 29, 4194. 
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Table 46 .—Miscibility of Alkyd Resins, 


Materials 

Mastic. 

Dammar. 

Rosin. 

Shellac . 

Copal. 

Rubber (smoked sheet)... 

Water glass. 

Glue. 

Thus . 

Pitches. 

Casein. 

Chicle. . 

Rubber latex. 

Nitrocellulose. 

Pine tar. 

Canada balsam .. .. 

Drying oils. 

Phenolic type of resin. . 

Urea resins . 

Vinyl acetate. 

Paracumarone resins. 


Methods of Blending with 
Alkyd Resins* 
a, b, c, d 
a, b, c, d 
a, b, c, d 
c, d 
a, c 
a, c, e 
f 

c, f 

a, b, c, d 
c, e 
c, f 
c, d 
c, f 
c, d 

a, b, c, d 
a, L, c, d 
a, b, c, d, f 
a, c, d 
a, c, f 
c, d 

a, b, c, d 


a. Cooking with other ingredients in preparation of alkyd 
resin complex. 

b. Simple heat-blending 

c Hot mixing on rollers, in dough mixers, or in Banbury 
mixers. 

d Dissolving both in a common solvent or miscible solvent 
e Dissolving both in a common solvent or miscible solvent 
provided that the ream is of hydrocarbon-soluble type 
f. Using an aqueous ammonia or triethanolamine solution 


for molding are obtained by mixing polymerized vinyl chloride and alkyd resins, 
preferably of the flexible type. Among the fillers which may be used are the 
oxides of zinc or titanium.*^ Polymerized acrylic acid derivatives, such as the 
allyl or methyl esters, are improved by the incorporation of esters of polybasic 
acids and polyhydric alcohols (monoacetin /3-methoxyethyl phthalate). They 
are then more suitable for use in safety glass.*® 

Solutions of polymerized styrene and natural or synthetic resins compatible 
with it are used in the manufacture of Varnishes. Among the resins which may 
be used are those of the linseed oil-alkyd type.*® 

Moore and Zucker*" used a mixture of 35 parts of phthalic anhydride, 22.5 
parts of linseed oil acids and 17.5 parts of glycerol and in addition 25 parts of 
cumarone resin. The latter allows the reaction to proceed without danger of gela¬ 
tion, thus allowing more complete interaction; it also imparts some water-re¬ 
sistance and lowers the acid number. Larger amounts of cumarone resin impart 
brittleness unless the oil content is increased. 

Gardner** has found that incorporation of chlorinated biphenyl*® with alkyd 
resins or other types of synthetic resin accelerates their speed of drying. A resin 
is first made by heating 100 parts of phthalic anhydride and 32 parts of glycerol 
to temperatures below 190®C., and to the resulting fluid mass are added with 
stirring 26 parts of chlorinated biphenyl (containing 50-60 per cent of chlorine). 


««French P. 740,186, 1033, to Compagnie fran^aise Thomson-Houston; Cham. Abi„ 1038, 27, 2880. 
German P. 601 888, 1084, to Allgememe Elektrioit&ts-Qea.; Chem. Ah$., 1034, 28, 7564. 

^British P. 355,713, 1080, to Rbhm A Ham A.-G.; Brit. Chem. Ahi, B, 1088, 78. 

M British P. 875,880, 1081, to I. G. Farbenind. A.-Q.: Brit, Chem. Abi. B, 1083, 807. 

« C. G. Moore and M. Zucker, U. S. P. 1,015,544, June 27, 1088, to QUdden Co.; Chem. A6t., 1088, 
27, 4481. Canadian P. 848,048. 1085; Chem. Abt„ 1085, 29, 8422. 

Ih. a. Gardner, U. S. P. 1,887,678, Nov. 15, 1088; Chem. Abs., 1088, 27. 1530. British P. 851,687, 
1080; Chem. Abe., 1082, 26, 8185. 

^ See Chapter 56. 
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The product is a light-colored resin which may be admixed with the usual var¬ 
nish oils. These films dry so rapidly that successive coatings may be applied 
at intervals of 30 minutes. The resulting composite is then baked and is said 
to serve as an undercoat for nitrocellulose lacquers. A mixture of alkyd resins 
and chlorinated biphenyl has also been suggested for use in safety glass.” 

Compositions with improved water-resistance are reported obtainable by modi¬ 
fying alkyd resins with ketenes.” The resin is dissolved in ethyl alcohol or acetone 
and the ketene added either as a gas or in solution if it is of high boiling point. 

Casein plastics are usually prepared by first extruding a casein mass with approxi¬ 
mately 20 per cent of water through a heated screw press and then ha’ dening the 
extruded mass with formaldehyde. By combining casein with alkyd resins and 
treating with formaldehyde, a mass results which when dried and powdered can be 
hot-molded. The procedure is as follows: 25 parts of a castor oil-modified glycerol 
phthalate are added to 75 parts of water containing 2.67 parts of a 28 per cent solution 
of ammonium hydroxide. Seventy-five parts of casein are dissolved in 1000 parts of 
water and warmed at 60®C. and concentrated ammonium hydroxide added until a 
smooth dispersion is obtained. The solutions of casein and resin are mixed and pre¬ 
cipitated with dilute, 25 per cent hydrochloric acid. After the precipitate has settled 
200 parts of 37 per cent formaldehyde are added and the mass allowed to stand for 
48 hours. It is then washed, dried, comminuted and molded." 

Protein-modified resins may be made by heating gelatin or casein with a mixture 
of glycerol and phthalic anhydride. For example, 35.1 parts phthalic anhydride, 14.9 
parts glycerol and 10 parts gelatin are heated for about 5 hours at 200® C. until the 
product possesses an acid number of 65-70. The resin may be used in safety glass." 
Another t 3 rpe of modified resin is obtained by use of simplfe amino acids, the hydrolytic 
products of proteins." 

»H. A. Gardner, U. S. P. 1,886,914, Dec. 18, 1931; Chem. Abu., 1932 , 26, 1087. 

^M. M. Brubaker and G. D. Graves, U. S. P. 1,993,828, March i2, 1935, to E. I. du Pont de 
Nemours A Co.; Chem. Abs., 1935, 29. 3071. Bntish P. 419,373, 1934; Chem. Abi., 1935, 29, 2627. 

®»H. 8. Holt, U, S, P. 1,978,533, Oct. 30, 1934, to E. I. du Pont de Nemours A Co.; Chem. Aba, 
1988. 29. 282. See British P. 419,293. 1933; Bnt. Chem. Aba. B, 1935 , 70. 

®* C. Sly, TJ. S. P. 2,009,029, July 23, 1W8, to E, I. du Pont de Nemours A Co. For the use of dry 
yeast in alkyd resin molding compositions see W. Mooser-Schiess, U. S. P. 1,317,721, Oct. 7, 1919; Chem. 
Aba., 1919, 13, 3289. 

M. M. Brubaker and R. E. Thomas, U. S. P. 2,009,432, July 30, 1935, to E. I. du Pont de Nemours 

A Co. 



Chapter 46 
Alkyd Resin Salts 

Under strenuous alkaline conditions the polyhydric alcohol-polybasic acid 
resins are completely saponified. Mild alkaline treatment, however, gives rise 
to products which can be used in the form of aqueous solutions or dispersions 
as coating, impregnating or cementing compositions and as plastic materials. The 
important factors in the preparation of the water-soluble alkyd resins are 
first the acid number of the resin and second the amount of alkali used in the 
neutralization. Resins of low acid number are dispersed or emulsified in the 
presence of alkalies. With resins of a high acid numl^r, a small amount of alkali 
causes dispersion or emulsification, but a large amount of alkali, that is, equivalent 
to the acid number of the resin, results in the formation of a clear water solution 
in which the salts of the resin are soluble. The neutralization may be achieved 
by treating a water-insoluble resin of the glycerol phthalate type, prior to the 
formation of the final hard insoluble modification, with an aqueous solution of 
either inorganic bases (ammonium, potassium, sodium, calcium or barium hydroxide 
or sodium sulphide) or with organic bases (hexamethylenetetramine, toluidine or 
aniline).^ For example, 60 parts by weight of castor oil-phthalic glyceride resin 
are heated to 110®C. and poured slowly, with agitation, into 200 parts of boding 
water containing 6 parts of concentrated ammonium hydroxide solution. The 
resulting resin dispersion can be used for treating paper by brushing, flowing, 
spraying or dipping. 

A resin of acid number 36.5 and melting at 62®C. is prepared from animal tallow 
fatty acids, 9 parts, phthalic anhydride, 16 parts, and glycerol, 10 parts, by heating 
at 245-250®C. for 1 hour. By agitating this material in water rendered slightly 
alkaline with potassium hydroxide, a milky emulsion forms, which when introduced 
into paper and dried, imparts a glossy surface to the latter. 

Cottonseed-phthahc glyceride resin gives favorable results when dispersed in 
water containing ammonium hydroxide. A dispersion of this type was employed 
by the author in making a '^greaseproof'' paper. These compositions are also 
useful as cementing compositions especially in building up sheets of paper into 
thick board. 

Resins derived from polybasic acids other than phthalic may be used, al¬ 
though the cottonseed-phthalic glyceride resin is outstanding in this respect be¬ 
cause of its cheapness, the ease with which emulsification takes place and its 
excellent grease- and water-repellent properties. The stearic resins are harder, 
whereas oleic resins are inclined to be soft and somewhat sticky. Benzoic-phthalic 
glyceride is more difficult to emulsify with aqueous ammonium hydroxide; an 
aqueous m^ium containing 3 per cent each of ammonium hydroxide and gum 
arabic yields a better emulsion in this instance. Other emulsifying agents in¬ 
clude giim tragacantb and Irish moss. 


»British P. 86S,0Q7, IWO, to Ellis-Foster CJo.; Chem. itha., 1988, 27, 1774. French P. 698,898, 
1980; Chetn. Abt., 1981, 25, 8186. 
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Bradley* has described a related method of treating a glycerol-phthalic anhydride 
resin with ammonia in order to render it water-soluble. The resin itself was pre¬ 
pared by heating a mixture of 90 per cent glycerol, 63 parts, and phthalic an¬ 
hydride, 148 parts, at 150-230®C. until, on cooling, a sample set to a resin soften¬ 
ing at 85-100®C. and had an acid number of from 100-160. Fifty parts of this 
resin are then agitated with 100 parts of water and 6.5 parts of 46 per cent am¬ 
monium hydroxide until the resin has dissolved in the water to form a clear solu¬ 
tion. This reaction may be carried out at room temperature, but takes place 
more quickly at an elevated temperature. Other alkalies (sodium or potassium 
hydroxides) and also organic bases (ethanolamines) gave similar results. By 
allowing the aqueous solution of the resin to flow on to tissue paper and drying 
at 80®C. for 10 minutes, the paper became transparent. A greatly enhanced water- 
resistance was imparted to the paper by treatment with a dilute solution of 
acetic acid before drying; the resin is rendered water-insoluble by the acid. 

Other resins, derived either from polyhydric alcohols and polycarboxylic acids 
alone or admixed with monobasic acids, were found by Bradley to give similar 
results; among these may be mentioned the resins from glycerol, phthalic an¬ 
hydride and linseed oil fatty acids, and from ethylene glycol and succinic acid. 
The aqueous solutions of resins may be used in conjunction with casein. A solu¬ 
tion of 32 parts of casein, 160 parts of water and 8 parts of concentrated am¬ 
monia is mixed with an equal quantity of one of the resin solutions, applied to 
the paper and dried at 100®C. for five minutes. A homogeneous, transparent 
and glossy film is obtained. Its water-resistance is improved by dipping the 
coated paper in 40 per cent aqueous formaldehyde and drying. It has also been 
found that these resins may be precipitated from aqueous solutions by water-soluble 
polyvalent metallic compounds (barium and calcium hydroxides) and salts (alum 
or iron salts). These insoluble products are metallic glycerol phthalates. 

Coating compositions, which form a relatively stable combination with a flat¬ 
ting agent such as aluminum stearate, are prepared by emulsifying with water 
a solution of glycerol phthalate in an organic solvent. Bentonite, soap or gelatin 
serve as emulsifying agents.* Ethylamine, diethylamine, triethylamine or piper¬ 
idine react with alkyd resins in water to give a homogeneous solution which 
is capable of forming a resinous coating on a substratum.* The type of alkyd 
resin may be varied widely. When flexible coatings or films are required, the 
resin may contain castor oil, olive oil or the fatty acid radicals of such oils. 
Products yielding coatings which are to harden by exposure to the atmosphere 
contain linseed oil or linseed oil fatty acid radicals. Table 46A shows the quantities 
used in preparing some of these resins, together with the acid value of the product 
and the time in hours for which the ingredients are heated. 

The molten resin is poured into the aqueous solution of the base, and stirred 
until a homogeneous solution results. The resin ingredient, 40 parts, may also 
be heated with 6.5 parts of piperidine at 60®C. for 30-40 minutes, and the 
product so obtained dissolved in water. The water solutions when applied to a sur¬ 
face give clear, hard, adherent films on stoving for 1 hour at 100® C. If the resins 
are treated with an alkali hydroxide or salt of a weak acid (sodium carbonate 

•T. F. Bradley, U. 8. P. 1,780,876, Nov. 4, 1030, to American Cyanamid Co.; Chem. Ab$., 1081, 25, 

^ <W. Baiixl, British P. 840,988, lOOOt to Imperial Chem. Ind., Ltd.; Chem, Abt,, 1082, 26, 2071. French 
P. 708,898, 1080; C/iem. Abs., 1033, 26. 1460. A liorax solution of the synthetic rei^in can be mixed in 
the eold with fiU^a, pigments and metal salts and oxides to produce a plastic mass which hardens in 
air and can be u^ for interior decoration, adcorUing to R. C. Korf, German P. 688,176, 1083; Chem, 
Abf 1084, 28 370. 

^W. Bait^, British P. 866,788, 1030, to Imperial Cliem. Ind., Ltd.; Chem, Abe,, 1982, 26, 3778. 
French P. 718398, 1981; Chem, Abe,, 1082, 26, 8803. 
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Table 46A.— OiUModified Alkyds for Aqueous Coalings. 



Parts of 

Parts of 


Hours Heat¬ 

Parts of 

Phthalic 

Fatty Acid or 

Acid 

ing at* 

Glycerol 

Anhydride 

Fatty Oil 

Value 

180-200*’C. 

17.6 

42.4 

40 Castor oil 

40 

6 

11 8 

28 2 

60 

35 

3 

22.8 

47 2 

30 Linseed oil 

51 

4 

16 2 

23 8 

60 

70 

2 

22 8 

47 2 

30 Oleic acid 

47 

4.5 

16 2 

23 8 

60 

63 

1 5 

20 6 

39.4 

40 Tung oil acids 

101 

4 5 

12 0 

8 0 

80 

87 

3 

22.8 

47 2 

30 Stearic acid 

44 

6 

16 2 

23 8 

60 

46 

3 

(29.6)* 

* Glycol. 

70 5 

None 

50 

5 


or sodium sulphide) and dissolved in water, the films obtained by drying at 
100°C. are water-soluble and may be rendered insoluble by treatment with acids.® 
Coating compositions intended for baking are obtained by dissolving an alkyd 
resin (containing an excess of polybasic acid) in dilute ammonium hydroxide and 
adding enough glycerol so that the solution, when applied to an article and baked, 
will yield an insoluble resinous coating.®* 


Applications of Alkyd Resin Emulsions and Solutions 

The alkaline solutions of alkyd resins already described have been applied for 
stiffening and proofing felt-hat shapes.® A solution of this nature is prepared by 
dissolving 25 parts of the resm formed from heating 31 parts of glycol, 74 parts 
of phthalic anhydride and 35 parts of castor oil at 185®C. (until the product has 
an acid value of 95) in 100 parts of 0.39 per cent aqueous ammonia at 60-80®C., 
and diluting to 250 parts. The impregnated felt is dried to volatilize the am¬ 
monia. If metal hydroxides or carbonates are used for dissolving the resin, 
the felt should be treated with dilute acid either before or after impregnation. 
Textile materials, other than felt, may be impregnated with a 3 to 35 per cent 
aqueous solution of an alkyd resin treated with ammonia or a similar base,*^ and 
then dried or treated with a metallic salt. The latter procedure forms an insolu¬ 
ble derivative of the resin. The elasticity and other physical properties of the 
textile material are improved in this way.* 

Alkyd resins have been used to render rubber adaptable to the formation 
of plastic compositions which are resistant to hydrocarbons. A latex is thor¬ 
oughly mixed with a solution of alkyd resin in 5 per cent aqueous ammonia. 
Acetic acid is added and the precipitate is washed with water, dried and finally 
vulcanized. Rubber dispersions and alkyd resins which have been modified with 
drying oils or organic acids may also be utilized.* A further process for im¬ 
pregnating surfaces makes use of a composition consisting of an aqueous emulsion 

sw. Baird, British P. 358,095, 1930, to Imperial Chem. Ind., Ltd.; Chem. Abt., 1932, 26, 6165. 
French P. 721,335, 1931; Chem. Abi., 1932, 26. 4191. 

^ R. T. Ubhen, U. S. P. 1,998,744, April 26, 1935, to E. I. du Pont de Nemours A Co.; Chem. Ab«., 
1935, 29, 3864. British P. 422,130. 1935; Chem. Abe., 1935, 29. 3747. 

*W. ArmitfiKe and W. Baird, British P. 358,104, 1930, to Imperial Chem. Ind., Ltd.; Brit. Chem. 
Abe. B. 1931. 1135. French P. 719,469, 1931; Chvm. Abt., 1932, 26, 3938. German P. 555,400, 1931; 
Chem. Ab»., 1082, 26. 5217. 

^C/. W. Baird, British P. 356,738, 1930, to Imperial Chem. Ind., Ltd.; Chem. Abe., 1982, 26. 5778. 
Fronch P. 718,806, 1931; Chem. Abe., 1932, 26. 8392. 

»W. Baird and F. J. Siddle, British P. 857,128 and 359,897, 1980, to Imperial Chem. Ind., Ltd;. 
Chem. Abe., 1932, 26^ 4726; 1938, 27, 429. French P. 720,584, 1931; Chem. Abe., 1932, 26, 3987. 

• H. L. Orupe and R. H. Kienie, British P. 895,217, 1932, to British Thomson-Houston Co., Ltd.; 
Brit. Chem. Abe. B, 1933, 787. French P. 42,447, 1938, to Oompagnie fiancaise Thomson-Houston;. 
Chem. Abe., 1934, 28, 1221. See Chapter 49. 
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of a resin of the alkyd type, and rubber, rubber latex or a rubber-like artificial 
product. The coating consists of alkyd-urea-formaldehyde resin, 11 parts, 30 parts 
of alkyd resin, 14 parts of solvent naphtha, 45 parts of butyl alcohol, 10 parts 
of rubber-substitute emulsion and 65 parts of water. The alkyd resin is prepared 
from 148 parts of phthalic anhydride, 62 parts of glycerol and 150 parts of castor 
oil at 190-200®C. To 10 parts of the castor oil-modified alkyd resin dissolved 
in 20 parts of glycol monoethyl ether are added 10 parts of dimethylolurea and 
the mixture heated. The two modified-alkyd resins are dissolved in the organic 
solvents, water is added to the rubber-substitute emulsion and the two solutions 
are mixed and passed through a colloid mill.'® The emulsion thus obtained is 
applied by coating, dipping, spreading or spraying and is dried above 90®C. to 
form a pale-colored coating which has excellent flexibility, weathering properties 
and a semi-glossy appearance. Chloroprene can also be treated with a water- 
soluble salt of a glycerol phthalate resin to form an emulsion." 

Various Applications 

Emulsified alkyd resins can be used in the production of paints.'^ When 
glycerol, 368 parts, linoleic acid, 834 parts, and phthalic anhydride, 518 parts, are 
condensed together, a soft resin is formed, 100 parts of which are emulsified with 
1-2 parts of the ammonium salt of diisopropylnaphthalene-sulphonic acid. One 
hundred parts of bleached montan w^ax are then treated with 4 parts of am¬ 
monia in 100 parts of water and mixed with the aqueous emulsion of the resinous 
body. Finally 150 parts of red iron oxide are incorporated into the mixture. 
The consistency of the resulting paint may be varied within wide limits by dilu¬ 
tion with water without altering its stability; it can therefore be applied by 
brushing, spraying or printing. Titanium oxide may be used in place of iron 
oxide and it is also possible to mix the emulsified resin with an aqueous solution 
containing casein, 2 parts, ammonia, 0.1 part, and chromium oxide, 100 parts. 
The emulsion of the alkyd resin may be mixed with 20 parts of the azo dye pig¬ 
ment Lithol Red [B] (prepared from diazotized 2-naphthylamine-1-sulphonic acid 
and /3-naphthol) and 80 parts of chalk. 

One hundred parts of a hard condensation product from 276 parts of glycerol, 
278 parts of linoleic acid and 518 parts of phthalic anhydride can be dissolved in 
a mixture of 90 parts of toluene and 10 parts of alcohol and then admixed 
with an emulsion consisting of 50 parts of shellac wax saponified by aqueous 
ammonia, 10 parts in 240. Further incorporation of 100 parts of yellow iron 
hydroxide yields a paint when diluted with water prior to application. 

These paints can be applied in the manufacture of waterproof wallpapers, it 
being possible to print by rollers several designs in rapid succession, without the 
colors flowing into one another. They also have a general application for ren¬ 
dering porous surfaces waterproof. A paint can also be prepared by adding rouge 
to montan wax saponified by ammonia and mixed with toluene, water and the 
modified alkyd resin. The modified resin may also be emulsified with an aqueous 
solution of casein, ammonia and a small amount of a magnesium or lead salt of 
a high molecular weight organic acid.'* Compositions for priming or surfacing 

*^W. Baird and H. M. Bunbiiry, British P. 349,908, 1929, to Iinpeiial Cheni. Ind., Ltd.; Chem. Ab»., 
1982. 26, 207i. French P. 708,899, 1930; Chem. Abe., 1932, 26, 1460. For other urea-formaldehyde 
alteyda. see Chapter 45. 

.L Barrett and G. L. Dorough, U. S.\P. 1,967,220, July 24, 1934, to E. I. du Pont de Nemours 
^ Co.; Chtm. Abe., 1934. 28, 6025. 

WF. Frick, German P. 351,681, 1928, to I. G. Farbenind. A.-G.; Chem. Abe., 1932, 26. 4968. British 
F. 844;458. 1931, to I. Q. Farbenind. A.-Q.; Chem. Abe., 1931, 25 , 4723. French P. 713,897, 1931; 

Abe., 1932. 26. 1811. 

«*F. Frick, German P. 554,721, 1920, to I. O. Farbenind. A.-G.; Chem. Abe., 1933, 27. 199. 
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absorbent foundations of stone or wood are furnished by the water emulsions 
of condensation products from glycerol or pentaerythritol and phthalic, malic 
or maleic acids together with linoleic or eleostearic acids.^* If to the aqueous 
emulsion of linSeed oil-modified alkyd are added small amounts of casein, ammonia 
and a manganese or lead gait of an organic acid, an adherent floor covering can 
be made.“ Products obtained by the alkaline neutralization of the synthetic resins, 
added to make-up water, can also be used in waterproofing concrete 

Suspensions or colloidal solutions of glycerol phthalate resins can be obtained 
by pulverizing the resin in the B-stage of condensation, screening off the larger 
particles and mixing the powder with about 10 per cent of a plastic clay, such 
as natural kaolin. Water is added, and the whole is stirred while being heated to 
its boiling point.” Paper when treated with an aqueous solution of the alkyd resin 
containing clay can be stacked in layers and molded under heat and pressure 
to form a laminated product.'* Moreover, these suspensions may be utilized as 
adhesives or as binding agents in plastic compositions containing mica, asbestos, 
wood flour or ground minerals. They are useful for coating surfaces of metal or 
glass or for the preparation of moldings. Subsequent heat curing is employed 
in either case. Plastic materials are prepared by neutralizing with volatile bases 
the intermediate acid products formed during the reaction of polybasic acids 
with polyhydric alcohols. The neutral products are condensed by heating.” Alkyd 
resins can be combined with amino alcohols which include mono-, di- and tri¬ 
ethanolamine, diaminopropanol, butanolamine and pentanolamine. These deriva¬ 
tives can be dispersed in water and the free acidic groups converted into salts. 
They are said to be particularly useful in making aqueous dispersions of dyes for 
dyeing and printing textile fibers and for dispersing lakes and pigments for use as 
aqueous paints.*® 


Metallic Salts op Resins 


The soluble products formed from alkyd resins by treatment with aqueous 
alkalies yield a series of metallic derivatives when treated with solutions of metallic 
salts (barium or calcium chloride, cobalt nitrate or copper sulphate).*' For ex¬ 
ample, on adding a 1 per cent aqueous solution of barium chloride to a 10 per cent 
aqueous solution of an ammonium glycerol phthalate, an insoluble barium salt 
is precipitated. It is a white pulverulent solid which is insoluble in common 
solvents and coheres to give a fairly clear, very hard film on heating at r20°C. A 
1 per cent cobalt nitrate solution with ammonium glycerol phthalate yields a 
pink, fairly flocculent cobalt derivative which forms a clear, hard film on stoving 
at 100® C. The salt, moreover, is soluble in a mixture of methylated spirits and 
benzene and is compatible with nitrocellulose. The green copper compound re¬ 
sembles the cobalt derivative in solubility and in hardness. The calcium salt is 
formed by adding a 5 per cent solution of calcium chloride in methyl alcohol to 


British P. 392,470, 1080, to I. G. Farbenind. A-G.; Chem. Abs., 1083, 27, 1065. See also F. 
Frick, German P. 552,624, 1028; Chem, Abs„ 1082, 26, 5776. 

ISA. Runte and A. Menger, German P. 577,885, 1083, to I. G. Farbenind. A.-G.; Chem, Abs, 1084, 


28, 607. 

>s German P. 560,447, 1080, to A.>G. Johannes Jeserieh; Chem, Ab$,, 1088, 27, 1133. 

^R. D. Kleeman, British P. 371,627, 1081, to British Thomson-Houston Co., Ltd.; Chem. Ab».» 
1038, 27, 3620. French P. 716,031, 1081, to Oompagnie fran^aise Thomson - Houston; Chem. Abt., 1082, 
26, 2880. German P. 604,081, 1084,^to Allgemeine Eiektricithts-Qes.; Chem. Abn., 1085, 20, 854. 

>*R. E. Cbleman, British P. 8W,618, 1033, to British Thomson-Houston Co., Ltd.; CAm. Abs., 1084, 


28 1484. 

* * Fimeh P. 723,007, 1131, to DeutMhe aaaglOfalieht-Auer-O.m.b.H. ; Chm. Ab$., 1033, 26, 4142. 
BritUh P. 383,852, 1883; Chtm. Abt.. 1833, 27, 4840. 

••H. Drwfui, Britwh P. 884,857, 1888; Chm. Ab$., 1884, 28, 272. 

>tW. Baird, British P. 357,125, 18M, to Imporiai C%aii. Ind., Ltd.; Chem. Abt., 1832, 38, 4728. 
Pranoh P. 718A55, 1831; Chm. Abt., 1832, 26, 8848, 
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a 20 per cent methanol solution of the potassium salt of a glycerol phthalate resin. 
The properties of the metallic derivative depend on the resin ingredients. The 
cobalt compound of a glycerol phthalate condensation product of acid value 126 
is virtually insoluble in a toluene-methyl alcohol mixture. The cobalt derivative of 
the castor oil-modified glycerol phthalate is quite soluble in this solvent. These 
metallic products may be used in conjunction with fillers and other natural or 
synthetic resins for the production of molded materials and for impregnating 
porous bodies. 

Alkaline solutions of alkyd resins with an acid number of not less than 100 
react with alkyl or aralkyl halides to give resinous products which are compatible 
with cellulose derivatives. Propyl iodide, for example, may be added to the 
potassium derivative of a glycerol phthalate resin dissolved in glycol monoethyl 
ether, and, after heating, the mixture is filtered and evaporated to give a resin 
which is finally washed with water and dried.“ 

A monoalkyl ester of phthalic acid is readily prepared by heating phthalic acid 
with an alkylating agent in molecular proportions. The ester is purified by dis¬ 
solving in sodium carbonate, extracting any dialkyl phthalate with ether and 
precipitating the monoalkyl ester with acid.® By replacing one acidic hydrogen 
atom of phthalic acid by a metallic atom and the second by an alkyl or aryl radi¬ 
cal, compounds are obtained which are soluble in many organic solvents such as 
ether and acetone. The derivatives furnish a good method of introducing the 
heavy metals into mixtures as drying agents in paints and varnishes" and to 
reduce the transmission of ultraviolet light." Compounds of the general type 

0 —CO—OR 
—CO—OM 

R *= alkyl or aryl; M « heavy metal 

are readily prepared by mixing an aqueous solution of the sodium salt of the 
monoalkyl phthalic ester with a solution of a soluble salt of a heavy metal (iron, 
zinc, manganese, tin, lead, mercury, copper or cobalt). The metal phthalic ester 
is precipitated in this way. The ferrous and ferric neutral salts of monophthalic 
esters such as the n-butyl ester are brownish red in color, whereas the zinc, mer¬ 
curous, mercuric, plumbous and stannous salts are colorless. The manganous 
and nickel salts are green; the cobaltous and cupric salts are blue. All of the 
compounds are formed initially as viscous, oils, except the copper and manganese 
salts, which are crystalline at room temperature. These substances simulate those 
formed directly from^ solutions of alkyd resins in alkalies. 

Metallic derivatives of this type readily form colloids with nitrocellulose. 
Thus, a nitrocellulose film may be prepared from 10 parts of pyroxylin, 6 parts 
of zinc n-but 5 d phthalate and a volatile solvent. The pyroxylin and zinc salt 
are rendered colloidal in the same way as pyroxylin and camphor would be, 
the volatile solvent being added to give the required consistency. Films pre¬ 
pared in this manner are uniform and transparent, A non-opaque coating com- 

**W. Baird and R. Hill, Britiah P. 862,972. 1030, to Imperial Cliem, Ind., Ltd.; Chem. Ahs., 1933, 
27, 1531. 

••B. R. Littmann, B. K. Brown and W. J. Bannister, British P. 250,265, 1925, to Commercial Solvents 
Cbrp.; BHt, Chem. Abe. B, 1927, 532. Oinadian P. 260,928. 1926; Chem. Ahn., 1926. 20. 2504. 

»C. I. B. Henning, C. E. Buyke attd^E. E. Reid, U. S. P. 1,742,506, 1,742,507 and 1,742,508, Jan. 7, 
1080, to E. 1. du Pont de NemouDi it Co.; Chem. Abe., 1930, 24, 1122, 1235. 

»P. L. Salsberg, U. S. P.. I«065,608, July 10, 1^, to £. 1. du Pont de Nemours it Co.; Chem. 
Abe., ]«$4, 28, 5667. 



46 . ALKYD RESIN SALTS 951 


position consists of cellulose nitrate, pearl essence and a salt (iron, copper, 
cobalt, nickel or manganese) of the half-acid ester of a dibasic acid 

Cobalt butyl phthalate will serve as a drier in varnish inasmuch as it is very 
soluble in turpentine and oils. An example of a varnish containing this drier 
consists of tung oil, 50 gals., linseed oil, 12.5 gals., rosin, 120 lbs., turp)entine, 125 
gals, and cobalt butyl phthalate, 1.22 lbs. Other heavy metal salts of the hemi- 
alkyl esters may be used in place of the cobalt derivative. Metal alkyl phthalates 
together with rubber, oils and cellulose derivatives yield a composition which, dis¬ 
solved in benzene or carbon disulphide, can be used as an adhesive on moisture-proof 
regenerated cellulose.^ 

By reacting two mols of vegetable oil with one mol of glycerol, the tendency is 
toward the formation of the diglyceride. The reaction may be expressed as 
follows: 


HjC—OR 
2 OR 
OR 


+ 


HiCOH H,C—OR 

H(l:OH —3 OR 

HjioH OH 


Reacting the diglyceride with phthalic anhydride, results in the formation of 
the half-acid ester. 


H,C-CR 

h<!^-or + 

ni:—OH 


c,h; 0 

V 

& 


HjC—OR 


For example 620 g. of linseed oil and 31 g. of glycerol are heated for 30 minutes 
at 250°C. in the presence of litharge or alkali which serves as a catalyst. The 
resulting linseed diglyceride is esterified with 148 g. of phthalic anhydride by 
heating for 30 minutes at 140®C. to yield the phthalic half-acid ester of linseed 
diglyceride. This product when dissolved in alcohol, neutralized with alkali and 
treated with a heavy metal salt yields the corresponding derivative. The incorpora¬ 
tion of the latter into alkyd resins reduces the transparency to ultraviolet light. 
The ferric, copper, cobalt, vanadium, cerium and titanium derivatives are effective. 
The iron compound has a greater retarding value for ultraviolet light than 
titanium but the iron colors the film. Combination of both metal salts results in 
the desired opacity and the minimum coloration.* 

Brown and Bogin* have contributed largely to the development of metal 
alkyl phthalates for use in cellulose acetate compositions. According to these 
investigators, the addition of varnish gums (dammar, kauri, shellac) to nitro¬ 
cellulose lacquers adds body, covering power, adherence and durability without in¬ 
creasing the viscosity. The use of cellulose acetate in lacquers has been limited by 
incompatibility of many resins and Cellulose acetate. Even though the components 


R. Ensminger, U. S. P. 1,93^76, Deo. 19, 1938, to £. I. du Pont de Nemouni A Cb. ; Chetn, 
Ab$,, 1934, 28. 1657. 

” E. B. Benger, U. S. P. 1,958.948, Apr. 10, 1984, to E. 1. du Pont de Nemoun A Oo.; Brit. Chtm. 
Abe. B,' 1985, 188. 

**P. L. ^Isberg, U. 8. P. 1J80,441, Nov. 18, 1984, to E. I. du Pont de Nemours A Co.; Cketn, 
/tb*., 19U, M, mr Canadian P. 8S8,0a, IftU, to Canadian Induatriaa, Ltd.; Ch*m. Abt.. IW, 37. 
4438. Britiab P. 881,168, 1931; Brit. Chtm. Abt. B, 1911, 1991. 8w atao H. Bradabaw, Canadian P. 
838,468, 1983, to Canadian Induttria, Ltd.; Chtm. Abt., 1983, 36, 4486. . _ „ 

"B. K. Brows and O. Bogin, U. 8. P. 1,191,663, July 6, 1986, to Oonunaroial Solvanta Ooip.; Bnt. 
Chtm. Abt. B, 1936, 788. Canadian P. 360,937, 19M; Chtm. Abt., 1936, 20, 3684. Oannan P. 609,987, 
1936; Chtm. Abt., 1991, 26, 886. 
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might be dissolved in a liquid without precipitation taking place, the evaporation 
of the solvent results in the formation of a fogged film. This drawback is not 
shown by the polyvalent metallic salts of the half esters of phthalic acid. The 
following equation illustrates the method of forming the compounds: 



O 

—O—C 4 H, 
—C—O—Na 

II 



+ 1 ZnCh 



Phthalic anhydride and butyl alcohol are heated in toluene at 100°C. until 
the butyl acid phthalate is formed. The solution is neutralized with sodium 
hydroxide until alkaline to phenolphthalein and then zinc sulphate is added. The 
resin is freed from solvent and water by distillation below 80°C. Alternatively the 
alkyl hydrogen phthalate is treated directly with zinc oxide in presence of an 
organic solvent.*® The zinc salt of the monobutyl ester of phthalic acid is described 
as a friable, transparent, gum-like material which is hard enough at room tem¬ 
perature so that it may be pulverized like hard rosin. It softens with increasing 
temperature to become liquid at 150°C. 

Brown and Bogin's*‘ method of using these salts to prepare a cellulose acetate- 
resin lacquer is illustrated by the following example: To 16 oz. of acetone-soluble cel¬ 
lulose acetate dissolved in 2 qts. of a solvent mixture composed of 80 per cent of a 
low-boiling cellulose acetate solvent (acetone) and 20 per cent of a higher-boiling 
solvent (diacetone alcohol or tetrachloroethane), 16 oz. of ferric or copper alkyl 
resin dissolved in 2 qts. of an identical phthalate mixture are added. Frequently 
it is desirable to add a plasticizer to produce a more elastic or extensible film; 
dibutyl phthalate may be employed in the solution in amounts up to 100 per 
cent of the weight of cellulose acetate.*" The normal monobutyl esters of phthalic 
acid are said to yield the best resins. 

By grinding a pigment in the presence of a liquid ester of phthalic acid (dibutyl 
phthalate) and a metal salt of the hemi-acid ester of phthalic acid (zinc, copper, 
iron or aluminum Butyl phthalate) a product is formed for use in nitrocellulose 
enamels. Alternatively, the pigment may be ground in presence of tritolyl phos¬ 
phate and a metal salt of the hemi-acid ester of phthalic acid.** Compounds such 
as sodium butyl glycerol phthalate, which is formed when part of the free car¬ 
boxyl group in glycerol phthalate is esterified with a monohydric alcohol and the 

U. S. P. (,779,^ Hn<l 1,779,688, 0<!t. 28, 1980, to Commercial Solvents ,Corp.; 
Brit. <fhmn. Abs. B, 1981, 069. 

** B. K, Brown and C. Buctn, loc. tU. 

^A. R. LHtmann, B. K. Brown and W. J. Bannister, British P. 250,265, 1925; Chetn. Abu,. 1927, 21. 
1961, Cbnadiatt P. 266,988. 1926; Chem. Ab$., 1926, 20, 2504. 

«C. W. SimiiM, W, J. Bannister, I,. C. Hwalleii, U. B. P. 1,864,151 and 1,864,152, June 21, 1932, to 
CbauoordMl C^.; CViem. Ahn., 1932, >26. 4486. 
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remainder of the acid is converted into a salt, together with the corresponding 
zinc, calcium and copper salts, as well as zinc isoamyl glycerol phthalate, may be 
used for plasticizing cellulose esters and as components of other synthetic resins.** 
A nitrocellulose coating containing these salts reduces the transmission of ultra¬ 
violet light. 

Bruson®* found that polyvalent metal salts of organic acids of the type 

0 X 

(H—R—iH—(CH,).—CH, 

a 

COOH 

“n,** whole number greater than unity 
‘*X,” hydrogen or alkyl group 
an aromatic nucleus 

have the property of dissolving in raw linseed, tung, soya-bean and related oils, 
as well as in turpentine, solvent naphtha, mineral spirits, gasoline and in oil 
varnishes and paints. Examples of this type of substance are n-butylbenzoyl-o- 
benzoic acid, sec-amylnaphthoyl-o-benzoic acid and sec-octyltoluyl-o-benzoic acid. 
Salts of these acids may be incorporated readily in large proportions in such 
oil compositions as linoleum, printing inks, oil enamels, varnishes and the like 
and appear to be particularly stable at low temperatures and under varying con¬ 
ditions of dilution and of oil viscosity. They function as siccatives, hardening 
agents or gloss promoters. When used as siccatives in oil enamels, they do not 
produce livering or thickening with basic pigments and show little tendency to 
**after-yellowing'' in white enamels. 

One example is as follows: to 145 g. of phthalic anhydride in 740 g. of sec- 
amylbenzene, in a vessel fitted with an agitator, are added 296 g. of anhydrous alu¬ 
minum chloride in small portions so that the temperature of the reacting mass does 
not exceed 25®C. The mixture is then stirred continuously for 4 to 5 hours and 
is next warmed to 45’C. for 6 hours. The dark brown reaction product is decom¬ 
posed with ice water or with hot soda solution. The latter procedure allows the 
alumina which forms to be filtered off, that is, after the mixture has been steam 
distilled to remove unreacted hydrocarbon. The filtrate is then acidified with dilute 
sulphuric acid and the sec-amylbenzoyl-o-benzoie acid separates as a waxy mass which 
need not be purified for the second step of the preparation. 

After washing, the crude waxy acid is carefully neutralized with a 10 per cent 
sodium hydroxide solution until faintly pink to phenolphthalein and is then treated 
with a slight excess of a 20 per cent aqueous solution ot a water-soluble salt. Cobalt 
sulphate, manganous chloride, plumbous nitrate, aluminum sulphate or copper sulphate 
and the like can be used. The metal salts precipitate out as amorphous masses, which 
are purified by dissolving in an organic solvent (toluene, ethylene dichloride or ace¬ 
tone), filtering and finally evaporating off the solvent. The aluminum, barium, cal¬ 
cium, lead, cerium, magnesium, strontium and zinc salts of sec-amylbenzoyl-o-benzoic 
acid are white, whereas the chromium, cobalt, copper, iron and vanadium salts are 
colored. The metal salt is usually dissolved in an appropriate solvent before incor¬ 
poration in the varnish, paint or printing material. Oils or varnishes of the linseed 
oil type when mixed with the above cobalt, manganese or vanadium salts correspond¬ 
ing to 0.06 per cent metal to the weight of oil show a decrease in the drying time from 
24 hours to approximately 6 hours. 

A satisfactory amylbenzene for the above reaction is obtained by condensing 
amyl alcohol with benzene in presence of a dehydration catalyst (concentrated sul¬ 
phuric acid or zinc chloride). As the length of the chain of the alkyl substitu¬ 
ent in the benzene, toluene, xylene or naphthalene nucleus is increased, the oil- 
solubility of tiie polyvalent salts increases. 

Mt. C. Swallen and F- Bannister, U. B. P. 1331,915, Deo. 8, 1983, to Commercial Solveota Oorp.; 
Chem, Abi., 1983, 36, 999. ^ ^ . « . . ^ ^ , 

» H. A. Bruapn, U. 8. P. 1,984,083, Nov. 7, 1983, to Reemous Products A CSiemical Co., Inc. 
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Nitrophthalic acid has been substituted for phthalic acid in alkyd resins. The 
manufacture of 3-nitrophthalic acid in such a way as to avoid losses due to higher 
nitration products may be carried out as follows:*® 185 lbs. of phthalic anhydride 
are agitated with 248 lbs. of concentrated nitric acid (sp. gr. 1.42), to which 322 
lbs. of sulphuric acid (sp. gr. 1.84) are slowly added. The mixture is maintained 
at 95®C. until the reaction is completed, and then cooled to 50-60°C. and run 
into 500 lbs. of water. After mixing well, the 3-nitrophthalic acid is collected 
by centrifuging or filtration. Traces of water or nitric acid are removed by 
agitation with 600 lbs. of benzene and then distilling off the water and nitro¬ 
benzene. The remaining benzene is removed either by filtration or by vacuum 
distillation. The yield is 85-90 per cent based on phthalic anhydride. 

The half esters of nitrophthalic acid may be prepared by reacting one mol 
of an aliphatic or aromatic alcohol with 1 mol of nitrophthalic acid, using a 
catalyst such as a mineral acid.*” These half esters resemble phthalic acid in 
that they will readily form soluble sodium and potassium salts on treating with 
aqueous alkali. The sodium derivatives give insoluble compounds when mixed 
with solutions containing salts of heavy metals. The heavy-metal products, al¬ 
though they are insoluble in water, dissolve in many organic solvents. These 
substances are resin-like in appearance and properties, and may serve as sub¬ 
stitutes for natural gums or resins. The zinc, tin and lead compounds are color¬ 
less; nickel, chromium and copper are greenish blue whereas iron, cobalt and 
manganese are reddish derivatives. 

Miscellaneous Compositions and Applications 

The reaction of half-esters of dicarboxylic acids with amines yields products 
such as aniline butyl phthalate, naphthylamine ethyl phthalate or monobiitylamine 
butyl phthalate.” The last-named compound is a colorless transparent syrupy 
liquid, decomposing about 150®C. and soluble in water, methyl or ethyl alcohol, 
benzene, acetone or ether. 

In the production of photographic films, the anti-halation layer can be pro¬ 
tected by a thin coating of a non-aqueous solution of a natural or synthetic resin 
containing at least one hydroxyl or carboxyl group capable of forming a water- 
soluble alkali salt.” An emulsion containing glycerol phthalic acid condensation 
products, toluene, gelatin, soap and water, with oil or wax if desired, can be used 
in impregnating paper for producing a waterproof and insulating material. 
After impregnation, the paper is dipped in an alum or formaldehyde bath.” 
Smooth paper with a high luster and good printing properties is obtained by 
mixing paper pulp with a small proportion of a metal salt of an acid ester, such 
as barium monocetyl phthalate. A binder (casein or gelatin) may also be 
added." 

The condensation products from polybasic acids and polyhydric alcohols, either 
in solution or in the form of an emulsion, may be added to aqueous solutions of 
water-soluble alkyl cellulose derivatives (as methyl cellulose). The mixture is 
then subjected, either during or after removal of water, to heat or to exposure to 
light of short wave length, films or filaments being thus obtained." 

E. R. Littmnnn, ,U. 8. P. 1,549,885. Au*. 18, 1925, to Commorrinl Solvents Corp. 

^ E. R. Littmann, U. 8. P. 1,618,209, Feb. 22, 1927, to Commercial Solvents Corp.; Brit Cheni. 
Abu. B, 1927, 340. 

*^W. J. Bannister, U. 8. P. 1,803,298, April 28, 1931, to Commercial Solvents Corp.; Chem. Abs., 
193L 31 3665. 

»Pfeneh P. 747.539. 1933, to I. G. Fartnaiind. A,-G.i Chem. Abe., 1933, 27, 5015. British P. 
8^,740; Brit. Chem. Ahs. B, 1933. 940. 

^British P. 391,350, 1933, to Knaw, Morsden A Portals, Ltd.; Chem. Ah»., 1933, 27, 4925, 

WeiHs and E. Metey, German P. 557,237, 1930, to Zschimtner A Scltwarz Chem. Fubr.; Chem. 
AbM » 1933, 27, 416. 

British P. 308,284, 1927, to 1. C. Farbenind. A.-G.: Chem. Abe., 1030, 24, 239. 
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Alkyd Resins. Uses in Coatings 


It is well known that nitrocellulose solutions give hard quick-drying films. In 
the development of lacquers employing cellulose esters it was noted that improve¬ 
ments in gloss, adhesion and durability were secured by incorporation of limited 
amounts of natural resins. Later observations showed that unusual improvements 
resulted when synthetic resins were employed. 

Synthetic resins of the alkyd type have proved themselves preeminently 
adaptable for use in the preparation of coating materials. As will be seen in 
the following pages they are frequently utilized as the sole binding agent. They 
also find very extensive application in conjunction with nitrocellulose. As a 
preliminary to the discussion of the actual application of alkyd resins for coat¬ 
ings, some consideration must necessarily be given to the general properties and 
uses of such coatings and to tests which have been made to determine their 
weathering qualities. 


General Properties op Alkyd Resin Coatings 

Synthetic resins' of the glycerol phthalate type are now manufactured under 
several trade names such as ^^Glyptal,’'* ‘^RezyV ^^Teglac,^** ^^AlkydaV* and 
''Dulux'’;® variations in properties being made according to the purpose for which 
the finished product is to be utilized. 

Glyptal lacquers* are resistant to all the heavier mineral oils and, after baking, 
will also resist such substances as gasoline and kerosene.^ They are unattacked by 
weak acids and alkalies, and will withstand temperatures of 3(X)®C. They are 
adaptable to the covering of metallic surfaces (aluminum or galvanized iron) which 
are normally difficult to coat. A tenacious adhesion is, in fact, one of the out¬ 
standing properties of these lacquers, and they produce finishes which are smooth, 
readily cleaned and, as a rule, resistant to abrasion. These lacquers are applied 
by spraying, brushing or dipping; they air-dry in 30 minutes, may be handled in 2 
hours and will set hard in from 8-10 hours. The drying time is greatly accelerated 
by heat.* 

^ For a review of the use of synthetic resins in lacquers see R. C. Martin, Metal Cleaning and 
Finithing, 1988, 5, 808, 281; Chem. Abn., 1988, 27, 8840, 4428. H. Kulln. Farbe u. Lack, 1988, 89, 81; 
Chem. Abe., 1988, 29, 8180. W. Krumbhaar, Verfkroniek, 1988, 8, 13; Chem. Abt., 1988, 29, 8|74. 
R. Ditmar, Caoutchouc et gutta-percha, 1986, 32, 17097, 17131; Chem. Abe., 1988, 29, 8419. E. Fonrobert, 
Verfkroniek, 1984, 7, 388; Chem. Ab*., 1988, 29. 8180. 

*The Qlyptal resins are a product of the Genet al Electric Co. 

* The RwU and Teglacs are products of the American Qyanainid Co. 

* Atkydal resins are manufactured by the 1. O. Farbenindustrie A.-Q. 

*DuIux was developed by the £. I. du Pont de Nemours A Co. and manufaetiarod also by the 
Nobel Chemieal Finishers, Ltd. (Imperial Chem. Ind., Ltd.). 

•L. E. Barringer, Oenerol Blectnc Rev., 1929, 82 (19), 600; Chem. Abe., 1980, 34, 1884. 

McE. Sanderson (Paint, Oil, Chem. Rev., 1988, 95 (11), 38; Chem. Abe., 1988, 37, 8888) has 
discussed the coneiderattons ffoveming the selection of solvents for aUcyd solutions. See also Beck, 
Koller A Oo., Paint, OH,'‘Chem. Rev., 1984, 96 (10), 18; Chem. Abe., 1984, 28, 4854 for observations con¬ 
cerning the solubility of alkyds with respect to the tolerances of a number of resin solutions for denatured 
aloohm, ethyl acetate end mineral spirits, and W. J. Sweeney and J. A. Tilton, (M. Bna. Chem., 
1984, 36, 698) for hydrogenated naphthas as solvents for alkyd resins. For the use of a hydrogenated 
petroleum oil (Hydrosolvent) as a solvent for drying oil alk>ds, see W. H. Wright, U. S. r. l,m,fllf 
Oct. 88, 1984,.to S^enectady Varnish Go., Inc.; Chem. .Abe., 1985, 39, 866. 

*The kinetics of tlie baking process of oil vanitshcs has been studied by R. H. Kieule (tnd. Sng. 

Chem., 1980, 22, 1870). * 

m 
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Teglacs, although originally developed for use in lacquers, are now finding promi¬ 
nence in both varnishes and enamels. They are essentially phthalic glycerides 
modified with natural resin acids. Certain of the Teglacs provide a better 
combination of hardness and toughness than is secured by ester gum. In lacquer 
enamels they do not impart durability to the extent of the Rezyls, so that they 
find application chiefly in the sphere of indoor finishes, especially in clear fur¬ 
niture lacquers where hardness and high refractive index impart wearing qualities 
and high gloss. They are not readily soluble in oils, but dissolve easily in 
cold toluene, in Cellosolve or in petroleum distillates. They are hard and have 
a low solvent retention, so that they rub well and are well adapted for use in 
lacquer sanding sealers. 

The Rezyls fall into two classes depending upon whether saturated or un¬ 
saturated acids enter into their composition. The saturated Rezyls, also known 
as the lacquer type of Rezyls, may further be sub-classified as to their compati¬ 
bility with cellulose acetate or nitrocellulose. The application of the saturated 
Rezyls in lacquers depends largely on their stability to ultraviolet light and to 
their retention of gloss and color on exposure to weather. They have, accordingly, 
been largely used in pigmfented lacquers for automobiles, and in architectural 
brushing lacquers. They have also been used in the production of clear lacquers 
for bright metal hardware. Because of toughness, color-retention and good 
solubility, a comparatively low proportion of nitrocellulose is necessary. Rezyls of 
this type are produced industrially in the form of pale-colored viscous liquids or 
solid resins softening at 60^69®C., the acid number varying from about 20-35 
according to type. They are completely miscible with nitrocellulose and com¬ 
patible with other lacquer resins, so may be worked in almost any formulation of 
materials without difficulty. They are soluble in toluene or xylene, or in some 
cases better, in toluene- (or xylene)-ethyl acetate or butyl acetate mixtures. 
Dissolved in medium- or high-boiling solvents, they may be used as the vehicle 
for grinding pigments. Highly basic pigments, such as zinc oxide, are not recom¬ 
mended by the manufacturers for use with these resins. 

The unsaturated oxidizing Rezyls are used to some extent in lacquers but 
find their most extensive application as binders by themselves or in combination 
with drying oils and resins. They find a wide variety of uses among which can 
be mentioned drum enamels, freight car paint, house paint, white baking enamel, 
truck enamels, sign finishes, auto undercoats and printing inks.* Further treats 
ment of this type of rqsin as a coating material will be deferred to the following 
chapter. 

There is also a series of high-acid Rezyls for use in aqueous ammonia solu¬ 
tions. The “Ellisols*' are a related series of ammonia-water-soluble resins which find 
application in the impregnation of paper and cloth.'" 

The Alkydal resins" are free of natural resin (show no Storch-Morawski re¬ 
action) and contain, moreover, no free fatty oils. The absence of phenols en¬ 
hances their resistance to the action of light. Various grades of quick-drying 
and baking compounds are produced, which may supplant the usual drying oils or 
may be admixed with nitrocellulose. The air-drying Alkydals may be some¬ 
what modified by incorporation of small amounts of other natural or synthetic 
resins, or ester gums; they may be used with any of the usual inorganic pig¬ 
ments, although the use of zinc oxide requires careful formulation on account 
of the acid number (20-30). The baking Alkydals are designed to dry at 100- 

*J. MeS. Sandflerson, Paint, Oil, Ohem. Rev., 1934. 96 (12), 11; Pla*tic Products, 1084, 10, 141. H. 
CliaM, Kkt. Uh., 1934, 14 (1), 23; CW Abi., 1934, 2S. 3690. 
ebaptor 46. 

^ For taati with Atlordal reiiiM ace H. Wolff and B. Rouen, parben^Ztg., 1033, 38, lOOC; Brit. Chem. 
Abs. % 1933, 636. 
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120®C. in one-half to one hour, the addition of about 10 per cent of natural (e.g., 
dammar) or synthetic resins assists rapid baking and minimizes the tendency to 
wrinkling found in viscous enamels. Phenolic resins are said to be unsuited 
for incorporation in this way. Cobalt driers may be added to produce wrin¬ 
kled and frosted finishes. Alky dais are compatible with nitrocellulose, pro¬ 
ducing finishes of a high gloss, and particularly free from chalking, which are 
not, however, suited for sanding and rubbing. The Alky dais may be adihixed 
with drying oils. 

Dulux is a drying oil-modified glycerol phthalate resin of extreme hardness 
and elasticity and permits rigorous treatment of the coated article without flaking 
or cracking of the film. This will also be treated in a subsequent chapter. 

^ Detection op Phthalate Type Resins 

The density of glycerol phthalate varies from 1.33-1.42, and that of ethylene 
glycol phthalate from 1.31-1.36; the refractive indices in each case being about 
1.56-1.58. Heated m a Pyrex tube over a free flame a phthalate resin will give 
a white sublimate of phthalic anhydride which can be identified by its reaction 
with resorcinol to form fluorescein.“ Scheiber^ recommends the procedure of 
heating resorcinol and sulphuric acid with the alkyd resin whereas CannegieteP* 
is in favor of omitting the acid, inasmuch as it leads to charring. A more ac¬ 
curate method” involves refluxing the resin in the presence of benzene and alco¬ 
holic potash. After distilling off the benzene and alcohol, the unsaponifiable mat¬ 
ter is extracted with ether, acidified with hydrochloric acid and further extracted 
with benzene. The phthalic acid is then precipitated with lead acetate in faintly 
alkaline solution and the precipitated lead phthalate converted to lead sulphate 
and weighed. 

Apart from qualitative tests, which are reliable methods of detecting phthalates 
in a coating composition, data relating to specific gravity, refractive index, saponi¬ 
fication number, nature of saponifiable matter and melting point may all be applied 
in the examination of supposed alkyd resins.” 


Exposure Tests with Alkyd Resins 


Gamble and Stutz” have studied the light-transmission characteristics of a 
number of synthetic resins (see Fig. 128). The glycerol phthalate' resins were 
found to be fairly transparent at wave lengths greater than 3(XX)A.“ The resins 


T. F. Bradley (Ind. Kriy. Chem., Anal. Ed., 1931, 3, 308) has worked out qualitative testa for the 
detection of phthalate reeina. The resorcinol test is as follows: “Heat from 0.25 to 1 g. of the resin in 
a test tube with from 2 to 3 times this amount of pure resorcinol to the boilmg point of the resorcinol 

(205* to 210*C.) for several minutes. Cool and extract with boiling water with agitation of the fused 

mass. Dilute to from 50 to 100 cc. with distilled water. Render slightly alkaline with dilute aqueous 
sodium hydroxide solution, when, in the event that phthalates are present, a typical greenish yellow 
fluoresemioe of fluorescein will result.^' The test is also applicable to the sublimate (O.M g. or more) 

which may be formed on strong fusion of the resin. It is applicable to the detection of phthalate 

plasticisers in lacquers. 

The phenol test is carried out in the following manner: “A less sensitive but useful confirming test 
involves the treatment of the resin (or other form of phthalate) with phenol and a condensing agent to 
form phenolphthalein. Heat 1 gram of the resin with from 2 to 3 times this amount of pure phenol 
and 10 drops of concentrated sulphuric acid in a test tube over an open flame until visible reaction occurs 
with formation of an orange or brownish orange melt. Avoid undue charring of the resin by limiting the 
amount of sulphuric acid and the time and temperature of the operation. After cooling the melt some¬ 
what, extract it with boiling water, with agitation, dilute to 100 oc., and render slightly alkaline with 
aqueous sodium hydroxide solution. The typical pink of phenolphthalein as exhibited in alkaline solu¬ 
tions is a positive test for phthalates.” 

u J. Scheiber. Farha u. Lodt, 1988, 592; Brit. Chmn. Abt. B, 1984, 150. 

Cannegieter, Verfkroniek, 1984. 7. 250; Cham. Abs.. 1985, 29, 2008. 

»H. Ulrich, Forbe u. Lack, 1984, 818; Brit. Chem. Aha. B, 1984, 804, 

MSse Chapter 04, 

IT D. L. Gamble and G. F. A. Stuts, Ind. Sng. Chm.» 1929, 21, 880. 

^A filter opaque to rays of wave length greater than 2900 A is formed from a cellulose derivative 
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made with glycol, and also the glycerol-phthalic anhydride-oil resins had about the 
same transparency. Kraus** examined the degree of yellowing when various resins 
and plasticizers were exposed to ultraviolet light separately and in admixture 
with nitrocellulose. The degree of yellowing was not additive, but was always 
greater than the sum of the individual yellowing effects, indicating that the ef¬ 
fect is due, in part, to reactions among the components of the lacquer. Espe¬ 
cially good light-resistance was shown by lacquers containing glycerol phthalate, 
according to Kraus. Of the synthetic resins, alkyds in conjunction with diamyl 
phthalate gave the best weather-resistance." 



Experiments conducted by Brendel** showed that nitrocellulose lacquers con¬ 
taining alkyd resins remained almost intact after 7 months outdoor exposure. 
The durability of films containing this tyj^ of resin was not a function of the 
viscosity of the nitrocellulose, a comparatively low proportion of which should 
be used. The exceptional durability, quick-drying and highly water-resistant sur¬ 
faces offered by compositions containing nitrocellulose and phthalic anhydride- 
glycerol resins have led to their adoption under exacting conditions such as 
those which arise in aircraft manufacture." 

Gardner" has carried out tests with varnishes containing alkyd resins exposed 
to salt-water air. A lacquer containing equal parts by weight of nitrocellulose 
and glycerol phthalate-plasticized resin failed in 9 days after application of one 
flow coat. The steel under the film showed very slight rust. This lacquer was 
better than a combination phenolic-phthalic a^ydride glycerol ester-tung oil 
varnish tested under the same conditions. The protection afforded against the 


eoMining sodium phth^lie i^ydrid# and poUasium acid phthalate, according to R. B. 

I^hrow, V. a. F. 1,MS,714, Dec. U, IMS, to General Development Lab., Inc.; Brit. Cnim. Abt. B, 
ltw4f 

T* A. Kraua, Farhe a. Lack, 1990, 200, 221 ; Chem. Abt.„ IMO, 24, 4174. 

•A. Kn^ Farbm^Zig., 1994. 99. 1192, 1241; Cham. Abt-, 19M, 29, 1268. See P. H. Paucett, Drvg$ 
OiUjmd Paints, 19M. 49. 498; Brit. Chem. Abt. B. 1219, 919. eauc«^, umgB, 

Brendet. Parbm^Chemu 1982, 9. 190; BrU. Chem, Abt. B, 1082, 018. 

21- Tatting M^eii^im, (88). 87; Chem. Abt., 1981. 25. 1090. 

W., 4. 94: Circ., Sci. Sac. Sdueatum Bureau, Am. 

Paint, KoraiM Mfrt. Auea„ 112^ 989* 078; Cham. Aba., 1929^ 29, 292. 
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rusting of steel, for sub-sea-water service, was tested by exposure at 45® in¬ 
clination during the day and inunersion in 3 per cent sodium chloride during the 
night for six months. Addition of alkyd resin to linseed oil paints and reduction 
of pigment concentration was without advantage save in the case of the basic 
lead chromate paints.** Other tests on spar, semi-spar and rubbing lacquers 
again emphasize the superior weathering properties of compositions containing 
alkyd resins (see Fig. 129). A number of Rezyls were employed in these tests." 

Van Heuckeroth" has examined the effect of various plasticizers used in a 
series of lacquers submitted to exposure. A lacquer containing Rezyls*' gave 
the best results on red cedar and (in other exposure tests) on metals previously 
coated with various primers. Alkyd-type primers were found to be superior 



Courtetiy American Cyanamtd A Chemical Corporation 

Fig. 129. — Comparative Durability of a Rezyl Lacquer (left) and an Oleo-Resinous 
Spar Varnish Exposed under Identical Conditions. 


to the oleo-resinous variety. Bolme* also carried out exposure tests on nitro¬ 
cellulose lacquers and alkyds, using various accelerated weathering devices. Get- 
tens* found that alkyd resins have a low moisture-permeability and, on this basis, 
are useful in coating materials for the protection of works of art. The dura¬ 
bility of a lacquer coating is found to increase with the Rezyl content, which is 
not the case with other resins. For exterior clear finishing lacquers of great 
durability on both wood and metal surfaces, three to four parts of Rezyl to one 
part by weight of nitrocellulose gave good results. For automobile and furni¬ 
ture lacquers more nitrocellulose should be incorporated. Koike," in a study of the 
weathering tests of nitrocellulose lacquers on wood, emphasizes the fact that 
by using appropriate ground coats alkyd resins improve the coating. As shown 
by exposure tests, pigments have a definite effect on the durability of the paints 
prepared from drying-oil alkyds and bodied linseed oil." A glaze for walls and 
tiles said to be resistant to weather and acids is produced by applying in the 


A. Gardner and Q. G. Sward, Am. Paint, Vamith Mfr$. Aieoc., IMS, 417, 363; Brit. Chem. 

* A*. W. Van Heuckeroth and H. A. Gardner, Circ., Am. Paint, Vaminh Mfr$. Ateoe., 1630, S$t, 47; 

Brit, Chem, Aht, B, 1680, 683. _^ 

••A. W. Van Heuekeroth, Circ,, Am. Paint, Vamieh Mfr$. Aitoc., 1681, 896, 877; Bnt. Chem. Abt, 
B, 1683, 188. „ ^ 

•^Rewl No. 16 and Reiyl balsam No. 33. ^ ^ -a-,, 

•8, Bolme, Cite., Am. Paint, Vamith Mfrt. Attoc., 1681, 404, Z550; Chem. Abt., 1688, 30, 1188. 

••R. J, Qettena, Tech, Studies Fteld Fine Arte, 16Ih, 1, 68; Chem. Abt., 1688, 27, 488, 

••F. Koike, Nkroedlulote, 1688, 4, 306; Chem. Abt,, 1684, 28, 1884. 

*|>B. A. Sevan and F. J. Siddle, Paint, Vamith Prod. Mgr,, 1934, 38. 
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cold a mixture of quartz, Sorel cement, magnesium sulphate and nitrocellulose, 
then applying a further coat of nitrocellulose and glycerol phthalate resin and a 
final hardening lacquer containing acetyl cellulose “ 

Alkyd Hesin Coatings on Metals 

The alkyd resins find one of their most promising fields of application in the 
coating and protection of metal surfaces.*** One method of utilizing the resin 
is as an ingredient of a paint consisting of finely divided aluminum suspended 
in a volatile solvent in which the resin (from an equimolecular mixture of glycerol 
and phthalic anhydride) has been dissolved. The metal (iron, steel or copper) 
is coated with this paint, the solvent is allowed to evaporate, and the metal is 
heated to SSO^’C. to volatilize the resin. Final heating is carried out at a still 
higher temperature to cause the aluminum to diffuse into the surface layers of 
the metal.” Mjetal powders other than aluminum may be used; zinc, copper alloys, 
silver and gold powders have been suspended in a solvent consisting of butyl alco¬ 
hol, toluene and naphtha with an alkyd resin modified with drying oils and 
drying oil acids together with a small percentage of rosin. Paints containing 
zinc or aluminum may be applied directly to iron or copper and the zinc and 
aluminum alloyed by heating.** 

The chief difficulty which arises in connection with the use of cellulose lacquers 
on metal surfaces is the fact that such lacquers have a tendency to crack away 
from the surface to which they have been applied.” The disadvantage has been 
successfully overcome by providing the metal surface with an underlying or 
priming coating of a resin of the glycerol and phthalic anhydride type.” In some 
cases plasticizing agents (indene, glycol diacetate, diethyl phthalate, anisole, tri- 
acetin or tricresyl phosphate) may be introduced with advantage into the resin 
during its manufacture. A solution of the glycerol phthalate resin in a solvent 
consisting of 30 parts of acetone, 30 parts of benzene, 30 parts of alcohol and 
10 parts of ethyl lactate by volume may be used. Such a solution of 0.925 specific 
gravity at 60®F. is suitable for spraying. A film produced by spraying is first 
air-dried and subsequently baked for 20-40 minutes at 125-175®C. Under these 
conditions, the resin is transformed into the B-stage. The adjustment of time, 
temperature and other baking conditions must be such as to expel all of the sol¬ 
vent from the lacquer and render the coating non-tacky, but still soft enough 
to provide the proper anchorage for the cellulose lacquers to be superimposed. 
When a'high-boiling solvent is present some of it will be retained in the baked 
resin, thereby increasing its flexibility. A cellulose lacquer in a solvent con¬ 
sisting of butyl phthalate, dibutyl phthalate, ethyl lactate, ethyl acetate, glycol 
diacetate or similar volatilizable material is then applied by spraying. The solvent 
of the cellulose lacquers softens the underlying resin somewhat and thereby binds 
the two films together. The time required for baking the resin coating, and also 

** Swiss F. 107,098, 1984, to A.-O. Internationale Patentverwertung; Chem, Abs., 1035, 29, 570. 

Sm B. Scheifle, Paint. Vamieh Ptod. Mfff., 1985, 12 (June). 14. 

PJ. O. E. Wright, U. S. P. 1,829,038, Oct. 27, 1981, to General Electric Co. ; Chem. Abs., 1982, 26, 
091. British P, 850,250, 1980, to British Thomson>Houston Co., Chem. Abs., 1983, 27, 305. French 

P. 706,065, 1980, to Compagnie franoaise Thomson-Houston; Chem. Abs., 1082, 26, 76. German P. 558.674, 
1929, to Allgem. Blektricitats-Ges.; Chem. Abs., 1988, 27, 615. 

ML. V. Adams, Btiti^ P. 337,6^, 1929, to BrithOi Thomson-Houston Co., Ltd.; Chem. Abs., 1981, 
25» 2810. Canadian P. 818,728, 1981: Chem. Abs., l93l, 25, 5804. 

*>P. W. Ham (O0leud Digest, Fed. Paint Yaenish Prod. Clubs, 1984, 135, 102; Chem. Abe., 1034, 28, 
8608) in a study of the problem of "lifting" on reooating, found that only heat-convertible oils and 
rasitts lift and the tendency reaches a maxtOHim in a few days and then disappears. A lacquer thinner 
wilt dissolve the 61m before this maximum is reached but not after. A fllm which remains soluble may 
h$ reoogted 1^ spraying and will not Uft 

E. Barringer, U. 8. P. 1,772,748, Aug. 12, 1980, to General Electric Co.; Chem. Abs., 1980, 24, 
5m. British P. 288.)68, 1937, to British Thomson-Houston Co., Ltd.; BHt. Chem. Abs. B, 1928, 680. 
Pnsiieh P. 649,884, 1927, to Oompagnie fran^ise Thomson-Houston; Chem. Abs., 1929, 23, 2841. 
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the baking temperature, may be reduced by converting the A«stage alkyd resin 
to the C-stage in mass, before it is applied to the surface to be coated. The 
otherwise insoluble resin in this case is dispersed in a solvent by heating the resin 
in contact with the solvent in a closed vessel. Glyptal resin, for example, may be 
dispersed in acetone by heating at 150-170®C. in an autoclave for 36 hours. 

A Glyptal baking lacquer (839-P) may be used with or without pigments on 
glass, glazed or unglazed porcelain, aluminum, copper, brass and a great many 
other metals.*^ It may be applied by brushing, dipping or spraying, to yield 
a flexible, insoluble, adherent and color-permanent coating. For spraying it should 
be thinned about 60 per cent with equal parts of alcohol and benzene. The pig¬ 
ments which may be employed are given in Table 47; when no pigment is used, 
a dark-yellow coating is obtained. Temperature and time are given in Table 48. 

Table 47 .—Pigments for Use in Gl]tptal Enamels. 

Green: Chrome green, prussian blue, chrome yellow 

Red; Vermilion, chrome red 

Blue: Prussian blue, ultramarine 

Yellow: Cadmium yellow, chrome yellow, yellow ochre 

White: Lithopone, timonox, titanox, pure titania, blanc white 

Black : Gilsonite, coal-tar or wood-tar pitch, carbon black 

Table 48 .—Temperature and Time for Baking Glyptal (839-P) Films. 

Temperature in ®F. Time in Hours 

260 10 

300 4 5 

350 .. . 2 

400. 1 

450. .. 25/60 

According to Van Heuckeroth^s” exposure tests, alkyd resins are superior to 
an oleoresinous product as metal primers under lacquers.** In finishing processes, it 
has been found that a lacquer has a rough surface due to uneven flowing, uneven 
surface shrinkage and due also to accumulation of spray dust and dust from the 
air. Smoothing of the coat can be accomplished by sanding and mist spraying. 
The latter procedure can be avoided by coating the articles with an alkyd resin, 
rubbing down with an abrasive material and then heating to 70-120®C. to elimi¬ 
nate the abrasion marks and to produce a smooth lustrous finish.^ A method of 
treating aluminum vessels, developed by Brossman,*^ consists in scouring the 

vessel, filling it with an alkyd resin, heating to 90-110®C. for from 10-24 hours 
under a pressure of 90 lbs. per square inch, draining and baking at the same tem¬ 
perature for 10-12 hours to harden the resin in the pores. In finishes for zinc 
and aluminum die-cast parts, particular care in cleaning is necessary due to the 
variable porous nature of the castings. Baked-on alkyd enamels are preferred 
for finishing operations.^* Another coating material for metal surfaces consists 
of a mixture of a synthetic resin which is capable of being hardened (phenol- 

« General Electric Co., Special Products Section Circ. GEA, 1927, (8ept.), 840. 

** A. W. Van Heuckeroth, Cvrc., Am. Paint, Vaifiish Mfrs. Assoc., 1981, 399, 377; Chem. Abs., 1932, 
26. 608. 

**The use of clear top varnishes on lithographed metal advertising signs in order to obviate the 
chalking and fading of certain colors is reoommmded by H. A. Gardner (Amer. Paint, Vamtsh Mfrs. 
Assoc., 1938, 437, 280; Brit. Chem. Abs. B, 1933, 1068). Promising tests were shown by nitrooelluloee and 
Resoglas (polystyrene) plasticised with 25 and 50 per cent, respectively, of diphenyl phthalate, nitro> 
(vllulose lacquers with a high resin content of Resyl No. 19 and Resyl Balsam No. 33, and a 
'‘44«gal.'* modified phenol-formaldehyde-tung oil varnish. A baking oil primer is needed. 

"F. M. Crystler, U. S. P. 1,904.417, April 18, 1983, to Jones-Dabney Co.; Brit. Chem. Abs. B. 
1938, 1022. 

R. Brossman, British P. 375,012, 1981, to British Thomson-Houston Co., Ltd.; Bnt. Chem, Abs. 
B. 1982. 989. 

^H. Chase, Bynthetic md Applied Finishes, 1984, 5, 203; Brit. Chem. Abs, B, 1935, 32. 
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fonnaldehyde or alkyd resin) with silicon or an acid-proof metal silicide. This 
is applied to metal tanks, enamelled apparatus and ceramic ware as a coating or 
lining, and subsequently hardened. Alternatively the resin may be applied and 
the silicon then incorporated before the hardening process.^ A gold leaf decal- 
comania type of decoration can be applied to a surface of lacquered steel by 
means of an adhesive which includes an alkyd resin, with an overlying coating 
consisting of an oil-modified resin of the same general type.^* 

Another application of the alkyd resins is in the coating of tin cans to prevent 
the discoloration of crab meat. Due to the sulphide content of crab meat, it 
is necessary to keep metals from immediate contact. A lacquer consisting of 20 
per cent of an alkyd resin, 40 per cent combined linseed and tung oil and 40 
per cent petroleum thinner containing drier is sprayed on to the tin plates and 
baked at 250-375® F, The resulting coat is a non-conductor of electricity, im¬ 
pervious to moisture and contains no ingredients which will form sulphides.^ 


Use op Alkyd Resins in Printing 


Alkyd resins have found a number of applications in connection with the manu¬ 
facture of inks for plain or relief printing.** Thus Fleischmann and Jordan*^ have 
prepared intaglio printing colors from a finely dispersed coloring material and a 
solution in a volatile organic solvent of an alkyd resin. The following examples 
illustrate the compositions used:" (1) Hie condensation product of glycerol, lin¬ 
seed oil, phthalic anhydride and rosin is dissolved in toluene, with Lithol Fast 
Scarlet R ground in; a drier being added if necessary. (2) Chrome yellow is 
added to a solution in benzyl acetate of the condensation product of ethylene glycol 
monolinoleic ester, glycerol and phthalic anhydride, with which lead-manganese 
resinate is subsequently incorporated. (3) Nitrocellulose, a rosin-modified glycerol 
phthalate and dibutyl phthalate are dissolved in ethylene glycol monoacetate and 
cyclohexanol and the resulting solution is ground with zinc green. > 

Scheiber" has employed for the preparation of printing ink a vehicle contain¬ 
ing the ester of a polyhydric alCohol with 9,11-octadecadiene-l-carboxylic acid 
which is prepared by the vacuum distillation of castor oil acids. The esters may 
be 'boiled to an appropriate consistency before use. Davis," in forming a type- 
impressible stencil sheet, used a glycerol phthalate resin made up from 200 parts 
of phthalic anhydride and 100 parts of glycerol. The reactants were heated for 
an hour at 185®C., whereupon the temperature was raised slowly to 210®C. and 
kept at this point until a sample on cooling gave a clear, brittle, yellow-colored 
resin without appreciable tack and with no stickiness. To 225 cc. of a 10 per cent 
solution of this resin in acetone were added 45 cc. of castor oil, 30 g. of chlorinated 
naphthalene, 15 g. of Japan wax and 15 cc. of paraldehyde^ 4 sm^U amount of 
nitrocellulose may also be added and the material is t^ Coated onto a support 
stich as yoshino paper and dried. The mixtuio. foinhs a hcmiogeneous semi¬ 
fluid mass at ordinary temperature. / * 


British P. 178.047. 1981. to I. Q. Ftri>eiiiiid. A.-0.; $Ht, Chem. Ahs. B, 1988. 908. 

R. Ensmiiifer. U. 8. P. 1.878.181. Aug. 18. 1988. to E. I. du Pont de Nemours A Q>.; Chetn. 
Abt., 1988. 88, 8068. British P. 408.899. 1988; Bril. Chem, Abs. B, 1984. 884. OMisdian P. 337.888. 1988. 
to Osnsdian industrier^ Ltd. ; Chem, Ab$,, 198^ 2L 1818. 

J. Donovan. U. 8. P. 1,911040. J^no 17, 1918. to Nathan Hirach; Chem. Aba., 1988. 27, 4801. 
^£. Kndbel. A. and H. Oaroian P. 99i;458. 1984. to I. Q. Farbenind. A.-Q.; Chem. 

Aba., 1984, 29, 8998. W. K 189.187. 1988 ; Chem. Aba., 1984. 29, 1998. 

^BL Fleiidimatni and O, Jordan, uT A W* 1,787W. Dm. 10. lA. to I. O. Faibenind. A.-O.; Chem. 
Aba., 1981, 27, 988. BrUiili P. VmiBrU, Chem. Abs. B, 19W. 86. French P. 871.088. 

P. tiUfI, IttCidda. to 197977. to 1. Q. Farbanind. A.-Q.; Chem. Aba., 1981, 2S, 2011. 
Fifnoh P. 780m 1999 aiKl Chem. A^ 1981, 29, 8888, 8184. 

SohaiKr. Oaemn P. mjtlf and 922.491. 1118; Chem. Aba., 1981, 25, 8184. See Chapter 48. 

»A. B. Datia, 17. 8 . P, Nov. 19. ikt, to A. B. Disk; Chem. Abl, 1928, 22, 489. 
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Manufacture of Laminated Glass 

The condensation products from glycerol or glycol and phthalic acid have 
found application in the manufacture of laminated glass. The good adhesive 
properties of the alkyd resins, coupled with the fact that they do not darken 
appreciably on prolonged exposure to light, render them useful in this connec¬ 
tion. Zola" em^oyed as a basic resin for this purpose the product of condensa¬ 
tion of glycerol with adipic or sebacic acid. Such a resin alone has a tendency 
to show sheeting lines in the. laminated product, and to avoid this difficulty 
other resins are added, among which are other alkyd resins, phenol-formaldehyde 
resins, toluenesulphonamide derivatives and ester gum. The basic resin is ordi¬ 
narily compounded with 60 per cent of toluene. The basic with the added resin 
is then dissolved in a solvent consisting of 45 per cent of heavy naphtha, 45 per 
cent of toluene and 10 per cent of ethyl acetate. In compositing the sheets of 
glass and cellulose ester plastic, the resin solution is sprayed in a thin film, which 
is allowed to dry in the atmosphere. The sheets are then placed together and the 
sandwich is exposed to heat and pressure. In a later development Zola“ has 
used fatty acids or oils (castor, linseed, maize, tung and soya bean oil) as modi¬ 
fiers for the glycerol-phthalic anhydride resin. 

Field and Haslett" have also employed alkyd resins either alone or mixed with 
other synthetic resins (phenol-formaldehyde or phenol-urea-formaldehyde) for 
manufacturing non-splintering glass. The mixed resins may be applied alone 
or with other materials such as Canada balsam, euphorbiunx resin or cellulose 
ester solutions. Sprenger" made a similar application of condensation products 
of the glycerol-phthalic anhydride type. 

Laminations of glass, wood, textile materials or cellulose acetate sheets may 
be assembled in a bath containing an alkyd resin in the A-stage of condensation." 
The resin is used in a solvent consisting of ethyl and butyl lactates and dichloro- 
ethylene. After removal from the bath the composite material is consolidated by 
compression at 300 lb. per square inch at 90-130°C. 

Another method of manufacture of non-splintering glass is to utilize for 
cementing purposes one or more polybasic acid-polyhydric alcohol condensation 
products in a warm liquid oi^ viscous condition. Cellulose derivatives or polyvinyl 
esters m^ also be incorporated." The resin may also be applied in solution 
to the glass, dried and polymerized and the glass sheets then pressed on to the 
sheet of cellulose material." 


Applications of Alkyd Resins in Coating Compositions 


Kienle and Adams” treat a solution of resin prepared from glycerol and 
phthalic anhydride containing excess acid, with an alkali to neutrality. The 
clear solution, decanted from the insoluble salts, can be mixed with basic 

J. C. Zola, U. S. P. 1,900,686, March 7, 1933, to Duplate Cbrp.; Bnt. Chem. Abs. B, 1984, 96. 

“ J. C. Zola. U. 8. P. 1,920,619, Aug. 1, 1933, to Duplate C3orp.; Chem. Abe., 1983, 27, 4896. 

®»C. H. Field and D. Haslett, British P. 321,178, 1928 ; Bnt. Chem. Abe. B, 1930, 13. 

R. Sprenger. German P. 557,166. 1929, to Allgemeine Elektnnit&ts-Oes.; Chem. Abe., 1983, 27, 390. 

" W. C. I^ugan, British P. 855,604. 1930, to Newtex Safety Glass Co., Ltd.; Chem. Abe., 1933, 27, 
580. 

M British P. 372,579, 1931, addn. to 363,938, to I, G. Farbenind. A.-G.; Brit. Chem. Abe. B, 1932, 
726,362. French P. 715,684. 1981; Chem. Ah*;. ?W2. 26, ,2039. See Chafer 45. 

•'French P. 673,668, 1928, to Soo. anon. ^nt-Gobam, Chauny et Cirey; Chem. Abe., 1930, 24, 256& 

a*S^to and L. V. Adam,, U. S. P. Deo. J. 1»»0, to EImWc Co.: CAejj. 

Afc,.. ini, *S. 4*4. Britiih P. **4,*4J, 1M7. to Britiah Thomeon-Hourton Oo., Ltd.; Ch^Ab*., 1«8, 
a*. 48M. Owman P. «#5,78T, 1»**, to Allgemeine El«ktncitllt#-Q*i.! Chem. A6«.. m «. *Ml. 
Canadian f. 380,987, 1938, to Canadian General Elec. do.; Chem. Abe., 1938, 22, 8056. See (Aiapter 46. 
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pigments to form enamels. Litharge may be used as an ingredient in the prepara¬ 
tion of a composition which consists of a drying oil acid-modified glycerol phthalate. 
The components are heated at 170-225°C. for 2.5-6 hours during which time 
1-10 per cent of litharge, based on the weight of resin, is slowly added with agita¬ 
tion. The resin is cut in a solvent to remove excess litharge and any insoluble 
lead compounds. This treatment is found to impart improved water-resistance, 
increased rate of set-up and increased hardness.™' The coatings formed are free 
from after-tack.** Alkyd resins incorporated with an inorganic softening agent 
(graphite, asbestos powder or talc) and a filler (red lead or litharge) are said to 
yield a resistant, acid-proof coating.'*' In this instance, for coatings consisting of 
multiple layers the hardening agent may be added to the final layer, the softeners 
being conhned to the lower layers. 

Barringer®* has described an alkyd resin coating applied to an asbestos com¬ 
position backing. A sheet composed of asbestos and portland cement is used as 
the foundation, this being given one or more coats of a solution of glycerol phthalate 
resin followed by baking the article for ten or twelve hours at 150-200°C. to con¬ 
vert the resin to a hard insoluble form. An alternative method of applying the 
coating is by sifting the powdered resin upon the surface while the article is 
at a temperature of about 200°C. The first coat is usually clear and acts as 
a primer. Indene, dibutyl phthalate or tricresyl phosphate can be used as plas¬ 
ticizers. These coatings have good heat-resistance and are very adherent, dura¬ 
ble, odorless, impervious to liquids and are useful for refrigerator linings. Another 
method of applying these resinous substances to surfaces such as wood, metal, 
paper, porcelain or asbestos is to pass a stream of the finely powdered resin 
through a flame or other heating zone on to the surface, and then to bake the 
coated article.”* 

Wright®* has described a composition for coating by spraying or dipping, formed 
from an alkyd resin in the B-stage with a pigment suspended in a volatile liquid 
(carbon tetrachloride, turpentine or paraffin hydrocarbons) in which liquid the 
resin does not tend to soften. The coated articles are baked from 2-12 hours at 
125-180°C. The alkyd resin alone may also be dissolved directly in a mixture of 
solvents of graded boiling points (acetone, denatured alcohol, benzene and ethyl 
lactate) and the coatings formed from such a solution are first baked at 100° 
and subsequently at 200°C.®® 

Jaeger®® has used the glycerol phthalate resins as an outer coating on candles to 
prevent drip while burning and to insure greater freedom from breakage. The 
coating may be applied by dipping or brushing and consists of alkyds or alkyds 

»R. T. Ubben (U. 8. P. 1.908.744, Apr. 23. 1935, to E. I. du Pont do Nemours & Co.) reported that 
water-resistant films are obtained if a polvhydnc alcohol (approximately equivalent to that required to 
neutralize the excess and) is added to an aqueous solution of alkyd resin containpig a volatile base 
(ammonia or methvlamine), and baking the films resulting from such a composition 

G. D. Patterson and R. A. Shive, U. 8. P. 1,984,153. Dec. 11, 1934, to E. I. du Pont de Nemours & 
Co.; Chem, Ab$., 1935, 29, 854. Canadian P. 315,437, 1931, to Canadian Industries, Ltd.; Chem. Abs., 
1932, 26, 1812. E I. du Pont de Nemours A Co., British P. 374,879, 1931, to Imperial CJhem. Ind., Ltd.; 
Brit. Chem. Ab». B, 1932, 808. See Chapter 44, 

,«British P. 890,944, 1980, to I. G. Farbenind. A.-G.; Brit. Chem. Ab$. B, 1932, 235. 

^L. E. Barringer, U. S. P. 1,721,397, July 16, 1929, to General Elec. (To. Canadian P. 280,986, 1928, 
to Canadian General Elec. Co. French P. 646,424, 1927, to Oimpagnie francaise Thomson-Houston. 

^R. H. Kienle and L. V. Adams, British P. 354,544, 1929, to British Thomson-Houston Co., Ltd.; 
Chem. Ab»., 1982. 26, 3948. 

•*J. G. E. Wright, British P. 349,399, 1929, to British Thomson-Houston CJo.; Chem. Abe., 1932, 26, 
2071. French P. 9M,951, 1931, to Compngnio franfSiso Thomson-Houston; Chem. Abs., 1981, ,25, 2869. 
German P. 582,170, 1933, to Allgemeine ElektricitHts-Ges.; Chem. Abs., 1933, 27, 5203. 

®*H. W. H. Warren and R. Newbound, British P. 809,914, 1927, to Britisli Thomson-Houston Co., 
Ltd.; Chm. Ah$., 1929. 23, 533$. French P. 962,159, 1928, to Ck)mpagnie franoaise Thomaon-Houston; 
CAem. Abs., 1930, 24, 515. 

« A. 0. Jaeger, Vt. B. P. 1,959,164, May 15, 1934, to the Selden Co,; Chem. Abs., 193i, 2$. 4620. 
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modified with phthalide,^’’ phenol-aldehyde, phenol-furfural, nitrocellulose or natural 
resins. 

A glycerol phthalate type resin has been utilized in the making of an artificial 
silk. The heated resin is extended into air at a temperature of 150-200°C. Also 
an acetone solution of alkyd resin may be passed into a coagulating bath and the 
filaments subsequently baked.®® 

Cellophane or a similar smooth-surfaced base can he coated with a solution 
of an alkyd resin and a plasticizing agent; the resulting coating is found to ad¬ 
here firmly, while the surface is glossy and resistant to moisture and heat. On 
a viscose base, the resulting sheet has fair dielectric strength.'"’ 


Coatings on Rubber 


Uncured rubber cloth or other products may be coated with a lacquer con¬ 
taining an alkyd resin made in the presence of a hydroxylated fatty oil and a urea- 
formaldehyde condensation product. The coating is hardened and the rubber is 
simultaneously vulcanized by treatment with a solution of sulphur chloride in 
carbon disulphide or naphtha.*^® It has been found that the limpness of latex- 
treated fabrics is obviated by previously mixing the aqueous rubber dispersion 
with an aqueous solution of an alkyd resin.’^ It is probably significant in this con¬ 
nection that a suspension of an alkyd resin in a mineral oil is stabilized by a few 
drops of a rubber solution.'^’* In jireparing artificial leather, a coat of rubber is 
applied to fabric, embossed and then coated with pigmented varnish containing 
oil and asphalt and finally baked to vulcanize the rubber and dry the varnish; 
the material may be subsequently “souped” with a composition consisting of 
pyroxylin and a pigmented alkyd resin.’® Moreover the rubber may be coated 
directly with a castor oii-modified alkyd resin.’" A lacquer formed from an alkyd 
resin, with drying oils or their acids to increase the elasticity, has been employed 
as a coating for wire before the application of a vulcanized rubber layer.’® Heat- 
vulcanized rubber has been coated with a glycerol phthalate resin diluted with 
glycerol and glycol together with gelatin.’® 

Rubber can be attached to a rigid surface such as metal, porcelain, glass or 
wood by interposing the rubber with a glycerol phthalate resin and finally harden¬ 
ing with heat.” Certain alkyd resins will also plasticize chlorinated rubber.’* 

•^See A. O Jaeger, U S P 1,941,474, Jan. 2, 1934, to the Selden Co.. Chern Abs , 1934 , 28, 1880. 
See Chapter 45. 

H. Schuhmann and F. Streuber, German P. 563,005, 1928, to .\llgcni Elektncitats-Ges ; Chem Abs., 

1932, 26, 4718, Allgem. Elektncitats-Ges., British P. 303,867, 1929, to Inteinat Gen Electric Go., Inc.; 
Brit. Chem. Aba. B, 1930, |456. See, however, the work of W H. Cnrothers and J. W Hill, Qiaptor 41. 

«»H. L. Bender, British P 355,318. 1930, to Bakelite Corp ; Bnt Chem Aba B, 1931, 25, 1006 For 
the use of alkyd resins to improve and pieserve the “gut” of tennis lackets, see E J. Barralet, British 
P. 338,223, 1929; Chem. Aba., 1931, 25, 2255. 

E. A. Bevon and W. J. S. Naunton, British P. 351,581, 1930, to Imperial Clieni Ind , Ltd ; Chem 
Abs., 1933, 27, 447. French P. 720,868, 1931; Chem. Abs., 1932, 26, 4207 German P. 572,221, 1931 ; Chem 
Abs., 1933 , 27 , 3113. 

W. E. Sanderson and F. J. Siddle, British P. 381,225, 1931, to Imperial Chem Tnd., Ltd., Brtt 
Chem. Aba. B, 1932, 1076. 

't* R. H. Kienle, British P. 385,970, 1932, to British Thomson-Houston Co, Ltd : Chem. Aba., 1933, 
27, 4481. French P. 715,833, 1931, to Oompagnie francaise Thoni.son - Houston; C/iem Aba., 1932, 26, 1994. 

•"A. N. Parrett, U. S. P. 1,818,576 and 1,818,578, Aug. 11, 1931, to E. I. du Pont de Nemours & Co.; 
Chem. Abif., 1931, 25, 5580. French P. 721,014, 1931; Chem. Aba., 1932, 26, 4204. See British P. 398W. 
1932; Bnt. Chem. Aba. B, 1933, 1016. 

’♦R. Hill and E. E. Walker, British P. 330,949, 1928; Chem. Aba., 1930, 24. 8041. 

Allgemeine El^tncitats-Ges., British P. 303,8M, 1928, to International General Electric Co.; Chem. 
Aha., 1929, 21, 4515. See also British P. 379,918, 1932, to Allgememe Elektricitats-Ges.; Chem. Aha., 

1933, 27. 3543. ^ ^ ^ , 

WA. E. T. Neale, E. W. B. Owen, J. A. Wilson and D, F. Twiss, British P. 416.679, 1938, to Dunlop 

Rubber Co., Ltd.; Brit. Chem. Aba. B, 1934, 1023. For the coating of paper, wood and the like with 
gelatin-glyoerol phthalate, see C. M, Boyce, U. S. P, 1,978,406, Oct. 30, 1934, to J. R. Ditinars; Chem. 
Aba., 1935. 29, 367. 

T^O. A. Thompson, British P. 388,776, 1933, to the B. F. Goodrich Co.; Chem. Abs., 1988, 27. 5969. 
^W. Krumbhaar, Official Digeat Federation Paint Vamiah Prod. Clubs, 1934, US, 33; Chem. Abs., 

1934, 28, 3989. Bee Chapter 55. 
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Uses op Alkyd Resin Coatings with Cellulose Esters 


The use of alkyd resins in conjunction with nitrocellulose or cellulose acetate 
in lacquers is one of the most important developments in this field in recent 
years.” Bradley*" has shown that the Rezyls act as preservatives for nitrocellulose. 
Resins as a rule decrease the durability of the nitrocellulose film, but with the 
Rezyls the converse is true. As much as 4-5 parts of Rezyl may be mixed with 
1 part of nitrocellulose, the durability of the resulting film being greater, within 
certain limits, the larger the amount of the added synthetic resin. With respect 
to mechanical properties, tensile strength, distensibility and durability, the alkyd 
resin funciions primarily as a resin, nevertheless it acts to some degree as a plasticizer. 
The optimum percentage of alkyds for best results with nitrocellulose is probably 
very high.*^ 

The compatibility of the Rezyls with nitrocellulose in a wide range of solvents 
has been examined by Hofmann." Resins and solvents can be divided into two 
groups, the alcohol-soluble type and the hydrocarbon-soluble type. The alcohol- 
type resins are most easily soluble in the alcohol-type solvents and the hydro¬ 
carbon-type resin in the hydrocarbon-type solvents. In some ^^alcoholic’^ solvents 
(mesityl oxide, ethyl lactate or butyl Cellosolve) clear solutions and films were 
obtained, whereas in a number of solvents (sec-butyl acetate or amyl acetate) the 
addition of alcohol or toluene was needed to ensure satisfactory results. In gen¬ 
eral, cbmpatibility is most readily obtained by using solvents and resins of cor¬ 
responding types, that is, an alcoW-type solvent and an alcohol-soluble resin. 

A cracked petroleum distillate (b.p. 130-150®C.), consisting essentially of 
monolefins, when added to monochlorobenzene was found by Lougovoy** to be a 
good diluent for nitrocellulose lacquers. Natural resins (rosin ester) and castor 
oil-modified glycerol phthalate resin as well as glycerol phthalate benzoate can be 
used along with nitrocellulose. Sec-butyl alcohol diluted with toluene produces 
a marked lowering of viscosity of the nitrocellulose coating composition without affect¬ 
ing toughness and durability. Isopropyl alcohol likewise has this property “ Di¬ 
acetone alcohol, when mixed with unsaturated petroleum hydrocarbons of limited 
boiling range, acts as a nitrocellulose solvent. The addition of a higher alcohol 
is necessary to blend the diacetone alcohol and the hydrocarbons. Cottonseed 
oil fatty acid-modified glycerol phthalate can be added to this composition." 

Hofmann and Reid" determined that the resins from phthalic anhydride and 
ethylene glycol are compatible with cellulose acetate. They function in the com¬ 
bined role of resin and plasticizer. A lacquer containing 9 parts cellulose acetate, 
7 parts glycol phthalate and 50 parts pigment when sprayed onto, panels coated 
with an oleoresinous primer and surfacer gave films of good flexibility but of rather 
unsatisfactory adhesion. Using a pyroxylin primer and surfacelr the results were 


^ Very few of the natural or synthetic resina are compatible with cellulose acetate. The “Santolitea” 
(toluene aulphonamide) (see CThapter 34), some Rezyl balsams and some 'TIasto" resins (See Chapter 11) 
Ctve^ fairly satisfactory films with cellulose adetate, particularly when plasticized with ethyl phthalyl ethyl 
flycolate, methyl phthalyl ethyl glyoolate and dibutyl phthalate. Cf. A. W. Heuckeroth, Sci.Sect^ Nat. 
Poiht, VamisK HitKqtter Assoc., Inc., 1934, 458, 97; Brit. Chem. Abi. B, 1934, 546. 

»T. F. Bradley, Paint Oil Chem. Rev., 1928, (15), 12, 17, (15), 10, 14. 

«9ee H. Wolff and B. ^sen, Farben-Ztg., 1933. 38, 989, 1020; Chem. Abe., 1933, 27, 4425. A short 
rsviow of the manufaeture of alkyd resins for nitrocellidose plasticisers is given by J. Mc£. Sanderson, 
Off. Digest; Fed. Pdinti Vahiith Prod. Clubs, 1985, 143, 55; Chem. Abt., 1935, 29, 2751. 

E. Hofmann, Ind. Eng. Chem., 1931, 23, 127. 

«6. N. tiougovdy, U. 8^ P. 1,913,079, June 18^ 1983, to £llis<Foster Co. ; Chem. Abs., 1933, 27. 4428. 
MT. F. Briley, U: S. F. 1,928,704, Aug. 22, 1988, to Ellis-Foster Co.; Chem. Abs., 1988, 27, 5550. 
Bee U. 8. F. 1,923,715, Aug. 22, 1983, to Ellis-Fotfter Co.; Chem. Abs., 1988, 27, 5550. For the effect of 
various solvents on the viaoosity of lacquers and alkyd resin solutions see C. Bogin, Paint, OU, Chem. 
BetL 1985, 97 (9), IT; Brit. Chinu Abs. B, 1985, m. 

mCoMdn Ellis, V. 8. F, |.984J)51, Dec. 11, 1984, to Ellis-Foster O.; Chem. Abs., 1985, 29. 948. 
••H. E. Bofmann and E. W. Reid, Ind. Eng. Chem., 1929, 21, 955. 
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more satisfactory. The strong influence of constituents on the properties of the 
Aim has been emphasized by Herzog, Hildescheimer and Medicus,*” these investi¬ 
gators having examined the influence of a variety of organic compounds on nitro¬ 
cellulose lacquers. 

Lamb and Gilman** have explored the possibilities of using Rezyls with cellu¬ 
lose for leather dressings. Up to 3 parts of the resins for 1 part of nitrocellulose 
were used together with a solvent mixture consisting of ethyl acetate and ethyl 
lactate with a small quantity of butyl alcohol and up to 70 per cent of toluene 
as a diluent. The results were not satisfactory for glove leather, as an insufficient 
elasticity resulted. The following formula gave good results for Morocco leather: 
40 parts of ethyl acetate, 80 parts of ethyl lactate, 40 parts of butanol, 240 parts 
of toluene, 16 parts of nitrocellulose (film), 48 parts of resin and 16 parts of ultra- 
marine blue. A disadvantage common to most finishes with a cellulose ester base 
is that, if sufficient pigment is added to give a good covering, the finish loses 
all its brilliance and tends to become brittle. Apart from this disadvantage, the 
glycerol phthalate resin imparts softness, flexibility and resistance to deterioration 
by ultraviolet light. Nitrocellulose varnishes which remain elastic and which 
are resistant to changing temperature conditions and useful for covering natural 
and artificial leather are prepared by introducing zinc naphthenates into nitro¬ 
cellulose, together with alkyd resins.*® 


Alkyd Resins in Lacquer Coatings and as Primer Coatings 


Work carried out in the author's laboratory has resulted in a number of direct 
applications of glycerol-phthalic anhydride resins with cellulose esters. ‘ Thus a 
pnmer coating of an alkyd resin on wood or metal was found to be satisfactory 
with a superimposed coating of a nitrocellulose composition.*® Wood lacquers for 
furniture coating should possess great hardness and toughness and enough elas¬ 
ticity to withstand contraction and expansion. A low-viscosity mtrocellulose is 
used which may be prepared by boiling motion-picture film in water rendered 
slightly alkaline and heating the emulsion-free material to 160°C. for 2-5 seconds. 
A castor oil-phthalic-glyceride is prepared by heating 47 parts of glycerol, 80 parts 
of phthalic anhydride and 40 parts of castor oil under reflux. To make up a 
gloss-white enamel, 12 parts of low viscosity nitrocellulose, 6 parts of castor oil- 
phthalic-glyceride, 5 parts of zinc oxide, 6 parts of titanox, 5 parts of dibutyl 
phthalate, 10 parts of butyl propionate, 10 parts of butyl acetate, 5 parts of 
butyl alcohol, 10 parts of ethyl acetate and 30 parts of toluene are used.*^ Weber** 
prepared a cellulose ester composition for films and molded articles by incor¬ 
porating with cellulose nitrate the reaction product of a vegetable oil (corn, 
tung or blown rapeseed oil) and an organic acid obtained from either castor or 
soya bean oil together with a polyhydric alcohol and phthalic anhydride. Nitro¬ 
cellulose, when admixed with a rosin-glycerol phthalate resin which is soluble 
in nitrocellulose solvents, gives rise to a coating composition.** 

Precipitation of the nitrocellulose during evaporation of volatile solvents 
(acetone, ethyl acetate) and consequent “blushing" of the film can be prevented 


•’'R. O. Renog. A. Hildescheimer tnd F. Medicus, Z, angew. Chem., 1921, 57; Kumtatoffe, 1021, 
n, 46. 

••M. O. Lamb and J. A. Gilman, Cuir tpch., 1682, 21, 138; Chem. Abn., 1982, 26, 8404. 

•K. I. Meltser, Ovladenie Tekhnikoi Koehobuvnoe Proitvodetvo, 1932, (8), 27; Chem. Abs., 1984, 
28, 7559. 

•»Cer!eton Ellis, U. S. P. 1,745,898, Feb. 4, 1980, to EUis-Poster Oo.; Chem. Aba., 1980, 24, 1753. 
nCarleton Ellis, U. S. P. 1,927,086, Sept. 19. 1938, to Ellia-Foster Co ; Chem. Aba., 1983, 27, 5981. 
BritishP. 888,867, 1988; CAm.Abs.. 1988. 27. 46W. ^ ... mo 

“H. M. Weber, U. S. P. 1,690,518, Nov. 6, 1928. io Ellin-Foster Co. \ Chem. » 

»Il. M. Weber, U. S. P. 1,722,HO, July 80, 1989, to Ellis-Foster Co.; Chem. Aba., 1929, 23, 4582, 
Canadian P. 811,690, 1981. 



m THE CHEMISTRY OF SYNTHETIC RESINS 

by incorporating glycerol-fatty acid resins** or by means of balsams of analogous 
types. Such a balsam can be prepared from 106 parts of diethylene glycol, 100 
parts of coconut oil and 148 parts of phthalic anhydride.®® 

A sulpho-chlorinated fatty acid-modified glycerol phthalate resin produced 
from phthalic anhydride, glycerol, cottonseed fatty acids and sulphur mono¬ 
chloride is adaptable for use with nitrocellulose in coating compositions.®® A 
quick-dr 3 nng coating material is obtained by mixing nitrocellulose of medium vis¬ 
cosity (e.g,, “4-10 sec.^^) with an alkyd resin which is soluble in benzene anhydrous 
methyl alcohol mixtures.®^ A glycerol benzoate-salicylate-abietate resin may be ren¬ 
dered light in color by cooling the reaction product under reduced pressure or in 
an inert gas such as nitrogen.** 

The incorporation of castor oil with the glycerol-phthalic anhydride resin for 
admixture with nitrocellulose affords a further method of modifying the resulting 
coating material.®® The use of castor* oil renders the product soluble in ethyl and 
butyl acetates or mixtures of these with the corresponding alcohols. A resin pre¬ 
pared from 74 parts of phthalic anhydride, 45 parts of glycerol and 33 parts of 
castor oil at 290°C. is hard; the incorporation of a larger proportion of castor oil 
yields a softer product. Increased quantities of the softer type of composition, 
admixed with nitrocellulose, renders possible the production of more flexible and 
longer-wearing artificial leathers. Added to this, the elimination of castor oil odors 
and that of rancidifying oils is of special value in the manufacture of artificial 
leather. 


Coatings on Paper 

.^yd resins in conjunction with nitrocellulose have been applied to the pro¬ 
duction of a grease-resistant paper. A development by Bradley*®® utilizes a com¬ 
position such as the following: 40 parts (by weight) of low-viscosity nitrocellulose, 
40 parts of cottonseed-phthalic glyceride resin, 20 parts of dibutyl phthalate, 135 
parts of ethyl acetate, 135 parts of benzene and 5 parts of paraffin wax. The 
paper is ordinarily run over rolls or through a bath of the material. The wax 
in the solution substantially checks the evaporation of the solvents at room tem¬ 
perature; this is important in that it largely eliminates the possible toxic hazard 
of benzene vapors. The paper is dried at 140°F. In order to secure proper 
impregnation of the paper it is best to submit the coated material to the action 
of hot calender rolls. A coating of greatly reduced inflammability is secured by 
a high resin content, by the use of tricresyl phosphate as a plasticizer and by the 
employment of hydrated inorganic bodies as fillers. 

A further application of modified alkyd resins is in the production of grease-resist¬ 
ing box board and grease-proof paper. Paper or board, which has been made from 
ground wood and sulphite pulp, or similar fibrous material, is used and is impreg¬ 
nated with wax which has been added in the form of . an emulsion in the beater. A 
typical composition is the following: 20 parts uf nitrocellulose solution, containing 20 
per cent of low viscosity nitrocellulose in acetone^ are mixed with 8 parts of a resin 
solution (cottonseed-phthalic-glyceride resin dissolved in an equal volume of acetone). 
One part of dibutyl phthalate is added. The solution, which is of low viscosity, may 

<‘'*Car(eton Ellia, V, R. P. 1,023,714, Aug. 22, 1033, to Ellis-Foster Co.; Brit. Chem. Abs. B, mi, 546. 

WT. F. Bradley, V. 8. P. 1,023,715, Aug. 22, 1033, to Ellis-Foster Co.; But. Chem, Abe. B, 1084, 546. 

<»airleton Ellis, U. S. P. 1,311,115, June 23. 108!; Chem. Abe., 1031, 25. 5040. 

v^Cbrleton Ellis, U. 8. .P. 1,824,757, Si^t..22, 1031, to Ellis-Foster Co.; Chem. Abe., 1032, 26. 324. 
French P. 710.571, 1031; Chem. Abe., 1032, 26. 

••British P. 327,005 and 827,006, to EmVFoster Co.; Brit. Chem, Abe. B, 1030, 570. French P. 
667.018 and 667.019, 1929; Chem. Abe,, 1980, 24. 1529. See Chapter 48. 

••t. F. Bradley. U. 8. P. 1,868.264, June 14. 1032; Chem, Ahs.. 1032, 26. 4190. 

^••T. F. Bradley, V. 8. P. 1,896,215, Feb. 7, 1933; Chem. Abe., 1933, 27. 2579. 
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be applied to paper by brushing or coating. Paper of this type is used in making 
boxes, cartons, ice cream containers and the like.'”' 

Paper with a high a-cellulose content can be impregnated with an alkyd resin 
to form a translucent heat-resistant paper useful for shades of lamps. The 
paper is made from spruce chips digested with sulphurous acid, blown and 
washed. About 5 per cent of the /9- and 7 -cellulose are left in the paper to act 
as a binding agent 

A stratified film for decorative purposes described by the author^®® has a 
stratum, such as a pigmented nitrocellulose mixture, with an overlying protec¬ 
tive stratum of nitrocellulose and a compatible resin of the oil-glyceride type. The 
top layer is free from pigment and is transparent. A waterproof brilliant surface 
is obtained on paper, cloth or skins by coating with nitrocellulose, a plasticizing 
agent consisting of a blown oil and finally covering with an alkyd resin varnish.^ 


Other Cellulose Ester-Alkyd Coating Compositions 


A considerable number of resins of the glycerol-phthalic anhydride type, but 
varying in their exact constituents, have been suggested for use with nitrocellulose in 
coating and filling compositions. The alkyd resin may be derived from a polybasic 
acid (phthalic, halogenated phthalic acid or aliphatic dibasic acids'*'®) and a poly¬ 
hydroxy alcohol (glycerol, the hydroxy alkyl ethers of glycerol,'®® the hydroxyalkyl 
ethers of glycol,'"^ pentaerythntol or sorbitol'®*). In place of nitrocellulose, the lower 
fatty acid esters of cellulose can be employed. Cellulose triacetate or butyrate or 
acetone-soluble cellulose acetate'®® can be incorporated with condensation products 
of phthalic"® or aliphatic acids with ethylene, butylene glycol'" or pentaglycerol."® In 
one example, nitrocellulose, a condensation product of succinic acid and glycerol, and 
tricresyl phosphate are dissolved in ethylene glycol monoethyl ether, ethyl alcohol and 
methyl acetate. Moreover ethyl cellulose can be blended with glycerol linoleate- 
ricinoleate-phthalate, or benzyl cellulose and mixed with glycerol abietate-palmitate- 
maleate."* 

The adhesion of cellulose lacquers to smooth surfaces is improved by incor¬ 
poration of about 5 per cent of alkyd resin previously plasticized with oleic acid. 
A primer containing an alkyd resin plasticized with materials such as oleic acid 
or tricresyl phosphate, and cured by heat treatment in situ, is also found to im¬ 
prove the flexibility of insulating varnishes."® One or two coats of the primer 
are applied and stoved for 1 minute at about 310°C., subsequent coatings of oil 
varnish being stoved for 1 minute at 350®C. Resins prepared from non-resinous 
organic acids have a notable resistance to water. Increase in the amount of 

^o^Carleton Ellis, U. 8, P. 1,892,939, Jan, 3, 1933, to Ellis-Foster Co.; Chem. Abs., 1933 , 27, 2301. 

O. Reiss, British P. 397,550, 1933, to Aladdin Industries, Ltd ; Chem. Abs., 1934 , 28. 1538. 

^^Carleton Ellis, U. S. P. 1,773,974. Aug. 26, 1930; Chem. Abs , 1930 , 24. 5172. 

^®^E. I. du Pont de Nemours & Co., French P. 764,884, 1934, to Soc. francaise Duco; Chem. Aba., 
1934, 28, 6002. British P. 426,796, 1933, to E. I. du Pont de Nemours & Co.; Bnt. Chem. Aba., B, 1935, 
562 

British P. 322,466, 1928, to I. G. Farbenind. A.-G.; Chem. Aba., 1930, 24, 2600. French P. 669,278, 
1929; Chem. Aba., 1930, 24, 1753. British P. 330,909, addn. to 322,466; Chem. Aba., 1930, 24, 6040. 

British P. 322,539, 1928, to I. G. Farbenind. A.-G.; Chem. Aba., 1930, 24, 2904, See British P. 
330,910; Chem. Aba., 1930, 24, 6040. 

British P. 822.538, 1928, to I. G, Farbenind, A.-G.; Chem. Aba., 1930, 24, 2904. 

^“British P. 822,587, 1928, to I. G. Farbenind. A.-G,; Chem. Aba., 1930, 24, 2904. 

British P. 822,540, 1928, to I, G. Farbenind. A.-G.; Bnt, Chem. Aba. B, 1930, 157. 

British P. 822,541, 1928, to I. G. Farbenind. A.-G.; Bnt. Chem. Aba. B, 1980, 157. 

“'British P. 822,542, 1928, to I. G. Farbenind. A.-G.; Bnt. Chem. Abs. B, 1930, 157. 

British P. 822,548, 1928, to I. G, Farbenind. A.-G.; Bnt. Chem Aba. B, 1930, 157. 

British P. 880,895, 1929, to I. G. Farbenind. A.-G.; Bnt. Chem. Aba. B, 1930, 958. 

H. W. ft. Warren and A. T. Ward, British P. 803,915 and 808,986, 1927, to Brit. Thomson-Houston 

Co., Ltd.; Brit. Chem. Aba. B, 1929, 255. French P. 85,869, 1928 and 38,115, 1930, addns. to 649,384, 1927, 

to Compagnie francaise'■Thomson-Houston; Chem, Aba., 19W, 24, 4175; 1931, 25, 5584; 1929, 23, 2841. 
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monobasic acid used results in a lowering of the softening or melting point of the 
composite resin and renders it more readily soluble.^ 

Free acids have been found to have a plasticizing action on nitrocellulose films. 
Besides the higher fatty acids, phthalic and benzoic acids exercise definite soften¬ 
ing action in thin nitrocellulose films. The presence of an ordinary type of plas¬ 
ticizer (tricresyl phosphate, dibutyl phthalate) seems to be necessary to prevent the 
acid from crystallizing. When the ordinary plasticizer is omitted, the acid crystal¬ 
lizes during the evaporation of the solvent and this often leads to the formation 
of novel and artistic finishes. When this does happen, the plasticizing action of 
the acid is lost.^“ 

NebeP” has described a sanding sealer consisting of a cellulose derivative, a sand¬ 
ing promoter (calcium or zinc stearate) and a resin formed from glycerol, phthalic 
anhydride, rosin and stearic acid. An oil-modified alkyd resin, together with a 
plasticizer if required, may be used for coating .sheets of regenerated cellulose. The 
coating is dried subsequently, at a raised temperature, and is non-tacky, moisture- 
proof and flexible.^ Kramer'" utilized phenoxyethyl phthalate, methylphenoxy- 
ethyl phthalate or methylphenoxyethyl laurate as softeners for lacquer composi¬ 
tions containing cellulose acetate. 

A mixture of cellulose acetate or similar ester of cellulose with a relatively 
large amount of plasticizer and of alkyl phthalate or tartrate, or of a glycerol 
ester, has been found to yield a good insulating material.'"'* A duplex waterproof foil 
containing an alkyd resin as one of its constituents is made by the following 
method. A layer containing nitrocellulose waterproofed by inclusion of a wax 
(Japan wax), a fat (lanolin) or paraffin wax, together with an oil-soluble alkyd 
resin is superimposed by casting on a cellulose acetate film.'" 

Cellulose esters can be colored before esterification. Cotton linters are first 
dyed by means of a vat dye, the dyed cellulose esterified with an organic acid 
(acetic br formic) and the product used with an admixture of glycerol phthalate 
resin modified with phthalide, in which some of the same dye has been dissolved.'” 

A non-blushing nitrocellulose lacquer, described by Rogers'" contains a cumarone- 
indene rosin'" melting above 110®C. and an alkyd resin. The total resin is not more 
than 18 per cent by weight of the lacquer, while the cumarone-indene constituent 
makes up approximately 25 to 40 per cent of the total resin. 

The proportion of alkyd resin which may be added to a cellulose varnish and 

form a clear solution is said to be increased by the addition of so-called homo¬ 

genizing agents.'** Compounds such as nitrobenzene, benzaldehyde and pyridine 
have this property. For example, a mixture of 1.5 kg. of a 21 per cent solution of 
nitrocellulose and 1.0 kg, of a 50 per cent solution of phthalic acid-glycerol resin 
is cloudy, but on addition of 1 kg. of nitrobenzene to the mixture the turbidity dis¬ 
appears and hard, clear films result when the solution is employed as a varnish. 

«*H. M. Weber, U. S. P. 1,897.015, Feb. 7, 1933, to Ellis-Foster Oo.; BrU, Chvm. Abi. B, 1933, 928. 

F. Bradley, U. 8. P. 1,940,479, Feb. 13, 1934, to Ellis-Foster Co.; CWiv Ab»., 1934, 28, 2554. 

Nebel, U. S. P. 1,973,849, Sept. 11, 198f, to E. I. du Pont de N^^lrs 4 Co.; Chem. Ab»„ 

1984, 28, 7044. British P. 377,724, 1932; Chem, Abe., 1933, 27, OIOS. Canadian P. 827,818, 1932, to 
Canadian Industries, Ltd.; Chem. Abe., 1933, 27, 1529. 

^UW. L. Hyden and J. C. Sieman, U. S. P. 1,9724M|. dept. 1984, to Du Pont Cellophane Cb., 
Ino.; Chem, Abe,, 1984, 28, 7018. W. H. Charch, Briti^^, 1931; Brit. Chem. Abe. B, 1982, 1041. 

R. H. Kramk, U. S. P. 1,874,310, Aug. 80, tOtt, tiOilC 'l. au Pont de Nemours A Cb.; Chem. Aba., 
1982, 20, 6164. British P. 814,571, 1928, to Nobel IndusUiOl, Ltd. ; Bnt. Chem. Abe. B. 1929, 728. 

^ V. E. Yarsl^, British P. 855,654, 1980, to Non-inflatttlnable Film Cb., Ltd.; Bnt. Chem. Abe. B, 
1981, 1016. 

A. Staley, Bntish P. 356,146, 1«I0« to Non-inflammable Film Cb., Ltd.; Brit. Chem. Abe, B, 

1931. 1045. 

^A. O. Jaeger, XT. S. P. 1,962,774, June; 12, 1934, to the Selden Cb.; Chem. Abe., 1934, 28, 4918. 

u»A. Rogers, U. S. P. 1,884,255, Out. 25, 1982, to Barrett Co. 

See Chapter 6. 

^Ailtem. mektricit&ts-Oes., British P. 1980, to International General Electric Co., Inc.; 

Ch0m. Abe„ 1980, 24, 980. German P. 550,001, 1987, to AUgemeine ElektricitftU-Ges.; Chem. Abe., 1982, 
20, 5221. 
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The quantity of the homogenizing agent needed depends on the solvent and also 
on the degree of condensation of the alkyd resin. The amount of nitrobenzene 
needed is found to be decreased by the addition of ethylene glycol. The efficacy of a 
substance such as nitrobenzene in rendering a varnish homogeneous falls off as 
the softening point of the alkyd resin is raised. The general value of the softening 
point should be about 125°C. 

Clark'® found that cellulose-ester films for photographic purposes were ob¬ 
tainable by incorporating compounds such as diphenyl orthophthalate with nitro¬ 
cellulose. The general method of preparing such a film is illustrated by the 
following example: 300 to 600 parts of a mixture of acetone and methyl alcohol 
are incorporated with 100 parts of nitrocellulose, 5 to 100 parts of fusel oil, or 
normal butyl or isobutyl alcohol, and from 1 to 45 parts of diphenyl orthophthal¬ 
ate. This composition is found to give a flexible film. The use of cellulose ester 
varnish incorporating 0.25 to 5 per cent glycerol butyl phthalate has been recom¬ 
mended as a protective coating for cellulose nitrate lacquer against the action of 
light.'® 

Cellulose esters are miscible with glycerol esters of aromatic monobasic acids. 
Plinatus,'® in finding a close analogy between the effect of camphor on cellulose 
esters and that of esters of organic acids, proposed the use of these esters as a 
substitute for camphor in the manufacture of celluloid. By varying the quantity 
of the acid ester (benzoic-glycerol esters),'® products were obtained which were 
hard and horn-like, of medium hardness or finally, of rubber-like softness. The 
cellulose esters are mixed with the acid esters and the mixture is worked into a 
homogeneous mass between heated rollers in a kneading mill. During this process 
the cellulose esters form a homogeneous solution which afterwards gelatinizes or 
solidifies. These compounds have been utilized in the production of artificial 
leather,'® the gelatinized mixture being applied to a flexible base. 

M»H. T. Clark, U. S. P. 1,3»8,939, Nov. 29, 1921, to Eastman Kodak Co.; Chem. Aba., 1922, 26, 830. 

^British P. 371,901, 1930, to Eastman Kodak Co.; Brtt. Chem. Aba. B, 1932, 778. For tl'e usa of 
other alkyd resins see Internat. General Electric Co., Inc., British P. 315,335, 1929, to Allg^in. Elek* 
tricit&ts-Ges.; Brit. Chem. Aba. B, 1930, 1092. 

W. Plinatua, British P. 16,940, 1913; J.8.C.I., 1915, 34, 793. French P. 476.991, 1914; J S.C.T, 1916, 

35, 597. See S. de V. Shipley and G. C. Given, U. S. P. 1,533,616, Apr. 14, 1925, to Atlas Powder Co ; 

J S.C.I., 1925, 44, 514B. British P. 236,190. 1924; Chem. Aba , 1926, 20, 997 Cf. also Allgem. Elektncitats- 
Ges., British P, 341,535, 1928, to International General Electric ; Chem. Aha, 1933, 27, 544. W. H. 
Moss and B. B. White, Bntish P. 313,133, 1929, to British Celanese, Ltd.; Bmt. Chem. Aba. B, 1930, 726. 

^ For the u.se of mono- and di-glvcerol esters of benzoic and naphthoic acids in cellulose ester films, 

see French P. 461,544, 1913, to H. Dreyfus; Chem. Aba., 1914 , 8, 3589. 

^ W. Plinatiis, Canadian P. 298,527, 1930, to Proc. et appareil a fabnquer du cuir artificiel. 



Chapter 48 

Drying Oil Alkyd Resins 
Uses As Coatings. Varnishes 

The underlying aim of the development of synthetic resin finishes has been, nox 
in the preparation of synthetic substitutes to match natural products, but rather 
in the production of tough flexible materials without the known shortcomings 
of the natural resins. The best type of synthetic resin varnish or paint vehicle 
has been produced by condensing the resin components and the oil acids directly, 
so that distinct chemical compounds of unique properties are obtained, rather 
than by the nondescript procedure of dissolving a prepared resin in the drying oil.^ 
The chemical processes have the additional advantage of lending themselves to 
strict control, whereby a high grade of uniformity and reproducibility of material 
may be achieved. 

Alkyd resins of the oxidizing type (see Chapter 44) are made by incorpora¬ 
tion of drying oil acids in a glycerol-phthalic anhydride type of resin.* This 
class covers a variety of substances, from hard solids approximating in properties 
natu^ resins to viscous liquids resembling drying oils. They may be used 
aloiir as the binding medium or may be admixed with other resins, oils, var¬ 
nishes, or nitrocellulose. Although the consistency, acid number, and certain 
other properties of the oxidizing resins may vary considerably, the quality of 
high resistance to weathering is common to ail. One factor in attaining durability is 
the relatively high elasticity of these resins, which is greater than that of other 
known varnish films of equivalent oil length. This may be seen from the following 
comparison of the Kauri reduction values of an oxidizing Rezyl with two of the 
durable phenol-formaldehyde types of resin.** 


Material tested Kauri Reduction Value 

Phenol-formaldehyde resin, ester gum modification—12-gallon 

varnish. Below 0 

Phenol-formaldehyde resin, unmodified—12-gallon varnish. 10-20 

Rezyl (corresponding to B^allon oil length). 50-60 


Owing to this inherent elasticity, the use of oxidizing oils can be minimized, 
thereby lessening that slow destructive oxidation which leads to loss of gloss and'* 
flexibility. 

Industrial Application op Oxidizing Alkyd Rbsiks 

Oxidizing alkyd resins have found industrial application in a variety of forms, 
covering a range of hardness, flexibility, and characteristics which renders 

possible their use in almost the entire group of paint products. Certain of the 

^D. O. HopkiiiB, /.S.C.7., im, 51, 185. J. Scheiber, Porbe «. Lack, 1932, 55, 78; Chem. Abt., 1932, 
26, 2381. M. Jeanny, Rev, gen,-mat. plait^ 1985, 11, 10, 44; Chem. Abs., 1985, 29, 3179. K. Buser, 
Rarbm-^Zig., 1984, 39, 1240, 1268; Cfiem. A^ tm, 29. 1267. Cerleton Ellis, Ind. Eng. Chem., 1933, 
25, 121. Cf. J,S.C.I., 1981, 50, 518. See H. Ulrich, Farben^Ztg., 1984, 39, 1094; Chem. Abs., 1935, 

29, tt59. m» f » ^ f 

* * Bciae of the trade nemee for these typde of reein are Resyl, Qlyptal, Dulux and Atkydal. 

«»T. P, Bradley. 00. Digest, Fed. Pamt, Vamiah Prod. Clubs, 1931, 585. 

972 






48. DRYING OIL ALKYD RESINS IN COATINGS 


973 


Rezyls* are not miscible with drying oils or with the usual oleo-resinous varnishes, 
but may be employed in xylol solution. For example, a solution consisting of 60 
per cent Rezyl and 40 per cent xylol may be thinned to brushing- or spraying- 
consistency with equal parts of xylol, dipentene and mineral spirits, or of xylol and 
turpentine containing 2 per cent of pine oil. The petroleum-tolerance of such 
Rezyls is low, generally being of the order of 30 per cent or less. 

The oil-soluble Rezyls* may be dissolved in most types of drying oils in the raw 
state. However, when the oils are bodied, solubility of the resins decreases. Rezyls 
of this series have a high petroleum-tolerance also, and can be dissolved directly 
in petroleum thinners. Hydrogenated petroleum hydrocarbons are much better 
solvents and compare favorably with coal-tar hydrocarbons.® The resins may 
be treated as varnish gums, and cooked with drying oils to form varnish bases. 
Thus, Rezyl 110 may be cooked with an equal weight of tung oil for several 
hours at 190-205®C. Better body and gas-resistance may be obtained by heating 
to 280°C., but the operation must be carried out rapidly to avoid formation of 
an insoluble gel. Addition of linseed oil, rosin, ester gum or phenol resins en¬ 
hances gas-proof ness. The oil-treated Rezyls have great flexibility, but are too 
soft for some purposes. 

Carbonate pigments (white lead, whiting and colors based on them) should 
be avoided, since reaction occurs, with evolution of gas, on storage. Basic pig¬ 
ments, e.g., zinc oxide or chrome orange, thicken to some extent with the harder 
Rezyls, which have an acid number 45-60, but may be used in any proportion 
with those Rezyls* which have very low acid numbers. Zinc oxide, however, 
tends to produce hard and brittle films. When alkyd resins are used as pigment 
vehicles in enamels, care must be exercised to avoid contamination with varnish 
and oil products, or undue exposure to the air, during the grinding process. 

The commercially produced oil-soluble Rezyls are used as paint vehicles both 
in paints where the Rezyl is the sole film-forming binder, and also in conjunction 
with drying oils. Paints of the latter type have improved working qualities and 
a wide range of application. An example of a quick-drying Rezyl paint vehicle 
is:’ 


Rezyl 110. . .106 lbs. 

Xylol or turpentine— .46 lbs. 

Mineral spirits. .. 100 lbs. 

Lead linoleate ... . 2 lbs. 

Cobalt linoleate. lb. 


Oxidizing Rezyls have found use also in the replacement of a part, or all, of 
the bodied linseed oil in printing inks. For this purpose the softer, mineral 
spirit-soluble resins are best. Quicker drying and a better gloss are obtained as 
well as better color-retention and resistance to grease and wax. Rezyls may be 
mixed also with overprint varnish for improved elasticity and adhesion. 

The durability of oxidizing alkyd resins, when used in quick-drying house paints, 
compares very favorably with that of Amberol or ester gum spar varnishes.* 
Test panels, treated with a clear film of hard, medium or soft lins^ fatty acid- 
glycerol phthalate resins, showed perfect condition after 10 months exposure, 
while similar panels treated with a 46 gal. F7 Amberol spar varnish, and with 


* E.g., Resyls 118, 114 and 1102 of the American Cynnamid Comi^any. 

* E.g., Reayla 110, 1103 and 110 of the American Cyanamid Company. 

« W. J. Sweeney and J. H. Tilton, Ind. Eng. Chgm., 1084, 20, 008. 

^ E.g., Reiyl 110, the acid number of which ia 0-0. 

T American cyanamid Oo.'a circular, *‘Reayla and Teglaca.” 

•L. K. Scott, Circu Am. Paint, VamUk Wra. Attoc., 1081, 404. 522; Chem. Abt., fW, 26, 1180. 
See alao L. K. Scott, B. J.. Probeck and O. Mileti, Cfnc., Am. Paint, Vamith Mfrt. Auoe., 1080^ 870, 487; 
Am. Paint J., 1080, 14 (52A), 81; Paint, OU, Cham. Rav., 1080, 00 (17), 84. 
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a 63 gal. ester gum varnish, failed completely. In paints composed of a variety 
of pigment mixtures, those with a linseed fatty acid-glycerol phthalate vehicle 
proved superior to the corresponding standard linseed oil paints. An alkyd resin 
film (modified by tung oil) on food containers and posters proved to be durable 
and non-yellowing under tropicd conditions.* 

Windsor" has discussed the outstanding advantages of synthetic resin enamels 
over oil enamels and has reviewed the influence of various factors, viz., time of 
setting up before baking, minimum baking time, and baking temperature in ob¬ 
taining the most desirable pro|)erties such as hardness, flexibility, alkali- and 
acid-resistance.“ 


Film-forming Properties of Oxidizing Resins 


The film-forming properties of alkyd resins have been studied by Kienle and 
Ferguson." These workers distinguish three classes of resin: non-convertible, 
heat-convertible, and oxygen-convertible. Solutions of heat-convertible resins are 
transformed to the hard, insoluble form by baking. Oxygen-convertible resins 
(e.g., oxidizing alkyds) require only exposure to the air, the action of heat being 
merely to assist the oxidation, as with oil-base varnishes. At any one tempera¬ 
ture, the oxidizing resins are transformed much more rapidly than the heat- 
convertible resins. Esters, acetone, or alcohol-mineral naphtha mixtures are sol¬ 
vents for the drying alkyds, and the solutions permit of considerable dilution 
with aliphatic hydrocarbons. Films formed are very adherent and smooth, with 
a hipid initial hardening. They possess essentially the same properties as the 
filnw from heat-convertible alkyd resins, with an additional pronounced film-build- 
ing characteristic. 

In order to get the best film, it is important that oxidizing alkyd resins 
should not contain any large amount of free fatty acids. In contrast with drying 
oils and oxidizing alkyds, the free fatty acids of drying oils do not dry when 
exposed to the air. They oxidize readily but do not form tough films. The 
behavior of free unsaturated acids was studied by Eibner and Jung" who found 
that films of acids containing many double bonds oxidize faster than those with 
few, but are less stable towards water. When mixed with red lead or white 
lead to form a paint, the acids yield a film in 1-4 days, also when exposed to 
water they show increasing susceptibility with increase in the number of non- 
conjugated double bonds. a-Linolenic acid was found to oxidize in 8-10 days 
to a film tougher than that from linoleic acid. It yellowed more in winter than in 
summer and browned at 100®C. a-Eleostearic acid oxidized in 6-8 days and turned 
less yellow than the linolenic acid film. It yellowed strongly in the oven, and 
showed poor adhesion to glass. Clupanodonic acid, with 4 double bonds, oxidized 
raindly, browning at room temperature and, as follows from the high unsaturation, 
was t^ least stable towards water of all the films examined. 

Gelation of oils during bodying is accelerated by a supply of energy in the 
form of heat, light, or, electrical activation." The phenomenon of gelation may oc- 


•H. Nolle, Farbe u. Luck, 19J3. 559, 559, 588, 60S: Brit. Chem. Ab$. B, 1934, 210. 

W. Windeor, /nd. FinUhtng, 1988, 9 <8), 38; Chem. Aba., 1988. 21, 615. 

UA body eiMmd which gaeoUne and alcohol cannot damage, and which is highly resistant to the 
deteriorating effect of strong sunlis^t, hge bm developed by Ford Motor Co. engmeere, and is being 
used on the 1985 models, ft is said that this type of Aniah uses soya bean oil as an ingredient, and 
that a speeial techniqtie of body preparation and finish application is necessary before the enamei can 
be used in .mass production. Synthetic St Appiicdy Finiahea {London), 1985, b, 7. See also J. L. McCloud, 
Iron Age, US (Aug. 2), 84. 

ILJrienle and C. S. Ferguson, Ind. Bng. Chtm., 1989, 21, 849. See Chapter 41. ' 
u A, and V. Jung, Chem* Vmtchau, Fette, Ole, Wachae, Harte, 1981, 38, 867, 881; Chem. Aba,, 

ItoBC «iul W. 8. W. MeOurUr, Ind. Bng. Chtm., 1«3I, 23, 783. 
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cur also at room temperature under the influence of high pressures, or in the 
presence of metallic chlorides. Oxidation is a contributory cause and metallic 
driers function as catalysts not only of the oxidation reaction, but also of poly¬ 
merization directly. According to Kienle,“ the actual mechanism of gelation of 
synthetic resins is still uncertain. The chemical view of polymerization, whereby 
molecules are linked by primary valence-forces, applies successfully to many types 
of resinWhere straight-chain unions occur, non-convertible polymers are 
formed; where intertwining branched chains can result, the polymers are con¬ 
vertible. In general there will be obtained a mixture of polymers, in which 
small molecules of low degrees of condensation are associated with highly poly¬ 
merized macromolecules. This leads to the formation of a colloidal system, and 
permits depolymerization, or reformation of a sol system, on appropriate treat¬ 
ment with a solvent. Thus, sols may be prepared from cured alkyd resins, or 
heat-converted drying oils, by simple prolonged treatment with a solvent in an 
autoclave. Clear transparent sols of cured glycerol phthalate in glycol diacetate, 
and of linseed oil gel in benzyl benzoate or petroleum ether have been prepared 
in this way. While the primary-valence theory of polymerization accounts for 
most classes of resin gelation, it is possible that in some instances the process 
must be attributed to association through secondary valences. 

Oxidizing Alkyds as Paint Vehicles 

Comparison of drying alkyd type compositions with quick-drying paints (based 
on bodied tung oil-linseed oil mixtures) indicates that the widest application of 
the former may be in solid colors, but adverse aging phenomena show the need 
for precautions in manufacturing such colors." 

Schmutz, Palmer and Kittelberger,” studying the abnormal failure of paints 
due to poor bonding between the paint and the wood, have found that varnish in 
the priming coat affords much greater adhesion than the customary vehicles, re¬ 
gardless of the type of pigment used. A 100 per cent synthetic resin varnish as 
primer showed very favorable properties, though surpassed by 100 per cent 
spar varnish. 

Mileti and Eddy" state that alkyd resin paints give an appearance superior 
to that of linseed oil paints, but are harder to apply. The linseed oil paints 
are exceeded in durability only by the paints derived from soft alkyd resins. The 
volume ratio of pigment had no influence upon durability, but only small amounts 
of basic pigments (e.g., zinc oxide) should be incorporated in alkyd paints to 
avoid livering. White and light-tinted alkyd paints are said to have a tendency 
to chalk, which may limit the use of alkyd resins as a paint vehicle to paints 
containing unreduced colored pigments." Antimony oxide appears to be the 
best pigment when an alkyd resin paint is to be tinted. The resulting paint is 
equal to standard linseed oil paint." 

Gardner and Hart in a series of tests on quick-drying, faintly tinted house 
paints found that linseed oil paints did not possess as good color-retention as 

H. Kienle. Ind, Eng. Chem., mi, 23, 1260. 

See Chapter 4. 

“ H. A. Gardner and L. P. Hart, Circ. Am. Pamt, Vamith Mfn. Aun., 1032, 406^ 11; Brii. Chem. 
Abs. B. 1033, 20. 

^ F. C. Schmuta, F. C. Palmer and W. W. Kittelberger, Ind. Eng. Chem., 1030, 22, 865. 

“O. Mileti and P. S. Eddy, Ctrc,, .4m. Paint, Varmsh Mfr*. Ateoe., 10^ 423; Chem. Ahi„ 1033, 
27, 432. 

^•H. A. Gardner and L. P. Hart, Ctrc., Am. Paint, VamUh Mfn. A$»oc., 1032, 420, 278; Chem. 
Ab^., 1083, 27, 108. See also Circ., Nat. Paint, Varniah and Lacquer Aeeoc., 1034, 471, 330; Chem. Abe., 
1035, 29, 350. 

•^Circ. Nat. Paint Vamiah, and Lacquer Ataoc., 1934, 471, 330; Brit. Cheth. Aba. B. 1935, 31. 
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glycerol-phthalate vehicles “ These workers also noted that alkyd coatings chalked 
less but that some cracked more than bodied tung oil finishes.” Further ex¬ 
periments by Gardner and Hart” on quick-drying house paints gave good results. 
A number of mixtures of white lead, zinc oxide, and titanium oxide with a glycerol- 
phthalic anhydride vehicle successfully withstood exposure to the weather. 

When there is a higher-boiling solvent in the diluent, the alkyd resin forms a 
harder film. However, with a slow evaporation rate the film has an opportunity 
to oxidize considerably. If certain solvents (e.g., petroleum hydrocarbons) are 
still present by the time the film has partially oxidized, precipitation and conse¬ 
quent loss of gloss may occur. This may be prevented by addition of eugenol, 
creosol, or guaiacol as oxidation inhibitors.” The addition of 1 per cent of benzoic, 
salicylic or c-crotonic acids to linseed oil paint, a four-hour enamel and a bodied 
oil enamel” led to an increase in gloss, the effect being greatest with benzoic acid. 
However the infiuence of the acids upon skinning, settling, and yellowing of the 
film was not uniform. 

Hardening of oxidizing alkyd resins, like that of drying oils, is accelerated by 
metallic driers. These are added in the form of solutions of metallic soaps (lino- 
leates or naphthenates) in mineral spirits or turpentine.” Compositions contain¬ 
ing driers should not be cooked with the phthalic resins as insoluble compounds 
are formed. Resinate driers tend to reduce elasticity and durability, and cause 
greater yellowing of the film than do the linoleate types. Different metals vary 
in their drying effects, thus zinc has a hardening effect, and may be used in com¬ 
bination with cobalt in baking enamels to secure good drying without surface 
Ivrinkling. 

Alkyd resins are usable as vehicles for the preparation of rust-preventing paints 
by incorporation with certain pigments. A study of rust-inhibitive primers on 
steel panels over a period of 3 months showed the alkyd-zinc chromate formula¬ 
tion to be best.” The use of an alkyd resin modified by drying oils as the under¬ 
coat has been proposed” for places where nitrocellulose lacquers are to be the 
final coat. White lead, red lead, basic lead chromate and zinc chromate are men¬ 
tioned as good pigments for these primers.” 

Coating compositions suitable for intermediate coats on automobile bodies have 
been made, using pigments and a polymerized binder of the drying-alkyd type.” 
When the oil content is not less than 23 per cent, the resin may be used as a 
binder in a coating composition for the application of a plurality of coats which 
dry as a unit. There is no intermediary baking; a certain time is allowed, how¬ 
ever, to permit the volatile solvents of one coat to evaporate before the next 
coating is applied. All the coats dry in a single baking operation to a state which 


® H. A. Gardner and L. P. Hart, Ctrc , Am. Paint, Vamith Mfrs. Aanoc,, 1932, 422, 289; Brit. Chem. 
Ah$. B, 1983, 1018. 

“H. A. Gardner and L, P. Hart, Circ., Am. Paint, Vamiah Mfra. Aaaoc , 1933, 436, 226; Brit. Chem. 
Aba. B. 1988, 1007. 

* H. A. Gardner and L. P. Hart, Ctrc., Nat. Paint, Vamiah and Lacquer Aaaoc., 1934, 467, 161; 
Brit. Chem. Aba. B, 1984, 771. L. P. Hart and H. A. Gardner, ibtd., 1986, 481, 169; Chem. Aba., 1936, 
29, 4189. 

**J. W. lliff and H. R. Young, XJ. S. P. 1,942,767, Jan. 9, 1984, to E!. I. du Pont de Nemours A Co.; 
Chem. Aba., 1984, 2«..l^.. O. R. Greenaback (U. S. P. 1,898,363, Feb. 21, 1983; Chem. Aba., 1983, 27, 
2888) reiarcto the rancidity in fats, oils and fatty acids by use of maleic, aconitic, fumaric, oitraconic or 
itaconie acida, eetera or anhydridee. The addition of 0.01 per cent w effective in certain instances. 

A. Ckirdner and G. Q. Sward, Circ., Am. Paint, Vamiah Mfra. Aaaoc., 1981, 401, Chem. 
Aba., 1982. 26, 907. 

J. MdS. Sanderwin, Paint, Oil, Chem. Rev., 1982, 93 (22), 18; Chem. Aba., 1982, 26, 4188. 

«Cfrc. Am, Paint, VaanUh Mfra, Aaaoc., 1988, 445, 469; Brit. Chem. Aba. B, 1984 , 71. See however 
ibid., 19M, 471, 843; Chem. Aba.» 1986, 29. 861. 

••H. H. Hopldne, V. B, P. 1,771,588, July 29, 1930, to B. I. du Pont de Nemoura & Co.; Chem. 
Aba., 1980, 24, 4647« British F. 297,418, 1988; Chem. Aba., 1929, 23, 2841. See also K. Ott and H. 
Ben^rd, Uannan P« 558.5a, 19^, to I. Q. Farbenind. A.-G.; Chem. Aba., 1982, 26, 5776. 

9iG.Il. BMhiniOr, Omadian ?. 827382, 1938, to Canadian Industries, Ltd.; Chem. Aba., 1983, 27, 1218. 
British P. 155,271. 1929, to B. 1. du Pont de Nemours A Co.; Chem. Aba., 1982, 26, 4190. See also 
M. J. Callahan, S. k 2,000,098, May l9, 1985. 
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permits sanding." A ground coat of vitreous enamel on steel or iron forms a 
good primer upon which to apply synthetic resin enamels.** Metal used in the 
construction of cans may be coated with an alkyd resin composition, it being pos¬ 
sible to bake the coat on the metal before the cans are constructed.*** A wire- 
enamel, said to form a uniform film quickly, is obtained by dissolving an alkyd 
resin m a hydrogenated petroleum product.® 

Oil paints may be improved by having 10 per cent oil-soluble alkyd resin in¬ 
corporated in them.® Coating compositions for outside use, of high durability 
and having a high percentage of pigment, have been made by employing alkyds 
of low acid number.® Thus a resin of acid number 2.5 ia made from 13.43 parts 
of glycerol, 72.06 parts of linseed oil acids and 14.51 parts of phthalic anhydride. 
One hundred parts of resin are used with 101 parts of barium-base titanium oxide 
pigment, 39.4 parts of lithopone, 15.6 parts of zinc oxide, 0.8 part of cobalt-man¬ 
ganese drier and 62 parts of mineral spirits thinner. Other mixed or single pig¬ 
ments and variations in the composition of the resins may be introduced. The 
chalking-tendency of the titanium oxide is considerably reduced, allowing its use 
as a chief pigment. 

Antimony oxide in mixed-pigment paints of this kind® eliminates the chalking 
tendency, permitting the formulation of non-fading colored titanium oxide coat¬ 
ing compositions. Barium titanate used as a pigment in these compositions has 
good binding power.” By lowering the acid number of the alkyd, zinc oxide 
may be used as the principal pigment constituent.® With resins containing less 
than 35 per cent of drying oil acids, the acid number should be below 30. Highly 
leaded zinc oxides in Rezyl vehicles are said to have unusual gloss-retention. 

As has been stated in Chapter 47, alkyd resins in cellulose ester compositions 
protect the latter from the discoloring effects of ultraviolet light. This principle 
has been applied to the production of non-discoloring sheets of pyroxylin plastic 
compositions. Both sides of the plastic are coated with a transparent oil-resin 
varnish for the purpose of absorbing actinic rays.® Sheets of cellophane may be 
bonded by an alkyd resin and coated with an insulating varnish to produce an elec¬ 
tric-insulating material.*'’ An alkyd resin, modified by perilla oil, applied to cello¬ 
phane forms a base upon which a moisture-proof coating can be applied." 

Water paints containing an oily alkyd resin modified with linseed oil acids were 
proposed by Ott and Breyer." The resin was mixed with ferric oxide and emulsi¬ 
fied in water containing casein, ammonia and borax. 

Light-colored coating compositions have been produced from oil-modified alkyd 

» R. A. Jacobson and J. L. Keats, U. S. P. 1,913,869, 1,912,870, 1,912,871, 1,912,872, June 6, 1988, to 
E. I. du Pont de Nemours A Co.; Chtm, Abs., 1933, 27, 4430. 

•“F. C Zimmer, U. 8, P. 1,980,831, Oct. 10, 1988, to General Electric Co.; Chem. Ab»., 1984, 28, 280. 

H. H. Hopkins, Bntish P. 297,418, 1928, to E. I. du Pont de Nemours A Co.; Chem, Abe., 1929, 
23, 2841. See also C. B. Hemming and E. C. Pitman, U. B. P. 1,999,413, Apr. 80, 1985, to E. I. du Pont 
de Nemours A Co.; Chem. Aba., 1985, 29, 3972. 

»W. H. Wright, U. 8. P. 1,977,932, Oct. 28, 1934, to Schenectady Varnish Co.; Chem. Aba., 1985, 
29, 366. 

M German P. 578,469, 1938 to Firma L. Blumer; Chem. Aba., 1983, 27, 4437. 

^W. W. Lowers and G. D. Patterson, U. 8. P. 1,885,024, Oct. 25, 1919, to E. 1. du Pont de Nemours 
A Co.; Chem. Aba., 1988, 27, 1215. 

»Q. D. Patterson, U. 8. P. 1,885,035, Oct. 26, 1982, to £. I. du Pont de Nemours A Co. ; Chem. 
Aba., 1988, 27, 1215. See also work of H. A. Gardner and L. P. Hart, loc. ctt. 

^G. D. Patterson, U. 8. P. 1,885,036, Oct. 25, 1982. to E. I. du Pont de Nemours A Oo.; Chem. Abs., 
1988, 27, 1215. For further work on titanium pigments see H. H. Hopkins and F. 8. Stewart, U. 8. P. 
1,988,460, Deo. 4, 1934, to E. I. du Pont de Nei^urs A Co .; Chem. Aba., 1985, 29, 637. 

**0. D. Patterson, U. 8. P. 1,885,027, Oct.'25, 1982, to E. I. du Pont de Nemours A Co.: Chem. Aba., 
1938, Z7, 1215. 

**J. H. Clewell, Jr., Canadian P. 810,844, 1981, to Canadian Industries, Ltd. 

^C. F. Obermaier, British P. 409,802, 1983, to British Thomson^Houstoii 06., Ltd.; Brit. Chem. 
Aba. B. 1984, 587. 

H. Charch, W. L. Hyden and J. O. Sismann, U. 8. P. 1,972,869, Sept. 11, 1984; Chem. Abt.. 
1984, 28, 7018. 

»K. Ott and B. Breyer, German P. 599,311, 1986, to I. O. Farbenind. A.-Q.; Chem. Aba., 1984, 
28, 6001. 



978 


THE CHEMISTRY OF SYNTHETIC RESINS 


resins with an organic peroxide as drier" The oil glyceride present in the resin 
should not exceed 65 per cent, if slow drying is to be avoided. Treatment of 
lithopone with acetic acid prevents thickening of enamels made from oil-treated 
alkyds" 

Resins modified with a large proportion of linseed oil acids or other drying 
oil acids have been applied to the preparation of white enamels," in conjunction 
with low-viscosity nitrocellulose. Alkyd resins in striping enamels contain more 
than 50 per cent of drying oil fatty acids^" 

Leather can be finished off with an oil-modified Glyptal; it is first coated with 
a mixture of bodied linseed oil in which is incorporated pigments. This is fol¬ 
lowed by coats of bodied linseed oil thinned with naphtha and then the final coat 
of resin is dried on at 150-175®F. for 10-20 hours.*’ A varnish for flexible floor 
coverings can be made by heating a drying-oil resin with a bodied drying oil." 
A proposed high-glaze finish for fabrics consists of drying oils with a polyhydric 
alcohol-polybasic acid resin, driers, and a solvent (toluol). This final coating is 
applied over a cellulose nitrate undercoat." 

Coating or finishing compositions for rubber or rubberized cloth" have been 
prepared from alkyd resins modified with drying, semi-drying or fatty oils (e.g., 
castor oil) or the acids produced on their hydrolysis. Phenol-formaldehyde resins, 
cellulose esters and plasticizers may be added. Likewise a drying oil-modified 
alkyd resin-asphalt varnish has been suggested for the purpose.®^ Another use 
of this varnish is its application to uncured rubber which is then baked to secure 
an artificial leather." Alkyd resins modified with boiled tung oil may be employed 
in crystallizing-vamishes for the production of frosted films." 

Alkyd resins containing at least one free hydroxyl group and which dissolve or 
sWell strongly in benzene hydrocarbons may be admixed with cellulose ethers to 
give varnish^ or mastics." Thus ethyl cellulose, and the condensation product 
of phthalic acid and linoleic glyceride, containing unesterified groups, are dissolved 
in a benzene-toluene-alcohol mixture, yielding a varnish which is a prospective 
coating for wood. The alkyd resins modified with a monobasic acid (e.g., linseed 
oil acid), but containing no excess of the acid, are employed for the production of 
varnishes." Incorporation of 5 per cent a-unsaturated aliphatic carboxylic acids 

^P. Robinson and B. E. Sorensen, U. S. P. 1,980,711, Feb. 5, 1935, to E. I. du Pont de Nemours A 
Co.; Chem, Ah*., 1985, 29, 2376. CanadUn P. 835,494, 1083, to Canadian Ind., Ltd.; Chem. Ab*., 
1982, 26, 5777. 

** O. D. Patterson, U. S. P. 1,889,180, Nov. 11, 1932, to B. I. du Pont de Nemours A Co.; Brit. Chem. 
Abi. B, 1988, 731. 

F. Arnold, BritUh P. 350,463, 1928, to Imperial Chem. Ind., Ltd.; Chem. Abs., 1932, 26, 2071. 
For a review of white enamels from alkyd reeins see Chemical Induetriet, 1984, 34, 417. 

«*E. F. Arnold, Canadian P. 310,845, 1931, to Canadian Ind., Ltd.; Chem. Abe., 1931, 25, 3184. 

«rH. H. Hopkins, V. 8. P. 1,054,750, Apr. 10, 1934, to E. I. du Pont de Nemours A Co.; Chem. Abs., 

1984, 28, 8988. British P. 894.000; Chem. Abs., 1984, 28, 365. See also U. S. P. 1,950,363 and 1,960,220, 
May 22, 1984; Brit. Chem. Abs. B, 1985, 820. 

«W. F. Whiteecarver and H. H. Hopkin^ U. S. P. 1,942,786, Jan. 9, 1984, to E. I. du Pont de 
Nemours A Co.; Chem. Abs., 1984, 28, 18M. Canadian P. 881,451, 19^, to Canadian Ind^ Ltd.; Chem. 
Abs., 1983, 27, 8886. British P. 398,209, 1988; Chem. Abs., 1984, 28, 1557. See also P. H. Pennell and 
C. H. Draper, 17. S. P. 1,968,959, Jan. 22, 1985, to Armstrong Cork Co.; Chem. Abs., 1935, 29, 2005. 

^A. W. Battman and R. E<. Thcamas, U. S. P. 1,954,751, Apr. 10, 1984, to E. I. du Pont de Nemours 
A Co.; Brit. Chem. Abs. B. 1985, 145. 

•>R. Hill and E. £. Walker, BritUh P. 880,949, 1028, to Imperial Chem. Ind., Ltd.; Chem. Abs., 
1930, 24, 6041. 

H. J. Barrett, U. 8. P. 1,995,057, Mar. 26, 1985, te E. I. du Pont de Nemours A Co .; Chem. Abs., 

1985, 29, 8428. British P. 888,746. 1988 ; Chem. Abs., 1988, 27, 4989. 

**A. J. Hemmer, U. S. P. 1,984,709, Nov. 14, 1^, to E. I. du P<»t de Nemours A Co.; Chem. Abs., 
1984, 28, 988. British P. 890,828, 1988; Chem. Abs., 1988, 27. 6018. See also A. F. Alvardo and A. N. 
ParretL U. 8. P. 1,955,855, April 17, 1984, to E. I. du Pont de Nemours A Co.; Chem. Abs., 1984, 28, 
8921. Csnadian P. 881,684, lOuTto CatiadUn Ind., Ltd.; Chem. Abs., 1988, 27, 8886. J. R Couture, U. S. 
P, 1,986,500, Nov. 21, 1988. to E. 1. du Pont de Nemours A Co.; Bnt. Chem. Abs. B, 1984, 797. H. J. 
BanatV Canadian P. 881,685. 1988, to Canadian Ind., Ltd.; Chein* Abs., 1988. 27, 8886. 

MW. O. StaulTer, V. 8. P. 1,984,885, Apr. IT, 1984, to B. I. du Pont de Nemours A Co.; Brit. Chem. 
Abs.^ B, 1985, 145. Qraadian P. 810,846, 1981, to Csnadian Ind., Ltd.; Chem. Abs., 1981, 25. 3184. 
British P. 850|641, 1980, to Imperial Cheat. Ind., Ltd.; Chem. Abs., 1982, 26, 8124. 

M French P 867,119, 1989. to I. O. Farbenind. A.-Q.; Chem. Ahi., 1981, 25, 888 

MR. Ott, H. Bemud m F. Frisk, Canadian P. 808,181. 1081, to 1. 6. Farbenind. A.-Q. 
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(e.g., crotonic or sorbic acid) improves the flowing qualities." Drying alkyds may 
be dissolved and mixed with colors to form fftst-drying inks for offset or intaglio 
printing.*" A glycerol-phthalic anhydride drying-oil resin has been utilized in mak¬ 
ing printing enamel .*“ 

Adams" described the preparation of metallic paints by suspending metal 
powders (such as aluminum, copper alloys or silver) in a vehicle consisting of a 
drying alkyd in a volatile solvent. Paints containing zinc or aluminum may be 
applied to metals (e.g., iron or copper) and alloy formation effected by heating 
the metal surface. Metallic flakes in quick-drying varnishes composed of an 
alkyd resin modified by linseed and tung oils have improved ^'leafing'" properties." 

Laborious finishing processes whereby spray-coat^ articles must be sanded 
by hand and finished with a spray mist of lacquer thinner may be obviated by 
subjecting the film to heat so that abrasive marks will be eliminated. The film 
should contain substances softening under heat-treatment without harmful physical 
alteration, so that surface flowing is achieved. The presence of oxygen leads to 
oxidation and subsequent hardening of the film. Lacquers containing drying 
alkyds are suitable for such treatment, the sanded film being heated at 70-120®C. 
An example of a suggested composition contains 1.82 per cent nitrocellulose, 23.27 
per cent glycerol-phthalic-linseed oil acid resin, 0.91 per cent carbon black pig¬ 
ment, and 74.00 per cent lacquer thinner. 

A non-caking pigmented coating can be prepared from a pigment ground in a 
gasoline solution of rubber to which an alkyd-type resin has been added." Root®* 
suggested that a phthalic anhydride-glycerol-linseed oil resin be employed in coat¬ 
ing compositions for producing wrinkled finishes on metal. In this type of var¬ 
nish, it has been generally considered essential to use a varnish resin in a drying 
oil that will wrinkle on oxidation. However, by using an alkyd resin modified 
with linseed oil acids, the resin needs only to be dissolved in volatile solvents 
(e.g., toluol, xylol, naphtha) to give a composition that wrinkles upon baking. 

®®H. Bernard, U, S. P. 1,833,274, Nov. 24, 1931, to I. G. Farbenind. A.-G.; Brit. Chem. Abs. B. 
1932 807 

British P. 337,199, 1929, to I. G. Farbenind. A.-G.; Chem. Ab»., 1931, 25, 2011. French P. 700.892, 
1929; Chem. Abs., 1931, 25, 3855 

E. H. Callahan, Canadian P. 332,858, 1933, to Canadian Industries, Ltd.; Chem. Aba., 1933, 27, 4428. 

^L. V. Adams, British P. 387,682, 1929, to British Thomson-Houston Oo.; Chem. Abs., 1981, 25, 
2310. Canadian P. 313.728, 1981, to Canadian General Electric Co., Ltd.; Chem. Abs., 1981, 25, 5304. 

ooj. W. Ihff and P. Robinson, U. S. P. 1,941,398, Dec. 26, 1933; Bnt. Chem. Abs. B, 1934, 849; 
British P. 396,081, 1932, to E. I. du Pont de Nemours A Co.; Brit. Chem. Abs. B, 1938 , 837. H. H. 
Hopkins and J. Richardson, Jr., U S P. 1,967,986, July 24, 1984; Chem. Abs., 1934, 28. 6001. 

«C. Coolidge and H. S. Holt, U. S. P. 1.863,834, June 21, 1932, to E. I. du Pont de Nemours A Oo.; 
Brit. Chem. Abs. B, 1988, 479. 

•»F. B. Root, U. 8. P. 1,976,191, Oct. 9, 1934, to Chadeloid Chem. Co.; Chem. Abs., 1934, 28. 7562. 



Chapter 49 

Alkyd Resins in Molding Compositions 

Alkyd resins are much less widely employed as binders to form molded articles 
than in coating compositions. The reason for this is that conversion to the in¬ 
fusible insoluble forpi is very slow in comparison with the transformation of other 
synthetic resins generally used for this purpose (urea-formaldehyde and phenol- 
formaldehyde). Also, since the hardening reaction is probably one of further 
interesterification of the molecules of the intermediate resin, considerable water 
vapor is evolved, which tends to form bubbles in the mass. In thin films (e.g., 
baked coatings) the water readily escapes and high temperatures can be used 
without disrupting the physical continuity of the resin layer, but in massive form 
heating must be carried out at a low temperature to allow slow diffusion of water 
vapor. This low-temperature curing requires inordinately long baking periods’ 
and limits the use of heat-hardening alkyd resins to certain special fields where 
particular properties of the hardened resin give it a distinct advantage. 

With alkyd resins of the fusible soluble variety the same considerations hold in 
regard to their use in molded materials. They must compete with cheaper thermo¬ 
plastic substances and consequently are successfully used from an economic stand¬ 
point only in applications where some particular property of the resins comes 
into play (e.g., high compatibility with nitrocellulose). 

It is possible to accelerate the transformation to the infusible form. For 
example, a mixture of three mols of phthalic anhydride and two mols of glycerol 
is suddenly transformed at 235-240®C. from a liquid to a spongy solid, which is 
quite insoluble in ordinary solvents. A number of substances (e.g., zinc oxide, 
calcium oxide, barium carbonate or barium hydroxide) lower the temperature at 
which solidificalion occurs.* This result is probably due to the phthalate salt 
formed .* Ammonium persulphate also has a marked catalytic action on the solidi¬ 
fication step. For example, an agitated mixture of 2.7 parts of phthalic anhydride 
and 1 part of glycerol would normally solidify at 235-240®C. but, if ammonium 
persulphate is added to the batch held at 140-145®C., the mass becomes too viscous 
to be stirred. Bleaching powder causes conversion of the same phthalic anhydride- 
glycerol mixture at 165®C. Uranium nitrate, ammonium bisulphate or zinc chloride 
yielded a rubbery compound at 155®C. 

Silicotungstic acid in the proportion of 10 per cent exerts a vigorous action at 
115-126®C.; 4 per cent of this compound brings about solidification at 155®C. 
A resin, prepared from equimolecular proportions of glycerol and phthalic an¬ 
hydride but heated only to 232®C, to avoid transformation to the insoluble heat- 
resistant form, was found to harden quickly on the hot plate after admixture 

^ To obtain light-oolored alaba of phthalic anhydride-glycerol resins free of bubbles, J. H. Schmidt 
(U. S. P. 1,<M8,188, Mar. 20, 1028, to Bakeiite Corp.; Chein. Aha., 1028, 22, 1606) found it necessary to 
subject the initial reacticm product to a temperature of 125* C. for a period of several weeks. 

•Oarleton Ellis, U. S. P. 1,807,077 and 1,807,078, Feb. 14, 1933, to Ellis-Foster Co.; Brit. Chem. Aht, 
B, 1088, 078. 

* It ii noteworthy in this eonnection that thf addition of soaps in small proportions (0.1 per cent), 
espSeially the fatty acid salts of aluminum, tin, sine and magnesium, accelerates the esterification of 
fatty acids with polybydrio alcohols. British P. 802,411, 1927, to 1. Q. Farbentnd. A.-Q.; Bnt. 
Chem, Abi, B, 1020, 285. 
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with silicotungstic acid. Wright* added dehydration catalysts (e.g., oxides of 
calcium, magnesium and zinc or finely divided iron and zinc) to aid the transforma¬ 
tion to an infusible stage. 

Molded Products 

The general properties of alkyd resins have led to efforts to utilize them in 
the manufacture of molded products. One method makes use of a resin prepared 
from glycerol and one or more polybasic acids, with cellulose esters or cellulose 
ethers for strengthening and toughening the products.® Resins may be obtained, 
for example, by heating a mixture of glycerol, salicylic acid and phthalic anhydride 
to a temperature of approximately 290°C. The temperature is raised slowly, 
and the product is cooled under reduced pressure to remove as much as possible 
of unused acid. This treatment also aids in the production of light-colored resins. 

Generally the acid number of a resin should as low as 20 if nitrocellulose is 
to be incorporated, and this can be obtained by the use of excess glycerol, by 
protracted heating at 200-300°C. or by adding an aromatic amine (aniline or 
toluidine).* In addition to nitrocellulose, the resin may be mixed with fillers 
(e.g., lampblack, asbestos, mica dust). The compositions are rendered plastic by 
warming, placed in a mold and pressed while chilling."^ The following example 
illustrates the proportions employed* 


Parts by Weight 

Mica dust.. . .12 

Terra alba. . . 8 

Rosin phthalic glyceride resm . 8 

Nitrocellulose. 2 

Asbestos fiber I 

Lampblack.. .1 


Nitrocellulose, up to 10 per cent, increases the strength of the final product but 
further additions do not give proportionate results. 

Cold-molded articles may be produced from a mixture of asbestos fiber and other 
mineral fillers with an alkyd resin. The addition of 1-2 per cent of a drying oil (tung 
oil) is advantageous. The cold-molded article is air-dried for 24 hours, after which 
the temperature is raised to 70®C. for 5-6 hours. It is then baked for 30 minutes at 
160-180°C. and finally at 290-300®C. for 0.6-1 hour. A typical resin for use in this con¬ 
nection is made by heating 100 parts of rosin, 21 parts of phthalic anhydride and 24 
parts of glycerol at 280-2W°C. The phthalic anhydride may be replaced by citric, 
tartaric, malic, maleic or succinic acids, or their anhydrides.® 

Wright® produced a molding composition by heating the alkyd resin already 
in the B stage with a swelling agent (e.g., acetone) in the presence of a plasticizer 
(e.g., vinyl chloride or tolyl phosphate). Extrudable compositions may he formed 
by working between hot rollers a mixture of 3 parts of the totally cured resin and 
1 part of the same resin in the uncured or semi-cured state."* Zinc oxide or other 
basic materials hasten the curing process. 

«J. O. E. Wright, U. S. P. 1,581,002, Apr. 20, 1926, to General Electric Co.; Chem. Abg., 1926, 20, 
1913. British P. 286,591, 1925, to Bntish Thomson-Houston Cb., Ltd.; /.S.C./., 1925, 44, 770B. German 
P. 555,534, 1925,' to Allgemeine Elektrioit3ts-Ges.: Chem. Abe., 1982, 26, 6167. 

« Carleton Ellis, U. S. P. 1.876,886, Sept. 13, 1932, to Ellis-Foster Co.; Chem. Aba., 1933, 27, 200. 

«See also cSirleton Ellis, U. S. P. 1,843,869 and 1,843,870, Feb. 2, 1982, to Ellis-Foster Oo.; Brit. 
Chem Aba B 1982 1042. 

^Chrleton Ellis, U. S*. P. 1,876,886, Sept. 13, 1932, to Ellis-Foster Co.; Chem. Aba., 1933, 27, 200. 

•Chrleton Ellis, U. S. P. 1,541,336, June 9, 1925, to Ellis-Foste^ Co.; Chem. Aba., 1925, 19, 2277. 

•J. G. E. Wright, British P. 394,450, 1962; Brit. Chem. Aba. B, 1938, 721. French P. 783,836, 1982, 

to Compagnie francaise Thomson-Houston; Chem. Aba., 1988, 27, 1221. _ 

Safford, U. 8 . P. 1,975,750, Oct. 2, 1984, to General Electric Oo.; Chem. Aba., 1984,.28, 7384. 
British P. 396.8M, 1983, to British TKomson-Houston Oo., Ltd.; Chem. Aba., 1984, 28, 664. French P. 
43,508, 19M, addn. to 701,429, to Compagnie francaise Thomson-Houston; Chem. Aba., 1985, 29, 854. 
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Molded Mica Products 

The excellent electrical resistance of sheet mica combined with high mechanical 
strength and heat-resistant properties has resulted in its use in the manufacture 
of electrical machinery from the earliest days of the industry. The scarcity of 
large sheets of mica and the high price of such material have given rise to the de¬ 
velopment of a large industry for the manufacture of composite sheets from flake 
mica, mica waste, split mica and mica powder, since these materials are abundant 
and cheap.“ 

An early method of producing composite mica sheets was developed by Lee.“ 
He incorporated the mica with shellac by heating. Dyer“ used shellac varnish 
for this purpose. Flakes are coated with varnish, allowed to dry and pressed to¬ 
gether under heat. When used in commutator construction, mica plates or cones 
are liable ^ to become sufficiently heated for shellac to soften, which causes carboniza¬ 
tion and short circuits. Attempts to overcome this difficulty by the use of phenol- 
aldehyde resins have shown that these also carbonize readily and, moreover, they 
do not adhere well to mica. Alkyd resins, on the other hand, appear to satisfy 
the requirements of a bonding agent for mica and have been used for this purpose. 
Such mica compositions have a high electrical strength, the value for alkyd com¬ 
posite sheets being higher than for shellac-bonded mica. The power factor (see 
Chapter 69) of properly made alkyd-cemented mica at 100 kilocycles is given as 
1.95, as compared with 4.6 for the shellac-bonded product.'^ Properly cured alkyd- 
treated sheets yield less under mechanical compression and are more flexible than 
the shellac-bonded material. 

Barringer and Peterjwn“ prepared a laminated mica product by treating mica flakes 
or plates with an acetone solution of the alkyd resin, evaporating the solvent and 
heating the composition at 175'’C. until the binder is in an interm^iate plastic state. 
The product then is molded at 250'’C., hardened at 300*^0. and cooled under pressure. 
The procedure may be modified” by carrying out the first stage of the curing under 
reduced pressure to facilitate removal of solvent and volatile reaction products. Mica 
plates are pasted together as before with the solution of an alkyd resin in acetone. 
The built-up sheets are covered on both sides with dry mica to prevent sticking to 
(he supports and are heated in an evacuated oven at 110*’C. for 0.^2 hours. Acetone 
is completely removed in the process and some preliminary polymerization of the 
resin occurs. During further curing of the material at 166-170”C. an intermittent 
pressure is applied, the release of the pressure providing for the escape of evolved 
gases. The final heat treatment is carried out as described above. 

Coffey'^ found that thin mica splittings can be cemented together with a con¬ 
densation product of glycerol and phenol and molded under pressure. Five parts 
by weight of the resin are used with 95 parts of mica. The hot material may be 
molded into shapes which retain their form when cooled. Coffey also described 
a commutator ring the outer layer of which consists of mica plate prepared by 
cementing mica flakes with alkyd resin, and the inner layer composed of asbestos 
impregnated with shellac.^ Asbestos gives to the material a certain resiliency 

^ A historical survey of the early developnient ia this field is given by J. Rossman, Pkuttica, 1Q28, 
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' W C. T. Lee, U. S. R, 8S9.519, 8epC. 11, 1888. British P. 9987, 1889; /.S.C./., 1889, 8. 781. 

H. 8. Dyer, U. 8. P. 488,648, Oct. 4, 1898. British P. 10,834, 1898; /.S.C./., 1898, 12. 827. 

^H. Warren, Mectrieian, 1987, 98, 886; Chem, Abt., 1988, 22, 8881. 

t*L. E. Barringer and C. F. Peterson, U. 8. P. 1,889,094, Jbne 18, 1926; Chem, Ads., 1986, 20, 8068. 
British P. 801.388. 1988, to British Thomson-Houston Oo., Ltd.; JM.CJ,, 1988, 42. 1081A. 

^L. B. Bamnger and C. F. Peterson, U. 8. P. 1,619,698, March 1, 1987, to Qeneral Electric Co.; 
Chem, Ads., 198^ 21, 1886. British P. SM.948, 1^, to British Thomson-Houston Oo., Ltd.; Chem. Ads., 
1987, 21, llir. d F. Peterson, V. 8. P. 1,619,788, March 1, 1987, to General Electric Co.; Chem. Ads., 

MybaHty. V. 8. P. t,M(,4U, Oot. II, IMT, to Mi«o Iiiaalotor Co.; Ckem. Ab*., I«18, 22, 128. 
Ontdiaa P. 288,428, 1888; Abt., 1828, 22, 4182. Britidi P. 1822; Chtm. Ab$., 1828, 23, 868. 

»J. M. Coffey, V. 8. P; 1467,886, May 10, 1882, to Mica loeulator Co.; Chem. Atu., 1882, 26, 8880. 
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which causes the ring to conform more readily to irregularities in shape of the 
commutator copper bars, and thus permits a tight connection. 

Frederick" used both shellac and alkyd resin in making mica sheets. The sheet 
is formed from a mixture of mica with shellac and then coated with an alkyd 
resin. The whole mass is subjected to heat to amalgamate the shellac with alkyd 
resin and to change the latter to the infusible state. 

Single sheets of mica may be covered with a mixture of an alkyd resin and a 
vapor-adsorbing filler (e.g., asbestos, iron oxide, kieselguhr or talc) and then the 
resin is hardened by heating under pressure." Insulators are made by cementing 
sheets of mica with a resin prepared from polyhydric alcohols and dicarboxylic 
acids of the type of diglycolic.” The resin derived from glycerol and phthalic an¬ 
hydride modified with drying oil, or drying oil acids, may be used.” Weber sug¬ 
gested bonding mica flakes with a mixture of an alkyd resin, an aromatic phosphate 
plasticizer and a glue.” The composite article is consolidated by heating under 
pressure at 250®C.“ 


Floor and Wall Coverings 


The addition of alkyd resins to flooring compositions has been proposed because 
the resins form flexible final products. Increased flexibility in a floor covering 
would mean that such rugs would lie flatter. One application of this type* re¬ 
lates to a duplex floor covering consisting of a saturated felt base and a tread- 
veneer of resin-nitrocellulose composition. The plastic coating compositions are 
obtained by dissolving nitrocellulose, alkyd resin and plasticizing materials in 
volatile solvents. The product is mixed with ground cork and fireproofing agents 
(e.g., powdered gypsum or magnesium carbonate). This agglomeration is put 
through a sheeting machine, deposited on the felt and dried. 

One resin that may be used in the coating composition is prepared by heating to 
290®C. a mixture of rosin (100 parts), phthalic anhydride (50 parts) and glycerol (48 
parts). The following formula will illustrate the type of composition and proportions 
by weight: nitrocellulose (40 parts), rosin ester (40 parts), castor oil (58 parts), tricresyl 
phosphate (15 parts), powdered gypsum (300 parts), ground cork (100 parts), pig¬ 
ment (10 parts) and solvent (80 parts). Volatile solvents (acetone, methyl alcohol 
or isopropyl alcohol) that do not dissolve the asphalt of the felt are preferable.* 

If a thicker product is desired more layers of tread cAn be added to the cover¬ 
ing. When high-boiling solvents are used in conjunction with multiple layers, the 
, time of drying is increased to the point where the cost of manufacture would be 
high. On the other hand, employment of volatile solvents alone results in rapid 
evaporation during the sheeting process. To make possible the use of volatile 
solvents, wax (e.g., paraffin, carnauba or montan) is added to the flooring com¬ 
position. This retards evapors^tidn at room temperatures without interfering with 

^*L. T. Frederick, U. S. P. 1,^73,758, Aug. 23, 1932, to Ck>ntinenUl Diamond Fibre Co.; Chem, Ab$,, 
1932, 26, 0082. 

^British P. 329,878, 1929, to I. G. Farbenind. A.-O.; Chem. Abe., 1930, 24. 5932. French P. 079.596. 
1929; Chem. Abe., 1980, 24. 8808. 

n French P. 090,190, 1980, to 1. Q. Farbenind. A.-G.; Chem. Abe., 1981, 25, 2828. 

« E. M. Hnnsheer. Britieh P. 300,854, 1931, to British Thomson-Houston Co., Ltd.; Brit. Chem. Abe. 
B, 1982, 853. French P. 715,008, 1931, to Compagnie fran^aise Thomson-Houston; Chem. Abe., 1982, 26. 
1088. 

»H. C. P. Weber, U. 8. P. 1,928,718. March 10, 1988. to Weetinghouse Elec, and Mfg. Co.; Chem. 
Abe. 1988 27 5M7. 

MC. b.^Hocker (U. 8. P. 1,512.024, Oct. 21, 1925; Chem. Abe., 1925, 19. 710) obtained a moldable 
composition for electrical insulation by mixing mica with the reaction pr^uct formed by heatuig castor 
oil to the point of partial carbonisation. In plain of castor oil other substances capable of yielding 
glycerol and an organic acid were suggested. 

oCgrteton Ellis, U. 8. P. 1,784,185, Deo. 9, 1980, to Ellis-Foster Co.; Chem. Abe., 1981. 2$. 425. 

** For the inclusion of alkyd resins in flooring compositions for use with paper base see Ghrleton Ellis, 
U. 8. P. 1,784.799, Deo. 9, IttO, to Ellis-Foster C^. Abe., 1981, 25, 425. 
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the final drying operation. The wax also facilitates the printing of a design on the 
surface of the floor covering.*^ 

The inclusion of lithopone, white lead, lead sulphate, baryta and chalk in the 
alkyd-nitrocellulose coating produces a white finish. Small masses of intense colors 
introduced onto the white sheeting yield variegated color effects, and cotton linters 
incorporated into the surface give a white textured effect." 

Nitrocellulose and wax are considered to be incompatible but Lougovoy” has 
developed a nitrocellulose tread coating which adhered well to paper waterproofed 
with a high proportion of wax. The following example will serve to illustrate the 
type of composite utilized: 

Parts by Weight 


Cleaned motion-picture film . 200 

Acetone. 300 

Benzol. ... 150 

Tricresyl phosphate 130 

Blown castor oil. . 130 

Denatured alcohol 50 

Paraffin wax. 10 

Benzoic-phthalic-glyceride resin... 60 

Rosin. 40 

This composition was thoroughly mixed and to it was added: 

Parts by Weight 

Vegetable-ivory sawdust . . 130 

Wood flour. 100 

Perhydrated calcium sulphate 200 

Lithopone. 200 

Diphenylamine.... 5 

Pigment. 3 


The plastic composition was sheeted onto a paper base containing paraffin wax. 

The author" has also employed acetone-soluble cellulose acetate with alkyd 
resins to prepare a non-curling floor covering. The alkyd resins are incorporated 
with cellulose acetate, solvents, wax, fillers and pigments, and sheeted onto an 
asphalt-saturated felt base. The proportion of resin in this flooring composition 
should not exceed the proportion of cellulose acetate. The resins proposed*^ for 
use with nitrocellulose are linseed-phthalic glyceride, cottonseed-phthalic glyceride, 
blown rapeseed-phthalic glyceride, soya bean-phthalic glyceride, benzoic-phthalic 
glyceride and castor oil-glycerol or -glycol phthalate. The following example il¬ 
lustrates the preparation of these resins: Glycerol (94 parts by weight), phthalic 
anhydride (1^ parts by weight) and fatty acids of linseed oil (80 parts by weight) 
are heated to 260®C. for two hours. 

Phelan* has described an adhesive backing (for inlaid linoleum) prepared by 
coating a saturated felt base with an alkyd resin paint. The latter is made by 
heating at 150-180®C. a mixture of 35 parts of ethylene glycol, 3.5-7.5 parts of 
diethylene glycol, 8-13 parts of glycerol, 105 parts pf phthalic anhydride and 30 
parts of drying oil acids, and dissolving the product in ethylene glycol monoethyl 
ether. A floor-covering material is obtained by impregnating a felt base with a 
Intuminous saturant, covering it with a sealing coat containing an alkyd resin 
and finally applying a decorative coating over the sealing coating. One advantage 

•^Cftrifton Ellis, U. 8. P. 1,784,800 snd 1,784,801, Dec. », 1930, to Ellis-Foster Co.; Chem, Aba., 1981, 
ZS, 430. 

»Osrieton EUis, U. 8. P. 1,784,809. 1,784,803 end 1,784,804, Dec. 9, 1930, to Ellis-Foster Co.; Chem. 
Aba,, 1181, 3S( 486. 

VI. Lougovoy, U. 8. P. 1,784,806, Deo. 9, 1930, to Ellis-Foster Co.; Chem. Aba., 1981, Zi, 425. 

»Ca^TkUm Mis, U. 8. P. 1,848m Mar. 8, 1032, to Resyl Corp.; Chem. Aba., 1089, 26, 2844. 

nCarletoii Ellis, U. 8. P. 1,005,897, Apr. 26, 1088, to Resyl Corp, ; Chem. Aba., 1088, 27, 3681. See 
Chapter 47 for illustratiops of alkyd resins in nitroeelluloae lacquers. 

»J. A Phelan, Britislt P. 848^, 1020, to Armstrong Cork Co. ; Chem. Aba., 1038, 27, 486. 

' . 4 ^ ' * 
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of an alkyd resin is that it does not dissolve the bituminous material.” Sheet 
material, for floor coverings, gaskets and artificial leather, is obtained by felting 
together layers of comminuted cork or fibers that are saturated with an alkyd 
resin binder.” 


Alkyd Resins in the Rubber Industry 

During the process of vulcanization, the outer layer of rubber is likely to be 
overcured before the whole mass is vulcanized. This phenomenon is called scorch¬ 
ing and is overcome in part by the addition of substances called scorch-retarders. 
The usefulness of alkyd resins as scorch-retarders has been investigated by Thies.” 
Glyceryl phthalate was an effective agent, but it interfered with curing if more 
than 0.25 per cent was added to the rubber. In such small amounts it is not as 
efficient as zinc resinate or benzoic acid. 

Tendencies to pre-vulcanization, especially with accelerators of the 2-mercapto- 
arylenethiazole type, are overcome by incorporating in the rubber mixture a con¬ 
densation product of the polyhydric alcohol-polybasic aromatic acid class of acid 
value 100-150.” The resin not only modifies the rate of vulcanization but gives 
products which have satisfactory qualities with respect to aging, flexing and abra¬ 
sion. It has also been found that the strength of vulcanized natural or synthetic 
rubber is enhanced by the addition of such resins.” The resistance of rubber 
to oil is increased by the incorporation of a large proportion of an alkyd resin.” 
The materials from which the alkyd resins are prepared may be added directly to 
a vulcanizable rubber mix.” A plastic rubber composition, which is resistant to 
hydrocarbons, is made by including an alkyd resin with the latex. The latex is 
mixed with the resin dissolved in 5 per cent ammonia, and the final product pre¬ 
cipitated by the addition of acetic acid.” 

Naunton and Siddle” report that lacquers prepared from alkyd resins are 
superior in several respects to nitrocellulose and oil varnishes for coating rubber 
goods. The film is hard, glossy and flexible and can be cold-vulcanized with sul¬ 
phur monochloride. The gas-retaining property of heat-vulcanized rubber is im¬ 
proved by applying a composition composed of an alkyd resin, glycerol and gela¬ 
tin. Alternatively, the rubber may be coated before vulcanization.** 

Drummond** is of the opinion that alkyd resins last longer than rubber where 
exceptional resistance to heat and chemical action is required. 


Electrical Insulation 

Laminated products for use in oil-filled electrical apparatus have been described 
by Segar.** The fibrous material is impregnated and bonded with a composition 

**E. J. Pieper, British P. 849,792, 1929, to Armstrong Cork Co.; Cheni, Aba,, 1933, 27, 436. See also 
E. J. Pieper, British P. 318,239, 1928, to Armstrong Cork Co.; Chem, Aba., 1930, 24, 2317. 

British P. 399,836, 1933, to Behr-Manning Corp.; Chem. Aba., 1934, 28, 18^. 

“H. R. Thies, Ind. Sng. Chem., 1931, 23, 1357. 

•4M. Jones and W. J. S. Naunton, U. S. P 1,928,932, Aug. 22, 1933, to Imperial Qipin. Ind., Ltd.; 
Chem. Aba., 1933, 27, 5580. British P. 367,901, 1930; Chem. Aba., 1983, 27, 2342. French P. 727,007, 1981; 
Chem. Aba., 1932, 26, 5228. 

•^British P. 323.322, 1928, to I. O. Farbenind. A.-G.; Brit. Chem. Aba. B, 1930, 205. 

**W. J. 8. Naunton, M. Jones and W. F. Smith, Trana. Inat. Rubber Ind., 1983, 9, 169; Brit. Chem. 
Aba. B, 1934, 212. 

**D. F. ^isB and F. A. Jones, British P. 895,109, 1933, to Dunlop Rubber Co., Ltd.; Chem. Aba., 
1984, 28, 371. 

L. Orupe and R. H. Kienle, British P. 395,217, 1982, to British Thomson-Houston Co., Ltd.: 
Brit. Chem. Aba. B, 1^, 757. French P. 42,447, 1983, addn. to 6^,772, to C^mpagnie franosise 
Thomson-Houston; Chem. Aba., 1984, 28, 1221. 

W. J. 8. Naunton and F. J. Siddle, India Rubber J., 1931, 82, 535. 561; Chem. Aba., 1932, 26. 1151. 
** A. E. T, Neale, E. W. B. Owen, J. A. WUeon and D. F. Twiss, British P. 416,679, t9M, to Dunlop 
Rubber Co., Ltd.; Chem. Aha., 1985, 29, 1288. French P. 770391, 1934, to Soc. anon, des pneumatique 
Dunlop; Chem. Abs., 1935, 29, 648, 

"A. A. Drummond, Blec. Rev., 1928. 102, 59; Chem. Aha., 1928, 22, 8807. _ ^ 

««H. D. Segar, U. 8. P. 1,899,591, Feb. 28, 1988, to General Electric Co.; Chem. Aba., 1988, 27, 8018. 
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containing equal parts by weight of shellac and an alkyd resin modified with drying 
oil acids. 

A cable insulated with alkyd-treated cloth capable of resisting oil and with¬ 
standing high temperatures has been developed." Although this cloth has a slightly 
lower dielectric strength than some varnish-treated cloth, its flexibility and tough¬ 
ness will cause it to retain its dielectric strength for a longer time. A suggested 
wrapping for rubber-coated wire consists of a fabric impregnated with diethylene 
glycol phthalate."* 

By coating the outside of a structure composed of fibrous sheets (impregnated 
with a phenol-formaldehyde resin) with an alkyd resin, electrical arc-rej^istant mate¬ 
rials are obtained." 

Safford*' made insulated electrical coils by extruding a definite thickness of 
flexible alkyd resin on an electrical conductor, curing the resin, extruding a second 
layer on the cured coat, winding the conductor so insulated into a coil, pressing 
the wound coil in a mold and curing the product wrth heat. 

An electrical insulating material may be made from a mixture of a water- 
insoluble cellulose ether and methylene diaralkyl or diaryl ethers (methylene di¬ 
benzyl or diphenyl ethers and their lower alkyl or alkoxy derivatives) and alkyd 
resins." 

A composition proposed by Groten" for molded insulation consists of asphalt 
(gilsonite) and Portland cement .mixed with an oil-modified alkyd resin dispersed 
in linseed oil containing copal. 

Hove 3 r" has used an alkyd resin solution as a temporary binder for inorganic in¬ 
sulating compositions to permit the bending of wire without cracking the insulation. 
A copper wire is first given a coating of oxide or lead borate followed by a thin coat 
of alkyd resin. A coil is wound and the resin volatilized by heating 2 hours at 380- 
400®C. and a final insulation is then applied consisting of mixtures of water glass, 
aisbestos, flint or magnesium oxychloride and other hydraulic cements. 

Abrasives 

Resins of the alkyd type, because of their resistance to water, can be utilized 
as binding agents for abradants, e.g., alumina, emery and Carborundum.” Similar 
applications are mentioned by Barringer” who formed grinding wheels, whetstones, 
sandpaper and other articles by bonding abrasive grains with the condejisation 
product of a poly basic acid and a polyhydric alcohol. The resin may be pow¬ 
dered, or dissolved in a solvent, before admixture with the abrasive. Plasticizing 
agents, e.g., indene polymer, tricresyl phosphate, glycol diacetate, triacetin, cu- 
marone resin or pitch, may be added, and the material is molded at 160®C. after 

Britiali P. 370.823, 1080, to British Thomson-Houston Co., Ltd.; Chem. Aba., 1088, 27, 8018. Bee also 
British P. lOM, to International General Electnc Co.; Chem. Abtt., 1088, 27, 5847. 

^ Rubber Age, 1038, 33, 108. See Chapter 60 for the electrical properties of alkyd resins. 

E. C. Pitman, U. S. P. 2,000,005, May 7, 1085, to E. I. du Pont de Nemours A Co.; Chem. Abe.. 
1035, 29, 4104. 

^L. B. Barriniter, U. S. P. 1,015,060. June 27, 1088, to General Electric Co.; Chem. Abe., 1088, 27, 
4605. British P. 387,066, 1031, to British Thomson-Houston Co., Ltd. ; Chem. Abe., 1083, 27, 5446. 

« M. M. Safford, U. S. P. 1,075,750, Oct. 2, 1084, to General Electric Co.; Chem. Abe., 1084, 28, 7384. 
Bee also G. F. Hadley, U. S. P. 1,015,311, Feb. 27, 1083, to WesUiighouse Elec. A Mfg. Go.; Brit. Chem. 
Abe. B, 1034, 307. 

«*D. Traill, British P. 800.808, 1088, to Imperial Chem. Ind , Ltd.; Chem. Abe., 1034, 28, 1705. 

^F. J. Qroten, British P. 307,405, 1033, to British Thomson-Houston Co., Ltd.; Brit. Chem. Abe. B, 

1088 880 t 1 

^a/o. Hovey, British P. 380,426, 1033, to British Thomson-Houston Co., Ltd.; Chem. Abe., 1088, 
27, 51M. 

«British P. 378,121. 1031. to I, O. Farbenipd. A.-O.; Brit. Chem. Abe. B, 1082, 002. French P. 
724,728, 1081; Chm. Abe., 1082, 2^ 4010. Freodi P. 750,007, 1088, to Minnesota Mining A Mfg. Co.; 
Chem. Abe., t084. 28, 2400. 

B. BarnWr. U. H. P. 1.008.151, Nor. 0, 1M4. to General Bleotric Co. British P. 281,711, 1026, 
to RritMt lliaDiwm-Hinurton Ci... I.til.; Chm. Abi^, ItlS, 22, 2721. 8a* alao R. 8. Dauiala, Britiah P. 

247477. 1222, to BakaUta Ooq>.; Chim. Ab,.. 1122, 24, 2822. 
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which it is cured by heating without pressure. Alternatively, powdered abrasive 
material may be applied to cloth or paper coated with a solution of the resin and 
a plasticizing agent and the resin hardened by heat. Robie" used glycerol-phthalic 
anliydride resin, incorporated with inorganic or organic fillers, as a binder. 
Novotny®* prepared an abradant by heating abrasive grains, gum accroides, a 
phenolic substance, a hardening agent, aldehydes and an alkyd resin. 


Miscellaneous Applications 


Alkyd resins are employed in the production of a friction material for brake 
linings.®® Layers of asbestos cloth and brass wire are coated with a solution 
of the phthalic anhydride-glycerol condensation product which may be modified 
with oleic acid. After drying, the layers are heated and molded under pressure. 

Dissolved ui a volatile solvent, alkyd resins have been employed to cement 
sand in preparing a foundry-core composition, which can be hardened by baking. 
These resins are volatilizable at the temperature of the molten metals used for 
casting.®® 

Alkyd resins have also been utilized as binders in the manufacture of a hard metal 
composition (cobalt-tungsten carbide).®' The method is carried out as follows: A mix¬ 
ture of tungsten with 3-10 per cent of carbon and not more than 25 per cent of 
cobalt is ground, moistened with acetone and mixed into a stiff paste with 2 per 
cent of a glycerol-phthalic anhydride resin. The paste is shaped, dried and sintered 
under pressure at 1376®C. Alternatively, a mixture of 80-97 per cent of tungsten 
carbide and from 3-20 per cent of cobalt in powder form may be pressed into bars 
which are sintered at 1375®C. 


Rohlfs®® utilized alkyd resins, in the intermediate B stage, for cementing layers 
of cloth or paper. The alkyd-coated layers are subjected to a pressure of 10(X) 
pounds per square inch at the softening-temperature of the resin, 125-140®C. 
These conditions are maintained for 14-16 hours to cure the binder without chang¬ 
ing the character of the sheet material. A fibrous composition product, applicable 
as transformer spools, refrigerator trays or door strips, has been made by impreg¬ 
nating layers of interlocked fibers of wet paper pulp with a binder of alkyd 
resin, drying the mass and molding it under heat and pressure.®® Dyes, pigments 
and fillers (e.g., clay, asbestos, mica, talc, silica) may be added. Gro^ devel¬ 
oped a process for making laminated sheets in which paper, cardboard or fabric 
is impregnated with a solution of an alkyd resin, dried and heated at 110-150®C. 
until the resin is converted to a tough infusible modification, resistant to water 
and all ordinary solvents. The sheets are coated by dipping or spraying with a 
reactive varnish of the phenol-aldehyde type and dried to expel the solvent. The 
coated sheets are then superposed and consolidated by heat and pressure. Prod¬ 
ucts manufactured in this way are characterized by high shock-resistance and can 
be used for making silent gearing, piston segments and clutch linings. 


MN. P. Robie, British P. 838,409, 1939, to Carborundum Co., Ltd.; BrU. Chem, Abi, B, 1C80, 990. 
“E. E. Novotny, U. S. P. 1,907,088, May 2. 1983, to J. S. Stokes; Chem. Ab»., 1933. 27. 3377. 

“ H. W. H. Warren and R. Newbound, British P. 800,309, 1927, to British Thomson-Houston Co., 
Ltd.; Chem, Ab$., 1929, 23, 4031. 

^ R. Earl, U. S. P. 1,881,356, Nov. 10, 1931, to General Electric Co.; Chem. Abe., 1932, 26^ 386. 
British P. M2,090, 1930, to British Thomson-Houston Co., Ltd.; Brit. Chem, Abe. B, 1932, 263. 

*^8. L. Hoyt, U. 8. P. 1.704(229 and F. C. Kdley, U. 8. P. 1,704,300, Feb. 24, 1981, both to General 
Eleotrio Co.; Bnt. Chem, Ahe, B, 1981, 982. 

»R. C. Rohlfs, U. 8. P. 1,833.872, July 5, 1982, to General Electric Co.; Chem, Abe., 1982, 26, 
4428. British P. 806,371, 1928, to British Thomson-Hoiaston Co., Ltd.; Chem. Abe., 1929, 23, 4786. 

» R. H. Kienle and W. J. 8cheiber, British P. 898,412, 1988, to British Thomson-Houston Co., Ltd.; 
Chem. Abe., 1988, 27, 6910. 

«>F. Groff, t/. a. P. 1,378,289, June 12, 1928, to BakMite Corp.; Chem. Abe., 1928, 22, 2819. German 
P. 648,442. 1928, to Bakelite Corp.; Chem. Abe., 1981 26, 2661. British P. 800,886, 1928, to Bakelite 
Corp., CAem. Abe., 1929, 28, 4090. French P. 348M, 1928, to Bakelite Corp.; Chem, Ah*.. 1929, 23, 
2798. 8ee alM G. H. GaMner, British P. 418,^, 1914, to Bushing Co., Ltd.; Chem. Abe., 1986, 29, 344. 
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Wright" produced a molding composition from alkyd resin (10 parts), polymer¬ 
ized vinyl chloride (40 parts), dibutyl phthalate (30 parts), alpha cellulose (7.5 
parts) and Titanox (12.5 parts). Switch plates can be made by hot-pressing the 
resin in a mold whose surface is sprinkled with a finely divided metal, e.g., bronze, 
copper or aluminum powder, to improve the appearance of the final product 
Another method, developed by de Bell,” consists in treating a filler with an alkyd 
resin, after which the material is comminuted, mixed with a phenol-aldehyde prod¬ 
uct and molded. Montan wax, zinc stearate or other lubricants may be added. 
Watson" molded tubes and spools for electrical appliances from kraft sulphite 
sheet wood pulp impregnated with shellac, phenol-aldehyde or glycerol-phthalic 
anhydride resins.” 

Alkyd or phenol-formaldehyde resins, mixed with high-boiling plasticizers, may 
be formed into ''non-breakable” watch glasses, which are hard at ordinary tempera¬ 
tures, but soften at about 2(X)°C.'“ Such resins may be employe^l also in the 
manufacture of spinning-nozzles for artificial silk." Dentures are produced by 
heating the resin to incipient gelation, molding and converting to the infusible 
state under pressure at 140-2(X)°C. Heating is continued until the articles are 
practically non-plastic at 36°C.” 

Composition tiles for use in refrigerators and in building construction may be 
formed from asbestos and an inorganic binder, together with a water-impervious, 
heat-resisting coating of one or more alkyd resins, capable of becoming infusible 
and insoluble on heating, a plasticizer and an opaque filler.” A fire-resisting 
panel comprised of layers of asbestos with a wood veneer may be constructed 
by impregnating the layers with an alkyd resin and uniting them under heat and 
pressure 

Sherburne’^ has described a method of making phonograph needles by impreg¬ 
nating styli of bamboo with a hardened alkyd resin or a mixture of the resin with 
a drying oil. The glycerol-phthalic anhydride resin has been applied in making 
sound records.’"* A thin metal disc or metal gauze is coated on one or both sides 
with the alkyd resin, and an additional thin coating of shellac is applied for receiv¬ 
ing the sound-groove impressions. A transparent, flexible, condensation product 
of a polyhydric alcohol and a polybasic acid is proposed as a base in the making 
of photographic film.’** A filler consisting of metal powder, obtained by thermal 
decomposition of metal carbonyls, has also been used with alkyd resins." 


Q. E. Wright, British P. 387,928, 1933, to Biitish Thoiuson-Houstoii Co, Ltd.; Chem. Aha., 
1933. 27, 5993. 

Eaton, British P. 301,432, 1927, to British Thomson-Houston Co., Ltd.; Chem. Aba., 1939, 23, 

4090. 

••J. M. de Bell, British P. 343.489, 1929, to Biiti^i Thomson-Houston Co., Ltd.; Chem. Aba., 1932, 
26, 2073. See also R. H. Kienle and P. F. Schlingman, Biitisli P. 421,866, 1934, to British Thomson- 
HouMton Oo., Ltd.; Brit. Chem. Aba. B, 1935, 240. 

•*H. L. Watson, British P. 2^,232, 1927, to British Thomson-Houston, Co., Ltd.; Chem. Aba., 1928, 

22. 4679. 


also French P. 38,004, 1930, addn. to 669,347. 1929, to Compagnie fian^aise Thomson-Houston; 
Chem. Aba., 1982, 26, 267; Chem. Aba., 1930, 24, 1738. 

«»H. E. Lindhe, British P. 371,451, 1931, to Bakelite Corp.; Chem. Aha., 1933, 27, 3630. French P. 
709,909, 1931, to Bakelite Corp.; Chem. Aba., 1982, 26, 1080. 

«"Qenuuii P. 586.666, 1928. to Bakelite G.m.b.H.; Chem. Aba., 1932, 26. 1121. 

J. H. Schmidt, Cunadian P. 809,680. 1981, to Bakelite Corp.; Chem. Aba., 1931, 25, 3136. British P. 
346,661, 1980; Chem. Aba., 1938, 27. 435. See also I. J. Dresch, U. S. P. 1,862,336, June 7. 1932, to 
Prosthetic Produots, Inc.; Chem, Aba.. 1932, 26, 4145. 

••L. E. Barringer. U. 8. P. 1.72li67, July 16, 1929. to Geneial Electric Co.; Chem. Aba., 1929, 23, 
4321. L. E. Barringer, Canadian P. 280,936, 1928, to Canadian General Electric Co., Ltd.; Chem. Aba., 
1923, 22, 8081. French P. 646,424, 1927, to Oompagnie francaise Thomson-Houston; Chem. Aba., 1929, 
23. 2310. 

^Q. H. Gardner, British P. 413,727, 1934, to the Bushing Co., Ltd.; Chem. Aba., 1929, 23, 531. 

^A. J, Sherburne, British P. 308,370, 1928, to British Thomson-Houston Co., Ltd.; Chem. Aba., 
1930, 24, 213. 

”H. N, Spoiborf, A. P. Young and A. T. Ward, British P. 299,752, 1927, to British Thomson- 
Hooston Ltd.; Chem. Abe.^ lOS, 23, 8548. 

«*0. Schmidt, V, 8. f. 1,929,290, Oct. 3, 1933, to General Electric Co.; Chem. Aba., 1934, 28, 58. 

V* British P, 413,096, 1934, to I. Q. FarbenincL A.-Q.; Cfiem. Aba., 1935, 29, 1541. 
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Parchment-like paper may be produced by impregnating (at 140-160®C. for 
1-3 minutes) unsized paper with a molten, partly polymerized alkyd resin plasti¬ 
cized with tricresyl phosphate.^® More complete polymerization is effected by heat¬ 
ing for 6 hours at 130®C. 

Safford’® prepared printing and offset rolls by extruding a mixture of cured 
and uncured alkyd resins, together with a filler (cork, titanium oxide) onto a core 
and curing the resinous layer by heat. 

Synthetic resins from polyhydric alcohols and aliphatic or aromatic dicarboxylic 
acids have been employed in the manufacture of artificial threads. The resins, 
together with a softening agent, are dissolved in an organic solvent, e.g., cyclo¬ 
hexanone, and spun into a precipitating-bath containing acetic acid, sodium perchlo¬ 
rate or sodium thiocyanate.^^ The swollen threads are stretched in several in¬ 
creasing steps and then shrunk before collecting on a receiving device. 

A metallic mirror for withstanding high temperatures consists of a silver re¬ 
flecting surface, a coating of copper on the silver, and a backing of an aluminum 
alloy. The alloy is attached to the copper surface by a cement containing an 
alkyd resin.” A self-lubricating metallic body can be obtained by cementing a 
paste of graphite onto a metallic surface with an adhesive containing a polyhydric 
alcohol-poly basic acid resin.” 

Barringer and Rohlfs“ suggest the following procedure for making laminated glass. 
A layer of alkyd resin is placed between the glass sheets and a pressure of the order 
of 60 pounds per square inch is applied at 110®C. for 5 minutes, after which the tem¬ 
perature is lowered to 70-75°C. while the pressure is gradually increased to 200 lbs. 
The cooling is completed under pressure. 

Sheets of cellulose ester and glass can be cemented by the condensation product 
of a polyhydric alcohol, a polybasic acid and a glycerol ester of a fatty acid.*' 
Macht** added pyroxylin and a pyroxylin plasticizer to an alkyd resin to form 
an adhesive for this purpose. Laminated sheets of cellulose esters, used for wrap¬ 
pings or similar purposes, have been made with an alkyd resin as the adhesive for 
uniting the sheets.*® In the production of sheet material from urea-aldehyde resins, 
the incorporation of an alkyd resin is said to increase the stability of the final 
product.** 

Hovey*® mixed from one to two parts of nitrocellulose with a resin made from 
phthalic anhydride, glycerol, linseed oil fatty acids, ethylene glycol, tung oil and 
rosin to make a cementing composition. 

Alkyd resins are also used in the preparation of a softener for cellulose ester 
adhesives, e.g., pyroxylin or cellulose acetate cements, used to unite shoe parts.** 
The softener is made by heating diethylene glycol, phthalic anhydride and tung 
oil under a reflux condenser with agitation. • 

F. O. Reiss, British P 397,550. 1932, to Aladdin Industries, Ltd.; Bnt. Chem. Abs. B, 1933, 960. 

M. M SafTord, British P. 403,905, 1934, to British Thomson-Houston Co., Ltd.; Chem. Aba., 
1934, 28. 3852. 

^British P. 887,976, 1932, to I. G. Farbenind. A.-G.; Brit. Chem. Aba. B, 1933, 301. 

^ I. S. Crocker, U. S. P. 1,953,796, April 3, 1934, to General Electric Co.; Chem. Aba., 1934, 28, 3852. 

British P. 415,116, 1934, to British Thomson-Houston Co., Ltd,; Chem. Aba., 1935, 29, 857. 

“ L. E. Barringer and H. C. Rohlfs, British P. 367,528, 1930, to British Thomson-Houston Co., 
Ltd.; Chem. Aba., 1988, 27 . 3052. 

»J. C. Zola, U. S. P. 1.908,004, May 8, 1983, to Duplate Corp.; Chem. Aba., 1983, 27, 3794. U. S. 
P. 1,920,619, Aug. 1, 1933; Chem. Aba., 1933, 27, 4896. 

“M. L. Macht, U. S. P. 1.906,474, Feb. 5, 1938, to Duplate Corp.; Brit. Chem. Aba. B. 1984, 196. 

MJ. E. Snyder, U. S. P. 1,992,249, Feb. 26. 1985, to Du Pont Cellophane Co.; Chem. Aba., 1935, 29, 
2627. 

^T. H. MUller, British P. 419,306, 1933; BrU. Chem. Aba. B, 1985, 69. For a discussion of the 
stability of urea resins see Chapter 27. 

•»A. G. Hovey, U. 8. P. 1,925,908. Sept. 5, 1933. to General Electric Co.; Chem. Aba., 1988. 27, 
5498. British P. 386,885, 1931, to British Thomson-Houston Co., Ltd.; Brit. Chem. Aba. B, 1988, 238. 
French P. 42,244, 1988, addn. to 726,745, to Comoagnie franoaise Thomson-Houston; Chem. Aba., 1983, 
27, 4891. Allgemeine Elektricitits-Oes., British P. 890,822, 1926, to IliternationarGeneral Electric Co.; 
Chem. Aba.,^ 1983, 27, 5847. See Chapter 47. 

MW. H. Wedge, British P. 899,525, 1933, to Boston Blacking Co.. Ltd.; Chem. Aba., 1984, 28, 1824. 



Chapter 50 

Miscellaneous Resins Containing Oxygen Linkages 

Polyethylene oxides and polyvinyl ethers, described in this chapter, are com¬ 
pounds which structurally resemble cellulose in that they are long, linear molecules 
(see Chapter 4). Their development as synthetic resins is a recent one, and paral¬ 
lel with technical progress there has been an advance in the elucidation of the 
constitution of this group of compounds, particularly by Staudinger and his co¬ 
workers. The inclusion of polyanhydrides, lactic acid, shellac and carbon sub¬ 
oxide is justified by similarities in the structure of the resinous bodies derived from 
them. 


Polyethylene Oxide and Related Compounds 
CH,. 

Ethylene oxide, I yO, is a liquid boiling at 12.5®C., and characterized by 
CSa 

a very strong tendency to polymerize. It was prepared by Wurtz' from ethylene 
chlorohydrin and caustic potash, and is obtained also directly from silver oxide 
and ethylene dibromide at 250®CJ., a method which elucidates the formula of the 
compound.* When heated with water in a closed tube ethylene oxide forms glycol 
and polyethylene glycols.® Staudinger and Schweitzer* separated a series of frac¬ 
tions from such a mixture which varied from glycol, HOCH 9 CH 3 OH, a heavy liquid 
boiling at 180®C. to the sixfold polymer, H 0 (CH 8 CH 20 )eH, a very viscous liquid 
boiling at 325®C. at a pressure of 0.025 mm. Wurtz® also obtained a series of 
polyethylene acetates from the corresponding glycols, but neither the glycols nor 
the acetates could be isolated in a pure state. 

Later, Wurtz® observed the formation of a solid ethylene oxide on allowing 
the monomeric compound to stand in contact with a trace of alkali or zinc chloride. 
This polymerized oxide melted at 56®C. and was soluble in water and alcohol but 
insoluble in ether. Roithner^ noted that reaction took place more rapidly at 50- 
60®C. in the presence of alkali. 

Staudinger and Schweitzer® found that polymerization of ethylene oxide with 
anhydrous stannic chloride occurred readily at —80®C. This agent has a well- 
established polymerizing action on unsaturated hydrocarbons such as styrene, in- 
dene, isoprehe, or cyclopentadiene.® Metallic sodium or potassium and tri- 
methylamine also were effective catalysts. Reaction with stannic chloride was 
carried out at low temperatures, as the heat of polymeriiation (20 to 30 calories per 
mol) was liberated so rapidly at room temperature that unpolymerized oxide was 

^ A. WurtB. Ann., 1859, 110, 125; Ann. ehim, phyt,, 1868, 69 (8), 817. 

*Oreetie, Je^rmbetiehte, 1877, 552. MethoAff for preparing ethylene oxide are reviewed by Carleton 
EUia, ^The Chemistry of Petroleum Derivatives,** The Chemicm Catalog Co., Inc., New York, 1934. 

* A. WurtB, Ann. chim. vhv»., 1868, 69, 880. M. A. von Louren^ (Ann. chtm. phys., 18^, 67, 274) 
also prepared polyethylene glycols by heating a mixture of ethylene glycol and ethylene bromide. 

* H. Staudinger and O. Schweitser, aer., 1929, 68, 2895. 

*A. Wurta, Ann. chtm. pAps^ IW, 69, 884., 

«A. WurtB, 1879, 19, 90; Bull, toe, ehim., 1878, 29 (2), 580. 

Roitboer, MornttK, 1894. 15, 679; /.C.S., 1895, 68 (1), 8li 

f H. 84cuduiger nadM, Schweitser, loe,, eit, 

^ H. Staudinser and H. A. Bruson, Ann., 1926, 447. 110. 
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suddenly volatilized with the development of extremely high pressures, often re¬ 
sulting in explosions. The product with stannic chloride was divided into a 
series of fractions by solution in benzene and fractional precipitation with ether. 
The average molecular weight of the initial material was 3000, and this yielded 
five fractions ranging in molecular weights from 4650-4900 to 430,440.“ The melt¬ 
ing pointe and viscosities' were lower, and the solubilities in etlier higher, for the 
lower polymers. (See Figure 130.) 

The effect of various catalysts on the polymerization of ethylene oxide at 20°'C. 
is given in Table 49.^ 


Table 49. —Rate of Polymerization of Ethylene Oxide with Various Catalysts, 


Catalyst 

Yield of 
Poljaner 

Molecular 

Weight 

Time 

Trimethylamine, 1 

Sodium, Potassium, ! 


, . 5% 

2,000 

1-2 weeks 

Stannic chloride J 

Sodamide. 


.... 1-2% 

10,000 

2-3 months 

Zinc oxide 


. 10-20% 

60,000 

3-4 months 

Strontium oxide ... 


. 10-20% 

100,000 

2-3 months 

Calcium oxide. 


. 50% 

120,000 

about 2 years 

Oxides of iron. 

magnesium. 

or lead, silica gel. 

and activated 

carbon did not 


effect polymerization. Aluminum oxide very slowly yielded hemicollouls. Melting 
points and viscosities increased with the degree of polymerization. Hard products 
were obtained only when the viscosity was high, such materials possessing the 
property of yielding tough films. All the polyethylene oxides were shown by x-ray 
diagrams to be crystalline and viscosity measurements indicated a meandering 
structure for the molecule.^ 

Propylene oxide also polymerizes with vigor under the influence of stannic 
chloride. Low (liquid) polymers constitute the main product, but semi-solid 
polymers may be obtained by fractionation. The latter have a molecular weight 
of approximately 9(XX) and are soluble in benzene, whereas polyethylene oxide of 
the same degree of polymerization is only slightly soluble in benzene and melts 
at about 60®C.“ On heating propylene oxide at 117°C. with potassium hydroxide 
for 12 days a triether, C«Ha..O, (b.p. 12S-le30°C. at 2.4 nun.), and a tetramolccular 
condensation product, C^HaeOs (b.p. 120-140°C. at 2.4 mm.), are obtained.^ 
7-Phenyl-/3-benzylpropane-/3-diol treated with concentrated sulphuric acid at 0®C. 
yields resinous products only, but on boiling with 20 per cent sulphuric acid or 
anhydrous oxalic acid, 7-phenyl-i3-benzyl-a,/3-propylene oxide (m.p. 78°C.) is 
formed.”* The latter proved to be a stable compound which did not isomerize, 

WR. Signer and H. Gross {Hdv. Chi7n, Acta, 1934, 17, 335; Chem. Aha., 1934, 28, 4287) report the 
molecular weight of polyethylene oxide in ethylene bromide, deteimined by ultraceiitnfugal inctliodK, 
as 70,000. 

^ H. Staudinger and H. Lohmann, Ann., 1933, 505, 41. 

^The meandering structuie of polyethylene oxide may be represented by 
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c 


o 


o 

\ 


i i i i 


V 


V 


See Chapter 4. This type of structure was also indioated by x-ray studies made by E. Sauter, Z. phya, 
CAem., 1888, 21. 161, 186; Chem. Aha., 1988. 27, 8867. 

>*See H. Staudinger, “Hochmolekularen Organisohen Verbindungen,** Verlag Julius Springer, Berlin; 

1932, 296. 

up. A. Levene and A. Walti, /. Biol. Chem., 1927. 75. 825; BrU. Chem. Aha. A. 1927, 1166. 
u M. TiSeneau. A. Or6khov and J. L6vy. Butt. soc. ehim., 1911, 49 (4). 1840; Brit. Chem. Aha. A, 
1982, 396. 
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suggesting that substitution destroys the tendency towards polymerization in this 
series of oxides. 


Derivatin'es of Polyethylene Oxide 

Polyethylene oxides yield a number of derivatives which differ but little in their 
physical properties from the corresponding polymerized oxide. Staudinger con¬ 
siders that polyethylene oxide is a dihydrate with the formula HOCHaCHjO— 
(CH,CH*0)x—CHaCHaOH. One explanation for the formation of the long chain 
is as follows: a molecule of ethylene oxide takes up a molecule of water to give 
glycol, which then reacts with another molecule of the oxide to give a poly glycol. 
The latter in turn combines with still another molecule of the oxide, thus building 
up the chain. Acetylation of the polymer transforms it into a diacetate to which 
is assigned the formula, CHaCOOCHaCHaO—fCHaCHaO),—CHaCHaOOCCHa. The 
action of other reagents on the end-groups offers the possibility of introducing 
various elements into the molecule, Staudinger has used, for example, tri- and 



Fig. 130.—^Polyethylene Oxide Eucolloid Prepared by H. Staudinger. Molecular Weight 

About 70,000. 

dimethylamine as catalysts in bringing about polymerization, and the resulting 
material actually contained combined nitrogenIn this instance the initial prod¬ 
uct was possibly an ethanolamine, HOCHaCHsNfCHs),, to which another molecule 
of oxide could add giving the ether, H0CHaCH20CH8CHaN(CH8)8. Continuation 
of such reactions results in long-chain molecules of high molecular weights. Similar 
explanations are offered by Hibbert and Perry,” who also report that polymeriza¬ 
tion of ethylene oxide in methyl alcohol as a solvent furnishes compounds having 
methoxy terminal groups. 

From ethylene chlorohydrin and ethylene oxide in the molecular ratio 1:10, 
a polymer containing chlorine was obtained. This consisted mainly of poly¬ 
ethylene oxide chlorohydrate. By fractional precipitation two solid polymers were 
separated with degrees of polymerization of approximately 23 and 100 (i.e., 23 and 
100 monomeric groups per molecule)." 

Polymerization of alkylene oiddes is carried out commercially by passing the 

**H. ataudinger, **Hoehmolekularen Organiachen Verbindungen/* Terlag Julius Springer, Berlin, 

19IZ, 387 et tea- 

^H. Hibbert and ^ 2. Perry, Can. J. Reieareh, 1988, 8, 102; Brit, Chem, Aba, K 1988, 878. A 
hypotheeie of the forMl^ioii of augara and poiyaaocharidea in planta baaed on the theory of the poly- 
ttiirisatknt of ethyiieipT^do ii given by H. Hibbert, Can. /. Retearch, 1988, 8, 198; Chem, Abe,, 1988, 
27, 188|. 

Sthudiaiiir, *'Hoehmolekulareti Organiachen Verbindungen/' Juliua Springer, Berlin, 1982, 800. 
8m aliO, A. Ann,, 1881, 89. 881. 
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vapor at 40-60®C. over alkaline catalysts, such as caustic potash or caustic soda" 
The degree of polymerization may be increased by employing higher temperatures, 
e.g., 120 ®C.*’ Ethylene oxide, for example, conducted over caustic soda forms a 
waxy mass. When anhydrous sodium bisulphate is used, dioxane is the chief prod¬ 
uct. Other procedures involve dissolving the oxide in an inert solvent,” e.g., 
carbon tetrachloride, benzene, or ethyl acetate, or in polyethylene glycol contain¬ 
ing the alkaline catalyst ” and heating under pressure. 

These viscous or solid polymers are employed as dispersing agents: a dispersion 
of montan wax with carnauba wax and castor oil may serve for floor polish and 
a dispersion with green earth (a ferrous silicate) and fuchsin is added to lime 
paints.” Other uses are as fillers for wood, as pastes, or for solutions or emulsions 
with which waxes, resin, or cellulose derivatives may be incorporated.” The poly¬ 
mers also find application in the manufacture of plastic molding compositions in 
which they serve as softeners,” in the preparation of colored pigments and lakes,” 
and as assistants in dyeing or stripping of dyes from textile fabrics.” 

An agent for removing paint, varnish, and other coatings by pickling is made 
from a wax-like polymerization product (m.p. 50®C.) of ethylene oxide, xylene, 
butyl acetate, dichloroethylene and benzene.* The elasticity of such materials as 
collodion, wool, benzylcellulose, celluloid, leather, phenol-aldehyde condensation 
jiroducts or wood is increased by inclusion of alkylene oxide polymers.” Solutions 
of ethylene oxide polymer and collodion cotton or benzylcellulose in a mixture 
of benzene, toluene, butyl acetate and ethyl alcohol have been recommended as 
lacquers.” Waxes to be used as polishing compositions are obtained by the treat¬ 
ment of ethylene, propylene, or trimethylene oxide with natural or synthetic 
waxes or with paraffin, the materials being heated together at 120®-180®C. for 
several hours.” 

By treating albumin with ethylene oxide, or other alkylene oxides, syrupy 
hygroscopic substances are formed which are soluble in water and are precipitated 
therefrom by tannin and picric acid. These condensation products are therapeutic 
agents.” Shellac and ethylene oxide, at 150°C., form resinous products which 
may be used in varnishes.” For example, 300 parts of shellac (acid value of 55) 
are treated with 90 parts of the oxide to give 350 parts of a viscous, dark colored 
resin. Similarly, colophony, ester gum or resins from phthalic anhydride and 
glycerol may be combined with ethylene oxide. 

Esterification or etherization of non-carbohydrate organic compounds (contain¬ 
ing hydroxyl or carboxyl groups) with polyethylene glycols or their monoethers 
or esters having at least four (C 2 H 4 O) groups yields wetting, foaming, or cleansing 

wp. Webel, U, S. P. 1,921.378, Aug. 8. 1933, to I. G Farbenind. A -G.; C/iem. Abs., 1933, 27. 5082. 
M Wittmer, U. S. P. 1,976.078, Oct. 9. 1934; Cbeui. Abn., 1934 , 28, 7261. British P. 346,550, 1930; 
Brit. Chem. Abs. B, 1931, 666. 

20 P. Webel, German P. 597,496, 1934, to I. G. Farbenind. A.-G.; Chem. Abs , 1934 , 28, 5080. 

21 French P. 750,520, 1933, to I. G. Farbenind. A.-G ; Chem. Abs., 1934, 28, 782. 

22 British P. 406,443, 1932, addn. to 346,550, to I. G. Farbemnd. A.-G.; BrU. Chem. Abs. B. 1934, 
1393. 

“Entish P. 353,926, 1930; Bnt. Chem. Abs. B. 1931, 1132; French P. 706,105, 1930; Chem. Abs., 
1932, 26, 223; both to I. G. Farbenind. A.-Q. L Kollek and F. Pohl, U. S. P. 1,930,853, Oct. 17, 1933, 
to I. G. Farbenind. A.-G.; Chem. Abs., 1934, 28. 236. 

2« British P. 349,638, 1930; Chem. Abs., 1932 , 26. 2070. German P. 529,494, ^930; Chem. Abs., 1931. 

25. 5048. French P. 705,852, 1930; Chem. Abs., 1932 , 26v 268. All to I. G. Farbemnd. A.-G. 

2SBritish P. 352,042, 1930, to I. G. Farbenind. A.-G.; Chem. Abs., 1932, 26. 3391. 

“French P. 717,414, 1931, to I. G. Farbenind. A.-G.; Chem. Abs, 1932, 26, 2878. 

“British P. 367.420. 1930, to I. G. Farbenind. A.-G.; Chem. Abs., 1933, 27, 2044. 

“L. Kollek, German P. 542,770, 1929, to I. G. Farbenind. A.-G.; Chem. Abs., 1982, 26. 3398. 

“L. Kollek and W. Engels. U. S. P. 1.942,146, Jan. 2. 1934, to I. G. Farbenind. A.-G.; Chem. Abs., 
1934, 28. 1861. German P. 560,703, 1930; Chem. Abs., 1983, 27. 1114. 

“L. Kollek, U. S. P. 1,987,114, Jan. 8, 1935, to I. G. Farbenind. A.-G.; Chem. Abs., 1985, 29. 1663. 

•^British P. 846,438, 1980, to I. G. Farbenind. A.-G.; Chem. Abs., 1982, 26. 614. 

“H. Weyland. U. S. P. 1,596,735, Aug. 17, 1923t Chem. Abs., 1926, 20. 3832. 

“0. Schmidt and £. Meyer. U. S. P. 1,845,198, Feb. 16, 1982; Chem. Abs., 1932, 26. 2384, 
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agents.** Alcohols containing between 8 and 18 carbon atoms, particularly those 
from the catalytic reduction of vegetable oils and fats, fatty acids, or the hydrolysis 
of sperm oil, 'are especially applicable as the non-carbohydrate material. Accord¬ 
ing to Oda,** ethylene glycol reacts with vegetable oils to furnish bodies which 
are soluble in ethyl alcohol. Distillation of the product from glycol and olive 
oil at 200®C. gives a residue which can be siilphonated to an emulsifying agent. 
A drying oil is obtained from glycol and linseed oil. 

THCHaOH 

Glycidol, heated for 42 hours at 100®C., yields a condensa¬ 

tion product whose composition is regarded as* 

HOCH«CH(OH)CH,OCH.CH< | 

\CH, 


At higher temperatures, substances having the same empirical formula but greater 
molecular weights are obtained. Polyglycidols may be prepared by polymerization 
of ^ycidol at low temperatures with the aid of condensing agents,*^ e.g., by treat¬ 
ment with stannic chloride at —25®C. Solid calcium chloride caused the rapid 
polymerization of glycidol (prepared from glycerol monochlorohydrin) to a water- 
soluble red tar. The reaction was highly exothermic.* Distillation of glycidol 
acetate, which had stood for 5 days at 136-140°C. or for several weeks at 12-13°C., 
gave the dimeric glycidol acetate (which slowly polymerized further), incompletely 
acetylated glycerols, monoacetin, triacetin, and polymers of glycidol acetate.* 


PoLYGLYCEROLS 

In the distillation of crude glycerol, residues or foots are obtained which con¬ 
tain not only glycerol but also polymerized glycerol, aldehyde resins and other 
idecomposition products together with salts. It has been stated that the residues 
can be dissolved in water, acidified, treated with lime, filtered, evaporated and 
redistilled in order to recover some of the glycerol.* 

The dehydration of glycerol may be considered to take place either intermolecu- 
larly or intramolecularly. The first reaction, in which the elimination of water 
takes place between molecules, yields an ether type of linkage 

xC,H 5(OH), C„H8x-2y0,x-y-hyH,0 

When one molecule of water is eliminated (i.e., y=l) diglycerols are formed 
2C.H6(0H), (HOjCaHft—0--C,H»(0H)f + H,0 

When two molecules of water are lost between three molecules of glycerol, 
triglycerols result 

3C,Ha(OH), —(H0),C,Ha--D--(C,Ha)--D---€aHj(0H), + 2H,0 

<*)H 

In the presence of iron, or iron salts, intramolecular loss of water occurs with the 
formation of acrolein/^ 

CH,OH*-CHOH~DHaOH CHf=CH—CHO + 2H,0 

M British P. 880,431, 1081, to 1. G. Farbenind. A.-G.; Bnt, Chrnn. Abi, B, 1982, 1114. 

«B. Oda, 7. Soe. Chsm. /nd, Japan, 1982, 35, 515B: Cham. Ab$., 1988. 27, 1222. 

•i p. A. Levene and A. Walti, J. Biol. Chem., 1927, 75, 825; Brit. Cheat. Abi. A. 1927, 1106. 
avG. Fmok, German P. 578,750, 1988; Chem: Ab$., 1984, 28, 1720. 

H. Ei4«r and A. J. Hill, J.A.C.8., 1980, 58, 1521. 

»P. A. Levene and A. Walti. /. Bioi. Chem., 1928, 79, 868; Chem. Ab$., 1929, 23, 99. 

X l^ie, J.8 C.I., 1^, 41, 91^, ^ J. W. Lawrie, '^Glycerol and the Glycols,’* Chemical 

Chtakf Co., Khar York, ^928. 

«^&eOhiM7terS8. 

i i to''* 
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Von Lourengo" prepared diglycerol by heating glycerol under reflux in the 
presence of hydrogen chloride for 12-15 hours at 100®C. The compound had a 
boiling point of 220-230®C. at 22 mm.^ Triglycerol was also obtained under these 
conditions. Hibbert*^ used 0.05 per cent of iodine as a catalyst and heated the 
glycerol to 210®C. for 2 hours. On distillation there resulted an 85 per cent 
yield of water-white, viscous, hygroscopic liquid having a boiling point at 30 mm. 
of 257-260®C. The diglycerol was soluble in water but insoluble in ether. More¬ 
over glycerol can be heated alone to temperatures of 200-275®C. to yield poly- 
glycerok, especially if an inert gas is led through the solution to eliminate water 
as quickly as it is formed." According to Lewis," diglycerol occurs to the extent 
of about 2 per cent in ordinary glycerol and larger amounts are present in the 
glycerol which is prepared under high pressure in autoclaves. 

Rayner" concluded that the conversion of glycerol into distillable polymerization 
products gives rise to substances of 2 types; the first consists of products obtained 
by intermolecular condensation of the diglycerol type 

OH O OH 

HO—CHr-^H—CHr-OH 


whereas the second is of the glycide type in which intramolecular condensation 
occurs 

0 0 OH 

CH,^ \:Hr-(iH—CHi-OH 


By assuming the presence of these two types of derivatives the discrepant results 
of the properties of distillable polymerization products made by various inves¬ 
tigators can be explained. By heating glycerol for 12 hours at 270-280®C. and 
separating the fraction boiling at 210-250®C. at 3 mm., a product is obtained 
which has a hydroxyl value of 34 per cent and a viscosity 5 times that of glycerol. 
Similar heating for a longer time and distillation of a fraction boiling at 260- 
265® at 10 mm. yielded a derivative which had a hydroxyl value of 38 per cent 
and a viscosity 13 times that of glycerol. From these results it appears that the 
first distillate contained glycides, which possess a low viscosity. 

The action of fused sodium acetate on 95 per cent glycerol followed by treat¬ 
ment with acetic anhydride and fractionation gives rise to the following deriva¬ 
tives: diglycerol tetra-acetate, triglycerol penta-acetate, tetraglycerol hexa-acetate, 
pentaglycerol hepta-acetate, hexaglycerol octa-acetate and heptaglycerol nona- 
acetate." By continuing the condensation a crystalline acetin is obtained which 
appears to be the same as the diacetin of the homologous diglyceric alcohol from 
dichlorohydrin which was reported by Fauconnier and Sanson." 

Other catalysts include zinc chloride," tantalum, thorium and magnesium oxides*^ 
together with sodium or potassium silicates as accelerators.” Sodium acetate can 


M. A, von Lourengo, Ann. ch%m. phy»., 1868 (8), 67, 300. W. Will, Z. gcB. Schltefs^ u. Sprengatoff- 
weaen, 1, 881; Chem, Zentr., 1906, 2, 1000. Seo also C. Qlaeaaen, Qemian P. 181,764, 1906; and 198.768, 
1907; Chetn. Zentr., 1907, 2, 19§; 1908, 2, 120. J. Niviere, Compt, rend., 1913, 156, 1778; Chem. Abe., 


Th® diglycarol prepared by J. V. Nef (Ann., 1904, 335, 239) by hydrolysing the glycide ether boiled 
at 361-268*C. at 27 mm. 

"H. Hibbert, V. 8. P. 1,126,467, Jan. 26. 1916; Chem. Abe., 1916, 9, 694. 

^W. lUntoul and A. O. Innee, British P. 24,608, 1910, to Nobel Exploaives Co.; Chem. Aba., 1912, 
6k 1687. 

liearis, loe. cit. 

A. Rayner, J.8.C.I., 1922, 41. 824T. 

♦•M. Rangier, Compt. rend., 1988, 187, 346; Chem. Ab$., 1938, 23. 4468. 

^ A. Faueonnier ana J. Sanson, Bull. aoc. chim., 1887, 48, 336; J.C.S., 1888, $4. 344. 

<»R. I. Buford. U. S. P. 1,467.399, S^t. U. 1933, to Orasselli Powder Co.; Chem. Aba., 1933, 17, 
3880. 

» H. Weber and F. Kiemeyer, German P. 494,430. 1086, to Henkel A Cie. 0.m.b.H.; Chem. Aba., 
1930. 24. 3760. British P. 266,146, 1926 ; Chem. Aba., 1938, 22. 344. 

»H. Weber and F. Niemever, German P. 494.431. 1036 to Henkel A Cie. G.m.b.H.; Chem. Aba., 
1930, 24. 8700. British P. 266.147, 1926; Chem. Aba., 1988, 22, 244. 
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also be used in the presence of inert gases such as carbon dioxide, nitrogen, hydro¬ 
gen or water gas. Essentially diglycerol is formed under these conditions.** The 
use of mercuric chloride, mercury sulphate, cuprous chloride or ferric chloride 
in concentrations of 0.1-0.5 per cent with glycerol at temperatures between 250- 
275^0. yields a highly viscous reaction mixture. If the condensation is carried 
out in a stream of inert gas, di- and triglycerols are not formed but rather a 
transparent, brown-yellow colored, viscous liquid which is soluble in water and 
alcohol and has a dash point above 270®C. The material is said to be useful 
as a lubricant especially in contact with compressed oxygen inasmuch as it is 
'•explosive-proof.*”^ 

Ushakov and Obriadina"* tested the efficacy of various catalysts on the resinifica- 
tion of glycerol and determined that mercurous sulphate, aluminum sulphate and 
titanium sulphate were effective. Mercurous chloride, mercurous nitrate and mer¬ 
curic nitrate were ineffective. Maximum yields of resin were obtained by using 4 
per cent catalyst and heating for 10-14 hours. Upon vacuum-desiccation a dark 
brown resin resulted which was soluble in water, alcohol, alcoholic benzene and par¬ 
tially soluble in acetone. Further heating caused the resin to become infusible and 
insoluble. A baked film was glossy, flexible, insoluble in water and acetone and unaf¬ 
fected by dilute acids and alkalies. If the resin is dissolved in water and steam- 
distilled, the resulting product is insoluble in hot and cold water but soluble in alcohol 
and in aqueous alkaline solutions. Later experiments on the polymerization of glycerol 
indicate that a gelatinous or rubbery product can be prepared.”* 


Polyanhydrides 


Polymerization of the anhydrides of dibasic acids was observed by Hollemann 
and Voerman.” In attempting to measure the rate of reaction of such anhydrides 
with water, they observed that only those of succinic and glutaric acids gave satis¬ 
factory constants. Accurate measurements were not obtained with higher an¬ 
hydrides (e.g., adipic, pimelic, suberic, azelaic, or sebacic) owing to their sparing 
solubility in water and polymolecular state. The latter condition was indicated 
also by boiling point determinations in acetone. Farmer and Kracovsky,** how¬ 
ever, prepared adipic anhydride from the acid and acetic anhydride and consid¬ 
ered it unimolecular. 

Later Hill** made both a monomeric and a polymeric form of adipic anhydride. 
The former is a ring compound, 

C=0 
(CH,)/ \ 

and the latter a linear polymer of the type, 

0 0 0 0 0 0 
H0-4i(CH,)i!^-O-Ji(CH,)Ji—O-^ 


3(CH.), 



which is broken down by in vacuo, forming the cyclic monomer. Investiga¬ 
tions have been extended to sebacic a-anhydride, which is regarded as a chain- 

•• British P. aw^oo, laae, £tenkel A Cie. G.in.b.H.; Chem. Aht., 1W8. 22, 244. 

MK. Koaek, German P. lUl: Chem. Abe., 1988. 27, 1161. British P. 898,474. 1988; Chem. 

1984. as, il56. French P. 786478, 1988; Chem. Abe., 1988. 27, 1161. See C3h«ters 28 and 42. 

N. Uriiakov and E. M. Obriadina. M. Eng. Chem., 1988, 26, 997. See Chapter 42. 

W Ohrleton ElUa, private communication froip Etlis-Foster Co. , ^ « 

stA. F, Boflentann and G. L. Voennan, Proe. K. Akad. Weteneeh. Ameterdam, 1908, 6, 410; J.C.8., 
1901, U (ij, 287. For the prepaiBtion of adipic anhydride from the acid and acetyl chloride, see 
Voemiaii,,^^ irav. thtm., |M4, 28, 265. 

wE* RrFanner and ICracovsfcy, /.C.3., 1027, 680. 
wj. W. /.A.CJh, 1180, 52, 4110. 
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like polymer, formed by the reaction between acetyl chloride or acetic anhydride 
and sebacic acid.®® On heating this a-anhydride to 200®C. in a molecular still®^ 
it is transformed into a polyanhydride of much higher molecular weight (<tf-an- 
hydnde) and a crystalline distillate (/S-anhydride). The latter was shown to be 
a 22-membered cyclic dimer. At its melting point (68°C.), /3-anhydride reverts 
to a higher polymer, 7 -anhydride. At 130°C. ^-anhydride is soft enough to be 
drawn into continuous filaments. These could be cold drawn and the resulting 
fibers were lustrous and very strong. On standing for a few days, however, they 
became fragile and brittle. 

a-Anhydrides of dibasic acids, containing 7 to 18 carbon atoms, were prepared 
by the action of acetic anhydride on the corresponding acids.** The melting points 
of the various products are given in Table 50. 

Table 60. —Melhng Points of a-Anhydrides. 


a-Anhydnde 

Empirical Formula 

Melting Point, ®C. 

Pimelic 

C 7 H 40 O 8 

53-55 

Suberic 

CsHi^O, 

65^ 

Azelaic 

CsHi40a 

53-53.5 

Undecanedioic 

CiiHigOs 

69-70 

Dodecanedioic 

CisHaoOa 

86-87 

Brassylic 

CisHmOs 

76-78 

Tetradecanedioic .. 

C14H24OS 

89-91 

Octadecanedioic . 

CigHsjOs 

94-95 


In all instances a-anhydrides were linear polymers and when heated in a 
molecular still yielded «- and /3-anhydrides,** and the latter in turn, either on 
further heating or on standing, changed to 7 -anhydrides. These transformations 
can be summarized by the following scheme: 


a-Anhydride->■ 

linear polymer 
mol. wt. ca 5,000 / 

/ 

/ 

/ 

T 

<o-Anhydride 
superpolymer 
mol. wt. very high 



/ 3 -Anhydride (distillate) 
cyclic monomer or dimer 

I ^ 


t 1 

7 -Anhydride 

linear polymer (similar 

to op-anhydride) 


The physical properties of cyclic (/3-) anhydrides, obtained by depolymerization 
of a-anhydrides, are given in Table 51. 


Table 61. —Physical Properties of Cyclic Anhydrides. 


Acid 

Adipic. 

Pimelic. 

Suberic. 

Azelaic . 

Sebacic. 

Undecanedioic.. .. 

Dodecanedioic. 

Brassylic. 

Tetradecanedioic. . 
Octadecanedioic... 


Product of De- Melting 

Structural Unit polymerization Point 

of Anhydride and Size of Ring Stability ®C. 

—0C(CH8)4C0--0— Monomer 7 Unstable 20 

—OC(CHs)»CO—O— Monomer 8 Extremely unstable Liquid 

—OC(CHi)«CO—O— Dimer 18 Stable up to m.p. 6M7 

—0C(CH*)7C0—0— Monomer 10 Extremely unstable Liquid 

—0C(CH*)8C0—O— Dimer 22 Stable up to m.p. 68 

—OC(CHi)»CO—O— Monomer 12 Extremely unstable Liquid 

—OC(CH,)ioCC)—O- Dimer 26 Stable up to m.p. 76-78 

—OC(CHi)iiCC) — O— Monomer 14 Unstable Liquid 

—OC(CH*)wCO—0— Monomer 16 Unstable Liquid 

---OC(CHf)wCK>--(>--- Monomer 19 Unstable 36-37 


W. 


J. W. Hill and W. H. Ckrotheri, J.A.C.S., ISIS, 54, 1M9. 

For a description'of this still, see, W. jH. CarOthera and J. W. Hill, J.A.C. 8.0 1952. 54, 1667. 

"J. W. Hill and W. H. Cnrothers, /.A.C.S .0 im, 55, 6028. . . 4 u 

•• The stereochemistry and mechanism in the formation and stabiUty of large rings is diacuased by 
H, Carothera and J. W. Hill, /.A.C.S., 1988, 55. 6043. 
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It is interesting to note that cyclic anhydrides, particularly those containing 
10 or more carbon atoms, possess a spicy or musk-hke odor.** This is in accord¬ 
ance with the observations of Ruzicka*” that the essential principles of musk and 
civet are compounds containing the C=0 grouping (macrocyclic ketones). Spon¬ 
taneous polymerization of cyclic anhydrides on standing, however, is accompanied 
by a disappearance of their odor. 

That a-anhydrides are linear polymers is indicated by their reaction with 
aniline to form monoanilide, dianilide, and free acid. With the polyanhydride of 
adipic acid, for example, this breaking of the molecule may be represented by:*® 


O O 

C,H,NH 


0 

il 

0 

II 

0 0 

II II 


—OC (CHj) 4 CO— 

—C(CH,)4C— 

0— 

H 

H 

HNC 4 H 6 




CftHiNH 

H 


f 

1 



"O O “ 
iJlCCH,).!!©— H 


CXX)H 

I 

(CH,)4 
monoanilide 



COOH CONHCeHs 

(iH,)4 (<!:h,)4 

djooH (!;onhc.h, 

adipic acid dianilide 


Similar reactions take place with ammonia, diethylamine, and phenol. A general 
equation for such reactions, which does not consider the end groups, is: 


(—OC(CH,)„CO—O—), + RH —y ^R—OC(CH,)„CO—R + |R—0C(CH4)„C00H 

+ jHOOC(CH,)„COOH 
4 


The monomeric anhydride, on the other hand, furnishes only the monoanilide. 


C==0 


+ C,H4NH, 


COOH 
— ((1:h,)4 

ioNHCeHs 


In the presence of aluminum chloride, polyanhydrides react with benzene to 
give dibenzoyl alkane, w-benzoyl fatty acid, and dibasic acid.*' 


(—OC(CH,).(X>-<)—), + CA + (AlCU) —y |c,H4CO(CH,).COC,H. 

+ |c»H4CO(CH,).COOH + |HOOC{CH,).COOH 


In the case of polyesters derived from hexadecamethylene dicarboxylic acid and 
trime^ylene glycol, continuoius filaments are made by drawing out the molten 
ester or by di^lvini^ the ester in chloroform and extruding the solution through 
a rayon spinneret.*'* The molten ester may be extruded also. In this manner 
filaments are niade which are 0.001 inch in diameter, melt at 74-75*C., and are 


^ J. W. Hilt fttid W. B. CbiotKer*. 1988, 55, 5089. 

Chim. Aeia, 1980, Sr 030, 710, 1009. 

W. HiU, 1099, 52. 4110. 

^ W, HUi, 54, 4195. 

^ W. H. COrotlMct and J. W. HiU; /.A.C.S.. 1988, 54» 1579. 
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opaque and devoid of luster. If, however, tension is applied during spinning then 
the filaments are transparent and highly lustrous, while their strength and plia¬ 
bility are greatly increased. Reference is made in Chapter 4 to the differences 
in the x-ray patterns of these types of fibers. 

Fibers resembling the above were obtained from the polyesters of f^-hydroxy- 
decanoic acid, w-hydroxypentadecanoic acid, ethylene glycol and sebacic acid, tri¬ 
methylene glycol and adipic acid, and ethylene glycol and succinic acid. Those 
from polyanhydrides (e.g., sebacic acid anhydride) have a specially high strength, 
pliability, and luster, though they gradually disintegrate owing to hydrolytic deg¬ 
radation. 

Dibasic acids, derived from cyclic or aromatic hydrocarbons, may be the source 
of polyanhydrides. For example, trans-l,2-dimethylcyclopropane-l,2-dicarboxylic 
acid is converted by treatment with acetyl chloride into a polymeric non-crystalline 
anhydride." Also cis-p-hexahydroterephthalic acid reacts with acetic anhydride 
to give a polymeric cis-anhydride 

,...—Q—OCCHs—(—CgHioOi—]»—CHgC—O—• • • • 

which at 230®C. changes into the corresponding trans-polyanhydride." Distilla¬ 
tion of either polyanhydride of hexahydroterephthalic acid, under reduced pressure 
with rapid cooling, yields acetic anhydride vapor and the monomeric anhydride. 
The latter is very unstable and polymerizes when melted or warmed in benzene 
in the presence of a trace of sodium hydroxide. 

Polyamides and Mixed Polyester-Polyamides 

Amino acids having four or five carbon atoms lose water on heating and yield 
the corresponding lactams. Thus, 7 -aminobutyric acid’® and ^-aminovaleric acid” 
are converted to 5- and 6-membered cyclic lactams, respectively. Under similar 
conditions, higher amino acids give rise to polymerized compounds. e-Amino- 
caproic acid, for example, furnishes 20-30 per cent of the 7-membered cyclic 
lactam and 80-70 per cent of a non-distillable, polymerized material of approxi¬ 
mately the same composition.” t-Aminoheptoic acid on heating undergoes inter- 
molecular reactions resulting in the formation of products’" which differ in their 
properties from the 8-membered lactam prepared by other methods.” 

The mixture of polymer (polyamide) and lactam from e-aminocaproic acid is 
separated by distillation or by extraction with alcohol.” The former is a hard 
gray wax, insoluble in most organic solvents, but can be recrystallized from 
formamide. Its molecular weight (in phenol) is about 800-1200. It can be 
quantitatively hydrolyzed to c-aminocaproic acid by boiling concentrated hydro¬ 
chloric acid. Partial hydrolysis yields polyaminocaproylaminocaproic acid. The 
structure assigned to the polyamide is 

-NH—(CHj) g—CO—NH—(CHa) g—CO—NH—(CH*) g—CO- 

Carothers and Hill” have pointed out the analogy between this type of polymer 
and the polyesters obtained by self-esterification of higher hydroxyacids or from 
the action of glycols on dibasic acids. In the first instance the binding agent be- 

•*K. von Auwors and O. Ungemach, Ann,, IW4, $11, 152. 

** R. Malachowski and J. Jankierwiesowna, Ber., 1084, 67, 1783. 

*»S. Gabrian Bar.. 1880, 22, 8885. 

»C. Shotten. Bar., 1888. 21, 2285. 

** J. von Braun, Bar., 1007, 40, 1834. S. Qabriid and T. A. Maas, Bar., 1800, 32, 1260. 

« A. Manassa, Bar., 1002, 85, 1367. J. von Braun. loc. air. 

Wallaeh, Aim,, 1800, 809, 18; 1900. 812. 205. 

nW. B. Carothara and Q. J. Barehat, /.A.CjS.. 1080, 52, 5280. 

^W. H. Ckrothars and J. W. HiU, /.A.C.B., 1082, 54, 1566. 
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tween the units is — 0 —, and in the latter is —NH—. The polyamides are, in gen¬ 
eral, harder, tougher, less easily fusible, and much less soluble than polyesters. 
Similar to the changes observed with polyanhydrides, the polyamide when heated 
for 48 hours at 200®C. in a molecular still was transformed to a volatile cyclic 
lactam which is a harder and tougher material and in thin sections is plastic 
and flexible. 

The same investigators attempted the preparation of mixed polyester-poly¬ 
amides. The polyesters previously noted are not entirely satisfactory for the 
manufacture of synthetic silk owing to their low melting points and considerable 
solubility in organic solvents. The polyamide, on the other hand, is too infusible 
and insoluble for use in making fibers. The mixed polyester-polyamides were in¬ 
tended as a compromise, between these two extremes. 

Such compounds were obtained by heating mixtures of trimethylene glycol, hexa- 
decamethylene dicarboxylic acid, and e-aminocaproic acid for three hours at 200- 
220*^0. The glycol and acid were present in equivalent proportions, and amounts of 
amino acid varied from 1 to 5 mols per mol of the dibasic acid. Heating was con¬ 
tinued for 5 hours more at 1 mm. pressure at 250-260®C. and the viscous residue then 
was transferred to a molecular still and heated for three days at 200®C. As the propor¬ 
tion of amino acid was increased the polymers increased in brittleness, hardness, trans¬ 
parency and melting point, but their solubility diminished. Polymers containing the 
higher proportions of amino acids were insoluble in ethyl acetate: with less of the 
acid the compounds dissolved in this solvent. Since the polyamide itself is insoluble 
in hot ethyl acetate, the mixed polyester-polyamides cannot have been merely physical 
mixtures. These mixed compounds could be drawn into strong, pliable transparent 
fibers which were superior to those from the polyester alone. 

Abderhalden and Reich^ found that /3-alariine methyl ester, when kept for a 
few days, yielded a white amorphous solid, insoluble in ether, and decomposing at 
310®C. Molecular weight determinations indicated a 5-fold polymerization. In 
the preparation of hexamethylenimine by treating 6-bromo-n-hexylamine, 
NHa(CH8)«Br, with alkali and distilling with steam, an amorphous residue of the 
composition (C«Hi8N)n is obtained.” 

Lactone Formation 

Lactone formation is of importance in the chemistry of resins, an example of a 
naturally occurring product of this type being shellac. Lactones, or inner esters, 
are obtained by the elimination of water between a hydroxyl group and a car- 
• boxyl group, both of which are in the same molecule. With 7- or ^-hydroxyacids 
the reaction can be represented by: 

RCHOH(CH*)xCOOH HjO-h RCH(CH*),CO 

I-0 —^ 

Closely related to this type of compounds are lactides, or cyclic esters, resulting 
from the elimination of water between hydroxyl and carboxyl groups in two mole¬ 
cules of an o-hydroxy acid. For lactic acid this can be illustrated as follows: 

CHiCHOH HOCO CH,CHOCO , 

0<!x)H HO^HCH, 0(!x)-<!)HCH, ^ ^ . 

When the carboxyl and hydroxyl grohps are widely separated, lactone formation 
is accompanied by development of other products. Thus, t-hydroxyacids give 

«<£. Abdwbaldcn mmI F. Roeh, Z. phy*M. Chtm., im, 17S, IMi Brit. C/um. Ab$. A, 1«N, It. 

«J. von Bisud Mtd O. OoU, Btr., im, SO. INI; Chtm. Abt.. 1«7, 21, tlM. 
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lactones and polyesters (polylactones)” and «-hydroxyacids yield almost exclusively 
polyesters." Lactones of high molecular weight can be made by oxidation of the 
corresponding ketone." The slow addition of sodium persulphate (in sulphuric 
acid) to a cold solution of civetone in benzene resulted in an emulsion containing 
a resin, together with a small amount of a petroleum-ether-soluble lactone.” 

Many lactones, particularly six-membered cyclic esters, are known to poly¬ 
merize with ease, and depolymerize (reversible polymerization)' on heating. 
Carothers, Borough, and Van Natta” have drawn attention to such instances. 
CH,CH, 

«-Valerolactone, CH 2 CO, which is initially a mobile oil, gradually thick- 

^CH2— 

ens, and finally solidifies to a crystalline mass, which proves to be a 5- to 7-fold 
polymer." The partial decomposition of this lactone as it approaches its boiling 
point has been attributed to the formation of a polymer.” Drew and Haworth” 
observed the polymerization of the crystalline lactone of 2,3,4-trimethyl-l-arabonic 
acid, 


O 


n 


CHaOc: 

ch,o<!jh 






o 

in. 


in the presence of a trace of hydrogen chloride and its depolymerization on heat¬ 
ing. Bischoff' noted the reversible polymerization of ethylene oxalate, 
CHr~0—CO 

(j^ ^ Q » prepared from ethylene glycol and monoethyl oxalate. 

Extending these observations on the reversible polymerization of 6-membered 
rings, Carothers and his co-workers found that substituting groups generally re¬ 
duced the tendency for such molecules to polymerize. Thus, 5-valerolactone was 
completely polymerized to a waxy solid on standing for 29 days at room tem¬ 
perature. a-n-Propyl-5-valerolactone remained unchanged for 1 year at room 
temperature or at 80®C. for one month. Under the latter conditions addition of 
a trace of potassium carbonate or zinc chloride caused the lactone to become 
viscous and its apparent molecular weight to rise to 1100-1200. On the other 
hand, the lactide of a-hydroxypropionic acid (lactic acid) was transformed in two 
hours at 250-276®C, to a resinous mass with a molecular weight of about 3000. 
In the presence of potassium carbonate polymerization took place at 140-150®C. 

The effect of substituting groups is shown also by the work of Palomaa and 
Toukola.” They report that 7 -hydroxypropoxyacetic acid, at 200-220®C. and 

^A. von Baeyer and O. Seuffert, Ber,, 1899, 32, 3824. E. E. Blaise and A. Koehler, Compt. rend,, 
1909, 148, 17^; J.C.S,, 1909, 96 0)> 881. C. S. Marvel, D. W. MaeCorquodale, F. E. Kendall and W. 
A. Lazier (J.A.C.8., 1924, 46, 2^) report that in the preparation of e>hydroxycaproic acid from the 
correapondina bromide a mixture of the acid and lactone was obtained. 

«oW. H.^Lycan and R. Adams. J.A.CJS., 1929, 81, 828, 3480. 

"L. Rusicka and M. Stoll, Helv. Chim, Aeta, 1989,. 12, 4834; Chetn. Ab»., 1929. 23, 1110. 

MM. Stoll and R. E. Gardner, Heiv. Chim, Acta, 1984, 17, 1809; Chem. Abe., 1988, 29, 2148. 

M W. H. Chrothers, O. L. Doiough and J. Van Natta, /.A.C.S., 1982, 54, 781. 

M P. Fichter and A. Beisawenger, Ber., 1903, 3^ 1200. 

MR. W. Thomas and H. A. Schuette, J.A.C.B., 1982, 54, 3008. 

M H. D, K. Drew and W. N. Haworth, 1927, m. 

» BiseholF, Ber., 1907, 40, 2803. , 

M M. H. Palomaa and N. ToukoU, Ber,, im, 66. 1629. 
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Q.1-1 mm. pressure, passes into the corresponding lactone which is not poly¬ 
merized. 


HOCH,CH,CH,OCHiCOOH 


/ 

\ 


CH*CH,CHj 


CHaCO-O 


4-HaO 


Furthermore, this lactone is hydrolyzed (in acid solution) only about 1/90 as 


fast as the homologous compound, 


CHjCHa 

o'" \ 

\ / 

CHaCO 


which has one less OHa group. 


Lycan and Adams* synthesized intermolecular esters by heating «-hydroxy- 
acids, the molecular weights of the esters varying from 1000 to 9000. Carothers 
and Van Natta” similarly prepared polyesters (molecular weights ranging from 780 
to 26,000) from w-hydroxydecanoic acid.” Strong, oriented fibers were obtained 
from polyesters of molecular weights greater than 9330. Maximum tensile strength, 
13.1 kg. per sq.mm. (ca. 18,500 lbs. per sq. in.), was exhibited by fibers with a 
molecular weight of 16,900. 

Carothers* further suggests that the polymers are linear polyesters having a 
chain structure of the type 


-R~CO---0—R-^- 


It seems probable that the first step in the polymerization of cyclic esters (lactones) 
involves the intervention of a trace of the corresponding hydroxy acid. This reacts 
with the lactone to give the dimeric acid. The latter in turn yields a trimeric 
acid, and reaction continues until all the lactone is exhausted or the chains be¬ 
comes too long for further reaction. In the case of 5-valerolactone, the first stage 
in polymerization may he represented by: 

H0(CH,)4C00H + 0(CHj) 4CO-► HO(CHa)4CO—0(CH2)4COOH 


Crude c-hydroxycaproic acid (containing some of the corresponding lactone) 
on being heated to 150-210®C. gave «-caprolactone, and a small proportion (about 
1 per cent) of the dimeric, cyclic self-ester of e-hydroxycaproic acid.* When 
kept in a sealed tube for 12 hours at 150®C., the lactone slowly became more 
viscous and, on cooling, solidified to a solid mass. A trace of potassium carbonate 
reduced the heating time to about 5 hours. The lactone, dimer, and polyester were 
derivatives of *-hydroxycaproic acid and no shift of the hydroxyl oxygen was in¬ 
volved in their formation. Coucoulesco* reports that a trimethyl hydroxycaproic 
acid, CHiCH(CH,)CHOHCH,C(CH.),COOH, when distilled from dilute sulphuric 
yielded a white amorphous resin, possibly the polymerized lactone, 

CH,CH(CH,)CHCH,C(CH,),CO 

I-o-1 


An important contribution to the chemistry of hydroxy acids is that of Chuit 

» W. H. IgreM and R. Adama, J.A.C,8., 19X9, SI. 8460. 

W. H. Oarothara and F. J. Van Natta. /,A.C.S., 1933. 55. 4714. 

^For the determination of moleoular wekhte of polymerised »-bydro3^decanoie add by ultra- 
eeotrifutal analyda. see R. O. Sraemer and W. D. Lanemc. J.AM,8., Itt3, 55. 4819. £. O. Kraemer 

and F. jTVan Natta. /. Phyt. Chem,, 1938, 93. 3173. 

« Cf. W. H. Cbrothera ai^ F. J. Van Kat1», I,A.C.B., m »4. 

»F. J. Van Natto. J. wTSiU. and W. H. Chrothers. J.A.C.8., 1914. 53, 438. 

**I. Ooupo u laae o , Buff. soe. ehtm. Roumemia. Ifli. i, 63; Aha., 1984, 18. 1469. 
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and Hausser” who synthesized and studied the properties of hydroxy fatty acids 
containing 8-21 carbon atoms. Several derivatives of these acids were isolated 
from waxes extracted from conifers. 

Resinification of mandelic acid was noted by Ipatiev and Rasuvajev** when 
they attempted to hydrogenate this acid in the presence of a nickel catalyst. Brit¬ 
tle resins, apparently lactides, result from the thermal decomposition of 4-carboxy- 
2,6-dimethylmandelic acid*" and of benzilic acid* 


Lactic Acid 


This acid is of interest in connection with synthetic resins not only because of 
its yielding lactides when heated but also because it may be employed in resini¬ 
fication studies. 

Commercial lactic acid contains about 75 per cent of acid, whose constitutional 
formula is CHaCHOHCOOH, together with about 8 per cent of its anhydrides 
whose formulas can be represented by 


GHaCHOHCO 


i 

CH,iHCOOH 


and 


CHiCHCO 

u 


oi-d:: 


HCH, 


The former is a monoanhydride and the latter a dianhydride or lactide. Hydrol¬ 
ysis of anhydride and lactide occurs with formation of lactic acid when either 
substance is heated with water or acid or alkaline aqueous solutions. A method for 
the analysis of mixtures of lactic acid and its anhydrides is described by Thurmond 
and Edgar.* 

Wislicenus'* reported that the anhydride obtained by heating lactic acid in a 
current of air at 130®C. was a light-yellow, amorphous body, slightly soluble in 
water and very soluble in alcohol or ether. The lactide has been described as a 
white, crystalline solid, very slightly soluble in alcohol or ether,and is formed 
at a higher temperature than that required for the anhydride, naipely 200®C. 

The reaction of lactic acid, as well as its acid or basic sodium, calcium and 
barium salts, with water at 200-450°C. under pressure was investigated by Fischer, 
Schrader, and Wolter.^* The acid yielded acetaldehyde, together with acetone 
and resins, and very little alcohol was formed. In addition, considerable quanti¬ 
ties of carbon monoxide, hydrogen, unsaturated hydrocarbons, methane, and ethane 
were produced. From the salts, however, 15-20 per cent of alcohol was obtained, 
except from a basic sodium lactate which gave only a trace of alcohol. Kraus- 
kopf and Carter^ noted that barium lactate could ^ crystallized from a solution 
containing barium hydroxide, whereas a neutral solution or one containing free 
lactic acid could be evaporated to a thick syrup and in some instances to a glass¬ 
like solid without the formation of crystals. The amorphous material was shown 
to have the same composition as the crystalline lactate. Lactates of other metals, 
especially the more electropositive ones, behaved similarly; for example, crystal- 


**P. Chuit and J. Hausier, Hdv. Chim. Acta, 1939, 12, 463; Chem. Ab».» 1939, 23, 3663. 

•• V. Ipatiev and Q. Rasuvajev, Ber„ 1936, 59. 306. 
w W. H. Perkin and R. A. B. Tapley, 1924, 125. 3428. 

L. Vansetti, Atti. 11 c&ngret$o no§. chtm. pum applicata, 1926, 1928; Chem. Ab$., 1928, 22, 

3163. 

**0. I. Thurmond and G. Edgar, Tnd. Eng. Chem., 1934, 16, 823. 

»»J. Wialioenua. Ann., 1873, 164. 181; m 167, 392. See also J. Pelouae, Ann., 1845, 53, 114; 
Engelhardt, Ann., 1849, 70, 343. , 

*®‘P. l^fft and W. A. Dyca, Ber., 1896, 28, 3689. See also J. Oay-Luaaac, Ann., 1883, 7, 43; J. 
Pelouse, loc. eit. Engelhardt, loe. eit, _ ^ ^ 

Fiaoher, F. Sdirader, and H. Wolter, Oai, Abhandl. Kennt. Kohle, 1931, 6, 99. 

»»F. C. Krauakopf and A. S. Garter. J.A.C.8., 1936, 48, 1474. 
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line lactates of the alkali metals could not be obtained. The lactide anhydride was 
shown to inhibit crystallization, its probable mode of action being that of a pro¬ 
tective colloid. 

Resins from Lactic Acid. A resin is obtained by refluxing 90 per cent 
lactic acid for several hours and then removing the volatile porti on by distilla¬ 
tion.^®* The product is light yellow in color, melts at 30-35®C., is soluble in 
acetone, alcohol, and other organic solvents, and is miscible with cellulose acetate. 
Lacquers in which this resin is incorporated yield clear, hard films which possess 
the property of sticking to various surfaces. The lactic acid resin (together with 
cellulose acetate) has been considered also in the manufacture of laminated glass,^®® 
and as an adhesive for making composite sheets from thin films of cellulose deriva¬ 
tives by heat and pressure.^®® 

Zimmermann*®^ heats lactic acid in vacuo, raising the temperature slowly from 
100 to 200®C., and condenses the product with formaldehyde or paraldehyde. An 
odorless, non-inflammable, resinous product, soluble in chloroform or glacial acetic 
acid, and slightly soluble in benzene, is thus obtained. Its color varies from pale 
yellow to almost black, according to the purity of the lactic acid employed. 

Related Products 

After heating glycolic acid very gradually to 150°C., maintaining it at this tem¬ 
perature for several hours, and then cooling, a hard compact mass is obtained.'®* 
This substance possesses unusual adhesive properties, a strength of 1 ton per square 
inch being obtained when it was applied to very smooth (but not optically 
polished) surfaces. In this respect ^-^overheated"' glycolic acid compares favorably 
with many other adhesives such as marine glue, high-grade rosin, ester gum, 
and Bakelite ''A” In the preparation of resins from formaldehyde and phenol 
with sodium hydroxide solution as a catalyst, the addition of glycerol esters of 
lactic acid yields a clearer product.'®® 

Artificial Shellac 

The problem of the constitution of natural shellac thus far is unsolved. Har¬ 
ries and Nagel,"® however, isolated some degradation products of the natural 
resin and from an examination of these concluded that shellac is a mixture of 
substances obtained by the lactide condensation of various hydroxy-carboxylic 
acids. Two acids in particular were isolated: aleuritic acid, whose formula is 
probably'" 

CH20H(CH2)»CH(0H)2(CH,)7C00H 

and shellolic acid (shellenedioldicarboxylic acid) for which the formula 

^«W. H. Moss, U. S. P. 1,849,107 and 1,849,108, Mar. 15, 1932, to Celanese Corp. of America; 
Chem, Abtt., 1932, 26, 2879. Canadian P. 319,148, 1932, to CnmiUc Dreyfus; Chem. Abs., 1932, 26, 2072. 
W. H. Moss and C. Dreyfus, British P. 311,657, 1929, to British Celaliese, Ltd.; Chem. Abe., 1930, 24, 
981. 

M«W. H. Moss, U. S. P. 871,726, Aug. 16, 1932, to Celanese Corp. of America; Chem. Abs., 1982, 
26, 6090. 

British P. 364.280, 1929, to British Celanese, Ltd.; Chem. Aba., 1933, 27. 383. 

Ziramermann, German P. 306,775, 1917; J.8.C.L, 1919, 36, 187A. 

Improved Adheaivea for Indwtry. Final Report of the Adhesives Research Committee, Chem. 
Ape (London), 1932, 27, 167. 

»»French P. 708,281, 1986, to “Herold'' A.-G.; Chem. Aba., 1931, 25, 4422. 

u»C Harries and W. Nagel, Ber., 1922, 55, 3883; Kolloid-Z., 1923, 33, 247; J.8.C.I., 1923, 42. 
1234A; Wiaa. Verdff. SiefAme-Konx., 1924, 3. 12; /.C.S., 1924, 126 (1), 975. C. Harries, Ber., 1923, 56, 
1048. W. Nagel gnd M. Komchen, Wiea. Verdff. SiemeM-Kon*., 1927, 6. 235: BrU. Chem. Aba. B, 1928, 
876. The effect of srmiII amounts of impurities on the properties of shellac is discussed by W. H. 
Gardner, Ind. Eng. Qhem., 1988, 25, 650. 

A. Tschirehjlnd A. Fartier (Arth. Pharm., 1^, 237, 89; J.CJ3., 1899, 76 (1), 440) suggest that 
aleuritic acid is at;ltihydroayundeeoic acid. 
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HOOCCH CHCOOH 



C 

is suggested. Heating mixtures of these two acids (in varying molecular propor¬ 
tions) under reduced pressure at 150-160®C. yielded yellow, liquid lactides, which 
on cooling became yellow resinous masses. Harder and more infusible resins were 
produced by using temperatuies above 200°C. A possible formula for one of 
the simpler components of shellac is 


OC 


CO 


0 


^C„H,«( 0 H)C 00 C, 6 H 28 ( 0 H) 

/ 


/ 


Another structure^“ suggested for lac resin is 



which is based on the assumption that pure lac resin consists of 30 per cent of 
aleuritic acid, 10 per cent shellolic acid and 60 per cent unknown hydroxy acids 
similar to shellolic acid. In the above formula shellolic acid is considered to be 
a reduced dihydroxyisopropylnaphthalene dicarboxylic acid. 

^W. Nagel and E. Baumann, Wiu. Ver&f, Sierntru^Karut., t93i, 11> Brit. Chem» Ab$. B, IttS, 

1 


30. 
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Bhattacharya“* isolated a shellolic acid which differed in many respects from 
that described by Nagel. A comparison of the two acids is given in Table 52. 


Table 52. —Characteristics of Shellolic Acid. 


Melting Point 
Mol. wt. (from sap. val.) 
Zn content of Zn salt.... 
Analysis by combustion. 


, p. of Methyl Ester. 

M. p. of Hydrazide. 

M. p. of p-Bromophenacyl ester. . 


Nagel 

200-20rC. (decomp.) 
Non-hygroscopic 
297 

17.85% 

CuHjoOe 

32.6® 

149®C. 

243-244®C. 


Bhattacharya 

90-91®C. 

Hygroscopic 


298 

17.6% 

H2O 

30® 

Viscous liquid 
131®C. 
175-176®C. 


The formula CiaHj^Oe—H,0 indicates that combustion values were in agreement with 
those for the lactone CigHaaOgJ Lactone formation was verified by the differences in 
acid and saponification values. According to Bhattacharya, shellolic acid possesses 
a conden^d three-benzene-ring structure in which the orientation of the carboxyl and 
hydroxyl groups has not yet been determined. 

Although shellac is insoluble in aqueous solutions of alkali bicarbonates it does 
dissolve in solutions of alkali carbonates, thus possibly indicating the presence of 
phenolic groups Furthermore, molecular weight determinations and analyses of 
the heavy-metal salts of shellac lead to the conclusion that the resin molecules are 
dibasic acids. Gardner and Whitmore^"* report that the best solvents for shellac 
are alcohols, ketones, and organic acids. Since many substances are often more 
soluble in those solvents related to them structurally,^® the indications are that 
hydroxyl, carbonyl, and carboxyl groups are present in shellac. Because of the 
insolubility of shellac in ethylene glycol and glycerol, it is believed also that the 
hydroxyl groups in aleuritic acid are involved in some other grouping, e.g., that 
of a lactide. 

In synthesizing shellac-like resins, lactic, glyceric, dihydroxy-, trihydroxy-, or 
tetrahydroxy-stearic acids, or the oxidation products from linseed oil acids may 
be substituted for aleuritic acid. As the second component, in place of shellolic 
acid, cyclohexanolcarboxylic acids, tetrahydronaphthoic acid, or their hydroxy 
derivatives may be employed. On heating mixtures of these acids, resins re- 
^mbling shellac are obtained.^'’ In a similar manner copals and polyhydroxy 
fatty acids give shellac substitutes.'^ 


Scheiber and Noack''* found that resin formation generally resulted from the inter¬ 
action of aliphatic oxycarboxylic acids (e.g., those from the moderate oxidation of 
unsaturated fatty acids) with hydroaromatic oxycarboxylic acids (such as oxidized 
resin oil acids). To illustrate, 100 parts of oxidized soluble Manila copal, 1(X) parts 
of oxidized rosin, and 25 parts of castor oil acids are heated gradually to 200*'C. The 
resinous product is soluble in alcohol, alkali carbonate and borax solutions, and in¬ 
soluble in hydi'ocarbons and fatty oils. Variations of this procedure consist in the 
substitution of one of the components by ch!orir''+ed derivatives'" (for example, a 
mixture of trihydroxystearic acid and chlorinated abietic acid) or in the chlorination 

^ R. Bhattacharya. J.8.CJ., 1985. S4, 83T. 

W. H. Gardner, W. F. Whitmore and H. J. Harris, M. 'Eng. CAem., 1988, 25, 896. 

W, H. Gardner and W. F. Whitmore, Ind. Bng. Chem., 1989, 21, 326. 

UiFor an apphoation of this rule to the solubility of nitrocirflulose and various gums in lacquer 
solvents, see B. K. Brown, Ind. Bng. Chem., 1938. 20, 188. 

German F. 4494178, 1923, to Siemens B Ralske A.-G.; BrU. Chem. Ab$. B, 1928, 867. C/. W. 

Nagel and W. Hiller, Beftehem. Vmtcheu, Ifl^. 40, 49; Chem. Ab«., 1988, 27, 2889. 

^W. Dux, British P. 880,764, 1989; BWL Chem. Abe. B, 1981, 818. 

Bcheiher and W. Noaek, V. 8. P. 1,860,094, Feb. 31, 1988; Brit. Chem. Abt. B, 1928, 376. 
British P. 383,716; 1985; Chem. Abe,, 1937, 21, 3390. 

Seheiber. V. 8. P. 1,908^98, Apr. 11, 1938, to W. Dux; Brit. Chem. Abe. B. 1988, 1031. 
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of a mixture of unsaturated fatty acids and resinolic acids^ and effecting condensa¬ 
tion by heatingAnhydrous metallic chlorides (zinc or aluminum chloride) serve 
as catalysts 

The formation of synthetic resins as described above apparently entails a lactide 
condensation in each instance and offers a close parallel with the case of natural 
shellac. Of a somewhat different nature is the production of resins by polymeri¬ 
zation of benzyl and cinnamic alcohols by such agents as sulphuric or phosphoric 
acid, or phosphorus pentoxide. The reaction mixture is heated first to 130® and 
then to 180®C. An alternative procedure is to heat a mixture of phosphoric 
acid, an aromatic hydrocarbon, and formaldehyde, the latter two components 
forming an alcohol in situ which is then polymerized. Resins so obtained are 
soluble in organic solvents and may be employed in paints and varnishes 


Vinyl Ethers 


Although vinyl alcohol, CHa=CHOH, has not yet been isolated because of its 
instability, nevertheless a number of its derivatives are known and of these the 
vinyl ethers are of considerable importance owing to their tendency to poly¬ 
merize. Vinyl ethyl ether, CH.=:CH0C,H6, was described first by Wislicenus”* 
who made it by the action of sodium on chloroacetal. 

0C,H5 

CH,C 1 CH'^ +2Na —CHi!==CHOC2H» + NaCl + CsHiONa 
^OC,H. 

Claisen's“® method of preparation depends upon the removal of alcohol from 
diethyl acetal, CHaCHCOCaHs)*, by phosphorus pentoxide in the presence of 
quinoline. Vinyl and other unsaturated ethers may be obtained by passage of 
the vapors of aliphatic or aromatic acetals (with or without a diluent) over metals, 
such as silver, gold, or platinum, at temperatures of 200-350® C. Other metals, 
oxides, phosphates, or silicates may be added to the catalysts 

Further procedures involve dissolving acetylene (or its homologues) under 
pressure in sulphuric acid at 0® to — 15®C., using mercuric sulphate as a catalyst, 
and reacting the acid sulphate with alcoholHydroxylated compounds, which 
do not contain groups sensitive to alkalies, are reported to combine with acetylene, 
at temperatures of 80-250®C. in strongly alkaline media.** In this way it is 
possible to prepare the ethyl vinyl ether of ethylene glycol (b.p. 126®C.) from 
the monoethyl ether of ethylene glycol, as well as the monovinyl ether of diethanol¬ 
amine, and vinyl octyl ether. 


Resinolic acids are those acids occurring in natural resins: A. H Allen, ''Commercial Organic 
Analysis," P. Blakiston's Son k Co., Philadelphia, 1907, 2, 143. R. S. Morrell, "Varnishes and Their 
Components," Henry Froude and Holde A Stroughton, London, 1923, 107. See also Chapter 66. 
u>J. Scheiber, U. S. P. 1,927,472, Sept. 19, 1938. 

^R. P. L. Britton, Briti^ P. 269,978, 1926, to Griffiths Bros, it Co., Ltd.; Chem. Abt., 1928, 22» 


1486. 

^ J. Wislicenus, Aim., 1878, 192, 106. Note also CSiapters 61 and 62. 

M»L. aaisen, Rcr., 1898, 31. 1019. ^ 

XM British P. 846,268, 1929, to 1. Q. Farbenind. A.-O.; Chem. Abs., 1982, 26. 166. Cf. W. O. Herr¬ 
mann and Deutsch, U. S. P. 1,902,169, Mar. 21, 1988, to Consortium fUr Elektrochem. Ind. Q.m.b.H.: 
Chem. Ab«., 1983, .27, 8222. French P. 710,602, 1981; Chem. Ab»., 1982, 26, 1616. German P. 660,864, 
1980; Chem. Abt., 1988, 27. 998. 

^H. Plauson and J. A. Vielle, British P. 166,121, 1920; Chem. Abs., 1921, 15, 1728. H. Flauson, 
U. B. P. 1,486,288, Nov. 21, ,1922; Chem. Ab«.. 1923, 17, 664. German P. 338,281, 1921, to Plaiison's 
Porschungsinstitut G.m.b.H.; Chem. Ab«., 1988, 17, 1804. 

i*W. Reppe, U. 9. P. 1,969,927, May 22, 1994; Chem. Ab«., 1984, 28, 4481. German P. 684.840, 
1918; Chem. Abs., 1984, 28, 1058. French P. 724,966, 1981; Chem. Abs., 1982, 26. 4826. AH patents to 
I. Q. farbenind. A.-O.' 
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Ernst and Berndt“® suggest treating aromatic hydroxy compounds with vinyl 
halides (particularly the chlorides) in the presence of bases and, optionally, of 
catalysts. Phenol, sodium hydroxide, water, and vinyl chloride, for example, when 
fused together at 180-200®C. gave an 80 per cent yield of vinyl phenyl ether. Re¬ 
action of vinyl monohalides with alcoholates or phenylates, in the presence of a 
solvent, or with mixtures of alcohols and oxides or hydroxides of alkali or alkaline 
earth metals, also furnishes vinyl ethers.^*® Ethylene or ethylidene dihalides may 
be employed in a similar manner. To illustrate, ethylene dichloride and sodium 
ethoxide form ethyl vinyl ether, while vinyl cyclohexyl ether (b.p. 147-148°C.) 
is obtained from cyclohexanol, sodium hydroxide, and ethylene dibromide.”* 

Unsaturated ethers of nuclear-methylated hydroxybenzyl alcohol have been 
prepared by Melamid”* by treating the alcohols obtained from m- and p-cresol 
and formaldehyde with a caustic alkali solution (20 per cent) and an allyl halide. 
Oily compounds are derived which solidify by absorption of oxygen and conse¬ 
quently are applicable as drying oils. Similar products were obtained by em¬ 
ploying anthracene oil in place of cresols,”* the alkali-soluble constituents reacting 
to form ethers. 

Chalmers”* describes the conversion of alkyl /S-bromoethyl ethers into vinyl de¬ 
rivatives by treatment with solid sodium hydroxide. The bromoethers are pre¬ 
pared by the action of phosphorus tribromide on the corresponding glycol mono¬ 
ethers and then distilled in the presence of the alkali. During distillation vinyl 
ethers and dialkylethers of diethylene glycol are formed simultaneously. 

PBr* NaOH ^CH 2 =CHOC 8 H 6 

CHjOHCHjOCjH* —CHsBrCHaOCsH* -<f 

^C2H60CH2CH20CH2CH20C2H6 

The physical constants for some vinyl ethers are given in Table 53. 

Table 53. —Physical Constants of Vinyl Ethers. 


Boiling Density Refractive 

Ether Point, ®C. (Df) Index (ng) 

Vinyl methyl. 12-14® .... . 

Vinyl ethyl. 36.6" 0.7689 1.3866 (n^) 

Vinyl n-butyl. 93.3" 0.7887 1 4026 

Vinyl /9-chloroethyl .... 108 0® 1 044 1 4362 

Vinyl phenyl. 155 5® 0 9776 1 6226 


Divinyl ether is prepared by the action of heated caustic alkali on 
chloroethyl ether.”® Best yields and smaller proportions of by-products (acetal¬ 
dehyde, dioxane, ethylene oxide, and /S-chloroethyl vinyl ether) are secured when 
the temperature is 200-260"C. and the alkah is stirred to prevent its surface from 
becoming coated with alkali chloride.”® The ether boils at about 23®C. 

Phenyl vinyl ether (b.p. 155-156®C.) is obtained by heating /3-bromophenetole, 
CeHaOCHaCHsBr, with anhydrous potassium hydroxide.*” Another method of 

**•0. Ernst and W. Bemdt, German P. 513,679, 1927, to I. G. Farbenind. A.-G.; Chem. Abs., 1931, 
25 1841. 

' M® British P. 332,605, 1929, to I. G Farbenind. A.-G.; Chem. Abe., 1931, 25, 302. W. Reppe, German 
P. 550,403, 1928. to I. Q. Farbenind. A.-G.; Chem, Abe.. 1932, 26, 4825. 

British P. 341,074, 1929, to I. G. Pnrbenind. A.-G.; Chem. Aha., 1931, 25, 4891. See also W. 
Reppe, U. S. P. 1,941,108, Dec. 26, 1933, to I. G. Farbenind. A.-G.; Chem. Aba., 1934 , 28, 1357. German 
P. 550,405, 1929 and 559,523, 1930; Chem. Aba., 1932. 26, 4825; 1933, 27, 736. 

M. Melamid, German P. 352,003, 1920; J.S.C.!., 1922, 41, 728A. 

^M. Melamid, Qennan P. 370,082, 1920; /.S.C.I., 1923, 42, 597A. 

Chalmcre, Can. J. Reaearch, 1932, 7, 464; Chem. Aha., 1933, 27, 701. 

»»g. Hibbert. S. Z. Pemr and K. A. Taylor, J.A.C.8., 1929, 51, 1551. 

jL Ruith a^ R. T. Major. J.A.C.8., 1901, 53, 2662. 

w<Mil and B. Berthold, Ber., 1910, 43, 2175. The preparation of eugenyl vinyl ether and 
guaiacyl vinyl ether by analogous methods ts deecribed also. 
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preparing aromatic vinyl ethers consists in converting /S-halogenated ethyl aromatic 
amines, such as 


CH, 

BrCHjCH.N''^ 

^C.H. 


to the corresponding ethers, e^., 


ROCH2CH2N 


/ 


CHa 


\ 


C«Ha 


afterwards forming the quarternary salts by reaction with methyl iodide or 
sulphate, and decomposing the salt with alkali.'* The last reaction, which ap¬ 
parently occurs only when R is an aromatic group, may be represented by: 


R0CH2CH2N(CH,)2(C6H6)I -f KOH ROCH==CH2 + CaHaN(CH,)2 + KI + H,0 


Lauer and Spielman'* suggest the following procedure: The phenol is trans¬ 
formed to the corresponding hydroxy ether, which is chlorinated with thionyl 
chloride, and hydrogen chloride then eliminated with potassium hydroxide. 

C CHtCHjOH soci* 

CeHfcOH - ^ CeHftOCHjCHjOH -> 

KOH 

KOH 

C6H,0CH2CH2CI —C6HiOCH==CH 


Powell and Adams'*® report that thermal decomposition of phenyl vinyl ether 
(12 hours at 260-280®C,) leads to the formation of some phenol. Lauer and 
Spielman'*' found that this ether when heated for 3 hours at 295-3(X)®C. gives 
only a small proportion of phenol, some acetaldehyde diphenyl acetal CHgCH- 
(OCeHs)*, and a tarry residue. The acetal appeared to result from the inter¬ 
action of phenol (formed by decomposition of the ether) and phenyl vinyl ether. 

C«H60H-f-C«H»0CH==CH2 —CH,CH(0C«H5)2 


Hydroxyethyl vinyl ether is prepared by the action of sodium on bromo- 
ethylidene glycol and hydrolysis of the sodium derivative thus formed.'" 

OCH 2 

BrCHjCH^ I -|- 2 Na CH2==CHOCHaCH,ONa + NaBr 


\ 


OCH 2 


The ether is a colorless oil, boiling at 140®C., soluble in water, ether, and ben¬ 
zene, but insoluble in ligroin. Traces of strong acids (sulphuric or hydrochloric) 
effect an instantaneous and almost explosive rearrangement of the ether to the 
cyclic acetal, ethylidene glycol. 


CHp=CHOCHaCH,OH 


CHaCH^ 

\ 


OCH, 


OCH, 


^ J. von Braun and O. Kirachbaunia 1930, 59, 1899. 

M. Lauer and M. A. Spielman, 1988, 55, 1573. 

^S. Q. Powell and R. Adams, 1930, 42, M6. 

^ W. M. Lauer and M. A. Spielman, loe. cU. 

S. Hill and L. M. Pidgeon, /.A.C.S., 1938, 50, 3718.. C/. J. Wialieenua, Ann., 1878, 192, 113. 
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The benzoate of hydroxyethyl vinyl ether, however, does not undergo a similar 
transformation, indicating that the hydroxyl group plays a specific role in the 
reaction. Hydroxypropyl vinyl ether, prepared in a similar manner from 
bromoethylidene trimethylene glycol, exhibits analogous properties.'** 

a- and /3-Unsaturated, substituted ethers'** were produced by passing hydrogen 
chloride into a mixture of an aldehyde and an alcohol to secure the* chloro ether. 
Bromination, followed by treatment with the Grignard reagent, resulted in iS-bromo 
ethers. These yielded vinyl derivatives on distillation over potassium hydroxide. 
For example, from a, ^-dibromoethyl ether was obtained a-ethoxystyrene (b.p. 109- 
112®C. at 30 mm.). 

C.H«MgBr KOH 

CH,BrCH(OC,H,)Br - ^ CH,BrCH{OC,H»)C6H. —>• CH,==C(OC,H.)C«H 5 . 

The substituted vinyl ethers hydrolyze under the influence of a trace of acid to 
the corresponding acetone (in the above case acetophenone). 

Halogenated vinyl ethers are made by the action of zinc on halogenated de¬ 
rivatives of ethyl ether.**® The essential condition for this reaction appears to be 
that three halogen atoms must be attached to the /?-carbon atom and one or 
more to the a-carbon. To illustrate, a-chloro- /9,i9,/3-tribromodiethyl ether and zinc 
yield ^,i8-dibromovinyl ether, 

CBriCHClOCsHft + Zn CBr 2 ==CHOC,H» + ZnBrCl 

while a,i9,/9,/3-tetrachlorodiethyl ether gives /3,/3-dichlorovinyl ether, 

CCUCHClOCsH, + Zn CCh==CHOC,H. + ZnCh 

On the other hand, addition of zinc to a,^,^-trichloroethyl ether results in the evolu¬ 
tion of hydrogen and formation of tarry masses, indicating the elimination of hydro¬ 
gen chloride by zinc and decomposition of the dichlorovinyl ether formed. When 
this trichloroether and zinc react in the presence of a large proportion of alcohol, 
dichloroacetal is the main product. 

2CHCl,CHC10CjHj + Zn + 2 C 2 H 6 OH — 2 CHCl 2 CH(OC 2 H»), 4 - ZnCU -f H 2 
Polymerization of Vinyl Ethers. Ethyl and n-butyl vinyl ethers were 
almost completely polymerized in 24 hours by 0.2 per cent of iodine, while the 
|3-chloroethyl ether polymerized very slowly and the phenyl compound remained 
unchanged.*** The colorless polymers were sticky pitch-like materials, mobile 
above 100®C., and slowly dissolved in chloroform or benzene. Molecular weight 
determinations, in the latter solvent, indicated 18-82 units per molecule. When 
a larger proportion of iodine (0.5 to 6 per cent) was employed, reaction was vio¬ 
lent and black polymers, soluble in most of the common solvents (except alco¬ 
hols), were formed. Methyl, ethyl, and n-butyl vinyl ethers were affected slowly 
by heat or ultraviolet light, and vigorously by a trace of volatile metallic halides 
such as stannic chloride or antimony pentachloride. 

The rates of polymer formation, at 130®C., of some vinyl ethers are shown in 
Table 64. 


Table 64.— Rates of Polymer Formation of Vinyl Ethers. 


Ether Time, Days. Polymer formed, %. 

Vinyl ethyl. 60 46.6 

Vinyl n-butyl. 60 26.0 

Vinyl/J-chloroethyl. 3 100.0 (approx.) 

Vinyl phenyl.: . 90 1.6 


8. Hill, /,A,C,8., 1928, SO, 2725. 

M«W. M. LatMT and M. A. Splelman, /.A.C.S., 1981. S2, 1588. 

and C. L. Flaeoe, /.A.C.8.. 1926. 48. 2416. 

Ml w. Cbdhuara, Con. /. 1982, 7, 478; Brit. Cfiem. Ab». A, 1989, 144. 
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Since polyvinyl ethyl ether yields oxalic acid on oxidation, Chalmers suggests 
that the structure of this ether, as well as those of its analogues, may be repre¬ 
sented by 

-CH2>-CHOR--(--CHr-^HOR)x~CH2—CHOR- 

Whether or not the molecules contain ‘'open’’ or “ring” structures is difficult to 
decide. As the polymers gave a small, but measurable, bromine absorption it might 
be assumed that an ethenoid linkage existed at one end, viz: 

CH2=CH0R~-(—CH 2 -~CHOR)x—CH 2 - -CH 2 OR 

Quantitative measurements of bromine absorption, however, did not correspond 
with the degree of polymerization as indicated by cryoscopic determinations. 
Hence it appears probable that some polymers may possess a closed structure. 

|-CH2~CH0R—(- --CH2---CHOR)x~CH2—CHOR-~| 

Polymerization of vinyl ethers may be carried out in the presence of com¬ 
pounds (such as vinyl chloride, vinyl acetate, styrene, acrylic nitrile or esters of 
acrylic or maleic acid) whose essential characteristic is that they contain a double bond 
in the aliphatic portion of their molecular structure.'*^ The products may be em¬ 
ployed as linings for apparatus.'** Reaction may be effected also with the aid 
of acid-reacting catalysts, e.g., boron fluoride, stannic chloride, aluminum or zinc 
chloride, sulphuric or hydrochloric acid.'** Other catalysts include hydrosilicates 
(Tonsil or Florida earth) or finely divided metals (for example, copper, iron, or 
nickel) on asbestos or silica gel.'®* 

Divinyl ether is polymerized to a black, tarry resin by concentrated sul¬ 
phuric acid and hydrolyzed rapidly to acetaldehyde by dilute hydrochloric acid. 
On heating divinyl ether to 70-150°C., using organic peroxides as catalysts, a 
highly viscous, transparent, resinous material is formed.'®' This latter trans¬ 
formation, however, is inhibited by ammonia.'®* N-Vinyl-a-methylindoline is rapidly 
transformed into a light yellow resinous mass on keeping.'” 

Vinyl or polyvinyl ethers may be employed in the production of impregnating, 
polishing, and finishing agents,'®* as components of lacquers,*®® in the prepara¬ 
tion of adhesives for laminated glass,*” as aids in the polymerization of butadiene 
hydrocarbons by alkali or alkaline earth metals,'®' and as insulating materials.'” 
It has been proposed also to add polyvinyl ethers, particularly those from high- 
molecular-weight ethers, such as the vinyl ether of oleyl or cetyl alcohol, to lubri¬ 
cating oils.*®* Water-resistant films on cellulose esters or ethers may be secured by 

French P. 725,844, 1931 and 774,437, 1934, to I. G Farbenind. A.-G.; Chem. Abs., 1931, 26, 4827 ; 
1935, 29, 2264. British P. 373,643, 1032; Chem. Aba., 1933, 27 , 3788. 

British P. 357,178, 1930, to I, G. Farbenind. A.-G.; Chefn. Aba., 1982, 26, 4510. 

British P. 878,544, 1931, to 1. G. Farbenind. A.-G,; Bnt. Chem. Aba. B, 1982, 1071. French P. 
734,129, 1982; Chem. Aba., 1983, 27, 1006. 

^British P. 379,674, 1982, to I. G. Farbenind. A.-G ; Chem. Aba., 1933, 27, 4109 
^H. Hibbert, U. S. P. 1,916,428, July 4, 1988; Bnt. Chem. Aba. B, 1934, 371. Canadian P. 302,437, 
1980; Chem. Aba., 1980, 24, 4806. 

^W. L. Ruigh and R. T. Major, he. cit. C. D. Leake, P. K. Knoefel and A. E. Guedal (/. 
Pharmacol., 1988, 47, 5; Chem. Aba., 1938, 27, 8252) report that pol>'merisation of divinyl ether is pre¬ 
vented by alkali but hastened by contact with acid, 
w® H. Stach and W. Kdnig, Ber., 1980, 63. 88, 

British P. 402,513, 1938, to I. G. Farbenind. A.-G.; Chem. Aba., 1934, 28, 3198. French P. 
740,097, 1982; Chem. Aba., 1988, 27. 2261. 

Kollek and H. Ufer, German P. 588,807, 1938, to I. G. Farbenind. A.-G.; Chem. Aba., 1984, 

28, 1558. 

^British P. 368,567, 1982, to I. G. Farbenind. A.-G.; Chem. Aha., 1938, 27, 3576. 

^Q. Ebert, F. A. Fries and P. Oarbich, German P. 575,439, 1988, to I. G. Farbenind. A.-G,; 

Chem. Ab$., 1988, 27, 8988. 

British P. 408,225, 1984, to H, Rost; Chem. Aba., 1984, 28, 5555. « . « 

British P. 418,637, 1984, to I. G. Farbenind. A.-G.; Chem. Aba., 1985, 29, 592. French P. 

761,580, 1984; Chem. Aba., 1984, 28, 4220. 
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coating with vinyl ether at 0®C. or lower, followed by polymerization of the ether 
with ultraviolet light at 80-100®C/*® 

Chlorovinyl Arsines 

Acetylene is absorbed by arsenic trichloride, employing aluminum chloride as 
a catalyst.^ From the reaction mixture, after treatment with water, three arsenic 
derivatives may be isolated: /9-chlorovinyldichloroarsine, CHCl=CHAsCl„ 
dichlorodivinylchloroarsine, (CHCl=CH)aAsCl, and /9,/3'^"-trichlorodivinylarsine, 
(CHCl=CH),As. From the standpoint of synthetic resins the first of these deriva¬ 
tives is of interest. 

Attempts to hydrolyze /9-chlorovinyldichloroarsine to the corresponding oxide re¬ 
sulted only in the formation of arsenious acid and acetylene. On passing hydrogen 
sulphide into a carbon tetrachloride solution of the dichloroarsine a thick viscous 
oil separated. The latter can be dissolved in carbon disulphide and on evapora¬ 
tion of the solvent a pale yellow, viscid liquid of garlic-like odor is obtained. On 
cooling, this solidified to a hard resin. Analysis indicated it to be i3-chlorovinyl- 
arsenious sulphide, CHCl=CHAsS. In the preparation of this compound, ethyl 
alcohol may be substituted for carbon tetrachloride as the solvent for /S-chloro- 
vinyldichloroarsine 


Carbon Suboxide 


The interest in carbon suboxide (CsO*) from the point of view of synthetic 
resins lies in its marked tendency to polymerize. The unpolymerized substance 
is a gas at ordinary temperatures, which can be condensed to a liquid boiling at 
7®C. aiid solidifying at about —110®C.'” Its chemical properties in many re¬ 
spects are similar to those of a ketene (or diketene). Carbon suboxide unites with 
water to give malonic acid, with ammonia or amines to furnish amides, and with 
hydrogen chloride to form malonyl chloride.'®* From the reaction of this oxide 
with carboxylic acids are obtained mixed acid anhydrides.'®® For example, com¬ 
bination of acetic acid and carbon suboxide apparently gives rise to the compound: 

O O 

—O——CHj 

ch/ 

^C—O—C—CH, 

J) u 


which hydrolyzes to malonic and acetic acids. 

The formation of this oxide, and other lower oxides of carbon or polymerized 
suboxide, was first noted when carbon monoxide was submitted to the action of 
electrical energy. In view of this fact, a brief discussion of this effect is given 
before taking up the subject of preparation. 

British P. 418.449, 1983. to Celanese Corp. of America; Brit. Chem. Aba. B, 1988, 18. See also 
British P. 418JW7, 1988, to Celanese Corp. of America; Brit. Chem. Aba. B. 1986, 18. 

Q. Mann and W. J. Pope, J.C.8,, 1938, 121, 1764. See also S. J. Green and T. S. Pope, 
J.CJ3., 1981, 119, 448. W. L. Lewis and O. A. Perkins, Ind. Sng. Chem., 1923, 15, 290. 
u»W. L. Lewis and H. W. Stietler, /.A.C.S., 1986, 47, 8646. 

Diels and Q. Mwerheim {Ber., 1907, 40, 866) give «107*C. to -U0*C. as the melting point of 
the solid. A. St^ aiid H. Stoltsmberg (Ber., 1917, 50, 498) report -111.8*C. For a discussion of the 
properties of this oxide, see L. H. Reyerson and K. Kobe, Chern. Reviewa, 1980, 7, 479. 
miq. Diels and B. Wolf, Ber., 1906. 39, 689. 

MtQ. Diels and Ll Latin, Ber., 1908, 41, 8486. 
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Action op Electric Discharges on Carbon Monoxide 


Brodie'*® observed that an electric current effected a contraction in volume 
of carbon monoxide, and at the same time carbon dioxide and a reddish-brown 
film (on the sides of the container) were formed. Analysis of the film indicated 
it to be an oxide of carbon, possibly C^Oa or C 5 O 4 . He suggested that a series of 
‘^oxycarbons” existed, analogous to the acetylene hydrocarbons. Berthelot”' also 
obtained the reddish-brown oxide of carbon in a similar manner, but found that 
heating decomposed the material into carbon monoxide and dioxide, and another 
oxide to which he assigned the formula CaOs. The latter oxide was secured when 
carbon monoxide was heated to temperatures of 500-560°C.'* 

Schutzenberg'* reported that condensation of carbon monoxide by the silent 
electric discharge ceased as soon as the gas contained 10 per cent carbon dioxide, 
and that the solid product had the comp 6 sition CiOa. Furthermore, condensation 
took place only when the electrodes of the discharge tube were acidulated water 
(dilute sulphuric acid). Substitution of such electrodes by metallic ones caused 
the reaction to cease. He therefore considered that the presence of a trace of 
moisture was essential for the reaction and that water vapor was carried through 
the glass discharge tube by the current. He later concluded that the water is 
formed from hydrogen and oxygen (probably generated at the electrodes) which 
penetrated the glass. Lunt and Mumford,”® however, found that the type of elec¬ 
trode does not affect the reaction, as carbon monoxide is decomposed readily 
even when carefully dried. They also believed the brown solid produced by the 
discharge was not entirely polymerized malonic anhydride (C»0,) but a mixture 
probably containing some carbon. 

Lunt and Venkataswaran'” state that decomposition of carbon monoxide can be 
represented by 

7CO CsO,+ 200* 

and that on removing the solid oxide (CgOs) from the reaction tube a hydrate, 
CsOaxHaO (x = 1.65 or 1.95), is formed. Results obtained by Ott^'^*’ however, 
indicate that the gases leaving a Siemens ozonizer contain only ummolecular suboxide 

4CO C02-fC,02 

and the brown solid remaining is polymerized carbon suboxide. 

Preparation of Carbon Suboxide. Dehydration of oxygenated organic 
compounds, particularly esters or acids, serves as a convenient procedure for the 
preparation of the suboxide. For example, on heating diethylmalonate with a 
large excess of phosphorus pentoxide to 300®C., the following reaction occurs,*” 

CH2(COOC,H.), 2H,0 4-2C,H4 H-C,Oa 


Other esters of malonic acid (e.g., the dimethyl, dibenzyl, and diphenyl esters) 
and malonic acid itself also yield the suboxide when treated in a similar man¬ 
ner.*” Dehalogenation of dibromomalonyl bromide with zinc,*” 


B. C. Brodie, Proc. Roy. Soc. {Lcndonh 1871, 21. 24Z. 

M. Berthelot, BiM. soc. chitn., 1876, (2), 26, 101; 1876, 30, 606. 

M. Bc^helot, Compt. rend., 1801, 112, 604; 1801, 60, 801. 

Sohutsenb!»rg, Compt. rend., 1800, 110, 660, 600, 681; 1800, 111, 14; J.C.8., 1800, 58, 601, 602, 1868. 
W. Lunt and L. 8. Mumford, 

W. Lunt and R. Venkataswaran, 1086, 127, 2062; 1927, 867. 

i«E. Ott, Ber., 1026. 58, 772; /.C.5., 19^ 1878. 

Diels and B. Wolf, Ber., 1006, 39, 680. 

Diels and G. Meyerheim, Ber., 1007, 40, 866. See also A. Stock and H. Stoltsenberg, Ber., 
1017, 50, 408. 

H. Staudinger and H. Klever, Ber., 1008, 41, 006. 
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CBr, 


/ 


COBr 


\ 


2Zn 


COBr 


2ZnBr2 4” CaOa 


or treatment of malonyl chloride with metallic oxides (silver, lead, or zinc oxide) 


CH, 


/ 


OCl 


4- AggO 


2AgCl 4- HaO 4- CaO* 


OCl 


are other methods/’* Ott'” secured good yields of the suboxide by pyrogenic de¬ 
composition of diacetyl tartaric acid or acetoxymaleic acid. 

The more generally accepted constitution of carbon suboxide is that proposed 
by Diels and Wolf’* who considered the compound to be a diketene having the 

O 

formula 0=C=:C=C=0. Michael'’* suggests a cyclic structure, C CM3. 


Polymerization of Carbon Suboxide. Dry gaseous carbon suboxide is 
very stable, even at room temperature, when stored in glass containers whose 
surfaces have not been contaminated with the polymeric form.“® The presence 
of mercury or of water vapor, however, effects polymerization of the gas. This 
reaction is probably a catalytic surface reaction as its velocity cannot be expressed 
by any simple mathematical formula. Stock and Stoltzenberg'*' believed poly¬ 
merization of the suboxide to be autocatalytic, the speed depending upon the 
nature and surface of the containing vessel. They also report that phosphorus 
pentoxide exerts an accelerating effect. 

Liquid carbon suboxide changes within 24 hours to a solid, amorphous, dark 
red substance which is soluble in water.'" At 37®C. this polymer loses carbon 
dioxide and is converted into a material which is only partially soluble. On further 
heating carbon dioxide, carbon monoxide, and even some carbon suboxide, are 
evolved and the residue is apparently an oxide of carbon possessing a low 
oxygen content. Considerable quantities of the polymeric oxide were obtained 
by Jones and Robinson'" when they attemiited to purify diamyl and diethyl thio- 
malonates by distillation. 

Two structural formulas have been suggested for polymerized carbon suboxide. 
Hartley'" gives 



H. Staudingn* and St. Beresa, Ber., im, 41. 4441. 

Ott, 1914, 47. 3384; Umtehau, 1932. 26. 574; Chwm, dba. 1983. 17. 34. £. Ott and. K. 

Schmidt. Bar.. 1981, 55. 2124. 

1^0. Diehl and B. Wolf. loc. ett. See aleo. 0. Diels and Q. Meyerheim, he, cit. O. IMela and P. 
Blumbers. Ber.. 1908. 41. Itk, 

»»A. Mtehaei. Ber.. 1904. 89. 1015; 1908. 41., 921. . 

^ M. J. Edvmrds alia J. W. Williama. /.C.S.. lOi?. 855. 

^ A. Stock and H. Stoltsonbcrg. Bcr.. 1917, 10. 498. C/. £. Ott and K. Schmidt. Bcr.. 1922, 55. 2120. 

u«0. ^ and B. Wolf. Bsr., 1904, 39. 989. 

O. Jfoim and C 8. Robinson. 1912. 101. 935. 

^ W. N. Hartley. CAm, 1904. 94, 40. 
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and that proposed by Diels, Beckmann and Tonnies“® is 


0=C==€ 


CO 

/ N 


r CO 1 
c c 


CO 

i/ \ 


c=c=o 


Carbon suboxide reacts with liquid sulphur dioxide to give an unstable, white, 
sulphur-containing solid, the first step probably being 

0===C===C=<^=^ CO, + 0==C===C>^^ 

followed by polymerization of the latter compound.'" Malonic acid and the 
suboxide yield a product resembling polymerized carbon suboxide. Tertiary 
bases unite with the oxide to form amorphous addition compounds, usually yellow 
to orange in color, and which are converted into resins on exposure to air. To 
illustrate, the product with quinine (1 mol of the base to 7 of the oxide) was 
orange-yellow in color, melted at about 135®C. (with decomposition), and resini- 
fied in 3 to 4 days in the air. 

Carbon subsulphide, the sulphur analogue of carbon suboxide, can be pre¬ 
pared by conducting the vapors of carbon disulphide through an electric arc'" 
or a glass tube heated to 6(X)°C.'“ This sulphide is a liquid having a very disagree¬ 
able odor, freezes at —0.5®C., and on being heated to 120°C. changes to a hard 
black solid. It can be distilled (accompanied by some polymerization) under 
reduced pressure. Because its chemical properties are analogous to those ex¬ 
hibited by carbon suboxide. Stock and Praetorius“* believed the constitution of 
the subsulphide could be represented by S=C=C=C=S. 

^ O. Diels, R. Beckmann and Q. Tonnies, Arm., 1924, 439, 70. 

O. DielH and K. Hansen, Ber., 1920, 59, 2555. 

B. von Lengyel, Ber., 1893, 26, 2900. 

Arctow^i, Z. anorg. Chent.. 1895, «, 314.* J.C.S., 1895, 66 (2), 312. 

A. Stijck and P. Praetonu.s, Ber., 1912, 45, 35M. 



Chapter 51 


Polyvinyl Esters 
Polyvinyl Ester Co-Polymers 

Introduction 


Esters of the hypothetical vinyl alcohol (e.g., vinyl chloride and vinyl acetate) 
polymerize to resins which are of particular interest because of their transparency 
and water-white color. The structure of these polymers may be represented as a 
long chain-molecule/ 

in which R represents a halogen atom or an acyloxy group. Also the heteropolymers 
between the organic and inorganic esters of vinyl alcohol are adhesive and resistant 
to the action of acids and alkalies and have been suggested as coating agents and as 
the interlayers of safety glass. 

All reactions intended to form vinyl alcohol* yield either acetaldehyde or 
ethylene oxide, both of which are tautomeric with the alcohol: 

O 

H,C ^ ^ CHi CHjCHOH CH,CHO 

ethylene oxide trinyl alcohol acetaldehyde 


Vinyl esters, therefore, cannot be made by the usual esterification reaction of 
treating an alcohol with an acid.* Instead, acetylene is used as the source of the 
alcohol radical. The analogy 6f vinyl esters to other esters is seen when it is con¬ 
sidered that olefins add acids to give saturated compounds, and acetylene unites 
with acids to yield unsaturated ones. Therefore, since olefins are the dehydra¬ 
tion products of saturated alcohols, acetylene may be looked upon as the de¬ 
hydration product of vinyl alcohol. 

Polymers of the inorganic esters of vinyl alcohol, particularly the halides, have 
been known for many years but the organic esters, typically the acetate, are of 
more recent discovery. Polymers of the vinyl halides have, however, only limited 
technical application because of their low solubility and easy thermal decomposi¬ 
tion. By employing them mainly in conjunction with organic esters of vinyl 
alcohol to form co-iK)lymers in which these shortcomings are largely mitigated, 
]dastics of some promise for use in coatings and moldings have been obtained. 
In this chapter the organic esters will be described first, then the inorganic esters 
and, finally, co-polymers of the two. 

^An UMymiiMtrieal combination might be expected also to occur, leading to chains, —OHf—CHR— 
C«R-CHr-OHr-CHR--OHR-CHr- or --CHr<JHR--CWR--CHf-<»R^tt,--CHr-<3HR~. The 
tatter, at any rate it ruled out for the polyvinyl halides, since these show microcrystallinity under x>ray 
examination. An unsymmetrical chain would not be expected to show this. See H. Staudinger, M. 
Brunner and W. Feisst. Hetv. Chim. Acta, \m, 1$, 805; Brit. Ckem. Abt. A, 1080, 1402. 

*For the inSuence of potassium hydroxide on the formation of vinyl alcohol fimn acetaldehyde, see 
W. L. Evans and C. D. Looker, J.A.C.$., 1021, 43. 1025. 

* However, it has been reported that acetaktehyde reacts with acetic anhydride in the presence of 
inoinanie acids to give vinyl acetate (Q. A. Perkins, British P. 418,048, 1088, to Carbide A CCrbon 
Chem. Cbrp.; Brit. Chem. Abi. B. 1085, 86 . 41 : Fruich F. 707.078. 1084; CW. AU., 1085, 20 . 177). 

1016 
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Polyvinyl Organic Esters 

The most important organic vinyl ester is the acetate. Vinyl chloroacetate 
also has been studied to some extent, but other esters, such as the propionate, 
butyrate and trichloroacetate, have received little attention. Vinyl acetate is a 
mobile, colorless, non-toxic liquid boiling at 73®C.® It is formed by the reaction 
of acetylene and acetic acid in the presence of a catalyst. Many methods for 
the preparation of this ester have been proposed and the employment of a highly 
selective catalyst (to minimize secondary reactions) appears to be necessary. 


Production op Organic Vinyl Esters 


When acetylene is passed into glacial acetic acid containing a small quantity 
of a mercury salt, particularly mercuric sulphate,* it is absorbed and converted 
into esters.^ If the temperature is kept above about 70®C., ethylidene diacetate 
is formed to a large extent; at lower temperatures vinyl acetate is obtained, but 
usually in small proportions. It is probable that vinyl esters are formed first, 
but unless a low temperature is maintained or they are removed instantly from 
the reaction mixture, they react further with the acid to give esters of the 
hypothetical ethylidene glycol. Increased yields of vinyl acetate are secured if 
acetylene is conducted rapidly through acetic acid (and catalyst) heated to about 
70®C.* In this manner the acetate is removed (as soon as produced) by the 
stream of acetylene which is passed through a condenser to recover the ester. 
Acetylene is recirculated through the catalyst mixture. Boron fluoride alone,* or 
mixed with hydrofluoric acid,'® has been added to promote reaction in the presence 
of mercuric oxide. Vinyl butyrate and other esters can be made in a similar 
manner." 

The mercuric sulphate catalyst is more efficient if prepared by dissolving mer¬ 
curic oxide in acetic acid and adding sulphuric acid, thus precipitating the sul¬ 
phate in a finely divided stateThe catalyst is still more effective if precipita¬ 
tion is accomplished by addition of fuming sulphuric acid, since water formed 
by the reaction between mercuric oxide and acetic acid is eliminated by combina¬ 
tion with sulphur trioxide,'* A very active catalyst is obtained by treating mer- 


*A brief description of the pro<luction and use of vinyl acetate is given by A. F. Cadenhead, 
Chem. Met. Eng., 1933, 40, 185; R. Elliot, Can. Chem. Met., 1934, 18, 173. 

® Other physical constants of vinyl acetate are given by G. O. Mornson and T. P. G. Shaw iChem. 
Met. Eng, 1933, 40, 293. and Trans. Blectrochem. 8oc., 1938, 63, 197; Brtt. Che^n. Abs. B, 1933, 740); 
J. Marsden and A. C. Cuthbertson (Can. J. Research, 1933, 9, 419; Chem. Abs., 1934 , 28, 896) and C. 
Green, J. Marsden and A. C. Cuthbertson (ibid., 1938, 9, 896; Chem. Abs., 1934, 28, 388). 

«F. Klatte, U. S. P. 1,084,581, Jan. 13, 1914, to Qiem. Fabrik Griesheim-Elektron; Chem. Abs., 
1914, 8, 991. German P. 371,381, 1912; Chem. Abs., 1915, 9. 856. French P. 461,233, 1913; Chem. Abs., 
1914, 8 . 3220. British P. 14.246, 1913; Chem. Abs., 1915, 9, 149. 

Study of the acetylene-acetic acid reaction was initiated to supply ethylidene diacetate for use as 
a solvent and as a source of acetic anhydride for the manufacture of cellulose acetate. Since vinyl 
acetate was always formed as a by-product, it eventually became of interest from the standpoint of the 
resins which it yielded by polymerisation, and processes were developed which gave this ester as the 
main pr^uct. See G. O. Morrison and T. P. G. Shaw, loc. cU. 

* W. O. Herrmami. H. Deutsch and E. Baum. U. S. P. 1,790,920, Feb. 3, 1981, to Consort, f. elek- 
trochem. Ind. G.m.b.H.; Chem. Abs., 1981, 25, 1587. Canadian P. 264,158, 1926; Chem. Abs., 1926, 20, 
3696. British P. 381,841, 1925; J.S.C.l., 1925, 44, 942B. 

W. Weihesahn, U. S. P. 1,913,608, June 6. 1988, to I. Q. Farbenind. A.-Q.; Chem. Abs., 1983, 27, 
4248. German P. 582,544, 1988; Chem. Abs., 1984, 28. TTO. ^ . 

^ O. Nicodemus and W. Weibesahn, German P. 604,640, 1984, addn. to 582,544, to I. Q. Farbenind. 
A..G.; Chem. Abs., 1985. 29. 818. French P. m,4T6, 1184; Chem. Abs., 29, 14M. 

^ For the preparation of vinyl trichloroacetate, see H. Walter, U. S. P. 1,669,884, May 8, 1928, to 
Verein. f. cheni. Ind. A.-O.; Chem. Abs., 1028, 22, 2170. British P. 288,707, 1927; Chem. Abs., 1929, 
23, 607. 

UO. Boiteau, British P. 15,919, 1914; Chem. Abs., 1918, 10, 98. 

» H. W. Matheeon and F. W. Skirrow, U. S. P. 1,720,184, July 9, 1929, to Canadian Electro Products 
Co.. Ud.; Chem Abs., im 23. 4281. Canadian P. 287.664, 1924; Chem Abs., 1924, 18, 988. See 
Q. O. Morrison and T. P. Q. Shaw (he. eit.) for a further discussion of this catalyst. 
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curie oxide with a mixture of acetic acid and oleum. In this case the product is the 
mercury salt of acetylsulphuric acid.“ With this compound a large yield of vinyl 
acetate is obtained^ amounting to as much as 136 pounds per pound of mercuric 
oxide employed, provided the temperature of the reaction mixture is kept below 
60^0. 

Skirrow and Morrison" dissolved 20 parts of mercuric oxide in 2000 parts of 
glacial acetic acid and to this they added, at 85®C., 276 parts of a precipitant 
formed by dissolving 34 parts of sulphur trioxide in 242 parts of glacial acetic 
acid at about 20®C. The mixture was cooled to 25®C. and acetylene rapidly 
passed through it, the temperature gradually rising to about 36®C. The gas and 
entrained vapors were led through a condenser where vinyl acetate and acetic 
acid were removed. Acetylene and recovered acid were returned to the reaction 
zone. After a time the rate of absorption of acetylene slackened owing to reduc¬ 
tion of the catalyst. The yield of vinyl acetate was approximately 70 per cent 
of theoretical bas^ on the acetic acid used and, in this particular insibance, amounted 
to 115 parts of acetate per part of mercuric oxide. If reaction was carried out at 
70-100®C. and vinyl acetate returned to the reaction vessel, a high yield of 
ethylidene diacetate was obtained." 

A mixture of mercuric sulphate, sulphoacetic and acetic acid has been proposed 
as a catalyst." Addition of ferric sulphate is stated to increase the yield of vinyl 
acetate." Methionic acid, CHa(S08H)„ and mercury sulphonates dissolved in acetic 
acid have been suggested also." Zinc and cadmium acetates and benzoates have 
been used by Reppe" to catalyze reaction between acetylene and organic acids. 
Diluents^ both liquid and gaseous, may be employed to reduce danger of explo¬ 
sions. 

Skirrow and Morrison” found that mercuric orthophosphate is a good catalyst 
and less tar is formed with it than with mercuric sulphate." One method of 
preparation consists in dissolving 3 parts of mercuric oxide in 100 parts of glacial 
acetic acid and adding 2.4 parts of orthophosphoric acid at a temperature of 
80-90®C. A stream of acetylene is conducted through the mixture, heated to 
78®C. under reflux, until absorption of the gas begins to decrease. On distillation, 
a total yield of vinyl acetate (including that carried over by the acetylene and re- 


A. J. van Peski iRec, trav. chim., 1921, 50, 103; Chem. Ab$., 1931, 15, 3455) reported that sulphur 
trioxide reacts with acetic acid at ordinary temperatures to give acetylsulphuric acid, CH*CO-OSOuH, 
but at high temperatui-es sulphoacetic acid, HSOii-CH^CXX)!!. is formed. 

F. W. Skirrow and Q. O. Morrison, U. B. P. 1,855,866, Apr. 26, 1932, to Canadian Electro Products 
Co., Ltd. I Chem, Abe., 1933, 26, 3265. British P. 308,169 and 308,170, 1929; Bnt, Chem. Ab$. B, 

1931, 12. German P. 559,436, 1939; Chem. Abe., 1933, 27, 736. Canadian P. 318,838, 1932; Chem. Abe., 

1932, 26, 1944. 

^F. W. Skirrow and Q. O. Morrison, U. S. P. 1,855,367, Apr. 26, 1932, to Canadian Electro Products 
Co., Ltd.; Chem. Abe., 1932, 26, 3265. British P. 335,223, 1929; Bnt. Chem. Abe. B, 1931, 12. Mercui^ 
salts of bensenesulphonic, naphthalenesulphonic or camphorsulphonic adds are not as satisfactory as 
those of aliphatic sulphonic acids. (German P. 334,554, to ^c. chim. des usmes du Rhdne; Chem. 
Abe., It^, 17, 1801.) Addition of acetic anhydride to a mixture of mercuric sulphate and sulphoacetic 
add prevents formation of tars when reaction is carried out at high temperatures to obtain the di- 
acetate. (M. E. Bouvier and L. Hugoniot, U. S. P. 1,680,760, Aug. 14, 1928, to Soc. chim. des usines du 
Rhdne; Chem. Abe., 1928, 22, 3669.) For the use of the mercuric salts of methylene sulphate, 6-naph- 
thalenesutphonic acids and sulphoacetic acids in the formation of ethylidene diacetate, see J. Koetschet 
and M. Beudet» U. B. P. 1,304,989, May 27, 1919, and 1,306,964, June 17, 1919; Chem. Abe., 1919, 13, 3040, 
2219. 

^British P. 361,318, 1929, to Imperial Chem. Ind., Ltd.; Chem. Abe., 1932, 26, 5309. 

»D. E. Strain, V. S. P. 1,849,647, Mar. 15, 1932, to £, I. du Pont de Nemours A Co.; Chem. Abe., 
1932, 26, 2749. British P. 379,705, 1931; Brit. Chem. Abe. B, 1912. 1114. 

vFreneh P. 770,1M, 1934, to Boehritiger A Soehne Q4n.b.H.; Chem. Abe., 1965, 29, 481. 

»W. Rem, Oennan P. 588,362 and 589,970, 1993, to L Q. Farbentnd. A.-G.; Chem. Abe., 1934, 28, 
1257, 2864. Britiah f. 395,478, 1933; Chem. Abe., 1991, 2^ 484. French F. 758,424, 1934; Chem. Abe., 
1931, 28, 6459, 

nt. W. fikirrow and Q. O, MorriM, 6 . P. 1,719,197, Apr. 83, 1929, to Canadian EUetro Products 
Co., Ltd.; Chem. Abe., 1929, 23, 2724. OanMiian P. 287,494, ifM: Chem. Aber, 1929, 23, 1908. 

^ On the oUier hand, meta- and pyrophomhatee favor high yiohle of ethytidene diacetatea. Mereuric 
<»rthopboiph*te whilf aetive idveg M^er yMds of vinyl acetate than the acatyliulphata catalyst, but it 
becomea Inactive aponer 90 that the yield of 55ter per pound of mercurie Oxide used is less than with the 
aeetylaiilphate catalyei. Also H is more espenstve. See Q. O. Morrison and T. P. Q. Shaw, he. eit. 
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covered) equal to about 95 per cent is obtained. Continuous operation can be 
effected if fresh catalyst is allowed to run into the reaction vessel before absorp¬ 
tion of acetylene starts to slacken and, simultaneously, part of the spent mixture 
is removed for reactivation.” 

A vapor-phase process, developed by Baum, Deutsch, Herrmann and Mugdan,” 
consists in passing acetylene and acetic acid vapor through a tube heated to about 
200®C. and packed with activated charcoal impregnated with zinc or cadmium 
acetate. According to Ushakov and Feinstein#* the best ratio- for the two react¬ 
ants is 1 part by weight of acid to 9 parts of acetylene. This concentration may 
be obtained by saturating acetylene with acid vapor at 30® C. From 77 to 84 per 
cent of the theoretical yield of vinyl acetate resulted. In later investigations, the 
former workers” reported that increasing the rate of flow of the reactants increased 
the hfe of the catalyst and the yield of acetate over that of the diacetate. Usha¬ 
kov and Feinstein noted, however, that a lower yield of vinyl acetate resulted on 
increasing the rate of flow. 

Reaction between acetylene and acetic acid may take place in an inert solvent. 
Dykstra and Sly” passed acetylene into an autoclave containing a mixture of 
2400 g. of acetic acid, 328 g. of finely divided mercuric sulphate and 3600 g. 
of refined kerosene which was stirred and kept at a temperature of 70-75®C. When 
absorption decreased, the temperature was raised and the rate of flow of acetylene 
increased. Vinyl acetate (with a sharp boiling range) was obtained by fractionating 
the distillate. Mugdan and Rost” suggest conducting acetylene and acetic acid 
vapor at 200-300® C. through a suspension of activated carbon and zinc or cad¬ 
mium salts in a high-boiling hydrocarbon. 

Ethylidene diacetate may be used as a source of vinyl acetate. By dissolving 
about 10 per cent by weight of sulphur dioxide or about 0.4 per cent of syrupy 
phosphoric acid in the diacetate and heating at 100-170®C., acetaldehyde, acetic 
anhydride and 15-25 per cent of vinyl acetate are formed.” 

Vinyl organic esters, which contain hydrophile groups (e.g., hydroxyl, carboxyl 
and siflpho), have been prepared by heating vinyl chloride with salts of sub¬ 
stituted organic acids.” Thus, vinyl chloride and monopotassium succinate mixed 
with toluene and heated in an autoclave at 100-130®C. gave vinyl succinic ester. 

Polymerization of Vinyl Acetate 

In the cold, vinyl acetate does not polymerize in the absence of light but, when 
illuminated, transformation is effected more or less rapidly depending upon the 
kind of light. When heated to 100®C., or higher, acetate of ordinary purity will 

“Q. O. Morrison, U. S. P. 1,710,181, Apr. 23, 1929, to Canadian Electro Products Co., Ltd.; Chem. 
Aba., 1929, 23, 2724. Canadian P. 287,495, 1929; Chem. Aba., 1929, 23, 1909. 

** E. Baum, H. Deutsch, W. O. Herrmann and M. Mugdan, U. S. P. 1,066,482, Apr. 17, 1928, to 
Consort, f. elektrochem. Ind. Gm.b.H.; Chef,i. Aba, 1928, 22, 1983. British P. 182,112, 1922; J.S.C.I., 

1928, 42, 861A. German P. 408,784, 1924. 

***8. N. Ushakov and J. M. Feinstein, Ind. Eng. Chem., 1934, 26, 561. 

••W. 0. Herrmann, H. Deutsch and E. Baum, U. S. P. 1,822,525, Sept. 8, 1981, to Consort, f. 
elektrochem. Ind. O.m.b.H.; Chem. Aba., 1931, 25, 5900. British P. 285,095, 1928; Brit. Chem. Aba. B, 

1929, 635. German P. 485,271, 1927; Chem. Aba., 1930, 24, 862. French P. 649,455, 1928; Chem. Aba., 
1929, 23, 2986. 

*^H. B. Dykstra and C. Sly, U. S. P. 1,786,647, Dec. 30, 1930, to E. I. du Pont de Nemours A Co.: 
Chem. Aba., 1981, 25, 710. British P. 319,589, 1928; Chem. Aba., 1930, 24. 2470. French P. 682,129, 
1929; Qhem. Aba., 1980, 24, 4306. 

*M. Mugdan and T. Rost, German P. 558,071, 1980, to Consort, f. elektrochem. Ind. O.m.b.H.; 
Chem. Aba., 1982, 26, 4611. 

**F. W. Bkirrdw and O. W. Hersberg, U. S. P. 1,638,713, Aug. 9, 1927, to Canadian Blectro Ptoducts 
Co., Ltd.; Brit. Chem. Aba. B, 1927, 859. Canadian P. 237,841, 1924, to Shawinigan Laboratories, Ino.; 
Chem. Aba., 1924, 18, 986. 

»H. Dreyfus. British P. 398,173, 1933; Chem. Aba., 1984, 28, 1360. See also British P. 885,978, 
1932; Chem. Aba., 1983, 27. 4247. 
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polymerize in the dark and reaction is accelerated by oxygen or peroxides Ac¬ 
cording to Staudinger and Schwalbacha trace of oxygen or peroxide is essential 
for thermal polymerization. A sample of vinyl acetate, distilled in an atmosphere 
of nitrogen with complete exclusion of oxygen, failed to polymerize when heated 
at 100®C. in a sealed tube for 6 weeks, but eventually did so when the tempera¬ 
ture was raised to 180®C. In the presence of air the same material polymerized 
at 100®C. in a day. 

The influence of oxygen on pol}|merization is quite different when the reaction 
mixture (in quartz vessels) is irradiated in the cold with light from a mercury 
arc. Under these conditions, reaction proceeds more rapidly in the absence of 
oxygen or in an atmosphere of nitrogen or carbon dioxide.** Oxygen, therefore, 
inhibits photopolymerization of vinyl acetate but accelerates thermal polymeriza¬ 
tion.** On the other hand, oxygen does not retard the photopolymerization of 
styrene or isoprene. 

Although many unsaturated hydrocarbons are polymerized at ordinary tempera¬ 
ture by Florida earth, inorganic halides and organic amines, these substances ap¬ 
parently have no influence on vinyl acetate. 


Degree of Polymerization op Vinyl Acetate 


Polyvinyl acetate of the highest degree of polymerization has a molecular 
weight of about 80,000. This material was made by irradiation of the pure ester 
in an atmosphere of nitrogen and corresponds to a macromolecule containing about 
900 monomeric units.* Such a resin swells strongly in solvents, is difficult to dis¬ 
solve and gives solutions of very high viscosity. When heated at 100®C. in the 
presence of oxygen, vinyl acetate yields a polymer of average molecular weight of 
about 20,000; with benzoyl peroxide a resin having a molecular weight of about 
6000 is obtained. 

Polymerization in solution gives, as a rule, products of relatively low molecular 
weight and reaction is slower. Staudinger and Schwalbach irradiated a chloroform 
solution of vinyl acetate and, after evaporation of the solvent, the residue (mol. 
wt. about 3000) was a white, brittle mass which could be powdered easily. Stark¬ 
weather and Taylor* used toluene as a solvent. They believe that the retarding 
action of the solvent can be ascribed to the activated molecules of the ester giv¬ 
ing up their energy to the solvent molecules before combining with other vinyl 
acetate molecules. 

Solvents differ in their inhibiting effect on the reaction and in their influence 
on the molecular weight of the product. In petroleum ether (b.p. 30-50®C.), 
transformation occurs rapidly and the molecular weight of the polymer may be 
as high as 20,000. In this case the polymer is insoluble in the solvent and separates 
almost as soon as formed. On the other hand, chloroform, chlorobenzene, alcohol, 
acetone and toluene retard polymerization and give rise to low-molecular weight 
polymers. With cyclohexanol and cyclohexane as solvents, colored substances are 
obtained, that from the former being greenish, and from the latter, light red. 
Polyvinyl acetate obtaine4 by polymerization in chloroform has been shown by 
Staudinger and Schwalba^ to coiiitain chlorine. They assume that hydrogen 


«F. KUtte ftod A. Roltett, U. 8. P. 1.941,738, Oct. t, 1917. to Ch«m. Fabrik. Onotheim-El^titm; 
mr, H, im Owman P. 381.687, \m and 881,688, 1814; /.S.C./., 1815, 34. 688. Freneh P. 
474,066. 1814$ 1816, 34. 784. British P. 15,871, 1815. 

* H. Statiidiagtr and A. Bwwatbaoh, Afm,, 1881, 488, 8. 

WH. |6t8«idilis6r and A 8ohwalbaoli, he. cU. 

^ IImJ aliaduiig aetiob of oiygia on the nhotopolymeriiatioii of vinyl oompoundi was observed also 


**H. T^matSwebther and Q. B. Taylor, /.A.Cw8.« 1880, 52, 
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chloride^ resulting from the photochemical decomposition of chloroform, unites 
with the end valences of the pol 3 uner-chains. 

Polyvinyl acetate cannot be obtained in a crystalline condition and, according 
to x-ray evidence, is completely amorphous. In comparison with rubber, it is not 
elastic. However, polymers having from 150 to 260 vinyl units per molecule are 
elastic when heated and can be drawn into threads. Under the same conditions, 
polyacetates containing 30 to 70 vinyl units are not elastic and those having 300 
or more units decompose before they soften suificiently to exhibit elasticity. Un¬ 
like rubber, even the stretched polymers show no fiber diagram on x-ray examina¬ 
tion.” When swollen by treatment with a solvent, polyvinyl acetate does show 
elastic properties. 

While irradiating a benzene solution of vinyl acetate, Staudinger and Schwal- 
bach” noticed traces of insoluble, transparent particles on the portion of the 
quartz tube nearest the light. Insoluble products were obtained also when 



Courtesy Plasties Division, Carbide and Carbon Chemicals Corp. 

Fig. 131.—A Piece of Vinylite Resin Undergoing Fatigue Test. 


vinyl acetate was heated at 180®C. in the presence of oxygen, or at temperatures 
greater than 200®C. in the absence of oxygen. It was assumed that acetic an¬ 
hydride was split out between separate chains of the macromolecules thus build¬ 
ing up 3-dimensional structures. 


Various Methods of Polymerization 


One continuous process consists in allowing a vinyl ester to descend a long 
tube, whose upper part is kept at a temperature just below the boiling point of 
the liquid by means of cooling devices and whose lower part is maintained at about 
200®C. by Wting coils. The hot product is ejected at the bottom upon a belt 
conveyor to cool.” Polyvinyl esters, while hot, may be pressed into molds to 
cool or they may be extruded through nozzles, cooled and disintegrated to form 
a molding composition.” 

As previously indicated, vinyl esters polymerize under the influence of heat 
and light. Klatte and RoUett^ exposed vinyl acetate and chloroacetate to direct 
sunlight or to light from a mercury arc, and the esters were eventually converted 


•^O. 8. Whitby, J. Q. McNally and W. Gaily, Trans, Ray. Sac, Canada, 1028, 23, 27; Bnt, Chem. 
Ahs. A. 1228, 1180. 

•H* Staudinfar and A. Sohwalbaoh, loe. eit. , _ _ 

P. 881,628, 1281, to I. Q. Farbcnind. A.-Q.; Brit, Cham, Abs. B, 1288, 158. French P. 
728,110. 1281; Cham, Abs„ 1282, 26, 4065. 

P. 888,002 and 8tt,216, 1281, to I. O. Farbanind. A.-Q.; Brit, Cham, Abs, B, 1288, 78. 

^F. Klatta and A. Aollatt, loe. dt. 
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to solid remus. A shorter exposure to light produced thick syrups which when 
further exposed in the form of thin layers gave transparent films. Polymerization 
is accelerated by the addition of oxidizing agents, the most active ones being or¬ 
ganic peroxides or ozonides and organic acid anhydrides in conjunction with per- 
carbonates, perborates, silver oxide or other metallic oxides capable of yiel^ng 
oxygen. Benzoyl peroxide is an efficient catalyst. Incorporation of 0.05A).l per 
cent of this peroxide with vinyl chloroacetate, followed by careful heating, gave 
a thick syrup in a short time. Polymerization began at 80-l(X)®C. with a rapid 
rise in temperature, so that the reaction vessel had to be cooled. If the ester was 
diluted with an indifferent solvent (such as chlorobenzene) the p:ogress of the 
reaction was moderated. The thick syrup could be further changed to a hard resin 
by the action of light or by subjecting it to vacuum distillation 'to remove unpoly¬ 
merized ester. The final resin could be modified by adding camphor to the ester 
before treatment. 

Schriver" reports acetyl benzoyl peroxide is more active than benzoyl peroxide, 
since 0.16-0.3 per cent of it (based on the weight of vinyl ester) effected the same 
degree of polymerization as 1.0 per cent of benzoyl peroxide. Furthermore, the 
acetyl derivative is more completely used up and is more easily removed from 
the final product because it is more readily decomposed. Acetyl benzoyl peroxide 
was made by passing dry air or oxygen through a mixture of benzaldehyde and 
acetic acid anhydride. 

Blaikie^ prepared similar catalysts by the reaction of aliphatic anhydrides with 
hydrogen peroxide, sodium peroxide, or true per- salts, i.e., those salts yielding hy¬ 
drogen peroxide on hydrolysis. A solvent (e.g., vinyl acetate) in which the non- 
catldytic by-products are insoluble may be employed. 

Vinyl resins may be made directly from acetylene without the necessity of isolat¬ 
ing the vinyl ester.** Acetylene is passed into acetic acid under pressure in the 
presence of small amounts of metals or metallic compounds such as magnesium, 
tin or copper; iodine or hydriodic acid; boron compounds or organic acid an¬ 
hydrides. If acetylene is diluted with an inert gas (nitrogen, benzene or petroleum 
vapor) the pressure can be increased to 10-15 atmospheres and reaction corre¬ 
spondingly increased without risk of explosion. For example, 26-28 parts of 
acetylene were gradually passed into a mixture of 50 parts of acetic acid and 1 
part of acetic anhydride. The charge was heated at 40-60'’C. and the pressure 
was raised to 6 atmospheres by the introduction of nitrogen. The product con¬ 
sisted of 75 parts of vinyl acetate and 3-5 parts of ethylidene diacetate. If the 
temperature was then increased to 10 atmospheres or more, the ester was poly¬ 
merized to bodies which varied in consistency from semi-solids to more or less tough 
resins. 

If vinyl acetate is treated with 04 per cent of benzoyl peroxide under pressure 
and at temperatures up to 100®C. for 2 hours, only 50-60 per cent of the ester 
is pol 3 mierized. The proportion of polymer may he increased (under the same 
conditions) to about 80 per cent by using the catalyst in the presence of water.*® 
The latter also exerts a favorable influence when polymerization is effected in the 

«L. C. Schrivw, U. 8. P. tMjnO, Dec. 12. IMS. to barbide A Carbon Chemioala Corp.; Chem. 
Ab$., IflM. 3i. IMD. Britidi P. 19U; Chem, Aba., 1934. 28. 780. Frendi P. 748.973. 1983; 

Chem, Abi., INI. 27. 8733. > ^ 

«»K. O. Blaikia. Briti3b PV 1^.328 and 887.838. 1983, to Canadian Electro Products Co., Ltd.; Chem, 
itbs., 1983^ 27, 4841. ^ ^ 

mh. Ptown* U. 8L#,J.^.180. Aus. 8. 1932; Chem. Abe., 1922, 18. 8814. British P. 188,117, 1920, 
to D. Tratm's Poraaiittiltiab. Q.]n.b^: German P. 878,^, 1918, addn. to 882,780. 

O. Hsmaaim and B* Baum, U. S. P. 1.888,808, June 1, 1928, to Consort, f. elektrochem. Ind. 

Brit. Ab$. B, 1918. 888. Oauadian P. 287308, 1928; Chem. Abe., 1928, 20, 2388. 

QeSmaih P, 481,W and 490,040. 1914; Chem. Abe., 1980, 24, 2141. Water has also been report to 
BBodomta Ihi imilOt of the naoUon. tbs later it was ackM ths hardsr the resin. (French P. 780,848, 
1988^ to Soc. Bpffftahoaise; Chem. Abe., 1984. 29, 918.) 
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absence of other catalysts. Solutions of hydrogen peroxide, perborates,, percar- 
bonates, barium peroxide or calcium peroxide in water are effective and their ac¬ 
tivity may be enhanced by the addition of alkaline substances such as caustic 
soda, alkaline phosphates or borates, magnesium or zinc oxide, ammonia or hexa¬ 
methylenetetramine. For example, 100 parts of vinyl acetate may be heated in an 
autoclave for 2 hours at 100®C. with (a) 1.5 parts of a 3 per cent solution of hydro¬ 
gen .peroxide, or (b) 0.25 parts of sodium borate and 1.6 parts of 6 per cent 
hydrogen peroxide solution to form clear masses which, after removal of unpoly¬ 
merized material by steam distillation, are hard and resin-like. Vinyl butyrate 
heated with hydrogen peroxide under similar conditions produces a more elastic 
mass than that from the acetate. Aqueous solutions of partly polymerized vinyl 
esters may be thickened by treatment with boric acid, a boric ester or hypoboro- 
fluoric acid. Gelatinization can be made to take place by this means 

Polymerization of vinyl esters in the presence of catalysts is highly exothermic 
and often proceeds with almost explosive force. With small batches, one can 
resort to cooling but this may not be effective on a large scale. Herrmann and 
Haehner^ overcame this difficulty by starting with a small portion of a mixture 
of vinyl ester and catalyst. This was heated (under reflux) until reaction began, 
and then the remainder was run in at such a rate that the temperature remained 
slightly below the boiling point of the ester. At the same time an equal volume 
of the partly polymerized material was transferred from the reaction vessel to a 
finishing vessel (also provided with reflux) in which transformation to the polyester 
was completed. Alcohol may be introduced simultaneously into the finishing vessel 
and an alcoholic solution of polyvinyl acetate thus formed. 

- Polymerization in absolvent is slower and more easily controlled and reaction 
may be stopped before the polymer becomes insoluble in the solvent. For example, 
equal parts of vinyl acetate and alcohol, together with a small propo’*tion of 
benzoyl peroxide, may be heated under reflux and a colorless, viscous lac 4 aci of 
50 per cent concentration obtained." Blaikie, Morrison and Shaw" made polymers 
of desired softening points and viscosities by regulating the concentration of the 
unpolymerized vinyl compound present during reaction. 

Alcohol containing about 5 per cent of water or turpentine seems to be a better 
solvent for polyvinyl acetate than alcohol alone.® Highly polymerized ester which 
is insoluble in alcohol may be dispersed in this liquid by first dissolving it in a 
non-alcoholic solvent, distilling the solution and adding alcohol gradually during 
distillation until the non-alcoholic solvent has been replaced. An acetic acid 
solution may be treated in this manner until all the acid has been eliminated. 
A stiff gel-like paste is formed which can be thinned with more alcohol and used 
as a lacquer.*^ Addition of a small amount of water to the paste causes it to dis¬ 
perse more easily in alcohol than an unwatered paste.** 

Another method for effecting polymerization of vinyl compounds in solution 
consists in heating a portion of the mixture, say 100 g., on a water bath until reac- 


A. Vo8s and W. Starck, German P, (K)6,440, 1984, to I. G. Farbenind. A.-G. 

^W. O. Herrmann and H. Haehnel, U. 8. P. 1,710,825, Apr. 30, 1929, to Conaort. f. eldctrochem. 
Ind. Q.m.b.H.; Chem. Ahs., 1920, 23, 8114. British P. 261,400, 1926; Chem, Aba., 1927, 21. 3369. 
German P. 490,041, 1925; Chem. Ab«., 1930, 24, 2141. 

^H. Haehnel and W. O. Herrmann, German P. 440,502, 1920, to Consort. I. eielctroohem. Ind. 

G.m.b.H.; Brit. Chem. Ab$. B, 1929. 28. 

^K. O. Blaikie, G. O. Morrison and T. P. Q. Shaw, British P. 387,358, 1983, to Canadian Electro 
Products Co., Ltd.; Chem, Abs., 19M, 27, 4540. 

*>W. Haehnel and W. O. Hemnann, German P. 514,435, 1920, to Consort, f. elektroehem. Ind. 

G.m.b.H.; Chem. Aba., 1931, 25. 1092. 

®^W. Haehnel and W. O. Herrmann, U. S. P. 1,902,980, June 12. 1934, to Consort, f. elektroehem. 

Ind. G.m.b.H:: Chem. Aba., 1984, 28, 4924. German P. 587,040, 1929; Chem. Aba., 1982, 26, 1404. French 

P. HSrnM^^Gennan P. 557,531, addn. to 537,040, 1929, to Consor^ f. elek- 

trochem. Ind. G.m.b.H.; Chem. Aba., 1983, 27, 575. ^ 
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tion begins and then controlling its course by the gradual addition of the remainder 
of the solution.** For example, a mixture containing 900 g. of vinyl acetate, 
600 g. of toluene and 4.6 g. of benzoyl peroxide, treated in this way over a period 
of about 12 hours, gave an 89 per cent yield of polymer. Butyl acetate, ethyl 
acetate, benzene, chlorobenzene, ethyl dichloride or methyl ethyl ketone may be 
used instead of toluene. Di- or trichloroethylene have b^n suggested also.** If 
di-n-butyl ether is the solvent, the polymer separates as a lower layer and can be 
dissolved in toluene after decanting the ether. Vinyl chloroacetate gives a some¬ 
what higher yield of polymer by the above procedure than does the acetate. Solu¬ 
ble polymers of vinyl propionate and butyrate can be made also f’-om the corre¬ 
sponding esters in solution, whereas the products formed in the absence of a solvent 
are usually insoluble. Rushchinskii** has suggested the preparation of polyvinyl 
' acetate by heating the monomer in an autoclave in the presence of ether or low- 
boiling petroleum hydrocarbons. 

Lawson"* recommended the use of an ozone-treated solvent, e.g., methanol 
trough which an ozone-air mixture was passed for 2 hours. Twenty-five g. of 
vinyl acetate in 44 g. of this liquid, heated for 5 hours under pressure at 90®C., 
gave a yield of 48 per cent of the polymer. In like manner, chloroacetate showed 
a 72 per cent conversion. 

Application of high pressures increases the velocity of polymerization of vinyl 
acetate and the rate of reaction approximates one of a first order. It also lowers 
the temperature at which reaction begins and, under very high pressure, transforma¬ 
tion may occur without recourse to heating.*^ Pressures up to 25,000 atmospheres 
have been suggested.** 

Polyvinyl esters may contain small proportions of the* monomer, acetaldehyde 
and the acid from which the ester was made. These substances can be removed 
by steam distillation with subsequent heating (m vacuo) of the resin to dry it** 
or by dissolving the resin in a liquid and distilling the solution.*® Water-soluble 
material can be eliminated by exposing the resin in a finely divided state (rasp¬ 
ings, clippings, threads or thin sheets) to water for several hoursFinal traces 
of acid may be made harmless by adding soluble bases ’such as diphenylguanidine 
or phenylhydrazine.** Since monomeric vinyl esters are readily hydrolyzed** (to 
acetic acid and acetaldehyde) when heated in acid solution in the presence of 
mercury compounds, this step can be employed to free the polymer from un¬ 
polymerized ester .** 

‘*W. E. Lawfon and L. T. Sanderson, U. S. P. 1,881,282, Oct. 4, 1982, to E. I. du Pont de Nemours 
k Oo.; Chem, Aht., 1938, 27, 612. British P. 819,590, 1929; Chem, Aba., 1980, 24, 2470. French P. 082,120, 
1929; Chem. Abs.« 1980, 24, 4800. 

**W. O. Herrmann and W. Haehnel, U. S. P. 1,970,224, Oct. 9, 1984, to Chem. Forschungs^O.m.b.H.; 
Chgm. Aha,, 1984, 28, 7508. The vinyl eeter of meihoxyaoetio acid may be polymerised with bensoyl 
peroxide, dissolved in dichloromethane and used as a lacquer (German P. 004,770, llw4, to I.* Q. Farbenind. 
A.>G.; Chem. Aba.. 1935, 29, 813). 

•»A. L. Ruahehinskii, /. Appl. Chem. (U. 8. 8. JB.), 1982, 5, 470; Chem. Aba., 1988, 27. 200. 

**W. E. I^awsmi, U. S. P. 1,^,060, Dm. 0, 1982, to E. I. du Pont de Nemours A (jb.; Chem. Aba., 
1988, 27, 1089. British P. 819,587, 1928; Chem. Aba.. 1980, 24, 2470. French P. 082,127, 1929; Chem. Aba., 
1980, 24, 4800. 

^G. Tammann and A. Pwe, Z. tmorff. Chem., 1981, 200, 118; Brit. Chem. Aba. A, 1931, 1289. See 
also J. B. Cbnant and C. O. l^ngbtfg, J.A.C.8., IW, 52, 1059. 

•Britiib V. aU.IU. ItW, to Chem. Ind., Ltd. Sw olu P. W. Bridgman and J. B. Conant, 

U. 8. P. 1,952,110, Mar. it, 1984, to E.J. du Pont de Nemours A Co., Chem. Aba., 1984, 28, 8415. French 

P. 099AW, 1980; Chem. Aba., 1981, 25, 8858. 

••British P. 805,048, 1928, to I. G. Farbenind. A.-G.; Chem. Aba., 1929, 23, 4887. French P. 008,490, 
1989; Chem. Aba., 1980, 24, 1754. 

«»Britiah P. 818,912, 1^, to I. Q. Farbenind. A.-G.; Chem. Aba., 1980, 24, 1280. 

••Britiah P. 810,082, 1929, to I. G. Farbenind. A.-G.; Brit. Chem. Aba. B, 1980, 1015. 

•to. Krtoslein, A. Vosa and E. DickhOuser. German P. 545,441» 1928, to I. G. Farbenind. A.-Q.; 
Chem. Abe., 1982, 26, 2988. Britirii P. 888,287, 1929; Brit. Chem. Aba. B, 1981. 78. 

••For a etiidy of the kioetiee of the ee^onifleation of vipyl acetate, see A. Skrabal and A. Zahoika,* 
Uofmtah.,m, 48. 459; Chem. Abe., 1988, 22, 844. 

••O. Btaiitvwahl and R. ZeU, German P. 5d,248, 1980, to I. 0. Faibenind. A.-Q.; Chem. Aba., 1988, 
29, 479. 



61 . POLYVINYL ESTERS 


1025 


Besides ultraviolet light and the per- compounds mentioned above, other 
polymerizing agents have been suggested. Taylor** subjected a mixture of vinyl 
acetate and mercury vapors to the r^onance radiation of that metal. Young 
and Douglas^ added about 2 per cent of lead tetraethyl to vinyl acetate, vinyl 
chloride, or a blend of the two, and heated the solution for 24 hours in an auto¬ 
clave at 1(X)°C. Also, a small proportion of acid acts as a catalyst, about 0.6 
per cent of hydrochloric acid being sufficient, and the color of the polymer is not 
adversely affected as when a large quantity of acid is used ” 

Vinyl esters may be stabilized against polymerization by storage over copper 
or copper compounds.*® Sulphur also prevents the esters from forming resins, and 
only a trace is necessary for this purpose.*® Such inhibitors are particularly useful 
if vinyl esters are to be exposed to sunlight. 

Coatings 

Polyvinyl acetate and chloroacetate were early suggested as bases for lacquers, 
using as solvents, esfers, chlorinated hydrocarbons,’® ketones, aldehydes and nitro- 
hydrocarbons.'^ Since polymerization takes place before the film is formed, there 
is not as much change with age as is noted with coatings containing drying oils.” 
Other important features of these resins which promote their utilization are light 
color, flexibility, stability towards light and transparency to ultraviolet rays, and 
solubility in a wide range of solvents.” 

Polyvinyl acetate dissolves or swells in polar organic liquids and in some other 
liquids of a very high dielectric constant.” It shows the following behavior in 
various organic liquids: Hydrocarbons: Insoluble in petroleum hydrocarbons but 
slowly dissolves in amylene; dissolves in benzene, toluene and xylene, with dimin¬ 
ishing readiness. Esters: in general, lower members of a homologous series are 
better solvents than the higher ones; dissolves very rapidly in methyl and ethyl 
formates; rapidly, but not quite as fast in methyl and ethyl acetates, less rapidly 
in /3-chloroethyl acetate, ethyl butyrate, benzoate and oxalate; dissolves slowly 
in butyl oxalate; insoluble in tricresyl phosphate, isoamyl phthalate, ethyl oleate. 
Ketones: Rapidly dissolves in acetone, less rapidly in methyl ethyl ketone and 
still less so in ethyl phenyl ketone. Alcohols: Soluble in methyl and ethyl alco¬ 
hols, swells without dispersing in butyl and amyl alcohols, does not swell in hexyl 
and heptyl alcohols. Ethers: Swells but does not dissolve in ethyl ether, does not 
swell in n-butyl ether, dissolves in anisole and, less rapidly, in benzyl ethyl ether, 
dibenzyl ether and safrole. Acetals: Methylal is a rapid solvent, but acetal pro¬ 
duces only slight swelling. Acids: Dissolves readily in acetic and propionic acids, 
more slowly in butyric and still more slowly in lactic; insoluble in oleic acid. 
Aldehydes: Acetaldehyde, propionaldehyde, n-butyraldehyde and valeraldehyde are 

•»H. S. Taylor, U. S. P. 1,740,188, Feb. 4, 1980, to E. I. du Pont de Nemoure A Co.; Chem. Aba., 
1980, 24. 1080. 

^ C. O. Young and S. D. Douglas, U. S. P. 1,778,882, Sept. 10, 1980, to Carbide A Carbon Chemieals 
Corp.; Chem, Ab$., 1980, 24, 8308. 

Fren^ P. 712,^, 1981, to E. I. du Pont de N^nours A Cq.; Chem. Aba., 1982, 2<^ 2073. 

**F. Klatte and A. Zinunermann, German P. 508,919, 1928, to I. Q. Farbenind. A.>Q.; Chem. Aba., 
1980, 24. 8700. 

^K. Q. Blaikie, U. 8. P. 1,708,484, June 24. 1980, to Canadian Electro Products Co.; Brit. Chem. 
Aba. B. 1981, 021. Cene^iam P. 282.800, 1928; Chem. Aba.. 1928, 22. 4182. 

^ German P. 290,M4, 1918, to Chem. Fabr. Qriesheim-Elektron. 

^Ocnnan P. 29ij99, 1918, addn. to 290,844, to Chem. Fabr. Grieaheim-Elektron; J.8.C.J., 1910, 
38 698 

’ 7»A. Sibner, Farben-Zto., 1981, 36, 1849, 1892; Chem. Aba.. 1981, 28, 8046. H. A. Gardner, Am. 
PaiiU FomicA Mfra. Aaaoe. Circ., 1926, 337, 637; CAem. AAs., 1929, 23, 292. ^ ^ 

** Commercial leelne of the polymeriaed vinyl type are on the maiket under the tra^e names 6f 
Mowttith (I. Q. Farbenind. A.-G.), Gelva (Shawtnigan Chemicals, Ltd.), and Vinylite (Osrbide A Carbon 
Glu^, Gbrp*). See Fig. 132. 

<•0. B. Whitbv, J. Q. MeNkNy tml W. OaUiy, IVsM. Aoy. Boe. CwMdd. IMS (I), 28 (I), IT; 

Brtt. CftMi. Abt. A, ItM, 1186 . 



1026 


THE CHEMISTRY OF SYNTHETIC RESINS 


fairly effective, but benzaldehyde, heptaldehyde, cinnamaldehyde and paraldehyde 
act very slowly. Halogenated hydrocarbons: Dissolves easily in chloroform and 
bromoform, less rapidly ih propyl chloride and ethyl iodide. Miscellaneous: Dis¬ 
solves in nitrobenzene and aniline; rapidly in acetonitrile and nitromethane; does 
not swell in formamide. 1,4-Dioxane” is a good solvent. 

Colored lacquers are formed by adding dyes, such as water-insoluble amino- 
or polyamino-anthraquinone dyestuffs, which give colors that are fast to light.'* 
The clear, colored products may be us^d on electric light bulbs.*” Light-fast 
enamels contain ultramarine blue, ochre, lampblack or bronze powders.'* A poly- 


Courlecy PUuiict Divinon, Carbide and Carbon Chemicale Corp. 

Fig. 132,—Combs of Vinylite Resin Ready to be Automatically Removed as the 
Two Sides of the Mold Swing Apart. 



vinyl acetate solution mixed with red lead is suggested as an anti-rust paint.” 
Better adhesion is obtained with lacquers which are a mixture of polymers of dif¬ 
ferent viscosity characteristics, as for example, high- and low-viscosity polyvinyl 
acetate or acetate of high viscosity and butyrate of low viscosity.” When employed 
as an imdereoat for nitrocellulose lacquers, only a thin film should be applied, as 
otherwise th6 top coat tends to crack. A surface coating to render cellophane 
moisture-proof contains a vinyl polymer with about 1/3 part of paraffin wax and 
1/2 part of plasticizer,” The solution is applied to sheets of regenerated cellulose 
and dried by baking. 


W. lUid Ukd H. B. Hofmann, Jnd. Sng. Chern,, 1929, 21, .698. 

Hrlmlaiii, H. Qmme and K. Hager, German P. 842,888, 1928, to 1. Q. Farbenind. A.-0.; Chem, 
db#,, tm, 26, 8120. Britiih P. 884,148, 1929/; BrU, Chom, Abe. B, 1980, 1089. Freiich P. 688,928, 1929: 
Chom. Abe,, 1980. 24, 6041, See also Freneh P. 771,991, 1984; Chom, Abe., 1988, 29, 1680. Dye salts 
fonned ftom Mlplionie or oarboxylie aeld dyee and organie basea, or from basic d^ and acids may be 
used also, fist British P. 880,978, 1928; Chess. Abe., 1982, 26, 8124. 

w British P. 818418, 1929, to I. Q. Farbeoiiid. A.-0.; BrU, Chmn, Abe, B, 1981, 80. 

WBritiah P. 880,400» 1928, to 1. O. Faibenind. A.-0.; Chein. dbs.. 1982, 26, 1071. 

49 British P. 814,499,<^1928, to Chnsort, f. sleirtioebem. Ind. Qjai.b.H.; Chem. Abe., 1980, 24, 1827. 

_ WBrilUi K 861468, 1981, to Consort. I. slekteoc^Bi. Ind. Q.m,bJB.; Brit. Chmn, Abe. B, 1082, 288. 
Prsnrii P. raUfO, IMl; Chem. Abe., W. O. Hemnann and W. Haehnri, U. 8. P. 1,984,678, 

tim, IS, lOMi, 90 OMSBiicho ForiNhU^Q.m.b.H.; Chem. Abe,. 1918, 29, 948. See also W. Kem, W. 
StiOBk ^ A. Yam t^onnaa P. 888,^ ltt4, to 1. O. Faibmi^ A.-0.; Chem. Abe., 1984, 2$, mb. B. 
W. r to GNto_Ch«% Brft. ChM.. aU tlU 

tmm. 


[■W9B, 10 vnroKw m i^aroon Kjnem. vorp.; irnr. c'nem. Aoe. a, isn, wti, 

P. 880,488, 1961, to Du Pont Csllopliano Co., Ino.; Brit. Chem. Abe. B, 
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Polyvinyl acetate is compatible with cellulose nitrate** and the metliyl, ethyl 
and benzyl ethers of cellulose, but is not compatible with cellulose acetate. Poly¬ 
vinyl chloroacetate is compatible only with cellulose ethers. Haehnel and Herr¬ 
mann** found that the addition of polymerized vinyl acetate to nitrocellulose 
lacquers improves their gloss and adhesion. Flexible lacquers of this type are 
recommended as coatings for leather.** Polyvinyl acetate may be used with cellu¬ 
lose acetate if another synthetic resin compatible with the two is present. Resins 
for this purpose are those from sulphonamides and formaldehyde, diphenylolpro¬ 
pane and formaldehyde, phenol and furfural, acetone or aniline and furfural, and 
the resin made by Wting lactic acid. Moss** made a lacquer by dissolving 100 
parts of vinyl acetate resin, 30 parts of diphenylolpropane-formaldehyde resin 
and 30 parts of cellulose acetate in 300 parts of acetone. 

Plauson** suggested the preparation of colloidal solutions of the suspensoid type 
from polymerized vinyl esters and an organic non-solvent, the mixture of resin 
and liquid being passed through a colloid mill. The resin may also be finely divided 
and dispersed in water.*' The dispersion was applied by spraying and, after 
drying, the film was baked. Emulsions which could be used as coating compositions 
were formed when a solution of pol 3 rvinyl acetate in an organic solvent was added 
to water containing a protective colloid.** 

An ink applicable to intaglio printing has been made by dissolving 50 parts of 
polyvinyl acetate in a mixture of 10 parts of cyclohexanone, 10 parts of ethyl 
acetate and 30 parts of alcohol, and incorporating a pigment consisting of 7.5 
parts of lampblack and 2.5 parts of the calcium salt of the azo-dyestuff prepared 
from aniline and 2,6-naphtholsulphonic acid.* Before use the ink is diluted with 
alcohol. The composition is applied either by relief or lithographic printing. 
A viscous solution of vinyl compound has been employed as a binder for metal 
powders used in color printing.* 

Solutions of vinyl resins may be used for coating wall paper, tapestries,*^ or 
fabrics,** for the impregnation of cloth to form shoe-stiffeners,* and for the sizing 
of yarns of viscose or other cellulose esters.** Scouring of the tightly twisted 
sized yarn with a solvent produces a crepe effect.* Vinyl esters have been em¬ 
ployed for a combined impregnating and cementing of layers of fibrous material. 
In this manner sheets which are impervious to gases have been made and suggested 


« H. E. Hofmann, Ind. Eng. Chem., 1981, 23, 127. 

^ W. Haehnel and W. O. Herrmann, German P. 559,402, 1928, to Consort, f. elektroch^n. Ind. 
G.m.b.H.; Chem. Abe., 1938, 27, 857. 

•*0. Dorr and M. Hofmann, British P. 369,260, 1930; Brit. Chem. Aba. B, 1982, 475. French P. 
705,219, 1980, to Soc. Dorr A Hofmann; Chem. Aba., 1931, 25, 5309. 

“W. H. Moss, U. 8. P. 1,902,257, Mar. 21, 1938, to Celanese Corp. of America; Chem. Aba., 1933, 27, 
3850. British P. 345,521, 1980, to British Celanese, Ltd.; Brit. Chem. Aba. B, 1931, 597. Canadian P. 
318,758, 1982, to C. Dreyfus; Chem. Aba., 1932, 26. 2052. 

»H. Plauson, U. S. P. 1,436,820, Nov. 28, 1922; Chem. Aba., 1928, 17, 642. British P. 156,149, 1920, 
to'H. O. Traun's Forschungslab. G.m.b.H.; J.8.C.I., 1922, 41, 881A. 

■^H. Scheidemandel, German P. 527,445, 1930, to A. Wacker Ges. f. elektrochem. Ind. G.m.b.H ; 
Chem. Aba., 1931, 25, 4725. British P. 872,385, 1931; Brtt. Chem. Aba. B, 1932 , 787. 

**German P. 549,073, 1980, to 1. G. Farbenind. A.>G. and Consort, f. elektrochem. Ind. G.m.b.H.; 
Chem. Aba., 1982, 26, 8943. For the inclusion of water-soluble cellulose ethers, see British P. 808,284, 
1927, to I. G. Farbenind. A.-G.; Chem, Aba., 1930, 24, 289. 

ssFleischmann and O. Jordan, U. 8. P. 1,787,289, Deo. 30, 1980, to I. G. Farbenind. A.-G.; Chem, 
Aba., 1931, 25, 833. British P. 807,877, 1929; Brit. Chem. Aba. B, 1930, 26. French P. 671,082, 1929; 
Chem. Aba., 1980, 24, 1996. 

French P. 774,851, 1934, to I. G. Farbenind. A.-G.; Chem. Aba,, 1985, 29, 2265. 

British P. 844,118, 1929, to I. G. Farbenind. A.-G.; Chem. Aba., 1981, 25. 4725. 

** W. H. Moss, British P. 872,827, 1980, to British Celanese Ltd.; Chem. Aba., 1988, 27, 3047. 

**W. O. Herrmann and W. Haehnel, U. 8. P. 1,822,526, Sept. 8, 1981, to Consort, f. elektrochem. Ind. 
Qm.b.H.; Chem. Aba., 1981, 25, (W59. See also R. B. Frasier, U. 8. P. 1,979,461, Nov. 6, 1984, to 
Ohrbide A Carbon Chemicals Corp., Chem. Aba., 1985, 29, 357. 

** H. Dreyfus and W. I. Taylor, British P. 346,267, 1939, to British Celanese, Ltd.; Chem, Aba., 1982, 
26, 3066. 

••a. Dreyfus, British F. 853,451, 1980; Brit. Chean. Aba. B, 1981, 880. 



1028 


THE CHEMISTRY OF SYNTHETIC RESINS 


for use in gas masks.** Tissue paper coated with a vinyl acetate enamel has been 
advocated for cigarette tips.*^ A method of making articles imi^rmeable to liquids 
is to condense on their cold surfaces the vapors of unpolymerized acetate, which 
is then polymerized by means of light, heat or catalysts (benzoyl peroxide) 


Adhesives 


An adhesive for joining various surfaces consists of a mixture of polymerized 
vinyl ester and isobutyl phthalate dissolved in methyl alcohol.** Polyvinyl acetate 
has been recommended for securing abrasive materials to steel dijcs/" It may 
be used also for making composite sheets from thin foils of cellulose derivatives."^ 
Muller and Stelkens"* prepared a powdered, dry glue containing polyvinyl acetate, 
etbylacetanilide and cellulose acetate or ethyl cellulose. A liquid adhesive is made 
up from 40 parts vinyl ester resin, 4-12 parts cellulose ester and 60 parts of a 
volatile solvent."* 

Shatter-proof or safety glass consists of a sandwich layer of a tough plastic ce¬ 
mented between glass plates. Being colorless, transparent to both visible and 
ultraviolet light, non-yellowing, resistant to cold and possessing good adherence 
to glass, the vinyl resins show promise in this field. In most instances, however, 
their toughness is not sufficient to warrant using them without a layer of cellulose 
nitrate or acetate to impart the necessary strength."* Thus, a solution of polyvinyl 
acetate (in alcohol or ethyl acetate) may be employed for cementing glass sheets 
with fibns of cellulose derivatives."* Polyvinyl butyrate may be substituted for 
the acetate."* The layer of cellulose derivative may consist of cellulose acetate 
plasticized by a tartaric ester"” or triacetin.^** In tffis case adhesion is improved 
by mixing some of the plasticiizer with the vinyl resin cement.^** 

When cellulose nitrate serves as the strengthening layer, there is a tendency to 
yellowing in sunlight. Bresser“® observed that this defect may be diminished by 
using a mixture of cellulose nitrate and vinyl resin. Other cellulose derivatives 
which have been suggested for use in conjunction with polyvinyl esters in safety 
glass include the light-fast, fatty acid esters and mixed esters, e.g., the laurates, 
naphthenates and acetate-butyrate and butyrate-laurate mixtures 

In another proposed form of safety glass, the layer of cellulose derivative is 
omitted and only a layer of vinyl resin placed between the sheets of glass. A 


••British P. 373,W7, 1931, to Rohm A Haas A.-G.; Bnt. Chem. Ab9. B, 1932, 722. French P. 728,640, 
1931; Chem. Ahi., 1982, 26, 0036. 

•r British P, 363,670, 1929, to I. G. Farbenind. A.-G.; Chem. Abe., 1938, 27, 1726. See also W. 
Becker, German P. 616,716, 1929, to I. G. Farbenind. A.-G.; Chem. Abs., 1931, 25, 3139. 

••British P. 418,449, 1934, to Celanese Corp.; Chem. Abe., 1935, 29, 2266. 

•• W. O. Herrmann and W. Haehnel, U. S. P. 1.784,008. Dec. 9, 1930, to Consort, f. elektrochem. Ind. 
0.in.b.H.; Chem. Abe., 1981, 25, 889. British P. 271,0W, 1927; Brit, Chem. Abe. B, 1928, 793. French P. 
684,186, 1927; Chem. Abe., 1928, 22, 8748. Canadian P. 277,109, 1928; Chem. Abe., 1928, 22, 2644. Cf. M. 
Sakaipa. Japanese P. 101,062, 1983; Chem. Abe., 1984, 28, 4849. 

»»0. Krug. Qennan P. 646,004, 1929; Chem. Ahe., 1982, 26, 3081. 

^British P. 364,280. 1929, to British Celanese, Ltd.; Chem. Abe., 1983, 27. 383. 

»»R. Mailer and W. Stelkens, French P. 701,368, 1930; Chem. Abe., 1981, 25, 4097. W. Stelkeiis, 
British P. 361,317, 1980; Chem. Abe., 1938, 27. 1110. 

^ E. L. Kallander and Q. R. Alden, Omadian P. 846,824, 1984, to Dennison Mfg. Oo;; Chem, Abe., 
1986, 29, 1262. . 

^ uhem. Age {Londen), 1982, 27,' 472. See also W. Huth, Farben^Chem., 1932, 3, 427, 466; Chem. 
Abe., 1988, 27, 1626. PlaHtc Prodmt, 1984, 10, 131. C. H. Zefer, OUuhUtte, 1983, 63, 219, 321, 840, 668; 
Chem. Abe,, 1988, 27, 6918. 

»>• British P. 314,379. 1928, to Consort, f. elektrochem. Ind. Q.m.b.H.; Chem. Abe., 1930, 24, 1477. 
French P. 676,290, 19M; Chem. Abe., 1960, 24, 2862. 

^I^eh P. 090,761, 1980, to 8^ dee usines chim. Rhdne-Poulenc; Chem. Abe., 1981, 25, 1361. 

P. 886378, to British Ostanese, Ltd.; Chem. Abe., 198L 25, 1963. 

W. H. Moe^ U. 8% P. 1481,462, Nov. 10, 1981, to Celanese Corp. of America; Chem. Abe., 1982, 
SL 841,891^1999, to British' Cehmese. Ltd.; BHt. Chem. Abe. B, 1081, 396. 

M»Prci^ P. 668464. fw/to Soc. des usines ehitt. RbOne-Poulene; Chem. Abe., 1929, 23, 6291. 

mBritlih P, 8}16g. iSB; to L G. Farbenind. A.-0.; BrU.Jlhem. Abe. B, 1980, 820. Cf. F. Mew, 
Briti^P. 404482, im; Brit. Chem. Abs. B. 1984, 286. Freoeh P. 787,042, lOtt; Chem. Abe., lOM, 
27, 1471. 
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plasticizer^^ is mixed with the resin and the plastic applied either as a viscous 
solution or as a powder, followed by heating the composite under pressure."* The 
condensation product obtained by heating maleic anhydride with castor oil or 
1,3-butylene glycol, when mixed with polyvinyl acetate, increases its adhesion to 
glass and renders it more resistant to cold."* The co-polymer of vinyl acetate and 
acrylate may be substituted for polyvinyl acetate."* These various types of plas¬ 
tics can be made to flow between heated sheets of glass by forcing them through 
fine copper tubes"* Walsh and Caprio"’ introduced vinyl acetate between glass 
plates and subjected the composite to pressure, thus forming the resin in situ. 
Wilson"* suggested that a plasticizing agent, dibutyl phthalate, be employed as the 
strengthening layer. 

In general, adhesives derived from vinyl acetate (also the methyl and ethyl 
esters of acrylic acid) may be utilized for gluing metal to metal, glass to glass, 
and textiles to leather. The bond is said to be flexible, durable, and resistant to 
water and to many organic solvents."* 


Molded Products 


When polyvinyl esters are heated to at least 100® C. in the presence of acid 
catalysts (lactic, hydrochloric or acetic acid or the chlorides of zinc or aluminum) 
the resulting products are elastic and more or less infusible and insoluble. If no 
catalysts are used the temperature must be raised to 200°C. Vinyl resins may 
therefore be employed to make buttons, umbrella handles, gears and other 
articles."* Objects are said to have been formed by spraying a concentrated solu¬ 
tion of polyvinyl ester into a mold and allowing it to harden."^ The method of 
injection molding has also been employed."" 

Sheaths of polyvinyl acetate have been suggested as electrical insulators 
Rost"* produced electrical cables by coating wires with layers of vinyl resins. 
Besides polyvinyl acetate, the substances resulting from the action of aldehydes 
on polyvinyl compounds"* can be used, Dickie and Stafford"* have described the 
preparation of films or sheets from the polyesters. 

Medvedev"^ reported that the addition of polyvinyl acexate (up to 20 per 
cent) to cellulose nitrate films increased resistance to elongation. Rigidity, on the 


Aa a plasticizer 5-25 per cent of camphor may be used with dibutyl phthalate. A. Renfrew and 
J. S. B. Fleiping, Bntish P. 403,723, 1984, to Imperial Chem. Ind , Ltd.; Chem. Ab9., 1934, 28, 8549. 
French P. 758,994, 1934; Chem. Aba., 1984, 28, 8204. 

^British P. 849,283, 1929, to I. G. Farbenind. A.-G.; Chem. Aba., 1933, 27, 580. French P. 095,380, 
1980: Chim. Aba., 1931, 25, 2827. See also A. Renfrew, British P. 898,855, 1932, to Imperial Chem. Jnd., 
Ltd.; Brit. Chem. Aba. B, 1934, 97. J, G. Davidson, U. S. P. 1,929,352, Oct. 3, 1983, .to Chrbide A 
Carbon Chem. Oorp.; Chem. Aba., 1934, 28, 277. 

Kranslein, A. Voss and E. Dickhkuser, German P. 547,384, 1980, to I. G. Farbenind. A.-G.; 
Chem. Aba., 1932, 26, 3633. British P. 367,658, 1931, addn. to 849,288, 1929; Bnt. Chem. Aba. B. 1982, 488. 
See also British P. 872,579, 1982, addn. to 363,938, 1930; Chem. Aba., 1933, 27, 3575. 

^British P. 368,567, 1981, addn. to 349,283, to I. G. Farbenind. A.-G.; BrU. Chem. Aba. B, 1982, 
507. French P. 40,116, 1981, addn. to 695,880, 1930; Chem. Aba., 1938, 27, 824. 

^British P. 384,158, 1982, to Consort, f. elektrochem. Ind.; Brit. Chem. Aba. B, 1933, 106. 
u'^J. F. Walsh and A. F. Caprio, U. S. P. 1,885,619. Dec. 8, 1931, to Celluloid Corp.; Chem. Aba., 
1932, 26, lOM. 

^ J. Wilson, British P. 889,106, 1988, to Triplex Safety Glass Co., Ltd.; Chem. Aba , 1938, 27, 5920. 
^F. Ohl. a^tine, Leim, Klebatoffe, 1984, 2, 147; Chem. Aba., 1934, 28, 7437. See also L. V. D. 
Soorah and J. Wilson, British P. ^1,897, 1938, to Triplex Safety Glass Co., Ltd.; Bnt, Chem. Aba. B, 
IMs 195. 

^British P. 828,157, 1929, to I. Q. Farbenind. A.-G.; Brit. Chem. Aba. B, 1980, 111. 

^F. Posner, German P. 540,552, 1929, to Deutsche liSgrit G.m.b.H., C. Lindstrom, W. Letiel A Oo.; 

^F. Pomsr,* Oilman P. 557,686, 1931, addn. to 540,552, to I. Q. Farbenind* A.-G.; Chem. Aba., 
1988 27 617 

hirf. Rost, British P. 892,416, 1988; Chem. Aba., 1988. 27, 5447. 

^R. Rost, British P. 407,718, 1984; Chem. Aba., 1984, 28, 5556. 

^See Chapter 

»W. A. Dickie and C. E. Stafford, British P. 405,692, 1984, to British Celanese, Ltd.; Chmn. Aba,, 
1984 28 4905 

I. M,dved,v, J. Ami- Cftm. (U. S. S. A.), ItSt, «. StO, Bnt. Chem. Abt. B, tm, M. 
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other hand, decreased. The presence of 10 per cent of this acetate improved the 
mechanical properties of denitrated cellulose nitrate. 

Vinyl resins mixed with dispersions of rubber yield gutta-percha-like com¬ 
positions** or with groimd slate, cork and wood flour furnish linoleum substitutes 
or artificial leatherAbout 10 per cent of vinyl acetate polymer in a rubber com¬ 
position is asserted to give a "^canized product that is resistant to gasoline 
Molding compositions have been made from vinyl resins and cellulose ethers*** or 
esters.** Sound records are prepared from mixtures of polyvinyl acetate esters*** 
and amorphous silica.*** Products for this use are procured also by blending mono¬ 
meric ^dnyl compounds and waxes and polymerizing the former in 

Frank^ suggested the formation of artificial silk threads by spinning solutions 
of cellulose esters or ethers and polyvinyl acetate. Rayon of improved softness, 
suppleness and increased resistance to water is obtained from cellulose xanthate 
and the xanthate of polyvinyl alcohol.*** Dreyfus*** employed mixtures of two 
vinyl acetate polymers having different viscosities. An artificial fabric is also made 



CovrUty Carbide and Carbon Chemicals Corporation 

Fig. 133.—Display Rooms Fabricated Almost Entirely of Vinylite Resins. 


by impregnating wood pulp with a solution of polymerized vinyl ester in butyl 
acetate and then drying.*" 

Davidson and McClure*" have described the commercial molding and many 
uses of vinyl resins. Among the various molded forms made possible by the low 


^A. B. Murphy, British P. 373,203, 1982, to Dunlop Rubber Co., Ltd., and Anode Rubber Co., Ltd.; 
Cham, Ab«., 1933, 27, 3854. 

^Ddrr A Hofman, British P. 313,378, 1928, to Consort, f. elektrochem. Ind. G.m.b.H. and O. Dorr; 
Cham, Ab$,, 1930, 24, 1189. O. Dbrr, French P. 676,544, 1929, to Consort, f. elektrochem. Ind. G.m.b.H.; 
Cham, Abe,, 1930, 24, 3002. British P. 406,367, 1934, to Consort, f. elektrochem. Ind. G.m.b.H.; Chem. 
Abe,, 1984, 28, 5190. 

^M. C. Reed, Canadian P. 340,163, 1984, to Oart>ide A Carbon Chem. Corp.; Chem, Abe,, 1935, 
29, 2260. 

»»British P. 308,658, 1920, to Celluloid Corp. ; Bnt. Cham. Abe. B. 1930, 1146. 

British P. 335,582, 1929, to Celluloid Corp.; Bnt. Chem. Abe. B, 1030, 1146. 

British P. 368,621, 1981, to Consort, f. elecktroohem. Ind. G.m.b.H.; Bnt. Chem. Abs., 1932, 475. 

See also W. O. Herrmaun, U. S. P. 1,983,030, Dec. 4, 1934, to Chemische Forschungs-G.m.b.H.; Chem. 

Abe., 1985, 29, 626. 

£. Ssrmonds, U. 8. P. 1,946,597, Feb. 18, 1034, to United Research Corp.; Chem. Abe., 1934, 


^French P. 769,707, 1984, to Consort, t elektrochem. Ind. G.m.b.H.; Chem. Abe., 1985, 29, 526. 
British P. 420,564, 1934; Bnt, Chem. Abe. B, 1985, 161. 

^O. Frank, British P. 811,784, 192S» to R6hm A Haas A.-G., and R. 0. Hersog; Chem. Abe., 1980, 
24, 962. 

British F. 865j982, 1980, to 1. G. Part^enlnd. A.-G.; Chem. Abe., 1988, 27, 1755. French P. 720,618, 


1931 ; C^. Abe., 1982, 26, 8920. 

Dreyfus, British P. 369,171, 1983; Chm. Abe., 1984, 28, 1862. 

1.688,983, Apr. 3, 1934, to E. I. du Pont de 

0* 1930f lowe 

J. O. Davidiop and H. B. McClure, Tnd. Eng. Cham., 1983, 25, 045. 


Nemours A Co.; Brit. Chem. 
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shrinkage of these resins are wall panels and doors, both of which are molded 
around a fibrous core. 

It is stated that the addition of polymerized fatty-acid vinyl esters, e.g., the 
acetate or stearate, to lubricating oils and greases improves their properties.^ 
Alternatively, the monomer may be added to the hydrocarbon and polymerization 
effected in situ with boron fluoride. Oils thus treated have a lower cold test and 
a higher viscosity index. 


Modified Organic-Ester Resins 


The properties of vinyl resins may be modified either by treatment, for ex¬ 
ample with sulphur chloride to effect vulcanization,'" or by incorporation of other 
materials during or after resinification. Thus, vinyl resins may be milled with rub¬ 
ber and the mixture vulcanized,'" or lampblack incorporated with partially poly¬ 
merized vinyl acetate before milling.'" Rubber and vinyl compounds, heated 
under pressure, in the presence of a hydrocarbon solvent and sulphur and a heavy- 
metal chloride, yield a light-colored solution which may be employed as a lacquer.'" 
Vinyl ester may be polymerized in a liquid medium (aliphatic hydrocarbon or 
alcohol) containing an emulsifying agent,'" e.g., a cellulose derivative. 

Plauson"' made a complex resin (which was tougher than a straight phenol- 
formaldehyde resin) by heating 94 parts of phenol, 28-30 parts of paraformal¬ 
dehyde and 86 parts of vinyl acetate in a closed vessel at 70-120®C. Unre¬ 
acted ingredients were removed afterwards by heating at 100°C. under reduced 
pressure. Alternatively, phenol and formaldehyde may be combined first and the 
resulting resin heated with vinyl acetate under pressure. Reaction can be effected 
also in the presence of a solvent. 

Vinyl esters condense with phenols when catalysts (hydrochloric or phosphoric 
acid, ferric, aluminum or zinc chloride) are employed.'" Heating the condensate, 
with or without sulphur, causes it to harden. Fatty oils or long-chain fatty acids, 
factice or cellulose esters may be added prior to condensation. Vinyl esters can also 
be partially polymerized before condensation with phenols.'" Niederl, Smith and 
McGreal'" have studied the reaction between phenol and vinyl acetate in the 
presence of concentrated sulphuric acid. The product was an amorphous solid, 
a polymer of o-vinyl-phenol. It was assumed that phenoxyglycol acetate, first 
formed, is hydrolyzed and that the resulting glycol is dehydrated by the acid to 
phenyl vinyl ether which undergoes rearrangement to give o-vinyl-phenol. The 
latter compound is then polymerized by the acid. Phenyl acetate is also formed 
from phenol and vinyl acetate.'®' 


^British P. 413,637, 1933, to I. G. Farbenind. A.-G.; Brit. Chem. B, 1934, 1001. See also 

French P. 761,530, 1934; Chem. Ab$., 1934, 28, 4220. 

^W. O. Heritnann and W. Haehnel, U. S P. 1,672,157, June 5, 1928, to Consort, f. elektrochem. Ind.; 
Chem. Aba., 1928, 22, 2686. Canadian P. 271,571, 1927; Chem. Aba., 1927, 21, 8767. 

^British P. 353,194, 1930, to Soc. des usines cbim. Rh6ne-PouIenc; Chem. Aba., 1932, 26, 5452. 

^ British P. 828,812, 1929, to 1. G. Farbenind. A.-Q.; Chem. Aba., 1980, 24, 5585. 

British P. 878,900, 1981, to R6hm A Haas A.>Q.; Brit. Chem. Aba. B, 1932, 997. See also French 
P. 717,087, 1931, to Radiochemische Forschungs-Institut a.m.b.H.; Chem. Aba., 1938, 27, 1217. 

^French P. 765,363, 1934, to I. G. Farbenind. A.-G.; Chem. Aba., 1934, 28, 6956. 

Plauson, U. S. P. 1,451.848, Apr. 17, 1928; Chem. Aba., 1928, 17, 2058. German P. 864,045. 1918, 
to Plauaon’s Forsohunas-Institut G.m.b.H. British P. 156,151, 1930, to H. O. Traun*s Forschungalab. 
G.m.b.H.; JJ3.C.I., 1932, 41, 881A. Canadian P. 236,688, 1922; Chem. Aba., 1928, 17, 1157. 

^Britidb P. 883,166, 1929, to I. G. Farbenind. A.-Q.; Chem. Aba., 1931, 25, 610. French P. 675,668, 
1929 * Chem Aht 1980 24 2758. 

French P. 88,160* 1980, addn. to 675.668, 1939, to I. Q. Farbenind. A.-G.; Chem. Aba., 1981, 25, 5525. 
J. B. Niederl, R. A. Smith and M. E. MoGreal, J.A.C.S., 1981, 53. 8890. 

^ When phenols or alcohols are heated with vinyl esters in the presence of acid catalysts the vin^ 
group is replaced forming a new eater and aoeWdehyde (H. Deu^ and W. O. Hwnni™. J- 

814,646. 1928, to Cbnsort. f. elektrochem. Ind. 0.m.b.H.; Bnt, Chem. Ahs. B, 1929, 708. French P. 
658,705, 1998; Chem. Aba., 1929, 28, 3718. German 3^ *78,378. 19W; CAw. Absy 1988, 2^ C/.^ 

Langenbeck and J. Baltee, Ber., 1984, 67, 687; Bnt. C^. Abe. A, 1984, m. If vmy;l eet^s am 
at a high temperature throui^ a reaction vessel packed with wood charcoal on which smc oxide has been 
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Aldehyde"** resins such as those obtained by treating acetaldehyde with sodiuni 
hydroxide may be combined with polymerized vinyl compounds by fusing the two 
together. These composite resins may be used for molding or as shellac substi¬ 
tutes." It has also been proposed to mix urea-formaldehyde resins with vinyl resins 
to form a molding composition." 

Rosin and polyvinyl acetate, although not compatible, may be combined by 
heating to about 250®C."* The resin thus formed is soluble in ^nzene and linseed 
oil but insoluble in alcohol or alkalies. It probably consists, at least partially, of 
a polyvinyl ester of rosin as a result of the elimination of acetic acid. Linseed 
oil heated with a mixture of rosin and the polyacetate yields a varnish. Other 
acids (stearic, ricinoleic or naphthenic) and manila copal may be substituted for 
rosin. Replacement of the acetate group by other radicals (e.g., lactate, tartrate 
or citrate) may be effected by refluxing polyvinyl acetate with the appropriate 
acid." 

Polyvinyl compounds which are soluble or dispersible in water were prepared 
by Dreyfus" by the partial hydrolysis of the corresponding polyester. The par¬ 
tially hydrolyzed esters may be condensed with aldehydes to increase their re¬ 
sistance to wear and to weathering." The water absorption of such resins 
is low and consequently resistance to humidity is improved. Lacquers prepared 
from them are somewhat similar to those from nitrocellulose in respect to tough¬ 
ness, are harder and more durable, and have an advantage over oil varnishes 
because of their greater speed of drying. The modified resins are soluble in a 
wide range of solvents including solvent naphtha mixed with alcohol, methyl and 
ethyl alcohol, acetone, dioxane, ethylene glycol monoethyl ether, ethyl acetate, 
chloroform and dichloroethylene. 

Voss" made plastic substances, having a low solubility in water and organic 
solvents, by heating vinyl esters to about 150°C. in the presence of condensing 
agents, such as zinc chloride or hydrogen chloride. Robertson" reduced the fusi- 


deposited, ketene, various ketones, acetaldehyde, acid anhydrides and vinyl ethers are produced. (H. 
Deutsch and W. O. Herrmann, Geiman P. 515,307, 1027, to Consort, f. elektrochem. Ind. G.m.b.H.; 
Chetn, Abi., 1031, 25, 1537). Acetic anhydride in a yield of about 77 per cent is obtained by boiling 
vkayl acetate under r^ux with acetic acid and a little sulphuric acid (W. O. Herrmann and H. Deutsch, 
U. 8. P. 1,356,251, May 3, 1082, to Consort, f. elektrochem. Ind. G.m.b.H.; Chem. Aba., 1082, 26, 3520. 
British P. 2M,540, 1028; Brit. Chem. Aba. B, 1020, 122.) If water is included in the mixture, the vinyl 
aoetate decomposes to give acetic acid and acetaldehyde. (H. Deutsch and W. O. Herrmann, German P. 
566,224, 10^, to Consort, f. elektrochem. Ind. G.m.b.H.; Chem. Aba., 1032, 26, 5103.) By heatm^ vinyl 

aoetete with acetic acid in the presence of fuming sulphuric acid or a mercury compound, a yield of 

85-00 per cent of the theoretical amount of ethylidene diacetate may be obtam^. (F. W. Skirrow and 
J. Didc^. 8 . P. 1,449,018, Mar. 27, 1023; Chem. Aba., 1923, 17, 2290. Canadian P. 228,127, 1923; Chem. 
Aba., im, 17, 1241*) Ethylidene diacetate yields decomposition products similar to those obtained from 
vinyl acetate. For example, ethylidene diacetate heated with monosodium phosphate or metabolic acid 
in an inert solvent, forms acetic anhydride and acetaldehyde (J. Koetschet and M. Beudet, U. S. P. 
1428,856, March 25, 1010; Chem. Aba., 1919, 13, 1715) and heated with concentrated sulphuric acid it 
produces acetic anhydride and paraldehyde. (J. Koetschet and M. Beudet, U. 8. P. 1,306,063, June 17, 
1010; Chem. Aba.t 1010, 13, 2210.) If instead of adding the sulphuric acid directly, kiesel^r is 
saturated with it and then added, the side reactions are mmimised and a high yield of pure acetaldehyde 
msd acetic anhydride is obtained (H. Deutsch, German P. 801,674, 1021, addn. to 3M,070, 1010, to 

Goiuort. f. elektrochem. Ind. 0.m.b.H. ; J.S.C.J., 1024, 43, SUB). 

^For various aldehyde-modified vinyl resins, see Chapter 52. 

^ H. Deutsch, W. O. Herrmann and W. Haefanel, German P. 584,086, 1028, to Consort, f. elektrochem. 
Ind. G.m.b.H.; Chem. Aba., 1082, 26, 1148. British P. 814,800,. 1020; BrU. Chem. Aba. B, 1030, 872. 
See also W. O. Herrmaim, H. Deutsch and W. Haebnsl, U. 8. P. 1,085,008, Jan. 1, 1035, to Chsmisclie 
For«ihung-Gjn.b.H.; Chem. Aba., 1085, 20, 1176. 

British P. 300,487, 1028, to Kunstharsfabrik F. Poliak Oes.; Chem. Aba., 1080, 24, 740. 
^A."Voss, Qmman P. 506,148, 1027, to I. G. Farbenind. A.-G.; Chem. Aba., 1081, 25, 880. 

Dreyfus, Britirii P. 885.078, 1083; Chem. Aba., 1088, 27, 4247. 
uf H. Dre^» British P. 886,005, 1082; Chem. Aba., 1088, 27, 4247. 

)»F. W. Skirrow and 8. Whyte, British P. 405,086, 1082; Brit. Chem. Aba. B, 1084, 871. See alio 
F. W. Skirrow, CK O. Morrim and K. G. Blailde, British P. 851,032, 1080, to Canadian Electro Products 
Co.; iNf. Chem. Aba. B, 1081, 858. Cf. D. T. Jones, A. Renfrew and R. Bums, British P. 404,270, 
1031, to Imperiid Chem. Ind., lAd.; BrU. Chem. Aba. B, 1084, 244. DfT. Jones and A. Renfrew, 
British P. 1081, to Imperial Cbem.^Ind., IM.; BrU. Chem. Aba. B, 1084, 414. 

mA. VOM, Qe^ P. mjm, losa, addn. to 522,407, 1088, to 1. G. Farbenind. A.-G.; Chem. Aba., 
1034, 1130. French P. 353,161^ 1023 ; Chem. Ahs» 1380, 24, 1510. 

mf. Robertson, U, S. P. l,illA20, Aug. 8, lltt, to Ohrbide A Carbon Ghsmicali Corp.; Chem. 
Aba., im* 27, HOI. , ^ ^ , 
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bility and solubility of polymerized vinyl esters by precipitating the resin in an 
alkaline solution. For example, 600 parts of an acetone solution contaimng 260 
parts of vinyl resin were added slowly to 250 parts of a mixture of ethyl and 
isopropyl alcohols (equal parts by volume) containing 1 per cent of caustic soda. 
The mixture was stirred vigorously and 500 parts of water were added. The pre¬ 
cipitated resin was filtered, washed with water and dried. 

To remove air from compact masses of vinyl acetate resin, Renfrew"^ cov¬ 
ered the block with a hydrocarbon oil and heated in an autoclave to 60®C. under 
a pressure of 400 lb. per square inch. The pressure was not released until the 
temperature had fallen to 20°C. (12 hours). Dreyfus'® reported that incorpora¬ 
tion of alkylolamines, w-aminoalkylamides of fatty acids or partially esterified poly- 
hydric alcohols rendered the manufacture and manipulation of films of polyvinyl 
resins less difficult. 

A mixed resin usable in lacquers is made by polymerizing a vinyl compound 
in the presence of an arylsulphonamide-aldehyde resin.'® When polyvinyl esters 
are polymerized in liquids of the extracted stand-oil type, resins are obtained 
whose solutions serve as quick-drying lacquers. Oils employed in making such 
compositions are prepared by treating partially polymerized drying oils with 
solvents, for example, the higher alcohols or esters such as ethyl malonate,'® which 
remove the nonpol 5 nnerized portion leaving the highly poljonerized residue.'® Fur¬ 
ther addition of oil or cellulose derivatives to the vinyl-oil condensate can be 
made.'® 

The product from polyvinyl esters and stand-oil extract is known as Olovine.*® 
This forms hard, colorless, water-resistant films of high gloss, which are difficult 
to saponify and which do not turn yellow on aging. Cobalt salts accelerate their 
drying. Olovine in butyl acetate can be used with nitrocellulose as a lacquer.*® 
Mixed with fibrous fillers it can be employed for phonograph records.'® 

Lawson and Sandborn"® mixed vinyl compounds with nonpolymerized drying 
oils and then polymerized the composition in the absence of water. Heuck,*” 
on the other hand, recommended using emulsions of unsaturated oils in water. 
Rosin and rosin esters can be added to the vinyl esters prior to polymerizing.'" 
Plauson'" made rubber-containing lacquers by heating rubber, vinyl acetate, acetic 
acid and trinitrophenol with a volatile hydrocarbon solvent. The addition of 5 per 
cent of a polyvinyl ester to chlorinated rubber is said to give a varnish base.*" 

Vinyl acetate, emulsified in a 10 per cent casein solution and irradiated with 


A. R<mfrew, British P 898,194, 1932, to Imperial Chem. Ind , Ltd.; Chem. Abi,, 1984, 28, 1888. 

Dreyfus, British P. 387,710, 1933; Chem. Ahi, 1933, 27 , 4872. 

French P. 721,717, 1931, to I. G. Farbemnd. A.-Q.; Chem. Aba., 1932, 26, 4190. 

A. Eibner, W. O. Herrmann, W. Haehnel and M. Miller, U. S. P. 1.934,397, Nov. 7, 1988, to 

Consort, f. elektrochem. Ind. Q.m.b.H.; Chem. Aba., 1934, 28, 483. A. Eibner, Gennan P. 848,181, 

1930, to Consort, f. elektrochem. Ind. G.m.bH.; Chem Aba., 1^2, 26, 8633. British P. 367,102, 1(^; 
Brit. Chem. Aba. B, 1982, 487. French P. 708,403, 1930; Chem. Aba., 1932, 26, 1142. 

Such oils are called Tekaol. See Chapter 61. 

“®A. Eibner, W. 0. Herrmann, W. Haehnel and M. Miller, U. S. P. 1,986,881, May 1, 1984, to 

Consort, f. elektrochem. Ind. Q.m.b.H.; Brit. Chem. Aba. B, 1938. 194. French P. 718,689, IMI; 

Chem. Aba., 1932, 26, 3392. German P. 873,208, 1980; Chem. Aba., 1933, 27, 3093. 

A. Eibner, Farben-Ztg., 1931, 37, 13, 84, 88; Chem. Aba., 1982, 26, 606. 

^T. H. Barry and L. Light, Britiah Ptaatica, Synth. Appl. Finiahea, 1932, 3, 8, 28; Brit. Chem. 
Aba. B, 1982, 806. 

^British P. 406,367, 1982, to Consort, f. elektrochem. Ind. Q.m.b.H.; Brit. Chem. Aba. B, 1984, 
371. See also French P. 741,924, 1988; Chem. Aba., 1988, 27, 3628. 

^ W. E. Lawson and L. T. Sandbom, British P. 392,924, 19^, to E. I. du Pont da Nemours A Oo.; 


Chem. Aba., 1984, 28, 882. 

vnc. Heuck, German P. 863,202, 1920, to I. G. Farbenind. A.-G.; Chem. Aba., 1988, 27, 1217. 
French P. 747,89, .1988; Chem. Aba., 1988, 27, 5203. 

^H. J. Barrett, U. S. P. 1,942,881, Jan. 9, 1984, to E. I. du Pont de N«nours A Co.; Chem. Aba., 
1984 28 1717 

Plauson, U. S. P. 1,900,668, March 7, 1988, to Radiochem. Forschungs-Institut 04n.b.H.i 
1,980,959, Nov. 18, 1984, to I. G. Farbeniiid. A.-G.; Chem. Aba., 1988, 29, 

880 . 
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light from a mercury arc, yields a vulcanizable product approaching rubber in 
elasticity.^’* A similar result is obtained if the protein be suspended in vinyl 
acetate with the addition of benzoyl peroxide and heated. Emulsions of mixtures 
of butadiene and vinyl compounds"’* may also be polymerized to rubber-like sub¬ 
stances."” 

Resins from vinyl chloroacetate are susceptible to modification by replacement 
of the chlorine. For example, treated with pyridine, polyvinyl chloroacetate yields 
a polyvinylammonium base which is soluble in water and useful in dyeing."’* Poly¬ 
vinyl chloroacetate also reacts with the alkali compounds of organic acids, phenols 
or alcohols, in a liquid which is a solvent for the polymer, to give pale-colored, 
chlorine-free resins. Sodium salts of drying oil acids, potassium phenolate, sodium 
glyceroxide or sodium butyl phthalate, used in this way, furnish a variety of 
resin types."” 

Vinyl esters are capable of undergoing heteropolymerization by reaction with 
maleic anhydride and other a,/3-unsaturated acids. Voss and Dickhauser"** slowly 
heated a mixture of 86 parts of vinyl acetate, 50 parts of maleic anhydride and 
0.6 parts of benzoyl peroxide under reflux. They obtained a light-colored, trans¬ 
parent resin in the form of a hard block which could be pulverized. The resin 
is soluble in acetone and in aqueous alkali solutions but is insoluble in alcohol 
and in benzene and thus differs from unmodified vinyl resin. A mixture of equal 
parts of styrene, vinyl acetate and maleic anhydride in acetone, heated in the 
same way, gives (after distilling off the solvent) a colorless, homogeneous, tough 
block which can be turned or planed. These heteropolymers may be hydrolyzed 
to water-soluble products. Morrell and Samuel"*" report that maleic anhydride and 
vinyl acetate do not react in the absence of a catalyst. Aqueous solutions of 
polyvinyl acetate-maleic acid polymers are recommended for the sizing and dress¬ 
ing of textiles"** and they may be used in the preparation of color lakes"** and of 
aqueous dispersions of dyestuffs and sulphur."** The polymers may be further 
treated with compounds such as glycerol capable of reacting with the anhydride 
groups,"** Thus treated, the resins are insoluble in alkalies. Another hetero¬ 
polymer is formed by heating vinyl acetate and trichloroethylene with a small 
quantity of benzoyl peroxide. This chlorine-containing polymer is a viscous liquid 
which hardens at ordinary temperatures."** Some of the trichloroethylene enters 
the reaction; the remainder acts as a solvent for the polymerized ester. 

Frankenburffer and C. Steigerwald, U S. P 1,756,943, May 6, 1980, to I. G. Parbenind. A.-G.; 
Ckem. Ahs., 1930, 24, 3399. German P. 544,325, 1927; Ghent. Abs., 1932 , 26, 2622. British P. 294,474, 
1928: Brit. Chem. Ah$. B, 1929, 1024. French P. 656,040, 1928; Chem. Ab$., 1929, 23, 4102. 

The vinyl esters may be replaced by styrene. See Chapter 11. 

British P. 364,089, 1930, to I. G Farbenind. A.-G.; Bnt. Chem. Abe. B, 1982 , 494. 

*”A. Voss, W. Schumacher and C. E. Mliller, German P. 542,778, 1929, to I. Q. Farbenind. A.-G.; 
Chem. Abe., 1932, 26. 3387. 

^ H. B. Dykstra and W. E. Lawson, U. 8. P* 1,975,087, Oct. 2, 1934, to E. I. du Pont de Nemours 
A Co.; Chem. Abe., 1984, 28. 7564. British P. 364,400, 1931; Chem. Abe., 1983, 27. 1775. 

^A. Voss and E. I^dchhuser, German P. 540,101, 1930, to 1. O. Farbenind. A.-G.; Chem. Abe., 

1932, 26. 1818. British P. 376,479, 1081; Brit. Chem. Abe. B. 1082. 948. French P. 719,145. 1931. 

^ R. S. Morrell and H. Samuel, J.C.8., 1932. 2215. 

>*>A. Voss, K. Joachim, E. Dickb&user and H. Geier, German P. 653,174, 1930, and 571,605, 1938, to 
I. Q. Farbenind. A.-G.; Chem. Abe., 1982. 26, 4724; 1988. 27, 4419. French P. 728,712, 1931; Chem. 
Abe., 1982, 26^ 6160. 

^British P. 359,648, 1930, to I. G. Farbenind. A..Q.1 Chem. Aba., 1988. 27. 427. 

British P. 369,915, 1031, to I. G. Farbenind. A.-Q.; Brit. Chem. Abe. B. 1982, 764. French P. 
717,606, 1981; Chem. Abe., 1982. 26, 3875. 

^A. Voss and E. Dickhauser, German P. 544,826. 1930, addn. to 540,101, 1030, to I. G. Farbenind. 

A.-G.; Chem. Aba., 1932, 26. 2609. British P. 876.481, 1931, addn. to 376,479. 1081; Brit. Chem. Aba. B. 

1982, 948. 

^ W. O. Herrmann and W. Ha$hnel. U, $. P. 1,970,224, Oct. 9, 1984, to Chem. Forschungs G.m.b.H.; 
Chem. Abe., 1934, 26. 7668. German P. 56^,888. 1928. to Coniort. f. elektrochem. Ind. G.m.b.H.; Chem. 
Aba., 1982, 26, 4925. The production of plastic maeses. applicable dther as molding materials or ingredients 
for IgcQuers. from fibers of polyvinyl alcohol and polyvinyl acetate (soluble in alcohol) is described 
by W. O. Herrmann and W. Ha^nJ, V. 8. P. 1.998.744. Apr. 28, 1985, to Chem. Forschungs G.in.b.H. 
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PoLTviNYL Inorganic Esters 

In comparison with the organic polyvinyl esters, the polymers of the inorganic 
esters have a lower degree of solubility and are much less Stable when heated. 
Acetylene is the basic material from which the monomers are prepared, although 
ethylene addition products, for example, ethylene dichloride, may also be used. 


Preparation op Vinyl Halides 

Vinyl halides are most conveniently prepared from the dihalogen-substituted 
ethanes. Vinyl chloride is obtained by treating ethylene dichloride with alcoholic 
potash^’ or with potassium hydroxide dissolved in methanol."* Ethylidene dichlo¬ 
ride and sodium ethylate may also be used."* Dropped slowly into a saturated 
alcoholic solution of potassium hydroxide heated under reflux on a water bath, 
ethylidene dichloride begins reacting at about 35°C. (ethylene dichloride needs a 
slightly higher temperature). The reaction goes on slowly without further heating, 
producing a continuous evolution of vinyl chloride."* Vinyl chloride may be ob¬ 
tained by passing ethylene dichloride or ethylidene dichloride over hot contact 
masses such as pumice,"^ alumina'*® or active charcoal."* Using the last catalyst 
and ethylene dichloride a temperature of 230-350°C. was satisfactory. Both 
acetylene and vinyl chloride are formed by heating ethylene dichloride to 8(X)®C., 
or a lower temperature in the presence of steam.'** The production of acetylene, 
rather than of vinyl chloride, is favored by the presence of diluents, reduced 
pressure or increase in time of heating. Trichloroethane when treated with zinc, 
aluminum or iron at 50-120®C. in the presence of water or steam"* produces vinyl 
chloride. 

Acetylene and gaseous hydrogen chloride react at 180®C. in the presence of 
metallic chlorides to yield vinyl chloride."* Mercuric chloride on silica gel is an 
especially active catalyst, forming vinyl chloride even at 25*0.“^ Herrmann and 
Baum'** used metal halides of the second and fifth groups (barium and bismuth 
chlorides) supported on activated silica gel. At 160-200®C., activated carbon 
itself is a catalyst,'** 

Rejrnault. Antu, 1835, 14, 28, 34. Cf. Swiss P. 159,148, 1933, to Escher Wvss Maschinenfabriken 
A.>Q.; Chem, Abs., 1933, 27, 4543, for the preparation of vinyl bromide from cdce-ov«i itaa. 

British P. 349,263, 1930, to I. G. Farbenind. A.-O.; Chem. Abit., 1932, 26. 5812. French P. 
694,575, 1930; Chem. Abff., 1981, 25. 5312. 

Wurt* and Frapolli, Ann., 1858, 10^, 224. Cf. J. Spence (/.A (7.5., 1933, 55, 1290) for the prepara¬ 
tion of vinyl iodide from 1,2-diiodoethane. 

^J. A. Nieuwland and (Sr.) M. Florentine, paper delivered at Detroit (Mich.) meeting, American 
Chemical Society, Sept. 7, 1927. 

Bilts, Bar., 1902, 35. 3524; J.C.8., 1908, 84 (1). 1. 

J. B. Senderens, Compt. rend., 1908, I46v 1213; Chem. Zentr., 1908, 2. 227. 

“•German P. 585.793, 19M, to I. G. Farbenind. A.-G.; Chem. Abs., 1934, 28, 1861. 

“•J, P. Baxter, W. A. M. Edwards and R M. Winter. U. S. P. 1.986,876. Jan. 8, 1985. to Imperial 
Chem. Ind., Ltd.; Chem. Abn., 1935, 29. 1099. British P. 863.009. 1930; Chem. Ab»., 1988, 27. 1865. 
German P. 596,256, 1934; Chem. Abs., 1984, 28. 4436. French P. 721,808, 1931; Chem. Aba., 1982, 26. 
4067. 

“•German P. 525,809, 1929, to I. G. Farbenind. A.-Q.; Chem. Ab«., 1981. 25, 4018. Britiah P. 
858,842. 1929; Chem. Aba,, 1982, 26. 5312. 

“• German P. 278.249, 1912, to Chem. Fabrik. Grieeheim-Elektron; Chem. Aba., 1915, 9, 1096. Frendi 
P. 462,711, 1913; J.S.C.I., 1914, 33. 277. British P. 21,184, 1918; J.S.CJ., 1915. 34. 818. Theae prooeeaea 
also include the use of the catalvat in solution or suapension. German P. 888,584, 1918, addn. to 
278,249, 1912; Chem. Abs., 1916, 10. 2502. 

J. P. Wibaut and J. van Dalfaen. Ree. trav. ehim., 1932, 51, 686; Chem. Aba., 1988, 86^ 4580. 

“• W. O Herrmann and E. Baum, U. S. P. 1,919386, July 25, 1988, to Consort, f. elektroohem. Xlfd. 
0.m.b.H.; Chem. Aba., 1983,27, 4815. 

“•F. K. Pertach, U. S. P. 1,908,894, April 16. 1988, to I, G. Farbenind. A,-a; Chem, Abe., 1961. 
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Vinyl chloride is also formed by the reaction of hydrogen chloride on nascent 
acetyl^e. Plauson"® treated calcium carbide with concentrated hydrochloric acid 
at 60-95®C. in the presence of a catalyst (a mixture of a mercury and a copper 
salt). Reaction occurs without a catalyst if the pressure is increased above atmos- 
pheHo, although some of the vinyl hdide is polymerized under these conditions. 
Vinyl chloride distils off as it is formed; and, if a stream of hydrogen chloride 



CowUBif Pkuidet DiwiHcn, Carbide and Carbon Chomieah Corp, 

Fig. 134. —Extrusion of Vinylite Plastic. 

is passed through the reaction mixture during tlie operation, the yield is almost 
quantitative. Small quantities of zinc,. alumimi|]ti hr tin chlorides accelerate the 
addition of hydrogen chloride to give vinyl ahtoiicle, but ferric chloride accelerates 
formation of dichloroacetaldehyde, which is noimally present in small amounts as a 
by-product. 

Ostromislensky*^ passed purified acetylene through a 10 per cent solution of 
hydrochloric acid containing mercuric chloride and obtained vinyl chloride. Ac- 

MB. PlftttfCn. U. S. P. 1,445468, Feb. iS, IMS; Chem. Abi., 1988, 17, 1481. Canadian P. 887,888, 
1888; Chmn. Abt., 1988, 17, 1841. British P. 188,180, 1980, to H. O. Traun^a ForMhuagalaboratoAum 
a.iab.H.; 1988, 41, 487A. 

8 ^1. OMraniilinBliy, U. S. P. 1,541,174, StoM 8 , 1985, to Naufatuek Cham. Co.; Cham* Ab$*, 1985, 
19, 8819. 
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cording to Nieuwland and Foohey,"^ vinyl chloride is formed when acetylene 
is conducted into a solution containing cuprous chloride and ammonium chloride 
and saturated with hydrogen chloride. If both cuprous and cupric chlorides are 
present, an equilibrium mixture of cis- and trans-dichloroethylene is formed. 
Cupric chloride solutions do not absorb acetylene in the absence of cuprous chlo¬ 
ride. Perkins”* prepared vinyl chloride by passing acetylene at 66®C. through 
an aqueous solution containing about 12 per celit of hydrogen chloride and about 
40 per cent of catalyst. The latter consisted of equal amounts of cuprous chloride 
and calcium chloride. Additional hydrogen chloride was supplied to maintain the 
concentration, and vinyl chloride was isolated from the issuing gaseous mixture. 
Toussaint”* made vinyl chloride from acetylene and hydrogen chloride using mer¬ 
curic chloride dissolved in anhydrous stannic chloride as a catalyst. 

Acetylene reacts with hydrogen bromide to form vinyl bromide.** An 80 per 
cent yield can be obtained by treating a mixture containing 1.5 parts of acetylene 
and 1 part of hydrogen bromide by volume with actinic rays at 0°C.”* 

According to Plauson,*" the addition of hydrogen halides to acetylene hydro^ 
carbons takes place smoothly and rapidly at 100-120°C. under a pressure of 1-2 
atmospheres. By increasing the pressure and raising the temperature when all 
the acetylene has reacted, polymerized products may be obtained without the 
necessity of isolating the intermediate halides. 


Polymerization of Vinyl Chloride 


Vinyl chloride”* and bromide”* polymerize readily on standing and rapidly 
under the influence of light. The chloride, exposed to sunlight, forms under the 
conditions of treatment an amorphous, insoluble body having a specific gravity 
of 1.406, and melting with decomposition above 130°C.“® If exposure to light 
is not too long, the polymer is soluble in chlorobenzene and the solution can be 
used as a lacquer. Films of the material are transparent, tough and noninflam¬ 
mable. Softened by mastication with chlorobenzene, it can be pressed and used 
as a celluloid substitute 

According to Guyer and Schiitze,”* vinyl bromide is not polymerized by nitric 
acid or by some metals such as copper or zinc. Some polymerization was effected 
by lead dioxide, nickelic oxide on diatomaceous earth, and aluminum or iron and 
zinc foil. Hydrogen peroxide was apparently the most effective agent. Iron and 
bronze surfaces inhibited polymerization. 

Plotnikow”* observed that solutions of vinyl chloride in ethyl alcohol, acetone, 
carbon tetrachloride, methyl alcohol, ether, and toluene, when exposed to the action 
of ultraviolet light at temperatures of 15-25°C., deposited a white powder. In the 


*>*J. A. Nieuwland and W. L. Foohey, Proc. Indiana Acad. Sex., 1929, 38, 196; Chem. Abi., 1931, 
25, 2683. 

**G. A. Perkins, U. S. P. 1,984,824, Nov. 7. 1933, to Carbide A Carbon Chem. Corp.; Chem. Abe., 
1934, 28, 488. Canadian P. 329,042, 1933, to Carbide A Carbon CXiem. Oorp.; Chem. Abe., 1983, 27, 
1866. 

•MW. J. Toussaint, U. S. P. 1,926,638, Sept. 12, 1933, to Carbon A Carbide Chem. Corp.; Chem. 
Abe., 1938, 27, 6766. 

•wReboul, Jahreeber., 1872, 304. 

•MW. Bauer. U. S. P. 1,414,862, May 3, 1922; Chem. Abe., 1922, 16, 2160. 

•>"H. Plauson, U. S. P. 1,426,130, Aug. 8, 1922; Chem. Abe., 1922, 16. 3314^ British P. 166,117, 1920, 
to Traun's Forsohun^aboratorium Q.m.b.H.; J.3.C.I., 1922, 41, 436A. Oennan P. 373,869, 1918, addn. 
to 862,760. 

•M Vinyl chloride is a gas at ordinary temperatures; its boiling jpoint is -13.9*0. For other physical 
constants, see L. 1. Dana, J. N. Burdick and A. O. jMikins, J.A.C.8., 1927, 49, 2801. 

•M Vinyl bromide boils at 16*C. under 760 mm. pressure. See R. Anschtits, Ann., 1888, 221, 141; /,.C.5., 
1884 46 M 

Baumann, Ann., 1872, 163, 217; Chexn. Zentr., 187^28. 

•>1 German P. 281,877, 1913, to Chem. Fabrik Qriesheim-Elektron; J.8.C.L, 1916, 34, 623. 

•u A. Quyer and H. Schlitse, Helv. Chim. Acta, 1934, 17, 1644; Chem. Abe., 1986, 29, 1771. 

•“J. Plotnikow, Z. wiee. Phot., 1992, 21. 117; /.S.C./., 1922, 41, 261A. 
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presence of salts of manganese, cobalt, nickel, copper, vanadium and uranium, 
reaction was catalyzed and took place in visible light Uranyl salts in sunlight 
were quite effective. The product resembled rice powder and was slightly soluble 
in acetone, methyl and ethyl alcohol, more soluble in benzene, carbon tetrachloride 
and carbon bisulphide, and very soluble in phenyl acetate. From those solvents 
in which it was fairly soluble, the polymer was recovered as an elastic film which 
lost its elasticity on keeping. When mixed with 40 per cent of French turpentine, 
40 per cent of cedar oil, 65 per cent of pine oil or 60 per cent of camphor, yellow 
masses were obtained. Thirty per cent of castor oil converted it into a somewhat 
sticky, light gray mass, and with 60 per cent of copaiba balsam it yielded a dark 
wax-like mixture." With 70-75 per cent of castor oil or 75 per cent of pine oil, 
a vaseline-like mass was obtained. Jellies were produced on mixing with 50-70 per 
cent of aniline or 65-70 per cent of tetralin (tetrahydronaphthalene); while with 
40 per cent of tetralin, 50 per cent of Peru balsam or 23 per cent of rosemary 
oil, it gave a solid, elastic mass. Flumiani^ regarded the gels formed by poly¬ 
vinyl chloride as relatively simple in comparison with such substances as gelatin 
and agar. He also found that the product from photopolymerization in the pres¬ 
ence of uranyl nitrate was miscible with nitrobenzene, acetophenone, phenanthrene 
and naphthalene, giving solutions of varying degrees of dispersion."* 

Ostromislensky"’ isolated what he considered to be several different types of 
polyvinyl chloride based on their solubility. The first of these (a-polymer) is 
soluble in acetone and in chlorobenzene and is formed by the action of ultraviolet 
light in the presence of a catalyst (such as a soluble lead salt). If polymerization 
is continued, the product (/9-polymer) is insoluble in acetone although still soluble 
in chlorobenzene. Further polymerization results in an insoluble body ( 7 -polymer), 
but if the reaction is interrupted just before the stage of complete insolubility 
is reached, the material will swell when treated with strong solvents (5-polymer). 
The i8-polymer yields transparent films which remain flexible much longer than 
films of the a-polymer. They may be plasticized by dichlorobenzene, chloro- 
naphthalene, naphthalene, diphenylmethane, acetophenone, o-chlorophenol, benzyl 
chloride, ethyl benzoate, glycol diacetate or anisole. In the polymerization"* of 
vinyl chloride by ultraviolet light, any a-modification which has not been entirely 
converted into the /3-form may be removed by extracting it with acetone. The 
/9-polymer can also be obtained from the 7 - or 5-forms by heating them with 
aniline, quinoline, nitrobenzene or benzophenone. When polymerization is carried 
out in solution, the formation of insoluble material is retarded and is prevented 
almost entirely if chlorobenzene, ether, alcohol or tetrachloroethane are used as 
solvents. 

Lawson and Wemtz" produced the a-polymer of vinyl chloride by heating 
the unpolymerized chloride at 90-120®C. in a solvent and in the presence of a 
catalyst such as benzoyl peroxide, ozone or barium peroxide. The solvents pro¬ 
posed were ethylene dichloride, methyl alcohol, chlorobenzene and ethyl acetate. 
It was suggested that this pol}^er be used for molding and as a coating. If, in 
addition to benzoyl peroxide, trioxymethylene is Wployed to catalyze the reaction, 
the 7 -fonn is obtained.*® Tetrahydrofurfuryl alcohol was recommended by Law- 


^Qmaan P. MMS, IMO, to A.-a f. Anilia-fftbr.; 1028, 42, 8MA. 

«»Q. Plomhuii, Kofhid-Z,, 1928. 45, 158; Chmi, A6f., 1088, 22, 4031. 

MO. Ftumiani, Z. BMttrochem,, 1986, 32, 821; Chem. Ab$., 1026, 20, 2815. 

MI. OitioiiiiOhntlv. U. 8. P. 1,781,084, 10, 1020; Chem. Ad«., 1929, 23, 4228. British P. 

216387. 1085, tolTATVwi Dyk; Chm. AOs,, IW. 21, 2906. 

Oltronitltiutar. U. 8. 1^. 1.701,000, F#>. 8, 1081, to L. A. Van Dyk; Chem. Ahs., 1031, 25, 
1611. BritidiPriKiSo, 1085: Chsm. A6s., 108^ 81. 5360. 

MW. B. UwMm Slid 2. H. Wemti, P. 3».50L 1020, to E. I. du Pont do Nemours <1 Co.; 

Br(t, Chem, Aba. % 1011, 666. Pron^ P.. WT85. lOfO; (fhem. Ahs., 1030. 24, 4806. 

Mw. L. BmMh U. k P. 1,081,040, Dm, 11, 1084, to B. F. Qoodrieh Co.; Chem. Aba., 1035. 20, 060. 
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son*“ as a high-boiling solvent for brushing-lacquers containing polyvinyl chloride. 
The ^-polymer is partially soluble in this liquid. Dibenzylin (dibenzyl ether of 
glycerol) can be used as a plasticizer, the addition of 1 part of this ether to 3 
parts of the a-polymer yielding soft and flexible films.”* The a-polymer is al^ 
compatible with drying oils and may be blended with them to form a varnish."* 
Dylitra”* recommended a-polyvinyl chloride, polyvinyl chloroacetate and other 
resins containing chlorine as fluxes for soft soldering. 



Courtesy Plaotics Division, Carbide and Carbon Chemicals Corp. 

Fig. 136.—Rubberless Army Raincoats Made by U. S. 

Rubber Company. 

As mentioned above, ozone is a catalyst for the polymerization of vinyl chloride. 
In using ozone, air containing it is passed through a solvent for 2 hours, after 
which the vinyl compound is added. For example, Lawson*" dissolved 17 g. of 
vinyl chloride m 69 g. of ozonized methanol and heated the solution for 6 hours 
in a sealed tube at 120°C. He obtained 7 g. of resin, composed entirely of the 
a-polymer. In place of heating, the solution can be exposed to sunlight. A small 
proportion of water in the solvent has no adverse influence on the reaction. Hydro- 

W. E. Lawson, U. S. P. 1,780.652, Nov. 4, 1930, to E. I. du Pont de Nemoure A Ck>,; Chem, Ah$., 
1931, 25, 222. British P. 312,049, 1929; BHt. Chem. Abs. B, 1930, 872. 

H. B. Dykstra and W. E. Lawson, U. S. P. 1,800,152, May 19, 1931, to E. I. du Pont de Nemour* 
A Co.; Chem. Aht., 1931, 25, 3784. British P. 349,5^, 1929; Brit. Chem. Abs. B, 1931, 729. French P. 
685,821, 1929; Chem. Abs., 1930, 24, 5951. 

** W. E. Lawson, British P. 312,344, 1929, to E. I. du Pont de Nemours A Co.; Brit. Chem. Abs. B, 

1981, 72. Canadian P. 815,870, 1931, to Canadian Industries, Ltd.; Chem. Abs., lOtt, 2^^ 14M. 

B. Dykstra, U. S. P. 1,800,445, Apr. 14, 1981, to QrasseUi Chemical Brit. Chem. Abs. B, 

1982, 112. 

E. Lawooti, U. S. P. 1,890,000. Dec. 0, 1982. to E. I. du Pont de Nemours A Oo.l Chem. Abs., 
1988, 27, 1689. British P. 319,587, 1^; Chem. Abs., 1980, 34, 2470. P. 082,117, 1929; Chem. 

Abs., 1980, 24, 4800. 
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chloric acid (about 0.5 per cent) also has a catalytic effect. Using such a small 
amount of acid, the color of the polymer is not ^rkened appreciably.*" Larger 
proportions of acids may be employed provided ethylene oxide is the solvent.*" 
Young and Douglas*" employed lead tetraethyl as a catalyst. A mixture of 70 
parts of vinyl chloride, 30 parts of acetone ^.nd 1.4 parts of lead tetraethyl was 
heated in an autoclave for ^ hours at 80®C. A white, viscous resin solution was 
obtained. 

The four forms of polyvinyl chloride described by Ostromislensky are insoluble 
in aromatic hydrocarbons. Lawson and Wemtz*" have obtained a new form, lower 
in the polymeric series than the a-form,.by dissolving vinyl chloride in a benzenoid 
hydrocarbcji, adding a catalyst and heating the solution. A mixture of 15(X) parts 
by weight of vinyl chloride, 1(XX) parts of toluene and 45 parts of benzoyl peroxide 
was passed through a long lead-lined tube at 115-120®C. under a pressure of 500 
pounds per square inch furnished by nitrogen gas. Seventeen hundred and seventy 
parts by weight of a light brown solution were obtained, having an acid number 
of 6, a viscosity of about 0.5 poise at 20®C. and containing 42.6 per cent solids. 
This was equivalent to a yield of 50.3 per cent of toluene-soluble polyvinyl chloride. 
The new polymer gave solutions of'much lower viscosity than the other forms. 
While a 30 per cent solution of the a-polymer is a gel at room temperature, the 
hydrocarbon-soluble polymer in ethyl acetate showed a low viscosity. It also 
differed from the a-poIymer in being incompatible with drying oils. A formula 
for an enamel containing this polymer consists of 16 parts of resin, 2 parts of 
dibutyl phthalate, 36 parts of solvent naphtha, 27 parts of toluene and 19 parts 
of titanium dioxide.*" 


A method for obtaining more uniform products of a high degree of polymerization 
has been suggested by Klatte and Miiller.^ They stopped the reaction and distilled 
off the monomeric form when there was yet about 60 per cent of it present. This 
procedure was foimd to permit a more uniform distribution of the catalyst and more 
exact separation of the remaining monomeric vinyl halide. For example, 1000 parts 
of vinyl chloride were passed in the gaseous state through a quartz tube illuminated 
by a mercury-vapor lamp. After recondensation of gas to the liquid state, 10 parts of 
barium peroxide and 10 parts of acetic anhydride were added. The mixture was 
heated in an autoclave for 10 hrs. at 35-45^0. The monomeric form was distilled off 
leaving about 360 parts of pulverulent, white polymer. Under the same conditions 
without the irradiation only about 260 parts of polyvinyl chloride were produced. 


Vinyl halides, either alone or mixed with other polymerizable substances, may 
be polymerized while emulsified in water.*" By coagulating the dispersion of 
rubier and polyvinyl halide formed by mixing a vinyl halide with latex and 
then polymerizing, plastic masses have been fprmed.*" By heating vinyl halides 
under pressure, Voss and Dickhauser prepared substances resembling celluloid.*" 
Prolonged heating of vinyl chloride in a closed v^el with a catalyst results 
in a polymer of the insoluble type. The reaction is more rapid if the vinyl chloride 


French P. 718,103, 1381, to E. 1. du Pont de Nemours A Co.: Chem. Abt,, 1382, 20, 2078. 

H. W^ts, U. 8. P. 1,388,523, Jan. 22, 1835, to £. I. du Pont de Nemours A Co.; Chem. Ab$., 
tmjZ9, 1141. 

me. 0. Young and 8. D. Douglas, U. S. P. 1,775382, Sept. 10, 1380, to Carbide A Cbrbon Ohnn. 
Oorp. ; Chem. Abt., 1380, 24, 5808. 

•»W. £. Lawson and J. H. Wemts, U. 8. P. 1.874,107, Aug. 80, 1382, to £. I. du Pont de Nemours 
A Co.; Chem. Abi., 1382, 26, 5301 French P. 703,502, 1381; Chem. Abi., 1382, 26, 1233. 

aw British 8733M, 1381, to £. 1. du Pont de Nemours A Co.; Brit. Chem. Abe. B, 1382, 337. 

Frwicb P. 717,880, 1381; Chem. Abe., 1388, 26, 2873. 

KIntte and H. Mdller, V. 8 . P. 1,380,408, Aug. 1, 1388, to I. Q. Farbenind. A.-Q.; Chem. Abe., 
1388^7. 4810. ^ British P. 885,004, 1388; Chetii. A6t., 1388, 27, 4251. 

mffiicik P. 740.308, 1388, to 1. Q. Farbenind. A.-Q.; Chem. Abe., 1338, 27, 4011 

^ British P. 

OllJm, lOtt; BfU. Chem. Ahs. B, 1384, 771 

_ ail A, Voss ahd B. DiddOitiser, Qeitnan P. 578,048, 1388, to I. 0. Farbenind. A..O.; Chem. Abe., 1388| 
27, 4811 



51 . POLYVINYL ESTERS 


1041 


is first exposed to the rays from a mercury arc."® Resins of which more than 76 
per cent are insoluble in toluene have been prepared by heating vinyl chloride 
in a liquid the solvent power of which toward the resinous product is not ap¬ 
preciably more than that of toluene, e.g., an aliphatic hydrocarbon or alcohc . 
The tem^rature is kept below 60®C.*" 

Staudinger, Brunner and Feisst*” investigated the polymerization of vinyl 
bromide and chloride exposed to ultraviolet light. The latter compound, for ex¬ 
ample, yielded polymers which were not soluble in the monomer, therefore no 
viscous solution or syrupy liquid was formed as the first step. Instead, there was 
separation of a solid phase, a mixture of low and high polymeric halides. Usually 
the average degree of polymerization was about 50, i.e., the union of about 50 
molecules of vinyl chloride. The structure of polyvinyl chloride is represented as 
a long chlorinated hydrocarbon chain 

in which the end groups are combined with solvent molecules, catalyst groups, 
or possibly are saturated by formation of rings."* The lower members of ihe 
polymer series are the more soluble and can be partially separated by fractional 
solubility in benzene or carbon disulphide. Molecular-weight determination is 
difficult on account of the low solubility in the cold, and, if the solution is heated to 
aid solubility, the polymer breaks down easily. These polymers are also sensitive 
to light and become discolored after a time. Soluble polyvinyl halides are of the 
hemi-colloid type and the highest polymer that could be obtained had a degree 
of polymerization of 100. Above this value the polymers are insoluble and corre¬ 
spond to the 7 -polymer of Ostromislensky. The polymers produced by irradiat¬ 
ing solutions of vinyl halides are more soluble than those prepared from the pure 
halides. It seems to be a general rule that dilution lowers the degree of polymeri¬ 
zation of the product. 

Polymerization op Other Halogen-Substituted Ethtlenes 

Vinyl bromide is similar to vinyl chloride in the readiness with which it poly¬ 
merizes, the change occurring when the liquid is exposed to sunlight."* The 
polymer is a solid, amorphous body, insoluble in water, alcohol and ether. The 
specific gravity of the material is 2.076. Boiling alcoholic potash extracts no 
bromine unless the treatment is continued for a very long time. The presence 
of light volatile hydrocarbons greatly retards the polymerization,"* and, according 
to Kutscherow,"' a trace of iodine hinders the reaction in diffused light. 

Besides vinyl chloride and vinyl bromide, certain of the other halogenated 
ethylenes show a tendency towards polymerization. This applies, however, only 
to the dihalogen compounds of unsymmetrical structure,*" such as CHt=CClt, 
CHa=CBr, and CH«=CClBr. Symmetrically substituted compounds like CHC1= 
CHCl and CHBr=CHBr are relatively stable, as is also trichloroethylene, CHC1= 

French P. 71tt,032, 1931, to I. O. Farbenind. A.-O.; Chtm. A6«., 1983, 26, 8844. 

W. Reid, Britiah P. 406,888, 1914, to Carbide A Carbon Chem. Corp.; Chem. Ah$., 1984, 
28, 4924. French P. 741,667, 1982; Chem, Ahs,, 1938, 27, 2881. 

^ H. Staudinger, M. Brunner and W. Feiset, Helv, Chxm, Acta, 1980, IS, 805, Chem, Abt., 1981, 25, 
487. 

MSI. Oetromislenaky, /. Butt. Fhyt,»Chem, Soe„ 1912, 44, 204; 1912, 102 (1), 280, fuggeeted 

a aimilar atnioture for the polymer of vinyl bromide. _ 

Baumann, Ann., 1872, 163, 812; Chetn. Zentr., 1873, 28. M. Lwow, Ber„ 1878, 11, 1838. 

*^1. Oetromialenaky, /. Phyt.-Chem, 8oc,, 1912, 44, 304; J.C.8., 1912, 102 (1), 280. 

•“M. Kutwherow, Ber., 1881, 14, IW. ^ ^^ ^ u 

*■*0/. B. T. Brooka, "The Non-Benaenoid Hydrocarbona,*' Chemical Catalog Co., New York, 
1922, 811. 
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coin, whieh is not spontaneously polymerized or oxidized when kept in contact 
with oxygen. The group, CHt=C=, is apparently necessary for this type of 
pdymerization. Compounds of fluorine and iodine are more stable than those 
of the other halogens. For example, vinyl iodide*** oxidizes easily but does not 
readily polymerize, whereas difluoroethylene, CH,=CF,, undergoes neither of 
these reactions. When one of the fluorine atoms is replaced by bromine to form 
fluorobromoethylene, CH,=CKBr, the resulting product is easily oxidized and poly¬ 
merizes to a solid body.*** Chlorobromoethylene, CHi=CClBr, quickly changes 
to a solid, amorphous polymer. Biltz*** allowed its poljTnerization to progress for 
8 days, obtaining a polymer, (CH*=CClBr)x, insoluble in most of the common 
solvents. It is slightly soluble in hot nitrobenzene and in molten naphthalene. 
Dibromoethylene, CH*=CBr„ is a liquid which easily changes to a polymeric solid 
of density 3.053, insoluble in water, alcohol and ether.*** Chloronitroethylene, 
CHf=CClNOt, in the presence of sodium bicarbonate, is also transformed into a 
soUd.*** 

Staudinger and Feisst*** studied the polymerization of asym-dichloroethylene.*** 
This liquid polymerizes very quickly in the light but also to the extent of 90 
per cent when kept for 6 days in the dark. The polymer is very similar to poly¬ 
vinyl chloride in appearance and in solubility, and its structure is represented 
as>a long chain; 

---CH,--CClr--€Hr~CCl,---CHr-CCl,-^ 

The number of groups of the monomer, —CHg—CClg—, in the chain is between 
60 and 100. The polymeric material is completely saturated. When heated 
above 120®C. it chars and some hydrogen chloride is eliminated. When reduced 
with red phosphorus and 70 per cent hydriodic acid at 170*C., it formed a mixture 
of hydrocarbons which could be separated into two fractions, one having a molec¬ 
ular weight of 1400-1500 and the other having one of about 2400. This is con¬ 
sidered significant evidence that the polymer consists of a long chain-structure. 
When the polymer is heated with aniline for 14 days, almost complete elimination 

of halogen is accomplished and a benzene-soluble product, (—CH.—C=NC«H«)„ 
results. 


Use op Vinyl Halidb Resins 


Vinyl halide resins, plasticized with various agents, such as tung or other natural 
drying oils*^ (particularly when blown), waxes and dialkyl phthalates,"* or con¬ 
densation products of polybasic acids, polyhydric alcohols and monobasic acids*** 
(Containing more than 6 carbon atoms), have been employed as coating agents. 
One coating composition, for example consisted of 16 parts of polyvinyl chloride 
(soluble in toluene), 19 parts of titanium oxide, 2 parts of dibutyl phthalate, 36 
parts of solvent naphtha and 27 parts of toluene.**** Another preparation con- 


J. Spmoe, J.A.CM., im, 55. 1590. 

•MF. BidL Bd. Acad, roy. Bdg., 1909. 725. Cham. Zmtr,, 1909. 2. 1414. 

MB. BilW. Bar,, 1002, 35, 3527. 

OMgftwitteh, iahrathar., 1860. tfl. 

MV A WIBctodorf and M. Treoel. Bar,, 1924. 57. 306; Chem, Abe., 1924, 18, 2129. 

MOtf. Stittdiiuiar and W. Faisat. ffdv, Chim, Aetd, 1980, 13, 8^; Brit, Chem, Abf. A, 1930, 1402. 

Affym<^diobwit>«thy!ena U obtained as a by-product in the preparation of trichloroethylene. 

M»W: B. LawMfi, U. -8. P. 1,938,082, Dk 12. 1983, to E. 1. du Pont de Nemours A Co.; Chem, 
Adi.. 1934, 28, 1557. 

«P. BTlteielkel, British P. 889,914, 1938; Cham. Ah$„ 1988, 27, 4699.^ 
fMFfoiMh P. mm, 1984. to 1. O. Farbenind. A.-Q.1 Chem, Ahi,, 19^, 29. 1867. 

^ French P. %fm, 1981. to B% I. du Pont 4e Nemours A Co.; Chem, Abt,, 1982, 26, 2879. British 
P. mm, 1988; Chm. Abe,, im, 27, 4107. 
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tains an ester polymerized in ethylbenzene, in the presence of nitrocellulose, rosin 
and tung oil.** 

Stelkens*®* described a viscous solution containing rubber, cellulose derivatives 
and polyvinyl chloride for sticking patches to worn places in clothing. An 
application of polyvinyl chloride as photographic film has been suggested by 
Stinchfield,*® who used a layer of the poljmierized chloride, coated on both sides 
with cellulose acetate to inhibit static charges. The sensitive emulsion is applied 
over the cellulose acetate. Resms which have sufficient solubility and mechanical 



CourtMif PlasticE Division^ Carbide and Carbon Chemicale Corp. 

Fig. 136. —Melting a Compounded Vinylite Resin. 

strength for making films and lacquers have been obtained by chlorinating a hot 
solution or suspension of polyvinyl chloride in swelling agents such as carbon tetra¬ 
chloride or tetrachloroethane.** The mechanical properties of sheets or films of 
polyvinyl chloride are improved by extracting the unevaporated solvent with 
benzene or methyl alcohol, which do not dissolve the resin."” 

A method of evaluating samples of polyvinyl chloride for use in the above 

» W. E. Lawson and L. T. Sandbom, U. S. P. 1,974.969, Oct. 9, 1984, to E. I. du Pont da Nemoun 
a Co.; Chem. Abe., 1984, 28, 7562. 

•“W. Stalkens, German P. 470,149, 1927; Chom. Abe., 1929, 23. 1482. 

VSR. L. Stinchfield, U. S. P. 1,627,986, May 10, 1987, to Eastman Kodak Co.; Bnt. Chem. Abe. B. 
1927, 715. The salts of polymeric carboxylic acids, e.f., polyglycuroi^c add and polycinhamic acid, 
have been used for tlus purpose (British P. 411,689, 1988, to 1. Q. Farbenind. A.*0.; Brit. Chem. Abe. B, 
1984, 788). 

v»C. Schbnburg, U. S. P. 1,982,765, Dec. 4, 1984, to I. Q. Faibenind. A.-0.; Chem. Abe., 1988, 
29, 526. British P. 401.200, 1988; Brit. Chem. Abe. B, 1984, 29. French P. 755,048, 1988; Chem, Abe., 
1984^0, 1485. Oarman P. 596,911, 1984; CAsai. Abs., 1984, 28, 5190. ^ 

W Brittab P. IMftM, tm, to I. O. FsilMniiid. A.-a: Chm. Abt.. ItH, 2t, 171. FrcDcIi P. 1»,W, 
inti CImn. Abt.. IMS, 17. IMS. 
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applications is the determination of the solubility in a 3 to 1 mixture of chloro¬ 
benzene and epichlorohydrin. It should take at least 15 cc. of the hot mixture to 
dissolve 1 g. and hold it in solution for' 5 minutes after cooling to 20®C.“* 

Vinyl chloride polymers may be compounded with flexible alkyd resins*®* and 
fillers by heating at approximately 95®C. for % hour. After shaping, the product 
is cured for about 22 hours at 80-100°C.*®® Semon““ prepared a resilient, rubber¬ 
like composition by dissolving 1 part of highly polymerized vinyl chloride at an 
elevated temperature in 0.5-4.0 parts of solvent which consisted of 2 parts of 
o-nitrodiphenyl ether and 1 part each of dinitrobenzene and dinitrotoluene. On 
cooling, the solution gelled and then was a corrosion-resistant electrcal insulator. 
Thompson"* has suggested a method of attaching such rubber-like materials to 
metals. IJe made a glue by mixing some of the polyvinyl halide with a fusible 
resin and then dissolving the mixture in a solvent. This glue was applied to the 
metal and the solvent allowed to evaporate. Then the rubber-like material was 
pressed on and the joint heated. One class of insoluble polyvinyl halide plastics 
(Koroseal) includes compositions of translucent appearance possessing colors rang¬ 
ing from pale amber to dark brown. The properties vary from those of hard 
rubber to those of gelled rubber cement. These plastics have exhibited good 
resistance to aging and light-cracking.®"* 

Melamid*" obtained a substitute for linseed oil by the reaction at 100®C. 
of allyl or vinyl bromide and solutions of hydroxybenzyl alcohols (from m- and 
p-cresols and formaldehyde) in 20 per cent aqueous caustic soda. The product 
was diluted with water and the solution extracted with ether or acetone. After 
distilling off the solvent, a viscous light brown liquid was obtained which solidified 
in the air. Any initial condensation product of a phenol with formaldehyde may 
be further treated in alkaline solution in this manner, and the allyl or vinyl ethers 
of dihydroxydiarylmethane thus formed are clear viscous transparent liquids, 
solidifying on exposure to the air.*** Plauson"® also made a composite vinyl 
chloride-phenol-formaldehyde resin by incorporating the chloride with the phenol 
resin at the time of its formation. A mixture of 94 parts of phenol, 65 parts of 
hexamethylenetetramine and 65 parts of polymerized vinyl chloride was stirred 
and heated to about 80®C. An exothermic reaction occurred and finally a clear, 
homogeneous liquid was obtained which gradually changed into a solid, tough 
mass."* Vinyl chloride has been condensed with phenols in the presence of 
aluminum or ferric chloride and the products polymerized by ultraviolet light.*" 
Voss and Dickhauser*" made a heteropolymer by heating a mixture of 80 
parts of vinyl chloride, 100 parts of maleic anhydride, 0.5 part of barium peroxide 


» French P. 7U,229. 1933, to I. Q. Farbenind. A -G.; Chem. Ab$ , 1933, 27. 4100. 

^See Chapter 45. 

G. B. Wright, British P. 887,928, 1932, to British Thomson-Houston Co., Ltd.; Brit. Chem. 
Ahi. B, 19^. 817. See also German P. 501,823, 1934, to AUgemeine Blektricithta-Ges.; Chem. Abi., 
1984 28, 7554 

MW. L.'Semon, U. 8. P. 1,920,453, Got. 10, 1933, to B. F. Goodrich Co.; Chem. Abt.. 1984, 28, 
871. Canadian P. 389,877, 1984; Chem, Abt., 1984, 28, 2947. British P. 398,091, 1938; Brit. Chem. 
Aht. B, 1988, 980. / 

A. Thompson, U. S. P. 1,981,809, Oct. 17, 1988, to B. F. Goodrich Co. ; Chem. Abt., 1984, 28. 
374. British P. 388,775, 1988; Chem. Abt., 1988, 27, 5909. 

mm S. L. Brous and W. L. Semon, Ind. Eng. Chem., 1985, 27, 557; Britith Plottice, 1985, 7, 55. 

•mM. Melamid, German P. 833,003, 1930; J.S.C.I., 1922, 41, 728A. 

mQmibmx P. 485,445, 1921, addn. to 853,008, 1980, to A. Riebe^'sohe Montanwerke A.-Q.; Brit. 
Chem, Abt, B, 1927, 308. 

msh. Plauson, U. 8. P. 1,451,843, Apr. 17. 1933; Chem. Abt., 1923, 17, 8058. Canadian P. 288,588, 
1912; Chem,' Aht., 1933, 17> 1157. British P. 155,151, 1920, to H. O, Train's Forsohung^boimtorium 
Q.m.bJ[.; j.B.CJ., 1913, 41, 381A. Qennan P. 864,045, 1918, to Plauson’s Forsohungsinstitut 0.m.b.H. 

Ml For lacqtien oonsming of solutions of >polym4rised vidyl halidee and phenol-aldehyde condensation 
products, seeBritisfa P; 1928, to I. Q. Farbenind. A.-Q.; Chem. Abt., 1980, 24. kit, French P. 

mm, 1929: Chm. AhfJlSo. 24, 4128. 

4M3ritiah P. 409,132, 1983, to British Oritnese, Ltd.; Brit, Chem. Abt, B« 1984, m, 

*• 4 . Vqm and % DidchhUMr, Oennan P. 140,101, 1930, to I. O. Farbenind. A.-0.; Chem, Abt., 
1982, 28, 1813. BritiS P. 375,479; 1931; BHt. Chem. Abt. B. 1982, 948. Fianeh P. 719,145, 1931. 
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and 1.2 parts of acetic anhydride in an autoclave for 16 hours at 80®C. The 
product was a white powder, soluble in water and containing 14 per cent chlorine. 
Jordan, Hopff and Kiihn have prepared .heteropolymers of vinyl halides, or 
vinyl cyanide and stand oils.*" 

When benzene is treated with vinyl chloride in the presence of aluminum 
chloride at a law temperature, the main products are asym-diphenylethane and 
an anthracene-type resin. A trace of iodine causes a decrease in the amount of 
resin.*” According to Dreyfus,*” polymerized 2-chloropropene heated with a 
solution of disodium tartrate furnishes an impregnating and sizing agent. In 
this instance the chlorine is replaced by a tartrate radical. 

Adhesives may be obtained by subjecting polyvinyl chloride to a comple¬ 
mentary chlorination,”* or by depolymerization of the chlorinated material (ef¬ 
fected by heating) and incorporating wetting agents.”* 


Co-POLYMERIZATION OP ViNYL EsTERS 

The most important vinyl ester co-polymer is that obtained by polymerization 
of a mixture of vinyl chloride and vinyl acetate”* The resulting resin differs 
from the polymer of either co-reactant and in many respects is superior to 
either. It also differs from a mixture of the polymers prepared separately and 
blended. When equivalent amounts of each component are mixed and poly¬ 
merized, the structure of the co-polymer may be pictured as a long chain, the 
alternate links of which are vinyl chloride and vinyl acetate units: 

—CH-CHa—CH-CHa—CH-CHa—CH-CHa— 

OCOCH, (*)COCH, ii 

In general, the actual distribution of the components in the chain is dependent 
entirely on chance collisions and on the relative proportions of the reactants. 


Polymerization 


A mixture of vinyl chloride and acetate can be polymerized in any way appli¬ 
cable to the two reactants alone, that is, by the action of heat or light in the 
presence of a catalyst. Lawson*” has described a continuous process for producing 
the co-polymers dissolved in a liquid by passing a heated solution of the two 
vinyl compounds through a long tube under pressure. 


A mixture of 60 parts by weight of ethyl acetate, 30 parts of vinyl chloride, 10 
parts of vinyl acetate and 2.7 parts of benzoyl peroxide was forced through a lead- 
lined, steel reaction-tube having a volume of ^ cc. at a pressure of 200 pounds 
per square inch. The rate of flow was 800 cc. per hour and the temperature 120®C. 
The interpolymerized product obtained in this manner gave a slightly yellow solution 
which yielded a white polymer when precipitated with alcohol. The yield of polymer 


*•0. Jordan, H. Hopff and B. KUhn, Qennan P. 580,284, 1088, to I. O.'Farbenind. A.-G.; Chem, 
Abf., 1088, 27. 4943. Pranch P. 740,158, 1088; 28. 850. 

■wj. M. Davidson and A. Lowy, J.A,C.S,, 1028, 51. 2078. 

H. Dreyfus, British P. 885,078. 1932; CAem. .Ab«.. 1088, 27, 4247. 

***French P. 774,401, Dec. 0, 1084, Dynamit A.-Q. vorm A. Nobel A Co.; Chem. Ab$., 1035, 29, 
2202. 

French P. 774,088, 1084, to I. Q. Farbenind. A.-O.; Chem. Ah»., 1985, 29. 2282. C/. French P. 

755,048, 1088; CAem. Ab«.. 1084. 28, 1425. . . ^ i ^ 

^v^One form of the reain known as Vmyhte, made hy Carbide A Carbon Chemicalc Corp., is said 
to be a co-polymer of vinyl chloride and vinyl acetate. The varioua grades differ in the proportions of 
two vinyl compounds used. For the use of Vi^lite in the preparation of artificial eyes, see J. L. 
Travers. U. 8. P. 1,008.121, Mar. 5, 1085, to M. H. Russell; and in the manufacture of laminiM 
products, J. D. Cochrane, Jr., U. S. P. hW.W, Apr. 0. 1085, to the F^ca InwUtion Co. 

"•W. B. Lawson. U. S. P. 1,887,014. July 12. 1982, to B. I. du Pbnt de Nemours A Co.; 

Abs.. 1982, 26. 4811. British P. 819,588, 1020; Brit. Chem. Ab«. B, 1081, 888. French P. 882,128, 1029; 
Chem. Abs.. 1080, 24. 4808. 
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was 66 p«r cent, the concentration of vinyl chloride in the material being 72 per cent. 
In another case a solution of 1000 g. of vinyl chloride, 250 g. of vinyl acetate and 57 g. 
of benzoyl peroxide in 650 g. of ethyl acetate was forced through the tube. The 
product was very viscous. The yield‘of polymer was about 70 per cent and the 
concentration of vinyl chloride in the resin was 80 per cent. 

The polymers from vinylacetate adhere well to various surf^ipes, but coatings 
made from them are too soft and too soluble 'in common solvents. They are 
easily scratched and also are damaged by contact with preparations containing 
alcohols. Polyvinyl halides, on the other hand, give more resistant films, but 
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Courtety Plaaliea Division, Carbide and Carbon Chemicals Corp, 

Fig. 137.—Steps in the Manufacture of Vinylite Plastics. 


ones which have poor adhesion. Reid*” reports that the co-pofymer of vinyl acetate 
and chloride is an internally plasticized resin possessing good adherence and which 
is also tough and strong. 

Aqueous emulsions of the mixed polymers have been treated with ammonia 
or alkali hydroxides.*” The latter have also been used to partially or completely 
saponify the heteropolymer,*” Molding powders with almost impalpable grains 
of uniform size have been prepared by precipitating the co-polymer from an 
acetone solution with ammonia or anoines.*” The procedure that has been sug- 


Au ^ Oarbon Chemicals Oorp.; Chew, 

rwL' .*% “S?** tSS ^ Chrbide A Carbon Chemioala 

740,962, 1932; Chew. Abs., 1988, 27, 2771. 

•"Wturti P. 410412,^1982, to I. O. Farbemnd. A.-G.; BrU. Chem. Abs, B, 1984, 683. 

Starch, Genoan P. 366,688, 1980, to I. G. Farbenind. A.-G.; Chew. Ab»., 1988, 

2167, 

. •*»C. K. Smith, G. S. P. 1,991,638, Feb. 26, 1986, to NatSonsl Oubon Co.; Chew. Abs., 1986, 29, 2624. 
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gested is as follows: 26 grams of dry resin are dissolved in 1 liter of acetone, and 
140 cc. of this is run into an agitated mixture of 1280 cc. of water and 320 cc. of 
ammonium hydroxide, the solution being maintained at 30-35®C. The addition of 
5 cc. of concentrated hydrochloric acid flocculates the suspension. The small 
aggregates obtained after washing and drying are easily broken up. 

A low-viscosity vinyl polymer has been prepared by adding rosin to the mixture 
of vinyl acetate and vinyl chloride before polymerizing.*® Young and Douglas*' 
increased the melting point of the resin resulting from the polymerization of a 
mixture containing about 80 per cent of vinyl chloride and si) per cent of vinyl 
acetate by heating the resin in a liquid medium in the presence of benzoyl peroxide 
at 65-76®C. They also obtained a substantially uniform vinyl resin of relatively 
low fusion point by extracting the polymerized mass with toluene in which the 
desired fraction dissolved.** 

Uses of the Vinyl Acetate-Chloride Co-polymers 

The co-polymers of vinyl chloride and vinyl* acetate may be roughly divided 
into two groups: one containing a major proportion of vinyl acetate, making them 
applicable for coatings where adequate solubility is required, and the other con¬ 
taining a major proportion of vinyl chloride, more suitable for molding pur- 
1 loses 

Co-polymers may be fractionated by extraction with solvents.** Thus an in¬ 
soluble gel precipitates from a mixture of toluene (90 parts) and resin (10 parts). 
The soluble fraction has an average molecular weight of 1500 and melts at 60-80°C. 
The insoluble portion has an average molecular weight of 2500 and does not melt 
below 125°C. The latter fraction gives films which have greater strength and are 
tougher and more resistant to heat than the original polymer. The soluble portion 
may be used for coatings and the insoluble fraction for moldings such as dentures.** 


Coatings 


If 30 parts of vinyl chloride and 70 parts of vinyl acetate are polymerized to¬ 
gether, a resin is formed which is soluble in such solvents as toluene, benzene 
and butyl acetate, and which is less inflammable than polyvinyl acetate alone. The 
resin is compatible with nitrocellulose and can be used in lacquers.** A wax 
added to such a lacquer increases its water-resistance.**^ The paper liners for 
closures to food containers have been coated with a plasticized vinyl acetate- 
chloride resin.** 

Lacquers having a vinyl chloride-vinyl acetate-resin base show promise in sev¬ 
eral directions. They are stable to light and resistant to ordinary salt and alkaline 


J. Barrett, U. S. P. 1,942,531, Jan. 9, 1^, to E. I. du Pont de Nemours A Oo.; Chem. Abs., 
1984, 28, irir. 

^ M. K. Young and S. D. Douglas, Canadian P. 338,051, 1932, to Carbide A Carbon Chemicals 
Corp.; Chem, Abs., 1938, 27, 1219. 

^ M. K. Young (executrix for C. O. Young) and S. D. Douglas, Canadian P. 833,391, 1933, to 
Carbide A Carbon Chemicals Oorp.; Chem. Abe., 1988, 27, 4701. 

*>*An article illustrating the uses of vinyl resins has been contributed by J. Q. Davidson and H. B. 
McClure (/nd. Enp. Chem., 1988, 25, 045). 

*** C. O. Young and S. D. Douglas, U. S. P. 1.990,085, Feb. 12, 1985. to Carbide A Carbon Chemicals 
Corp.r Chem. AJU, 1985, 29, 2201. Canadian P. 885,391, 1988; Chem. Abe., 1938, 27, 4701. 

F. QrofF, U. S. P. 1,9M,903, Feb. 12, 1985, to CaH>ide A Carbon Chemicals Corp. 

*J. Q. Davidson, U. S. P. 1,838J108, Deo. 29, 1981, to Carbide A Carbon Chemicals Corp : Chem. 


Abe., 19S2, 26, 1400. Britiib P. 2W,049, 1927; Brit. Chem. Abe. ,B, 1929, 219. French P. 040,804, 1927; 
Chem. Abe., 1929, 28, 999. Canadian P. 278.981, 1928; Chem. Abe., 1928, 22. 2850. German P. 590.558. 

1984; Chem. Abe.. 1984, 28, 8255. ^ .. 

wrp. H. Rei<iel, British P. 889,914, 1981; Brit. Chem. Abe. B, 1983, 480. Otnadian P. 882,580, tm, 
to Sylvania Industrial Corp.; Chem, Abe., 1988, 27# 4109. French P, 728,189, 1981; Chem*, Abi., 1982, 
26 5777 

' «•!>. M. Gray, U. S. P. 1,908,819, April 4, 1988. to Easel-AUas Glass Ob.; Chem. Abe., 1988, 27, i 
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solutions and to acid solutions of concentration up to about 20 per cent.*** As 
a paint for plastered walls, a vinyl-resin lacquer has been found to give good cover¬ 
age per gallon. No '^sealer’* is necessary. An increased coverage which is some¬ 
times found may be due to the fact that the lacquer does not penetrate but tends 
to stay at the surface. The dense film thus formed is reported to be easier to 
keep clean thad the more porous him of ordinary paint. 


Moldings 


One disadvantage of polyvinyl chloride as a molding resin is its tendency to 
decompose at the temperature required in the molding operation. This decom¬ 
position is especially troublesome in the presence of iron and iron compounds, and 
it is necessary to avoid fillers containing iron, such as the usual calcined filler 
containing heidatite. The iron compound is attacked, forming ferric chloride which 
causes the mass to become porous and brittle during the mixing process. The 
addition of 10 per cent of vinyl acetate to the chloride before polymerization 
produces & 'resin which is much more stable than polyvinyl chloride alone. Al¬ 
though polyvinyl acetate is not as resistant to moisture as might be desired, the 
small amount required in conjunction with polyvinyl chloride does not seriously 
affect the co-polymer in this respect. Co-polymers containing a high proportion 
of the chloride find application in such fields as dentures.”® and sound records.*” 

As a material for sound records vinyl resin has partially replaced two plastics: 
(1) shellac formerly used in making standard records, vinyl resin showing a better 
quality of tone, and (2) celluloid as used for home recording, where the advantage 
of vinyl resin from the standpoint of fire hazard is obvious. The vinyl compound 
gives a quieter record and one which is much lighter. The old 16-inch record 
weighed 20 ounces, while the 12-inch vinyl record having the same playing time 
weighs only 4 ounces. Shellac records require very careful packing in wooden 
boxes but the vinyl records, owing to their flexibility, can be packed in paper 
boxes. The addition of a filler to the vinyl resin is desirable, as it gives a cheaper 
composition with improved resistance to wear by the needle. In order to make 
a satisfactory filled compound it is necessary to add plasticizers. Solid Aroclors 
and Halowaxes are commonly used but others, such as dibutyl phthalate and tri¬ 
phenyl phosphate, produce similar results although they are more expensive. 

A variety of articles have been fabricated from Aese resins. For example, 
Groff has prepared sound records, linoleum and a transparent, flexible wrapping 
material. He used 80 parts of vinyl chloride and 20 parts of vinyl acetate and 
graded the product by the solubility in toluene.”* The resin may be mixed with a 
filler, e.g., silica or mica, or a plasticizer, e.g., dibutyl phthalate.*** Stabilizers, which 
may be incorporated also, include alkaline earth metal soaps, resinates, oxides or car¬ 
bonates, aromatic amines which are insoluble in water^ and olefin oxides such 


»»Q. F. Steigerwalt (Agr. Sng., 1988, 14, 154; Chem. Aba., 1984, 28. 878) has rsported that Stonits 
(a Vio^ta aoating material) is a satisfactory coating for silo walls. 

dSnittres cm the market having a basis of Vinylite are known as Vidon and Resovin. See 
alKi N. B. Nesbeit, DnUd Coamoa, 1988, 75, 1085; Chem. Aha,, 1984, 28, 1888. For the preparation of 
dsntuM see F, Qrhff, U. 8. P. 1,990.908, Feb. 18, 1985, to Caroide A Oarbon Chemicals Oorp.; Chem. 
Abs„ 1911, 29, 2181. Freneh P. 785,881, 1984; Chem. Abs., 1984, 28, 8598. F. Schmidt (British P. 418,448, 
1984; Chem. Aba,, 1984, 28, 7448) reported that oo-polymers, emich have subsequently been halogenated, 
may be used also (or dsatures. 

Vletiolae. of the Vietor Talking Machine Go. 

8»F. Qi^ V. 8. P. 1,988W» Oct. 81, 1998. and 1,988,858, July 17, 1984, to Carbide k Carbon 
OhMBkale Cbip.; Cheih. Aba,, 1984, 28, 598i 5941. British P. 88^,809, 1988; Chem. Aba,, 1988, 27. 4700. 
Fmieh P. 740,M8. 1988; Chem. Aba,. 1988, 27, 8771. 

i, Hofmann, Brtti^ P. 408,989, 1984, to Carbide A Carbon Chemicals Oorp*; Chem. Aba,, 

Canedian P. 918,184, 1984, to Carbide A Oarimo Chemicals Corp.; Chem. Aba,, !985i 

^ 8880. 
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Fig. 138. —Various Applications of Vinylite Resins. 
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as cpichlorohydrin or phenoxypropene oxide.** Davidson and McClure** report 
that one advantage Vinylite resins have as dentures is the fact that they are not 
thermosetting and so may be repaired and remolded repeatedly. Davidson and 
McClure also describe the construction of a model three-room apartment using 
Vinylite for windows, doors, flooring, walls and furnishings. 


Common Uses of Vinyl Resins 


In the preceding sections, mention has been made of certain uses to which the 
various vinyl resins have been applied. A few investigators have suggested uses 
to which several or all types of vinyl resins are adapted. These applications may 
be classified as coating agents,*" impregnating agents, adhesives and moldings/^ 


Coating and Impregnating Agents 


Solvents in which the various resins will dissolve have been mentioned previ¬ 
ously. It has also been noted that plasticizers may, or may not, be used with 
vinyl resins, depending upon the requirements of the coating. Among the plas¬ 
ticizers which may be employed are the phthalic esters such as dibutyl, dicycio- 
hexyl, diethyl, cyclohexyl butyl or cyclohexyl amyl phthalates** and the benzyl 
ethers of glycerol such as dibenzylin.** Derivatives of aromatic sulphonamides 
(Abracols),**^ tributyl phosphate (Plastoflex), tricresyl phosphate (Lindol),** butyl 
stearate, camphor, triacetin and ethylacetanilide are also compatible with these 
resins. Moss** suggests phenolic derivatives such as diphenylolpropane, diphenylol- 
cyclohexane and triphenyl phosphate. 

Another group of substances which can be mixed with vinyl resins include 
soluble phenol-formaldehyde resins.** Among these should be mentioned the con¬ 
densation products of aldehydes and such phenol derivatives as salicylic acid and 
phenol ethers.** Coating compositions containing tdnyl resins, oil-modified alkyd 
resins and plasticizers have been proposed.** 

The use of fatty oils as plasticizers without a blending agent should be avoided. 
However, Carr has made a stencil-sheet composition using dibutyl phthalate and 
peanut oil.*" Ten parts of a 30 per cent solution of polyvinyl acetate in toluene 
were mixed with 3.6 parts of peanut oil, 1 part of dibutyl phthalate and 2 parts of 
aluminum stearate. The stencil-sheet was then made by applying this mixture to 
Yoshino paper. 

Polyvinyl resins have been suggested by Seel to coat the sides of photographic 

British P. 4184^0, 1834, to I. Q. Farbenind. A.-G.; Chem, Abi., 1036, 29, 1642. 

^ J. G. Davidson and H. B. MnClure, lot. c%t, 

^Q. Fenmley, A. W. Guthrie and J. R. Macauley (Am. Paint ,1032, 16 (68A), 12, 23, 26; CAem. 
Ahi., 1833, 27, 432) report that priming coats of vinyl resins are not as good as those of natural resins. 
Reviews on synthetic coatings m general have been contributed by Oarleton Ellis (/«id. Bng, Cham., 
1033, 25, 125) and by I. Allen, Jr., V. E. Mebarg and J.. H. Schmidt (Ibid., 1034, 26, 663). 

**S. N. Ushakov (/. Chem, Ind. (Afoseote), 1033, 5, 13; CAem. Abt., 1034, 28, 3633) and S. Malowan 
iKuMUtoffa, 1033, 23, 225; CAsm. Abi,, 1034, 28, 1205) have discussed the use of vinyl resins as molding 
materials. 

British P. 340,100, 1020, to E. I. du Pont de Nemours A Co.; CAcm. Abi,, 1032, 26, 2072. French 
P. 685320, 1020; CAam. Abt„ 1030, 24, 5051. 

m>H. B. Dykstra and W. E. Lawson, U. 8. P. 1,800,162, May 10, 1031, to E. 1. du Pont de 
Nemours A OC.; ffhem, Abt., 1081, 25, 3784. British P. 340,662, 1920; Brit, Chem, Abt, B, 1981, 720. 
Fr«idi P. 685321, 1980; Chem, Abi,, 1080, 24. 5851. 

Kollek, German P. 578,767, 1080, to 1. G. Faxbenind. A.-G.; Chem. Abi., 1063, 27, 2773. 

M British P. 366,461, 1020, divided out of 366,077, 1929. to C!elluloid Corp.; Chem. Abi., 1038, 27, 3006. 

«i»W. H. Moss, British P. 872327, 1030, to British Oelanese, Ltd.; Brit. Chem. Abi. B, 1932, 807. 
H. Dr^us, French P. 727,240, 1061; Chemt Abi., 1082, 26, 6161. 

•Mlhritish P. 318,540, 1929. to 1. G. Farbenind. A.-Q.; Brit. Chem. Abi. B, 1030, 1120. French P. 
iS0,m, 1020; CAem. Abt., 1080, 24, 4128. 

««Britirii P. 330,271, 1020, to 1. G. Farbenind. A.-G.; Brri. Chem. Abi. B, 1031, 201. 

British P. 425,181, 1034, to I. G. Farbenind. A.-G.; Brit. Chem, Abe. B, 1036. 466. 

^K. W. Chirr, U. 8. P. 1330,080, Kov. 10, 1081, to Ditto, Ino.; Chem. Abi., 1032, 26, 816. 
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paper. The emulsion was applied over the vinyl resin. This coating of vinyl com¬ 
pound made the paper waterproof, and therefore the finished print dried faster.** 
Gutta-percha has been mixed with vinyl resins and polymerized oils to form water¬ 
proof coatings for use in making sandpaper.** 

It has been suggested that vinyl halide resins be employed for the impreg¬ 
nation of fabrics, thus rendering ^em oil-resistant and applicable for covering 
the vulcanized rubber on insulated wires."® Moss used such fabrics also in electri¬ 
cal insulation.*" He reports that the products are water-resistant.’ When applied 
to fabrics made of cellulose acetate the wear-resistance is increased. Also the 
products have less tendency to slip or ladder. Fabrics thus treated may be used 
in making the tops for fancy shoes."* A composition made from a vinyl resin, a wax, 
a gum and a plasticizing agent has been suggested for waterproofing cellulose-acetate 
sheets."* 

Not only cloth, but also paper has been impregnated with vinyl resins. Law- 
son reports that paper which has been dipped into solutions of plasticized vinyl 
resins is stronger than ordinary paper. It is tough and pliable.*" Groff*" h^ 
added the impregnating agent to the pulp while it was being processed instead 
of after the paper was finished. Porous paper strengthened with vinyl resins has 
been used in the manufacture of vacuum-cleaner bags.*" 

Walsh and Caprio*^^ introduced an unpolymerized vinyl compound between the 
layers of materials which they wished to stick together and then polymerized the 
compound through the action of heat and catalysts. In this manner, they were 
able to unite wood, metal, rubber, celluloid and ceramic materials. Fife*" em¬ 
ployed polymerized vinyl resins which will flow under heat and pressure to unite 
the layers of composite sheet materials. Substances like the polyvinyl resins have 
been used to fasten photographic films to supports so that they can be handled 
during development.*" Sound-record disks have been made by attaching the 
layer on which the sound track is cut with a metal plate using vinyl resins as the 
adhesive.**® Vinyl resins have been suggested as binders for the molded calcium- 
carbide cakes which are used in the generation of acetylene.**^ 

As was mentioned under the uses of polyvinyl acetate, considerable work has 
been done in the attempt to prepare safety glass from vinyl resins. One of the 
compounds which has been suggested for this purpose is that resulting from the 
heteropolymerization of methyl acrylate and vinyl cyanide.**® Similarly, Shep- 

•»P. C. Seel, U. S P. 1,933,824, Nov. 7, 1933, to Eastman Kodak Co.; Chem. Abt,, 1934, 28, 425. 

Hadnagy, A. Bouillard and A. Auby, British P. 394,442. 1932; Bnt. Chem, Abe. B, 1033, 788. 

*1® British P. > 398,225, 1932, to E. I. du Pont de Nemours & ; Bnt, Chem, Abn, B, 19M, 1016. 

*uw. H. Moss, British P. 369,944 and 369,945, 1930, to British Celanese, Ltd.; Chem. Abe., 1933, 
27 3090 

' British P. 397,711, 1933, to British Celanese, Ltd.; Chem. Abn., 1934 , 28, 1202. C. Dreyfus and W. 
Whitehead, Canadian P. 343,261, 1934, to C. Dreyfus; Chem. Abs., 1934, 28, 7037. 

•^French P. 755,175, 1933, to Carbide A Carbon Chemicals Coro, and Eastman Kodak Co.; Chem. 
Abe,, 1984, 28, 1487. M. Jeanny (Kimm, 1983, 8, 1017; Chem. Aoe., 1934, 28, 2540) has contributed a 
review on the use of vinyl resms in the sizing of rayons. 

W. E. Lawson, U. 8. P. 1,953,083, Apr. 8, 1984, to E. I. du Pont de Nemours A Co.; Chem. Abe., 
1934, 28, 3902. 

*“F. Groff, U. S. P. 1,919,697, July 25, 1983, to Carbide A Carbon Ch^icals Corp.; Brit, Chem, 
Abe. B, 1984, 464. 

•“British P. 338,258, 1929, to Hoover Co.; Chem. Abe., 1931, 25, 2255. 

"■^J. F. Walsh and A. F. Capno, British P. 308,659, 1928, to Celluloid Corp.; Chem, Abe., 1930, 
24, 476. 

•“H. R. Fife, British P. 889,988, 1933, to Carbide A Carbon Chemicals Corp.; Chem, Abe., 1938, 
27, 5910. 

^British P. 887,876, 1988, to I. Q. Farbenind. A.*G.; Chem. Abe., 1988, 27, 5015. German P. 
566,266, 1931; Chem, Abe., 1988, 27, 1116. 

•••British P. 409,560, 1984, to Consort, f. elektrochem. Ind. G.in.b.H.; Chem, Abs., 1984, 28, 6259. 
For the use of polyvinyl compounds as binders for finely divided metals employed in the manufacture of 
sound records, see Briti^ P. 418,096, 1984, to I. O. Farbenmd. A.-Q.; Chem, Abe., 1935, 29, 1541. 

••^J. O. Davidson and H. F. Robertson, U. S. P. 1,M7,965, July 19, 1^, to Carbide A Carbon 
diemioals Corp.; Chem* Abs.. 1932, 26, 5198. 

••• J. S. B. Fleming and A. Renfrew, British P. 898.189, 1988, to Imperial Chem. Ind., Ltd.; Chem, 
Abe., 1934, 28, 1498. See also L. V. D. Seorah and J. Wilson, British P. 880,116, 1988, to Triplex Safety 
Glass Co., Ltd.; Chem* Abs., 1938. 27, 5920. 
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pard~ has used a solution of pol)rvinyl acetate or the heteropolymer of vinyl 
acetate and chloride as an optical cement. 

Related to the formation of safety glass is the manufacture of glass substi¬ 
tutes. For example, Greider*** utilized the ultraviolet-transmitting characteristics 
of polyvinyl esters in the production of a transparent film to be used as a window 
glass or for light filters. The film was reinforced by supporting it on wire mesh 
or woven fabric. Plasticizers were mixed with the vinyl resin when it was to be 
used in this way.*® Another glass substitute of the same type consisted of wire 
netting which was coated with a polymerized vinyl compound and then dipped 
into a cellulose acetate solution to fill in the holes. The vinyl de’'ivative served 
to protect the wire from the weather."*®* 

It has already been mentioned that cellulose esters and ethers can be in¬ 
corporated into molding compositions made from polyvinyl acetate. One method 
of mixing any of the vinyl resins with these materials is to polymerize the vinyl 
ester while in solution with the cellulose compound.*" Rubber-polyvinyl acetate 
lacquers have also been mentioned previously. One use to which a mixture of 1 
per cent of polymerized vinyl compound with rubber has been applied is as a 
binder for molding sand. The mixture was dissolved in a volatile solvent along 
with a sulphur compound to produce vulcanization.*” Another process in which 
such mixtures can be used is the manufacture of electrical insulation.*” A leather 
substitute comprises rubber together with a resin resulting from the co-polymeriza- 
tion of vinyl chloride and acetate.*** 

The polyvinyl esters have relatively good adhesion to metals. This has been 
utilized in the preparation of molds for thermoplastic materials. The mold of vinyl 
resin was coated by spraying the metal on it. If the final coat consisted of a high- 
melting substance, a low-melting one (zinc or tin) was applied first.*" A similar 
use is to interpose a layer of polyvinyl compound between a metal coating and 
another synthetic resin.*** However, Groff states that in producing composite 
molded aHicles having both metallic and resinous portions the metallic portions 
should be sized with a cumarone or an alkyd resin in order to cause the poly¬ 
vinyl compound to adhere.*** 

Not only the acetate, but any of the polyvinyl esters may be spun into artificial 
silk. The thread after it is formed is stretched in several stages.”* For example, 
mixtures of polymerized vinyl esters, benzene, and plasticizers are extruded as 
threads, which are stretched while hot and cooled under tension.*” Interpoly¬ 
mers of vinyl chloride (70-93-per cent) and vinyl acetate have been proposed 


^S. E. Sheppard, U. S. P. 1,921,948, Aug. 8, 1933, to Eastman Kodak CP.; Chem. Ab$., 1933, 27. 
3100. 


£. Greider, U. S. P. 1,780,203, Dec. 23. 1930, to National Carbon Go., Inc.; Chem. Abt., 1981, 

23, 307. 

WA. F. Caprio, Canadian P. 814,370, 1981, to Celluloid Corp.; Chem. Abt., 1981, 25, 3320. British P. 
800,077, 1930; Brit. Chem. Ab*. B. 1982, 337. 

««C. Dreyfus, U. 8. P. 1,930,002, Mar. 13, 1984; Chem. Abe., 1984, 28. 8348. British P. 808,387. 1929, 
to British Cslanese, Ltd.; Brit^ Chem. Abe. B. 1980, 99. 

«vj. F. Walsh and,A. F. Caprio, British P. 808,037, 1929, to Celluloid Corp.; Chem. Ahf., 1980, 

24, 499. 


*»C. M. Saeger, Jr., U. S. P. 1,889,903, Dec. 0, 1982; Chem. Abe., 1988, 27, 1727. 

British P. 408,302, 1938, to Siemens A Halske A.>0.; Chem. Abt., 1984, 28. 8209. 

M»M. C. Beed, U. S. P. 1,989,240, Jan. 29, 1983, to Carbide A Carbon ChemicaU Corp.; Chem. Abe., 
1983, 22, 1908. 


British F. 880,743, 1981, to Chlluloid Corp.; Brit. Chem. Abe. B, 1982, 134. 

H, Sehuhmann, Oermao P. 330,084, 1930, to Allgem. £lektricitiits>Qes.; Chem. Abe., 1988, 27, 484. 
AUgem. Elektridtftts-Oes., Britudi P. 877,330, 1901, to Intemat. Gen. Elec. Co., Ino.; Brit. Chem. Abt. 
B Itftt 948. 

* MF. Orott, British P. 892.770, 1938. toOrbide A Carbon Oiemieals Cbrp.; Chem. Abt., 1984, 28. 834. 
•N British P. 887,970, to I. O. Farbenlnd. A.-G.; Chem. Abt., 1088, 27, 4078. French P. 748,438, 1908; 
Chm. Abt., 1900, 27. 8880. Apparatuo for producing foils and threads from polyvinyl-resin solutions is 
described in British P. 844,483, 1929, to 1. G. Farbenind. A.-G.; Chem. Abt., 1982, 26. 7. 

British P. 410A80, 1984, to L G. Faibenind. A..G.; Brit. Chem. Abt. B, 1983, 111. 
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for filaments and films.*®* The resin in acetone is extruded into a precipitating 
medium, removed under tension at such a rate that only a superficial film is 
formed, and dried. Sheets or threads made in this manner can be stabilized to a 
desired form or dimension by subjecting them to the action of heat or swelling 
agents and then cooling or drying.®*^ 

There are a number of applications of vinyl resins which do not fall into the 
categories of lacquers, adhesives and molding materials. For example, by dusting 
fusible polyvinyl resins over a printed page while the ink was yet damp and 
then heating, relief print has been produced.*®* Vinyl resins have also been 
used as plasticizing agents for alkyd resins®®* and as stabilizing agents in sus¬ 
pensions of synthetic resins in organic liquids.**® Branchen**' has described a 
method for recovering both the cellulose ester and vinyl resin from scrap sheeting 
material, the vinyl resin being extracted with 1,2-dichloropropane. An oil-soluble 
dyestuff has been prepared by coupling diazotized p-nitroaniline with vinyl resins.*** 
Dispersions of vinyl resins have been used to deluster rayon.*** The chewing 
gum named “Chex” contains a vinyl resin and sulphur as two of the ingredients.*** 
Another chewing gum base has been made by adding an equal weight of mas¬ 
ticated crepe rubber to polyvinyl chloride while the latter was being treated in a 
roll mill.*** 

H. F. Robertson, British P. 418,550, 19S4, to Carbide A Carbon Chemicals Corp.; Bnt. Chem. 
Aba. B, 1935, 18. French P. 767,093, 1934; Chem. Aba., 1935, 29, 254 

»WH. E. Renard, French P. 765,181, 1934; Chem. Aba, 1934 , 28, 6956. 

«« German P. 576,389, 1933, to 1 G. Farbenind A -Q ; Chem. Aba., 1933, 27, 3790. 

^French P. 733,836, 1932, to Compagnie fran^^aise Thomson > Houston; Chem. Aba., 1933, 27, 1221. 

German P. 592,310, 1934, to Allgem. £lektricitats>Ges.; Chem. Aba, 1934, 28, 2938. 

L. E. Branchen, U. S P. 1,964,191, June 26, 1934, one-half each to Carbide A Carbon Chemicals 
Oorp. and Eastman Kodak Co.; Chem. Aba,, 1934 , 28, 5236. 

•••H. Plauson, U. S. P. 1,500,844, July 8, 1924; Chem. Aba., 1925, 19, 186 

MI French P. 762,899, 1934, to I. G. Farbenind. A.-G.; Chem, Aba, 1934, 28, 5255. See also Q. 
SchwMi and H. Fikentsohei, German P. 602,758, 1934, to I. G. Farbenind. A.-G.; Chem. Aba., 1935, 

29, 944. 

Mi Private communication from G. J Manson. 

M8 M. C. Reed. U. S. P. 1,989,246, Jan. 29, 1935, to Carbide A Carbon Chemicals Corp. 



Chapter 52 

Polyvinyl Alcohol. Polyvinyl Acetals 

Vinyl alcohol has not been isolated; polyvinyl alcohol is the only form in 
which it is known. The simple alcohol should be formed by the hydrolysis of 
monochloroethylene but this reaction yields the isomeric acetaldehyde. 

CH, HOH rCH, "I CH, 

^Ih—C l L^H-OhJ ^ H(*>=0 

These two substances represent the keto and enol forms, of which the keto form 
(acetaldehyde) is the stable one. Although the enolic form (vinyl alcohol) is 
unknown, the acetylated compound is capable of existence as vinyl acetate: 

CH, 

Bhococh, 

Polyvinyl alcohol has to be prepared indirectly and this is accomplished through 
polyvinyl acetate. Under the influence of catalysts and light, vinyl acetate yields 
polyvinyl acetate: 

CH, rCH, n 

" liHOCOCH,”^ LchocochJ, 

where n may vary between 20 and 900.' Hydrolysis of polyvinyl acetate with 
either alkali or acid yields a mixture of polyvinyl alcohols which are insoluble in 
benzene and chloroform. The simpler alcohols form colloidal solutions in cold 
water, formamide, ethylene glycol and glycerol. The more complex derivatives 
can be dispersed in these solvents by heat. The solubility of the polyvinyl alcohols 
suggests the behavior of starch. The essential difference between the two types 
of compounds is that the polyvinyl alcohols are much more stable* and do not 
yield monomeric units by hydrolytic cleavage. 

On the basis of evidence from other linear polymers* the structure of poly¬ 
vinyl alcohol can be considered to be 

-CH---CH,--€H--CHr~CH---CH,- 

in (!)h <!)h 

Another structural formula suggested* is of the cyclic type: 


l-CJH—CHr~CH-<:H,-CH—CHr-l 

<i)H <!)h in 


StfiudinfW and A. Sehwalbaeh, Ann., IWi, 8; Brii, Chem. Abi. A. I981I, 1082. 

*H. Staudinger, K. Frey and VV. Starck, Bef., 1987, 60, 1783; Brit Chem. Abt. A, 1937, 105t 
*H. fltaudUnger, **Hochmolek|tlM«n organiecheQ Verbindungen,” J. Springer, Berlin, 1932, 40. 
Chapter 4. 

*H, Staudiager, K. Frey and W. Starek, toe, dt, 

2 ,.^ 1054 , 


See 
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There is also the possibility of the formation of smaller rings by etherification: 

OH 

-CH—CHj—CH—CH,—<*3H—CH,—CH—CH.—CH—CH,- 


or by dehydration followed by cyclization: 

-CH—CHa—CH=CH—CH—CH,—CH==CH--CH—CH.,- 

(!)H {*)H (*)H 


I I 

-CH—CHa—C==CH—CH—CHa—CHa—CH—CH—CHa- • • 

(!)H (^H (^H 

The alcohol groups retain their reactivity in the macromolecule and may be 
acetylated or benzoylated. Neither procedure, however, can be carried to com¬ 
pletion; in other words, the acetylation of polyvinyl alcohol will not yield as com¬ 
pletely an acetylated compound as is the polyvinyl acetate obtained by poly¬ 
merizing vinyl acetate. The methyl ether prepared from polyvinyl alcohol 
resembles methylated starch. Attention has already been called to the marked 
similarity of solubility behavior of starch and polyvinyl alcohol. The parallelism 
may be earned further by comparing the 6-membered ring structures of poly¬ 
vinyl alcohol shown above with the conventional formula for starch: 



Preparation of Polyvinyl Alcohol 


As mentioned previously, polyvinyl alcohol is prepared from its polymeric 
esters by hydrolysis with acid or alkali.® A uniformly light yellow or brown 
product results with caustic saponification. When acid is used, the nature of the 
original substance determines the color and density of the final product, which 
may vary widely. Acid hydrolysis is carried out by passing hydrogen chloride into 
a boiling alcoholic solution of the ester or by boiling the alcoholic solution for 
several hours with a little sulphuric acid.* Langenbeck and Baltes^ have investi¬ 
gated the effect of catalysts upon the hydrolysis of polyvinyl acetate. For their 
work 1.7 g. (0.p02 mol) of a 10 per cent solution of polyvinyl acetate was dis¬ 
solved in quinoline along with 3 cc. of a 1 per cent solution of potassium acetate 
dissolved in isopropyl alcohol. The quantity of catalyst varied from 0.002 to 
0.01 mol. The solutions were sealed in glass tubes and heated in the vapor from 
boiling cyclohexanol (approximately 160®C.). The extent of hydrolysis was de¬ 
termined by saponifying the resulting distillate of isopropyl acetate with 0.1 N 
barium hydroxide solution. The results obtained are given in Table 55 (on page 
1056). Polyvinyl alcohol can be separated from its compounds by extraction with 
anhydrous mono- or polyhydric alcohols, using an acid or basic saponification 
catdyst.* 


•W. 0. Herrmann and W. Haehnel, Btr,, 1927, 60, 1658; Chmn, Abt„ 1988, 22. 214. 

•A. Skrabal and A. Lahorka (AfomKeA., 1927, 48, 489; Brit, Chem. Ab$, A, 1927, 1148) have studied 
the kinetics of the hydrolysis of freshly prepared uniniolecular vinyl acetate and find that the velocity of 
hydrous is much more rapid than in the ,<»se of ^byl kcetate. 


^W. Langenbeck and J. Balt«, Bsr., 1984, 67, 8g; CAem. Ah*.. 1984, 28, 

• Vtmdb P. 766,108, 1984, to Consortium tUr elektroehem. Ind. 0.m.b.B.; CAem. Ab$., 1984, 28. 7261. 
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Tablb 66. —Catalytic Hydrolysis of Pclytdnyl Acetate. 


Volume of 
O.IN Ba(OH)a in cc. 

Quantity of Reaction Time With Without 

Catalysts Catalyst in Mols in Hours Catalyst Catalyst 

Benzyl alcohol. 0.01 10 4.65 2.21 

Naphthyloarbinol... 0.006 16 4.92 3 00 

Glyoolanilide. 0 002 16 7.40 3.00 

Benzoyloarbinol- 0.002 16 6.02 2.26 


Herrmann and Haehnel* stated that polyvinyl alcohol behaves like a typical 
reversible colloid. The fact that it can be purified by dialysis helps to confirm 
the colloidal explanation. This alcohol would have to function chiefly as a hydrosol 
since it is insoluble in almost all other substances. In contradistinction to gelatin 
it swells only slightly in water and dissolves readily at ordinary temperatures. 
With hot glycerol or glycol, polyvinyl alcohol gives a clear solution that gelatinizes 
on cooling. The alcohol in phenol, however, remains liquid on cooling if there is a 
trace of water present. With dispersoids, e.g., metals, oxides, hydroxides and sul¬ 
phides, polyvinyl alcohol acts as a protective colloid. Its molecular weight was 
estimated to be 868 by the osmotic method. The acetylation reaction: polyvinyl 
alcohol —>-polyvinyl acetate, is accomplished by pressure and heat. On heating 
polyvinyl alcohol to 200-220®C. under 30 atmospheres pressure, it forms a hard, 
horny mass which is less soluble in glycerol, glycol and water than the original 
polymer, and more soluble ih hot linseed and castor oils. Acetylation of this solid 
product results in the formation of typical polymeric vinyl acetate. 

Polyvinyl alcohol will, according to Herrmann and Haehnel,’^® react with 
bromine to form addition compounds, which are converted by boiling water into 
a black insoluble form of the alcohol. A similar addition reaction occurs with 
chlorine. It is stated that the alcohol cannot be oxidized by potassium perman¬ 
ganate or-by chromium trioxide, though oxidation with nitric acid gives oxalic 
acid. With benzaldehyde, polyvinyl alcohol reacts to form an acetal, and with 
formaldehyde, compounds allied to amyloform of starch (amylodextrin treated 
with formaldehyde) are obtained. The latter substances are somewhat more 
elastic than amyloform, are insoluble and do not swell in water, are fusible, and 
are more stable towards heat. When treated with dilute acids, and alkalies they 
slowly lose formaldehyde. The aldehyde derivatives have attained some indus¬ 
trial significance, and will be discussed later. The polyvinyl alcohols resemble 
crude rubber in that they can be vulcanized with sulphur, the addition of ac¬ 
celerators being optipnal. Cold vulcanization gives soft gum-like substances which 
are elastic, and hot vulcanization yields a hard black mass which can be readily 
worked. 

The method of Herrmann and Haehnel for converting polyvinyl acetate into 
polyvinyl alcohol, as already described, may be applied to production on a large 
soale.^ The polymer of vinyl alcohol is obtained .as an odorless, white, water- 
soluble powder. By evaporating a water solution of the polymer, films or thin 
sheets of high elasticity and strength may be obtained. Polyvinyl alcohol is also 
fomed in lie saponification of polyvinyl halides. Thus, from polyvinyl chloride 
with sodium hycbroxide in the presence of light, and using uranyl nitrate as a 
catalyst, a 90 per cent yield of the alcohol is obtained." According to Noller" 


• W O. Hmnann and W. Ha^nel, Ber., 1W7, «0. 1658; Chsm. Ahs., IW8, 22. 214. 

^W. O. Rmtiieuuui and W. Haehnel. loc. dt^ 

»0. a. NolkMr, Vp a p. tiwJM, Fib. 14, 1186, Bpaiman Kodak Co.; Chem. Abt.t 1688, 27, 2096. 
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polymerized vinyl acetate may be saponified with an alkali metal hydroxide in 
presence of an alcohol^ such as ethyl alcohol, and sufficient water to prevent pre¬ 
cipitation of the polymerized product. The latter is subsequently precipitated 
by adding alcohol. By treating polymerized vinyl alcohol with butyric acid an¬ 
hydride a neutral butyrate results, which is a rubber-like, alcohol-soluble sub¬ 
stance, from which elastic threads or membranes may be produced. When polj- 
merized vinyl alcohol is melted with an equivalent quantity of aleuritinic acid or 
trihydroxystearic acid, an aleuritinate or trihydroxystearate is obtained. Both of 
these substances are very hard, elastic and practically insoluble in most solvents. 
Herrmann and HaehneP have also described vinyl glycolate, which is soluble 
in ammonia and in pyridine. 

The polymerization of the vinyl esters,“ which forms the first step in the pro¬ 
duction of the alcohols, can be carried out at 40-160®C. in the presence of a com¬ 
pound such as barium peroxide, benzoyl peroxide, percarbonates, persulphates, or 
perborates, together with organic acid anhydrides, but without solvents or diluents. 
Under such conditions the product is practically insoluble in ethyl acetate, alcohol 
or acetone. Saponification gives a water-soluble vinyl alcohol, the viscous water 
solutions of which are useful as dispersing media for dye pastes, sizing or dress¬ 
ing compositions." The hydrolysis may be carried out with ethyl alcohol and 
sulphuric acid. 

Klatte and Miiller^^ employed ammonium hydroxide for the saponification of 
polyvinyl mixed esters. Polyvinyl acetate-chloroacetate, for example, with am¬ 
monium hydroxide gave a solid polyvinyl alcohol. Partial or complete saponifica¬ 
tion of the mixed polymerization products obtained by the co-polymerization of 
vinyl halides with styrene, butadiene or acrylic ester, or of acj^ylic ester with vinyl 
acetate" also yields substances having some of the properties of polyvinyl alcohols." 
Products of high viscosity are formed by the addition of a boron compound, e.g., 
an ester of boric acid, fluoboric acid, or acetofluoboric acid, to polymerized vinyl 
alcohol, the mixture being maintained -in a neutral or slightly alkaline condition. 
In place of polyvinyl alcohol itself, vinyl alcohol which has been partly etherified 
or esterified may be used.” 


Uses of Polyvinyl Alcohol 


Polyvinyl alcohol may be employed for the production of resists (prepaia- 
tions which prevent dyes from adhering to fabrics) under vat colors. The fabric 
is printed with an oxidant, such as sodium m-nitrobenzenesulphonate or sodimn 
dichromate, and an aqueous solution of a polyvinyl alcohol. It is then dried and 
dyed with the vat dye. The polyvinyl alcohol is coagulated in the warm vat, 
and adheres to the printed portions of the fabric." In printing with vat dyes 
(which need alkali for fixing them on the fiber), a paste free from alkali and con¬ 
taining polymerized vinyl alcohol as the thickening-agent may be used. The prints 
are subsequently treated in an alkaline bath." The alcohols of very high viscosity 


“ W. 0. Herrmann and W. Haehnel, he. dt. 

^Bee Chanter 51. 

* Britiah P. S58,8M, to I. Q. Farbenind. A.-Q.; Chem. Abe., 1932, 26^ 5809. Freneh P. 706,598, 

and*H.‘ Qeiman P. 515,780, 1929, to I. Q. Farbenind. A.-G.; Chem. Abt.» 1981. 

25, 2440. CA F. Klatte and A. Zimmermann. German P. 514,598, 1928: Chem. Ab$., 1981, 25, 2158. 

>*CA Vrmii P. 676,434, 1929, and 697,oiS, 1980, to I. Q. Farbenind. A.-Q.: Chem. Abe., 1980, 24, 
2846: Ittl 25 8186 

^ Freneh !p. 724,910, 1981, to I. G. Farbenind. A.-G.; Chem. Abe., 1982, 26, 4926. 

•>F^h P. 73,942 1988 to I. G. Farbenind. A.-Q.; Chem. Abe., 1988, 27, 4042. 

«0. Torinui. U. 8. P. 1,982,998, Aug. 15, 1988, to General AnUine WwksjChem. Abe., 

Bgiih P. 855,OOi, 1980, to i G. Farbenind. A.-a.; Brit, Chem. Abe. B, 1982, 19. German P. 581,475, 

^Britiah P. 8&9.207! 19^9, to I. G. Farbenind. A.-G.; Chem. Abe., 1980, 24, 5510. 
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have found application in the sizing of fibers. Such polymers are obtained either by 
polymerizing the vinyl ester in the presence of a perborate and acetic anhydride 
and saponifying, or by the addition of a small quantity of borax to a polyvinyl 
alcohol of medium or low viscosity.® 

Polyvinyl alcohols may be used in conjunction with other sizing agents and 
oils, fats, and waxes. Thus, an aqueous solution containing 0.2-0.33 per cent 
of sulphonated oil and 2-3.33 per cent of the alcohol is a representative sizing 
preparation. The size is equally suited for cotton, artificial silk or wool, and 
is readily removed by washing with warm water or 0.1-0.2 per cent soap solu¬ 
tion,® Water-soluble, derivatives of polyvinyl alcohol, including the products 
of the partial saponification of a polyvinyl ester, or those resulting from the con¬ 
densation of an aldehyde and the alcohol, may be used instead of the polymerized 
alcohol itself.® For example, a fabric can be impregnated with a polyvinyl ester 
in an organic solvent. On drying, the fabric is treated with alkali or acid to 
produce complete or partial hydrolysis of the ester.® 

Rayon or cotton may be sized with polyvinyl alcohol solutions having a vis¬ 
cosity 10 to 25 times.that of an aqueous glycerol solution of equal concentration.*" 
For sizing rayon, the incorporation of substances, e.g., fats, waxes or fatty acids, 
that reduce the adhesiveness of the aqueous alcohol solution, has been suggested.® 

Jordan® prepared a composition for the coating of porous surfaces by emulsify¬ 
ing solutions of cellulose nitrate or acetate with an aqueous solution of polyvinyl 
alcohol. 

A solution of polymerized vinyl alcohol in water serves as a stabilizer for 
hydrosols containing metals, metallic oxides or metallic sulphides.® The partially 
saponified polymerization products of vinyl acetate, dissolved in an anhydrous 
solvent, may be utilized as a binding medium in the production of plaster surgical 
bandages,® including those impregnated with plaster of Paris and other substances 
which set in water. 

Relatively concentrated solutions of polyvinyl alcohols in water can be extruded 
through an orifice at raised temperatures and allowed to solidify to threads or 
ribbons. Fillers may be added, and the resistance of the product to water is 
believed to be improved by the incorporation of hydrophobic substances or by 
treatment with formaldehyde vapor at an elevated temperature." The addition 
of a volatile organic liquid not itself a solvent for polyvinyl alcohol, such as ethyl 
alcohol, which promotes rapid evaporation of water, improves the uniformity of 
threads and tul^ made in the above process.” Threads, so prepared, are said to 
be adaptable for medicinal and surgical use. The incorporation of 5-10 per cent 
of oxalic, malic or lactic acid in the polyvinyl alcohol surgical sutures is reported 

MFnmch P. 41,010, 1918, addn. to 687,155, to I. G. Farbenind. A.-G.; Chem. Aba., 1938, 27, 1523. 
Britiah P. 382,785, 1931, addn. to 845,207; Bnt, Chem. Ab». B, im, 16. Cf. French P. 41,188, 1933, addn. 
to 687,155: Chem. Abt., 1934, 28, 656. 

M British P. 345,207, 1929, to I. G. Farbenind. A.-G.; Bnt. Chem. Aba. B, 1981, 535. Britiah P. 
399,906, 1983; Chem. Aba., 1984. 28. 1874. 

** Britiah P. 372,590. 1981, to 1. G. Farbenind. A.>G.; Brit. Chem. Aba. B, 1982, 722. 

**£. Baom and W. O. Herrmann, German P. 595,375. 1984, to Cbnsortium fUr elektrochem. Ind. 

O. io.b.H.; Chem. Aba., 1934, 28, 4251. 

’’K. Jochum, A. Voaa, H. Geier and C. Dickh&uaer, U. S. P. 1,920,564, Aug. 1, 1983, to I. G. 
Farbmmd. A.-G.; Chem. Aba., 1988. 27, 4987. 

^Qennan P. 6J6,081, 1934, to Firma L. Blumer; Chem. Aha., 1935, 29, 1662. 

4*Q. Jordan. German P. 565,267, 1929, to I. G. Farbenind. A.-G.; Chem. Aba., 1933. 27. 1215. Britiah 

P. 884,567, 1929^ Chem. Aba., 1981, 25. 1108. 

^W. 0. Herrmann and W. Haehnel, U. S. P. 1,629,161, May 17, 1927, to Consortium Ittr elrictroehem. 
Ind. 0Jn.b.H.: Brit. Chem. Aba. Bv 1927, 624. Canadian P. 266,717, 1926; Chem. Aba., 1987, 21, 995. 

BiohengrQsii Britiah P. 885^558, 1930; Chem. Aba., 1983, 27. 3295., 

, *9Britirii P. 386,161, 1982. to Cteortium ffir elektrochem, Ind. G.in.b.H.: Brit. Chem. Aha. B. 1988, 
381. Frendi P. 733,395, I932i Chm. Aba., 1983. 27, 416. 

196,488 and^ 396,565, 1982, to Oonaortium fOr elektrochem. Ind. G.m.b.H.; Brit. Chem, 
Abti M, 1666, 677. 
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to inc^'ease their capacity for being resorbed.** Polyvinyl alcohol has also been 
applied in the manufacture of photographic films. The rear side of a transparent 
cellulose fiilm or glass plate expulsion support is coated with a layer of the dcohoi 
containing an antihalation dye, which will act as a desensitizer in solution.** 

A product stated to be useful for the manufacture of films and molded articles 
may be prepared by heating polyvinyl alcohol to 160®C. in order to render it 
water-insoluble. The heat treatment may be dispensed with in this conversion 
by using reagents capable of precipitating albumins, such as tannin or formalde- 
hyde.** 


Polyvinyl Esters 


Mixed esters of polyvinyl alcohol are formed by treating the polymerized alco¬ 
hol with two or more acid halides, either together or in succession, and in the 
presence of an organic diluent and a tertiary base of the pyridine type. Com¬ 
pounds prepared in this manner may be used in the production of films, filaments, 
lacquers and coatings." The mixed esters may be converted to an insoluble 
form by long heat treatment. As an example of this procedure, a mixture of 
polyvinyl alcohol, ethyl chloride, naphthenic acid chloride, chlorobenzene and 
pyridine bases may be heated to 35-^®C. for 24 hours. The ester is separated 
by treating the crude solution with methyl alcohol and filtering. It is used in 
acetone solution. 

The partial hydrolysis of polyvinyl esters gives products which are employed 
as sizes or impregnating ageilts for textiles. Such a reaction occurs on heating poly¬ 
vinyl acetate (with 90 per cent acetic acid containing sulphuric acid) at 40-^®C. 
until the polymer is soluble in 30-50 per cent aqueous ethyl alcohol. Another 
method for preparing compounds, which may be dissolved or dispersed in water, 
involves the esterification of polyvinyl alcohol with various acids such as lactic, 
tartaric, citric, malic, oxalic and maleic.** Voss and Starck** have reported that 
polymerized vinyl alcohol can be partially esterified to yield compounds soluble 
in organic solvents. The process, however, could not be utilized to produce water- 
insoluble esters. The extent of esterification, is dependent upon the molecular 
weight of the acid radical, the maximum being obtained with acids of low molecular 
weight. 

Polymerized vinyl acetate may be prepared directly from the polymerized 
alcohol by heating a solution of the latter in acetic anhydride with dry sodium 
acetate. An elastic mass of partially butylated polymerized vinyl alcohol is ob¬ 
tained on heating the alcohol with butyric acid.*® 

Combinations of polyvinyl esters and fatty oils are made by polymerizing vinyl 
esters in the presence of a polymerized fatty oil, usually in its *1ow-disperse phase.” 
This phase is obtained by removing the non-polymerized portion with an aliphatic 
alcohol (propyl or higher) or an ester such as e^yl malonate. Oil varnishes, coat¬ 
ing compositions, adhesives and plastics are made from these products.** A writ- 


** British P. 420.052, 1088, addn. to 880,101 and 308,505, to Consortium' fdr eiektrochem. Ind. Q.m.b.H.; 
Brit. Chem. Ab$. B. 1085, 112. 

»S. E. Sheppard and J. Q. McNaUy, U. S. P. 1,708,705, July 1, 1080; Chem. Abt., 1080, 24, 4474. 
•>A. Voss, Qerman P. 520,407, 1088, to I. O. Farbenind. A.-G.; Chem. Abe., 1084, 28, 178. 

« German P. 584,218, 1020, to I. G. Farbenind. A.-G. ; Chem. Abs., 1083, 26, 785. Freneh P. 008,810, 
1080; Chem, Abe., 1081, 25, 1587. 

»H. Dreyfus, Bntish P. 885,078 and 880,005, 1081; Brit. Chem. Abe. B, 1088, 317. Freneh P. 783,488, 
1083; Chem. Abe., 1088, 27, 1213. 

»A. Voea and W. Starck, German P. 577,884, 1088, to 1. Q. FerbenUid. A.-G.; Ckem. Abe., 1018, 
27 8040. r 

* M W. Haehnel and W. 0. Herrmaim, German P. 480,860, 1034, to Gbnaortium filr elektroehem. Ind. 
G.m.b.H.LChem. Abe., 1030, 28, 4051. 

M A. jSibner, Britbb P. 80?,103, 1030, to Consortium fCr sMEtrochem. Ind. Q.m.b.H.; Chem. Abe., 
1088, 37, 3083. See Chapter 81. 
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ing iikk is prepared using a polyvinyl alcohol and a fatty oil to which pigmedts are 
added. White ink is m^e by incorporating zinc oxide " Hydroxyalkyl and alkyl 
polyvinyl ethers are formed by the interaction of an alkylene oxide with a poly¬ 
vinyl alcohol. The reaction is carried out under high pressure in the presence of 
inert gases, with the addition of such basic accelerators as dimethylaniline, tri- 
methylamine, pyridine or alkalies. Thus, a polyvinyl alcohol prepared by the 
saponification of a polymerized vinyl acetate of high viscosity may be treated 
with ethylene oxide. Substituted polymers of this type may find application as 
thickening, dressing and sizing agents, and as plastics.^ 


Vulcanized Products prom Polyvinyl Compounds 

The treatment of polymerized vinyl alcohol or its derivatives with sulphur or 
sulphur compounds, as stated previously, leads to a reaction simulating the vul- 
camsation of rubber. The properties of the product resemble the different quali¬ 
ties of soft and hard rubber according to the starting materials and the reaction 
conditions.^ If polymeric vinyl alcohol is mixed with 1 per cent of sulphur and 
heated for 5 hours at 150®C. under a pressure of 10 atmospheres, there results a 
black, hard rubber-like material which can be worked by cutting, sawing or filing, 
A similar substance is formed by heating the alcohol with 2 per cent of sulphur 
and 2 per cent of piperidine as an accelerator for half an hour at 120®C. under 
10 atmospheres pressure. Vulcanization can also be effected by covering poly¬ 
merized vinyl alcohol at ordinary temperatures with a 10 per cent solution of 
sulphur monochloride in carbon disulphide. At the end of 24 hours, the crude 
resin is washed, giving a gray-colored plastic mass resembling vulcanized soft rub¬ 
ber. This process may also be carried out with the addition of fillers. For ex¬ 
ample, a mixture of polymeric vinyl alcohol, 25 per cent of ground slate and 1 
per cent of sulphur was pressed for half an hour at 150®C. under a pressure of 
100 atmospheres to yield a hard, slate-blue material. 


Condensation of Polyvinyl Alcohols with Aldehydes 


The interaction of polymerized vinyl alcohol (derived from vinyl esters) with 
aldehydes furnishes a further group of substances which are of value as synthetic 
resins. Condensation products of rubber-like, plastic and elastic, or of hard and 
brittle character are obtained from alcohol and aliphatic aldehydes (e.g., formalde¬ 
hyde, acetaldehyde)." (See Fig, 139.) An acid catalyst (e.g., zinc chloride, 
aluminum chloride, mineral acids) is used. It is also said that the use of a water- 
insoluble solvent (e.g., benzene) materially increases the yield." Condensation prob¬ 
ably occurs with elimination of water between the hydroxyl groups in the alcohol 
and oxygen in the aldehyde, giving an acetal grouping of the type shown below 
in the case where formaldehyde is employed. 


l>- CH,- i) 


«W. Ha«h|iil ftQd W. O. Herrmann, German P. «91,97«, 1994, to Ck>n8ortium lUr elektroohem. Ind. 
Q4n.L.H.; Chsm, Ab$», 1984, 28, 8928. 


^A. O. BaUe ^d K. Eiafeld, U. 8. P. 1,971,882, Aug. 28, 1984, to I. O. Farbenind. A.-Q. • 

€h0n. Abt„ 2S» 8144. Oman P. 878,241, 1983; Chem, Abt., 1988, 27, 8488. Britiah P. 881,891, 1981: 

cLk. Abt., tni, », ItM. MtUk W4.8S, ItW; Brit. Chem. Abt. i, IMS, 4M. 

UN; Abt.. nil. M. I07». Brfti* P. Mm. IMO; Chtm. Abt., ISM, S7. SIM. ' ' 

**W. a U. & P. June *, ISIS, to CoiuoMium fllr tMcttotbam. 
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The viscosity and solubility of the reaction product are dependent upon the 
quantity of acid employed." The polymeric compounds may be vxilcanized to hard 
substances resembling ebonite. This subsequent vulcanization is especially beneficial 
if unsaturated aldehydes such as acrolein have been used." 

The polyvinyl alcohol-aldehyde condensation may be carried out in such a 
way that the product is liquid and soluble in water. The essential conditions for 
water-solubility are the use of the minimum proportion of aldehyde and the 
avoidance of high temperatures." Formalin used at its boiling temperature gives 
insoluble solid resins. With less reactive aldehydes such as benzaldehyde, aldol, 
butyraldehyde or glyoxal, larger proportions of the aldehyde and higher reaction 
temperatures may be utilized without forming solid products. The actual working 
conations are indicated by the following examples: 

Twenty parts of a polyvinyl alcohol of low viscosity are dissolved in 80 parts of 
water containing 2-3 per cent of sulphuric acid, and 25 parts of 30 per cent formalde¬ 
hyde are added. The solution is kept at 60-65°C. until its viscosity has increased by at 



Fig. 130. —Acetal of Vinyl Alcohol in Flaky Form. 


least 100 per cent. The reaction solution may then be used directly for manufac¬ 
turing emulsions of insoluble dyestuffs, for sizing, dressing or for printing. Alter¬ 
natively, the reaction product may be isolated by precipitating it with alcohol, 
filtering by suction, washing and diying. In the case of benzaldehyde, 150 parts of 
12 per cent aqueous polyvinyl alcohol are mixed with 20 parts, of the aldehyde. The 
mixture is heated on a water bath until a test sample solidifies in the cold to a 
gelatinous mass. The polymeric derivative under these conditions is soluble in water, 
the solutions being, as before, considerably more viscous than those of the alcohol 
itself. Any excess of aldehyde in the above reactions may be removed by the addi¬ 
tion of ammonium hydroxide. An acid catalyst may also be used. For example, 
125 parts of a 25 per cent aqueous solution of polyvinyl alcohol are mixed with 
15 parts of acetaldehyde and 1 part of concentrated hydrochloric acid. The resulting 
mixture is heated on a water bath until a test sample diows the desired viscosity, 
whereupon the heating is discontinued and the free acid neutralized. 

In a similar procedure, Belloc*® obtained a condensation product, without the 
isolation of polyvinyl alcohol, by combining polymerized vinyl esters with an 
aldehyde in hydrochloric acid. Condensation may, also, be carried out in an an¬ 
hydrous medium to yield polymers recommended as substitutes for celluloid in the 

E. ^elger, Franeh P. 76S.010, 1984; Chem, Abi., 198ft, 29, 826. 

^ W. £ta^nel and W. O. Btamnann, German P. 507,962, 1927, to Oonaorthun *fCr oMctroehem. Ind. 
0.m.b.H.; C/iam. Aht., 1981, 25, 88ft. French P. 698,800 and 696,008, 1980, to I. G. Faibenind. A.-G.; 
C/iem. 1981, IS. 2822, 2871 British P. 887,806, 1929; Brit, Chem, 4b#. B, 1981, 170. 

^British P. 886,408, 1929, to I. O. Parbanind, A.-G.; Chtm, 4b#., 1982, 26, 4481. French P. 699,676, 
1980* Cbem. 4b#. 1981 25 M99. 

»M. Bdloc, U. S/P, 1,^,899, Feb. B, 1985, to Soe. Nobd fmneaiae; Chtm, 4bf., 1985, a9> 1906. 
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manufacture of lacquers.*^' The general procedure may be illustrated by the reac¬ 
tion between polyvinyl alcohol and acetaldehyde, in which phosphoric acid is the 
condensing agent and methylene chloride is the solvent. The mixture is boiled 
and the water formed distils over with the methylene chloride. Hopff and Kuehn" 
have used aldehydes in other forms, including trioxymethylene, metaldehyde and 
methylal. Polyhydric alcohols, such as those made by reducing polymeric methyl 
vinyl ketone, polymeric acraldehyde, or by hydrolyzing polymeric methyl vinyl¬ 
acetates may be condensed with aldehydes in the same way as vinyl alcohol itself." 
The vinyl alcohol-aldehyde condensation products already described" may be dis¬ 
solved in organic solvents, such as chlorinated hydrocarbons, glycol ethers, esters, 
alcohols, hydrocarbons, and used in the preparation of lacquers, coating composi¬ 
tions, adhesives, impregnating solutions and for making films. The solutions may 
contain dyes or pigments.* 

In a method employed by Zelger," powders, grains, filaments, films, plates, 
tubes and other diversified forms in which polyvinyl alcohol-aldehyde condensa¬ 
tion products can be obtained, are shaped to their ultimate external state before 
undergoing aldehyde condensation. 

A modified polyvinyl acetal has been recommended by Voss, Dickhauser and 
Starck” for the manufacture of molded articles. The acetal is prepared by con¬ 
densing a mixed polymerization product of vinyl acetate and vinyl oleate with 
butyraldehyde. Condensation products from polyvinyl alcohols and aldehydes may 
also be used as celluloid substitutes, and for the manufacture of sound records." 
For example, Schmidt" has described such a record possessing the requisite quali¬ 
ties of strength, toughness and durability. For its preparation, 50 kg. of a poly¬ 
vinyl alcoholrformaldehyde condensation product were kneaded with 50 kg. of 
a 2:1 mixture of alcohol and benzene, along with 2.5 kg. of the isobutyl ester of 
phthalic acid as a plasticizing agent. This mass may subsequently be molded with 
heat and pressure. Another molding composition, suggested for sound records, 
consists of one or more polyvinyl ester-aldehyde hydrolytic products combined with 
an ester wax or a metallic stearate as lubricant. Fillers, pigments, resins and plas¬ 
ticizers may be added." 

Furthermore, polyvinyl acetals, when used in conjunction with cellulose solu¬ 
tions of the viscose type, are stated to improve the mechanical properties and to 
impart enhanced gloss, durability and softness to artificial threads made there- 


P. 403,750. 1084, to I. O. Fsrbenind. A.-O.; Chem. Abt., 1984 , 28, 8410. 

•■H. Hopff and E. Kuehn, U. S. P. 1,955,068, Apr. 17, 1934, to I. O. Farbeniiid. A.-Q.; Chem. Aba./ 

1934. 28, 8989. 

MBritiih P. 869,818, 1931, to I. Q. Farbenind. A.-O.; Bnt. Chem, Aba. B, 1932, 475. I. Tanasescu 
imd £. Maeovski {BuU. aoc. chim., 1988, 53, 1097; Chem. Aba., 1984, 28, 13^) have found that the 
product derived by treatinc duloitol with o>nitrobenzaldehyde undergoes photochemical polymeri- 
satton to yield resinous substances. P. Thomas and M. Sibi {Compt. rend., 1926, 182, 814; Chem. Aba., 
1920, 20, 1742) have observe that the acetal of sorbitol forms a jelly when a previously boiled aqueous 
■olution is allowed to cool. A product usable for making laminated paper or cellulose acetate foil has 
been prepared by condensing glycol or glycerol with formalglycerol. (Q. W. Seymour, U. S. P. 1,990,698, 
Feb. 5, 1985, to Oelanese Gorp.; Chem. Aba., 1985, 29, 1907.) 

•*C/. British P. 887,806, 1989, to I. G. Farbenind. A.-G.; Bnt. Chem. Aba. B, 1981, 170. 

British P. 878,608, 1982, to I. O. Farbenind. A.-0.; Chem. Aba., 1988, 27, 4106. French P. 719,667, 
1981; Chem. Aba., 1088, 26, 8948. 

•>G. E. Belger, French P. 762,711, 1984; Chem. Abe., 1934, 28, 5191. 

** A. yooe» E. l>ickhtttteer and W. Starck, U. 8. P. 1,989,422, Deo. 12, 1938, to I. G. Farbenind. A.-G.; 
Chm, Abe., 1984, 28, 1484. British P. 896,186, 1982; BrU. Chem. Abe. B, 1938, 905. German P. 592,288, 
1984; Chem. Abe., 1984, 28, 2859. A. Voss (German P. 478,171, 1927; to I. G. Farbenind. A.-G.; Chem. 
Abe,, 1989, 28« 31l5) oondoised polsndnyl alcohol with a phenol-formaldehyde resin to produce Insoluble 
and mfnslble iubetances. 

• -rmeb. r. mm, iw, to Rl>rii^-W«itaibch. Sprmgftoff A.-G.j Chan. Abt., 1»M, 86, 4Mi. 
p. mM iMi Chem. Abe., Itt3, 37, 43C. British F. SW,I73, IMl; Brit. Chem. Ahe. B, IMS, 
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from.® A representative procedure involves the addition of sodium hydroxide, 
carbon disulphide and a solution of polyvinylformal in an organic solvent to a solu¬ 
tion of cellulose xanthate. Filaments are formed and spun into threads according 
to the methods used in the viscose process. Another spinning-solution contains 
cellulose acetate dissolved in a mixture of methylene chloride and alcohol together 
vnth a polyvinyl acetal.® 

The polyvinyl alcohol condensation with aldehydes may be further modified 
if a substance capable of condensing with the aldehyde is introduced into the reac¬ 
tion mixture. Such compounds as phenol, aromatic amines, urea, gelatin, or 
casein may be used for this purpose. The products vary from hom-like or mold- 
able masses and lacquer-base resins to water-soluble products which are applied 
as emulsifiers and tanning agents. Mild reaction conditions yield viscous water- 
soluble products and prolonged heating gives resins which are insoluble in water.® 

Condensation of Polyvinyl Alcohols with Ketones 

The action of condensing-catalysts on mixtures of polyvinyl alcohols (or esters) 
and cyclic ketones yields condensation products. When, for example, polyvinyl 
alcohol, ethyl alcohol, benzene and methylcyclohexanone are heated to 80®C. with 
concentrated sulphuric acid, a resm is obtained in the form of a white powder.® 
These resins are soluble in water and also in organic solvents. Cyclohexanone, its 
4-chloro derivative and l-keto-tetrahydronaphthalene are other examples of ketones 
available for this purpose. 

The constitutions of these condensation products have not yet been fully as¬ 
certained. However Kranzlein, Voss and Starck® assumed that the union takes 
place by the loss of water in which the hydrogen atoms are furnished by hydroxyl 
groups of the alcohol and the oxygen by the ketone group. For example, the con¬ 
densation between polyvinyl alcohol and 2-methylcyclohexanone may proceed ac¬ 
cording to the following equation: 


•--CHa-^H---CH,--CH~-CHa-^H---CHa---CH~ + H,C 
(*)H <!)H (!)H (*)H H,([; 
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(The assumed result of the reaction between polyvinyl alcohol and the cyclic ketone, 
2-methylcyclohexanone, is indicated on the following page.) 

«iA. Steindorff and Q. Balle, German P. 574,970. 1938, to I. G. Farbenind. A.>G. ; CAetn. Ab«., 1988. 
29* 4678. British P. 872,647, 1982; Chem. 1988, 27, 3605. C/. Frvoioh P. 751,834, 1938, to Soc. NohH 

francaise; CAem. Ab«.. 1934, 28, 895. She alao M. Jeaimy, Auiaa, 1934, 9, 99, 101, 175; CAam. Aha., 1984, ^ 

28 Stt7 

' •• British F. t6TJT4. ItM, to I. Q. Fartxnind. A.-G.; CKtm. Ah*.. M8I. 27. 2031. 

••A. VOM, a«nnu P. M*,388, 1*29; to I. O. FarlMniod. A-O.; Ch«n. Ah*., 1012, 28, 228*. Britidi 
P. Ml,210, 12M; Brit. Chtm. Ah*. B, 1922. 25. French P. 700,411. 1*80; Chtm. Ah*., 1*21, 25, 2782. 

*tO, KrOnilein, A. Von end W. Storek, Gcnnu P. 551,28A 1920, to I. O. PeitMuind. A.-a.; Chem. 
Ah*., 1082, 26. 4827. BritUh P. 888,704. 1981; Ch*m. Ah*.. 1*21. 27, 4147. 

" Q. KribuMn, A. Von end W. Btorric, U. S. P. 1.982.8M. Nov. 7, tm, to I. Q. Fortxniiid. A.-a.; 
Chtm. Ah*,. 1*24, 28, **4. 
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POLTHERIZATION PRODUCTS OF ViNYL EsTERS WITH ALDEHYDES 

Ordinarily reaction between vinyl esters and aldehydes is slow, but at high 
temperatures and pressures condensation proceeds readily. For example, 0.1 part 
of acetaldehyde and 100 parts by volume of vinyl acteta.te heated in a bomb for 
16 hours at 100®C. yield 66 parts of a product which is hard when cold but tough 
and rubbery when warm.** Resins prepared with a larger proportion of aldehyde 
are gummy, semi-liquid, or liquid substances. With 10-15 parts of aldehyde per 
100 parts of vinyl acetate, the product has the consistency of chewing gum and 
can be used in the manufacture of the latter. 

Esters such as vinyl butyrate or formate, or esters of higher molecular weight, 
give results similar to those obtained with vinyl acetate. Vinyl others, vinyl halides 
or other compounds containing ethylene linkages may be substituted for the esters. 
Similarly formaldehyde, paraldehyde, butyraldehyde or aldehydes of higher molec¬ 
ular weight may be used in place of acetaldehyde. Compounds of the acetal type 
may be employed under conditions such that they will liberate acetaldehyde. The 
reaction is inhibited by sulphur and certain sulphur compounds, and is retarded by 
iron and copper and some of their compounds. Vessels constructed of these mate¬ 
rials must therefore be avoided, and glass, porcelain, enamel or aluminum used 
in their place. The presence of oxygen was found, in general, to accelerate the 
reaction and improve the yield, but it is doubtful if it is essential. A small amount 
of a catdyst such as hydrogen chloride may be added to the reaction system.*' 
This reaction was found to be greatly facilitated by illummation. The effective 
part of the spectrum lies in the visible range, and the reaction mixture may accord¬ 
ingly be contained in a vessel of Pyrex and subjected to the light of a mercury arc. 
Oo(^ yields of resin are obtainable in the illuminated systems without the use of 
heat and pressure.** In this case oxygen was found to have very little effect either 
on the speed of reaction or on the product. 

Matheson and Skirrow noted a connection between exposure of vinyl esters to 
oxygen and the ease of polymerization. In general, the esters treated with oxygen 
and exposed to light were active, whereas esters from which oxygen had been ex¬ 
cluded during manufacture were inactive and would not polymerize. The condi¬ 
tions required in the case of polymerization were found to apply also to the reac¬ 
tion of vinyl esters with aldehydes and acetals.** 

Aldehyde-polyvinyl ester condensations are usually carried out in the presence 

W. and F. W. Skirroty, U. S. P. 1,753,862, Aug. 20, 1020, to Canadian Electro Product! 

Co., Ltd.; CAfm. 1020, 2S» 5061. 

wy. W. Mfronr, British P. 380W, 1027, to Omadian Electro Products Co., Ltd.; Brit. Cheot. Ab*. 
B. 1520, 144. British P. 205,822> l^i Bnt. Chem. Ah$. B, 1080, 830. H. W. Matheson and P. W. 
Shlrtoar, Ohnadian P. 288,044, 1020; Ch^m. Abt., IWO, 28, 3115. French P. 048,410, 1027, and 058,684, 1038; 
0hm, ihs., 1020, 21, 1517, 5810, Qarmaa P. 508,708, 1037;,C/iem. Ah#., 1088, 27, 1280. 

•Of. W, fiidmm, tJ. 8. f* 1,74MU, F^ ll, 1080, to Csnadian Electro Products Co., Ltd.; Chem. 
AK, m Ouiadlaii P. 287,409, 1020; Chem, Abe., 1020, 28, 1008. 

••9. W* Mattioaon andf. % mttom, U. 8. F. 1,740,005, FOb. 11, lOOO, to Ckiiiidian Electro Products 
Cd., Chmi 4bs., lOOO, 24, 1751. 
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of oxygen. It is also possible to use benzoyl peroxide in amounts varying between 
0.01 and 1 per cent as a catalyst in the condensation reaction.’® Leopold and 
Michael,’^ however, have obtained transparent to red resins by condensing a vinyl 
ester, such as the acetate, with aliphatic aldehydes or substances generating them, 
at temperatures of the order of 160®C. and pressures of 20 atmospheres. Para¬ 
formaldehyde and vinyl acetate under such conditions gave a yellow fusible resin. 
The absence of oxygen was emphasized as one of the conditions of this reaction. 
The products were said to be useful in the manufacture of spirit varnishes and 
polishes. The reaction of vinyl ester with acetaldehyde has also been carried out 
in the presence of toluene, the latter serving as a modifier for the reaction.” 

Chewing gum can be manufactured from the condensation pioduct of aliphatic 
vinyl esters and saturated aliphatic aldehydes by incorporating sugar and ^vor- 
ing ingredients.” The condensation product used in the preparation of chewing 
gum is tasteless and insoluble in water or saliva, and is not as sticky as gum 
chicle. However, the synthetic resin possesses the desirable properties of gum 
chicle and does not harden on continued chewing. The derivative obtained from 
a polyvinyl ester and an aldehyde has been suggested for use in lacquers, var¬ 
nishes, enamels and paints. The condensation product (presumably in the hard 
forms) is recommended as a substitute for shellac and other resinous binders.®* 
Mixed with clay, rubber, sulphur, zinc oxide and coloring matter, it may also serve 
as a rubber substitute.” An emulsion, said to be adaptable for use in chewing 
gums, is prepared by heating a vinyl ester-aldehyde gum with a polyhydric alcohol 
such as ethylene glycol, cooling the mixture, and separating the resulting emulsion 
from the excess alcohol.” 

The production of plastic materials by reaction between a polyvinyl ester in 
solution and an acetal has been reported.” The condensation is effected in abso¬ 
lute alcohol solution using hydrogen chloride as the condensing catalyst. 


Aldehyde Treatment op Hydrolyzed Vinyl Ester-Aldehyde Products 


Vinyl ester polymers and the vinyl ester-aldehyde products may be hydroly^ 
by heating with dfiute mineral acids and water to yield a gummy product” Skir- 
row, Morrison and Blaikie” found that further condensations of ^ese hydrolyzed 
or partially hydrolyzed materials with aldehydes yielded resinous substances which 
were, in general, harder and tougher than the gums from which they were formed. 
The exact nature of the product obtained in this manner depends on the amount 
and character of both the primary and the secondary aldehyde, the extent of 

W. Skirrow, U. 8. P. 1,872,884, Aug, 8, 1932, to Cktnadian Electro Products Oo., Ltd.; CAem. 
Abi., 1932, 26, 5964. Canadian P. 311,488, 1931; Chem. Ab$., 1981, 25, 8448. 

^R. Leopold and A. Michael, German P. 449,115, 19M, to 1. Q. Farboiind. A.-Q.; Brit. Chem. Ab$. 
B, 1928, 867. 

n K. Q. Blaikie, O. O. Morrison and T. P. Q. Shaw, Canadian P. 829,996, 1988, to Osaadian Electro 
Products Co., Ltd.; Chem. Ahs., 1983, 27, 2159. 

^H. W. Matheson, British P. 280,247, 1927, to Canadian Electro Products Co., Ltd.; Bnt. CAem. 
Ab 9 . B, 1929, 801. Canadian P. 289,982, 1929; CAem. A6s., 1919. 23, 8548. German P. 568.792, 1927; 
Chem. Abt., 1988, 27, 1286. German P. 588,914, 1988; (Them. Abs., 1984, 28, 8220. 

W. Matheson, Canadian P. 288,641 and 288,642, 1929, to Canadian Electro Piodueto Go., Ltd.; 
Chem. Abt., 1929, 23, 8118, 8114. 

"H. W. Matheson, Canadian P. 288,640, 1929, to Canadian Eleetio Products Cb., Ltd.; Chem. Abs., 
1929, 23, 8876. 

^ K. G. Blaikie and G. O. Morrison, U. S. P. 1,966,207, Apr. 25, 1988, to Canadian El^ Products 
Q>., Ltd.; Chem. Aba, 1988, 17, 8570. 

^ D. T. Jonei, A. RMfretr and B. Bums, Btiii^ P. 4044Rr9, 1984, 46 Imperial Giieni. Ind., Ltd.; 
Chem. Abe., 1984, 88, 3849. 

n F. W. Skirrow and O. 0. Mmriaoii, U. B P. 1.971.961, Aug. 18, 1914, to Canadian Eleetxo Products 
Cb.. Ltd.; Chem. Ab#., 1984, 11, 8686. Canadian P. 818,845, 1981: Chem. Ab$., 1988, 26„ 1071. 

fF. W. Skirrow, Q. p. Morrison and K. Q: Blaikie, Britidh P. 381,08^ 1990, to Canadian l^ro 
Products Oo., Ltd.; BrU. Chem. AU B. 1981, 861 Canadian P. Sislu, 1998: Chem. Aba, 1981, 26. 
2071. French P. 892,718, 1980; Chem. Abe., 1981, 23, 1998. 
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hydrolysis of the gum, and the nature and quantity of the acid catalyst used" 
The following example illustrates the reaction conditions: 

To 1000 parts by weight of the vinyl acetate-acetaldehyde gum (obtained by re¬ 
acting vinyl acetate with 2.7 per cent of its weight of aldehyde) are added 2000 
parts by weight of ethyl alcohol to form a solution. To this are added 460 parts of 
formalin solution and 25 parts of concentrated hydrochloric acid, and the whole 
allowed to react for 14 hours at approximately 100®C. in an autoclave. After re¬ 
covery of the solvent and the ethyl acetate formed and removal of acid, the product 
is dried. The purified derivative is described as a molding resin which can be worked 
on hot rolls and mixed with the usual fillers. 

The hydrolysis and secondary aldehyde reactions take place simultaneously. 
The hydrolysis proceeds to an extent of about 60 per cent as estimated by the 
total acid liberated, both free and as ethyl acetate. The use of less aldehyde in 
the primary condensation leads to a harder, tougher and stronger resin. Ethyl 
alcohol may be replaced by analogous solvents but its use has the advantage that 
the acetic acid is largely recovered as the ethyl ester. 

The product of hydrolysis may be isolated if required, the whole operation 
being then conducted in two stages. Use of acetaldehyde in place of formaldehyde 
in the second stage of the condensation leads to substances which are less hard and 
tough. The primary gum-like product may be made with aliphatic vinyl esters 
other than vinyl acetate, and with various aldehydes. Thus, vinyl butyrate or pro¬ 
pionate, butyraldehyde, propylaldehyde and other compounds of the same series 
ail give similar results. The primary condensation products utilized in these reac¬ 
tions do not lend themselves to the manufacture of molding resins, since they lack 
physical strength and toughness, and have softening points which are generally 
too low. 

Starting with a definite primary gum-like product the characteristics of the 
secondary aldehyde resins vary widely. Those resulting from limited hydrolysis 
are of low softening point which increases as the percentage hydrolysis is in¬ 
creased. The product of complete hydrolysis of the primary gum when condensed 
with an aldehyde gives a resin of very high softening point. The resins may be 
used either in the pure state or blended. 

A polyvinyl resin (made by hydrolysis of the ester and reaction with an alde¬ 
hyde) is employed in a composition for injection molding. Impact-strength pro¬ 
moters, lubricants, fillers and pigments are added." This resin can be used 
for phonograph records" and for paints, varnishes and enamels" by the addition 
of necessary modifying constituents. Schmidt" prepared a celluloid substitute 
by kneading a polyvinyl alcohol-formaldehyde condensation product (100 kg.) with 
alcohol (60 1.) and benzene (30 1.) at 30^0. The major portion of the solvent 
was driven off on hot rolls, and the mass was compacted at SO^’C. under a pressure 
of 20 kg. per sq.cm. The resulting Hock was cut into foils, dried and polished. 

Saponification of the polymerization product of vinyl acetate and maleic an¬ 
hydride, followed by heating of the product with formaldehyde, gives a material 
which is recommended for making resistant lacquers." 

Plastic materials are obtained by reacting a polyvinyl ester with ethylidene 
diacetate^ in the presence of anhydrous alcohol and an acid catalyst. They may be 

** F. W. Skintow Mid O. O- Moniion, V. S. F. Aug. SS, ItU, to Ouitduu ElMtro Frodust. 

Co., IM.; CKem. Abt., 1«84, 28, 8888. 

F. 410,808, UM, to Stmwioigftii Chtmicb, Ltd.; Chem. Abt., 1984, 28, 8880. 

■BritUi F. 4}6,7T0, IHt, to ^viniggn Owmiwlt, Ltd.; Brit. Chtm. Abt. B, 19M, 888. 

•F. W, BkiAow Md 8. Wkftt. Britbb F. 498,988, 1984; Cbm. Abt., 1984, 28, 4982. 

. »¥. SehteMVll. 6. F. April 1, 1988. 

• FnodTF. m.lH, 19B, to I. Q. FuIm(i1ii 4. A.-a.: ffhmn. Abt., 1988, 27, 1778. 



52. POLYVINYL ALCOHOL 


1067 


employed in the preparation of lacquers, varnishes, enamels, shellac substitutes (in 
record manufacture) and molded articles.” 

Miscellaneous Products 

The polymerization of a mixture of a vinyl halide with less than 43 per cent by 
weight of a vinyl compound containing oxygen, e.g., the acetate, in presence of 
benzoyl peroxide and a stabilizer (calcium stearate or titanium oxide) yields a uni¬ 
form moldable resin.” It is advocated for the manufacture of sound records, and 
floor or wail surfaces. After the incorporation of large amounts of plasticizers, 
the mixed polymers may be utilized as a lacquer resin, or insulating material. 
Saponification of the polyvinyl ester can be followed without cessation of opera¬ 
tion by condensation of the resulting polyvinyl alcohol with aldehyde, using hydro¬ 
chloric acid as medium and ethyl alcohol as accelerator. The condensation prod¬ 
ucts are employed for varnishes, motion picture films, records and artificial fibers “ 
Hard thermoplastic products are obtained from a mixture of vinyl and acrylic 
esters by saponification with aqueous sodium hydroxide and treatment with sul¬ 
phuric acid. The resultant product may be used for making films, filaments and 
coating compositions.” 

Yacca gum with vinyl ester polymers and vinyl ester-aldehyde products ^nelds 
a material possessing lower water-absorbing and higher warp-resisting qualities.” 

Vinyl resins are used in making composite articles with metals. The metal is 
corroded before applying the resin and the coated object is heated and cooled 
under pressure.” 

Polyvinyl alcohol, as previously noted, may be treated with an alkylene oxide 
at ordinary or raised temperature and pressure, to yield water-soluble products 
used as thickeners, sizes or plastic masses.” An accelerator such as a tertiary 
organic base may be employed. Vinyl acetate forms one constituent of an adhe¬ 
sive for uniting celluloid to glass (either vinyl acetate, glyceryl phthalate and a 
plasticizer or vinyl acetate, formaldehyde-toluene sulpjhonamide and dibutyl 
phthalate).” A splinterless glass” can be made by interposing between sheets of 
glass a highly viscous and elastic layer of polyvinyl alcohol. The polymerized ester, 
either alone or condensed with aldehydes, is also used in manufacturing laminated 
glass.” When vinyl ester resins undergo partial acetal transformation, they become 
more soluble in the usual solvents and can be utilized for making films, adhesives 
and molding compositions. The flexibility and water-resistance of the films are 
increased when a non-drying oil is added.” 

Polyvinyl alcohols react with a-haloalkyl ethers in the presence of a hydrogen 
halide and a catalyst (zinc, iron or aluminum chloride) to form compositions for 
molding, insulating materials, adhesives and manufacture of films and threads.” 

** D. T. Jones. R. Burns and A. Renfrew, British P. 407,050, 1034, to Imperial Chem. Ind., Ltd.; 
Chem, Abs., 1934, 28. 4920. 

^ F. Qroff, British P. 388,309, 1932, to Carbide & Carbon Chem. Corp.; Brit. Chem. Aba. B, 1933, 
807. French P. 768,454, 1934, to I. Q. Farbenmd. A.-0. ; Chem. Aba., 1934, 28, 3197. 

••British P. 409,507, 1034, to Soo. Nobel fran^aise; Chem. Aba., 1934, 28, 0857. 

••H. Fikentsoher, Q^an P. 001,324, 1934, to 1. Q. Farbenind. A.-G.; Chem. Aba., 1934, 28, 7448. 
British P. 410,885, 1983; Chem. Aba., 1934, 28. 1022. 

^ British P. 414,708, lOM, to Shawinigan Chemicals, Ltd.; Brit. Chem. Aba. B, 1034, 983. 

•^ French P. 788,880, 1932, to Carbide A Carbon C^em. Corp.; Chem. Aba., 19U, 27, 2052. 

••A. Schmidt, Q. Balle and K. Eiefeld, German P. 575,141, 1938, to I. G. Farbenind. A.-G.; Chem. 
Aba., 1938, 27, 3483. 

Ford and R. H. MoOarroll, British P. 885,828. 1930, to Ford Motor Co.; Chem. Aba., 1988, 

27, 2200. 

••British P. 308.507, 1932, to I. Q. Farbenind. A.*0.: Chem. Aba., 1933, 27, 3570. BritiBh P. 807,033, 
1980; Chem. Aba., 1933, 27, 3052. 

••Fr^ich P. 074,880, im, to Pollonas Ltd.; Chem. Aba., 1930, 24. 2852. 

••British P. 410,412 and 418,413, lOiTto Shawinipin Chemically Ltd.; Chem. Aba., 1935, 29, 1178, 1177.. 

•• British P. 414,899^ 1984, to I. a Farbenind. A..Q. i Chem.. Aha.,. 1935, 29, 594. 
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On adding monochlorodimethyl ether drop by drop to a boiling chloroform suspen¬ 
sion of polyvinyl alcohol, a white solid is precipitated.** 

Anotiier process for tiie manufacture of artificial threads has been advanced,” 
in which a polymerized vinyl compound dissolved in cyclohexanone is utilized to¬ 
gether with a softening agent. This is spun into a precipitating-bath containing 
acetic acid, sodium perchlorate or sodium thiocyanate, and the swollen threads are 
stretched in several increasing steps and then shrunk, before collecting on the 
receiving device. 

Among other applications, polyvinyl alcohol has found use in food preparations. 
Haehnel and Herrmann^® have proposed the utilization of polyvinyl alcohol and its 
derivatives as gelatinizing agents in the manufacture of fruit jellies. The addition 
of about 1 per cent of polymerized vinyl alcohol to ice cream preparations before 
freezing is said to improve the texture of the product by eliminating the forma¬ 
tion of ice crystals."*^ 

To prepare carboxylic acids from aldehyde'” or polyvinyl condensation prod¬ 
ucts, the resins are heated with an excess of sodium hydroxide at a temperature 
sufficient to split off tiie maximum amount of hydrogen, extracted with water and 
the product precipitated with hydrochloric acid.'” 

••French P. 765,882, 1684, to I G. Farbcnind. A.-G.; Chem. Ab»., 1634, 28, 6956. 

••British P. 887,976, 1932, to I G. Farbenind. A -G.; Bnt. Chem. Abs. B, 1983, 801. 

W. Ha^nel and W. O. Herrmann, German P. 589,201, 1933, to Consortium fUr elektrochem. Ind. 
G.m.b.H.; Chem. Abe., 1934, 28. 1423. 

^ W. O. Herrmann and W. Haehnel, U. S. P. 1,921,124, Aug. 8, 1983, to Consortium fUr elektrochem. 
Ind. G.m.b.H.; Chem. Abe., 1938, 27, 5122. 

^ See Chapter 28. 

^W. Haennel and W. O. Herrmann, German P. 588,762, 1933, to Consortium ftir elektrochem. Ind. 
G.m.b.H.; Chem. Abt., 1984, 28, 2018. 



Chapter 53 

Polyacrylic Acid and Its Derivatives 


Acrylic acid, CH8=CHCOOH, is a colorless liquid which boils at 141®C. and 
has an odor like that of acetic acid. Structurally, this acid (as well as its deriva¬ 
tives such as the esters, nitrile, amide and acid chloride) has many points in com¬ 
mon with vinyl alcohol and the esters described in the preceding c^pters.^ Acrylic 
acid is ethylene with one hydrogen atom replaced by the negative carboxyl group, 
—COOH. Like the vinyl esters, it polymerizes to a solid, which is believed to 
have the structure: 


(*:OOH ioOH ioOH ioOH 


Polyacrylic acid would thus be classed as a polybasic acid. The esters of acrylic 
acid also undergo a change to yield solids that seem to have the structure: 


(IxXDR ioOR ioOR ioOR 


Chemical differences between the hydrolytic products of polyvinyl esters and 
polyacrylic derivatives form the basis for describing them separately. Polyvinyl 
esters give polyvinyl alcohol as one of the products of hydrolysis) Poly acrylic 
acid derivatives* yield polyacrylic acid. Although ordinary polybasic acids are 
crystalline, polyacrylic acid is amorphous, as shown by x-ray examination.* 
Staudinger considers that the properties of polyvinyl alcohol are such as to class 
it with starch, but the properties of polyacrylic acid (especially its alkali salts) 
warrant its being considered an analogue of proteins.* 


Preparation of Acrylic Acid 

General methods by which acrylic acid and related acids are obtained include: 
oxidation of the corresponding aldehyde or alcohol, dehydration of /9-hydroxy- 
propionic acid, and elimination of hydrogen halide or halogen from halogenated 
propionic acids. 

Oxidation of acrolein by means of air or by shaking it with silver oxide was one 
of the early methods suggested.* The oxidation of this aldehyde in an organic 
solvent with air or oxygen is likewise feasible. For example, a 50 per cent solu¬ 
tion of acrolein in benzene kept for 14 hours at 50^C. under oxygen at a pressure 
of 10 atmospheres gives a 73 per cent yield of the acid. When the reaction is 
stopped before more than about 80 per cent of the aldehyde has been oxidized, 

^ See Cheptere 51 end 52. Compare alao atyrene (Chapter 11), another aesatively aubatituted ethylene. 

* Aocordinn to H. Staudiim and B. Tr^anmadorf (Ann., im, 502, 212; Ch^, Aha., IMS, 27, 4212), 
ethyl pol^acr:^te ia more dimeuit to hydrolyie than ia polyvinyl aeetato. 

•H. Staudinger and B. Ureeh, Mo. Chim, 12,Til; Brii. Chmn, Aha. A, 1220, H. 

^Likewiae, H. Staudinger eonaidert that polyaWrene (aee Chapter 11) ia atructu^ly a molaettlar 
model for rubber and that wlyethyleiie oxide (aee CSiapter 50) ia n model for earbdhydratea. 

4lledtenbaoher. Ami., IBM, 47. 121 
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polymerization of the aci^ is avoided* Oxidation of allyl alcohol yields acrylic 
acid along with other substances* 

When salts of hydracrylic acid* (/?-hydroxypropionic acid) are heated (or when 
the acid itseir is distilled) dehydration to the unsaturated acid results. Van der 
Burg” formed acrylic acid by treating sodium hydracrylate (prepared by hydro¬ 
lyzing ethylene cyanohydrin by means of a solution of caustic soda) with concen¬ 
trate sulphuric acid. ^-Chloropropionic acid decomposes when heated alone," 
or with aqueous alkalies,“ to give acrylic acid. Hydrochloric acid is also removed 
from ^-chloropropionic acid or its esters by passing the vaporized acid or ester over 
a catalyst, e.g., active carbon, at 180-270®C.“ Under similar conditions a-bromo- 
propionic acid yields some lactic acid as well." Acrylic acid is obtained when 
/^-iodopropionic acid is heated with * alcoholic pK)tash,“ lead oxide" or sodium 
carbonate,” or when a,/3-dibromopropionic acid is treated with zinc" or other 
metals," or when heated with aqueous potassium iodide solution." In a similar 
manner, using high temperatures, acrylic acid may be produced from a,j8-dichloro- 
propionic acid.*^ o-Bromopropionaldehyde dimethyl acetal when shaken with 
lead hydroxide or moist silver oxide is another source of the acid." 

A proposed synthesis of acrylic acid from ethylene and carbon dioxide involves 
bringing the two gases into reaction at 200-300°C. in the presence of a catalyst. 
The latter may be an acid gas, a salt or an oxide, for example sulphur dioxide 
or sodium acid phosphate. Also a mixture of ethyl alcohol and carbon dioxide 
can be passed first over a dehydration catalyst to give ethylene and then over 
the catalyst for the formation of acrylic acid. The acid can be pol 3 rmerized to a 
resin without its intermediate isolation." 

Hydrolysis of the nitrile of acrylic acid (vinyl cyanide) also gives acrylic acid. 
Baum and Herrmann" recovered vinyl cyanide after passing a mixture of acety¬ 
lene and hydrogen cyanide over heated barium cyanide or activated charcoal. 


Polymerization of Acrylic Acid 

On standing, acrylic acid polymerizes" under the influence of light or heat and 
in the presence of a catalyst. As with vinyl acetate, the polymerization of both 
the acid and its esters by ultraviolet light is much slower in air or oxygen than 
in nitrogen or carbon dioxide. Staudinger and Kohlschiitter" observed that 

•W. Bauer and P. Weiaert, U. S. P. l,8n,21», May 30, 1833, to R6hm A Haas A.-O.: Chem Abu 
Itn. 27. S»4». Britiih P. *73.326, 1931; Bnt. Chem. Abe. B. 1»*2, 832. French P. 713.261 uSlT chem’ 
Abfef 1932, 20, 1622. 

A mixt^ of air and allyl alcohol passed over hot platinum yields only a small amount of acrylic 

•f**!! wJT****’ ' ‘•®*’ ** “*• electrolyUo owdnUon 

of allyl alcohol, see H. D. Law, /. C. S., 1806, 89, 1448. 

• F. Beilstein, Ann,, 1862, 123, 872. J. Wiilicenus, Ann,, 1873, 166, 14; 1874, 174, 286; J.C.S. 1878 
21^ 409 J 1074s 20p 3S5e 

^ Moldennauer, Ann,, 1864, 131, 835. J. Wislicenus, tbtd,, 1878, 166, 23; 1873, 26, 480 

^J. BL N. Vaa der Burg, Rec, trav, chim., 1822, 41, 21; Chem. Abe., 1822. 16. 1210. 
u Krestownikov, /. Ruei. Phus.-Chem. Soc., 1878, 11, 250. 

WC. Moureu, Ann. ehtm., 1884, (7) 2, 172; C. Moureu, M. Murat and L. Tampier, Comot rend 

IwTm ») to’ **’ "■ ^ 

^ Lauth, 'Oerman P. 607,488, 1884, to R6hm A Haas A.-G.; Chem. Aba., 1835, 

29> 1885. 

^ W. Lossen and E. Kowski, Ann., 1905, 342, 128; J.C.S., 1906, 90 (1), 59. 

^W. von Schneider and E. Erlenmeyer, Ber,, 1870, 3, 340. 

^Mlsiein, Ann.i 1362, 122, 372. J. Wislioenus, ibid., 1873, 166, 2; J.C.S., 1878, 26. 403 
»r A. W6hlk, /. pnkte Chem,, 1900, (2) 61, 211; J.C.8., 1900. 78 (i). 435? 

I* W. Caspery and B. Tollens, Ann., 1873, 167, 241; Chem. Zentr., 1873, 581. 

m; ”• ««• 

MQcrokli P. im. to KOtth * H*m A-a.; Chem. Abe., 1*33. 36. 4610. 

“A r. TO.736. 1616. to ConMrtium fUr elektrochnn. Ind. 

*H, BtMtdinur •*4 H, W. Kobliehaftor, im, 64, »Wi Chem. Abe.. 1*33, 36, 1343. 



63 . POLYACRYLIC ACID 


1071 


acrylic add, illuminated in the presence of air or oxygen, underwent an especially 
rapid polymerization when, without discontinuing the illumination, the oxygen 
was displaced by carbon dioxide. Oxygen inhibits the photopolymerization not 
only of pure acrylic acid but also of its aqueous solutions. On the other hand, it 
accelerates the thermal polymerization. Addition of a small amoirnt of hydro- 
quinone prevents polymerization. Pure acrylic acid can be kept unchang^ at 
ordinary temperature for a long time. On applying heat, partial polymer-formation 
takes place below 100®C. The temperature to which this acrylic acid polymer¬ 
ization product has been raised determines the readiness with which it can poly¬ 
merize still further. Above lOO'^C. polymerization occurs rapidly and the heat 
of the reaction is such as to produce very high pressures when sealed tubes are 
used. The products obtained by polymerization of different preparations of 
acrylic acid vary in appearance, some being glassy and others, porcelain-like. 

Polyacrylic acid is insoluble in the monomeric acid and separates as a solid 
phase during pol 3 anerization, instead of forming an increasingly viscous solution as 
in the case of vinyl acetate and styrene. In this respect it resembles polyvinyl 
halides. On the other hand, the polyacrylic esters are soluble in the monomers. 

Catalysts like Florida earth have no influence on acrylic acid. Also, according 
to Staudinger and Urech," stannic chloride, which is very effective with indene 
and styrene, does not polymerize acrylic acid. On adding it to the acid a violent 
reaction occurs but on decomposition of the complex which is formed, by means 
of water or alcohol, only the monomeric acid can be recovered. The stannic 
chloride compound is probably too stable to build up into large molecules. 

The mechanism of the polymerization of acrylic acid is believed by Staudinger 
and Kohlschiitter* to involve the activation of certain molecules through the agency 
of light or catalysts, and subsequent addition of other molecules to the activated 
molecules to form long chains. This addition of molecules continues until the 
energy of the original activated molecule has been dissipated. The growing chains 
initially have free end-valences but these eventually become stabilized by ring- 
formation or by other means of saturation such as combination with catalysts, 
solvent molecules or impurities that may be present. 

That a chain reaction of many steps is the probable course is made plausible 
by the fact that monomeric acid can be distilled away from the polymeriz^ mate¬ 
rial but there is no indication of low polymers such as the dimer or trimer. Low 
polymers of the latter class have been prepared from acrylic esters by means of 
condensing agents such as sodium methylate, but their mechanism of formation 
is to be ascribed to an entirely different process, qamtly, migration of a hydrogen 
atom from one molecule to saturate a double bond of a second molecule of ester. 
The means of polymerization which leads to unsaturated, low-molecular compounds 
is illustrated by the following equation: 


COOH 

H(!) 

H,ii 


+ H.I 


COOH 

loJjH 


COOH COOH 
d:—CH,—in, 

hJ 


This type of reaction may lead to slightly higher polymers having the structure: 


HOOC THOOC 


COOH 
l-CHr-djH, 


Stftudlagw and B. UMoh, Mv. CMm. Aate, It* US; Brit. Chtm* A IMS, #4. 
• H. Stftttdiatar aad H. W. KobMiCUar, toe. ett. 
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but it does not yield saturated polymers of high molecular weight. The formation 
of unsaturated low-molecular products in this way involves splitting one molecule 
and adding the H— and carboxy-vinyl residue to saturate another molecule, and 
so on. The products thus formed are so manifestly different from the saturated 
high-molecular polyacrylic acid of photo- or thermopolymerization that the con¬ 
ception of different mechanisms for their formation seems entirely justified. 

Being completely saturated, polyacrylic acid shows no bromine absorption. 
It is also stable towards potassium permanganate and concentrated nitric acid. 
In contrast with polystyrene," when heated above 300°C. it does not yield the 
monomer. Instead, pyrolytic products of the latter are obtained and in this respect 
it resembles the polyvinyl esters. 

As with other polymeric products, a single molecular species is not formed by 
polymerization of acrylic acid or its derivatives, but a mixture consisting of mole¬ 
cules ranging in size from at least 100 monomeric units upwards, the average 
molecular size depending upon the conditions employed in the polymerization. 
Polyacrylic acid dissolves colloidally in water and also in formamide. It is dif¬ 
ficultly soluble in alcohol and insoluble in typical organic solvents like benzene, 
chloroform, acetone and acetic acid. The readiness with which it dissolves in water 
is dependent upon the way in which it is prepared. Only polymers prepared at 
a temperature above 120®C. dissolve easily. Those obtained at lower tempera¬ 
tures either yield exceedingly viscous solutions, or merely swell. Prepared at ele¬ 
vated temperatures, polyacrylic acid has a lower molecular weight than when 
prepared at low temperatures. 

An aqueous solution of polyacrylic acid can be made by dissolving the water- 
soluble polymers. Also, since it is soluble in water, acrylic acid can be polymerized 
in this solvent to form a solution of the polymer. Hydrolysis of polyacrylonitrile 
in the presence of water also gives an aqueous solution of the polymerized acid. 
Neutralization of aqueous solutions of polyacrylic acid by means of alkalies forms 
soluble salts of the acid and greatly increases the viscosity. Sodium polyacrylate 
has been suggested as a dispersing and emulsifying agent for pastes of water- 
insoluble dyestuffs," Color-lakes formed from acid dyes in the presence of an 
aqueous solution of sodium polyacrylate or other water-soluble products of high 
molecular weight, such as alkali salts of the co-polymers' of acrylic acid and 
styrene, vinyl esters or vinyl ethers, have less covering power than ordinary lakes 
but are non-bronzing.*^ Acrylic acid has been mentioned as a constituent of a 
mixture which yields a synthetic rubber after polymerization and vulcanization.** 
Varnish constituents, germicides and dye compound are formed by reacting poly¬ 
acrylic acid with organic bases or their salts (e.g., quinine sulphate, nicotine, 
methylene blue). I’he co-polymers of styrene and rialeic anhydride can be sub¬ 
stituted for polyacrylic acid to obtain the same type of products." 


Esters op Acrylic Acid 


Kahlbaum** found that methyl acrylate, on long standing in the sunlight or 
when warmed, changed into a transparent, odorless mass of density 1.222, which 
decompose when melted. Jt was insoluble in acids, alkalies, water, alcohol and 
ether, but swelled slightly in boiling acetic acid or benzene. When heated under 
reduced pressure a sdufele liquid polymeric modification distilled (b.p. 190®C. at 


W, I; 4 A.-Q.; Brit. Chem. B, m 784. 

P Fftrbcnlnd. A.-0.; Chm. Abt., 1988, 27. 8877. 
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100 mm.) which had an aromatic odor. Weger** noticed that when the methyl, 
ethyl or propyl esters of acrylic acid were distilled, they were partially converted 
into solids. AUyl acrylate polymerizes quite rapidly when exposed to sunlight." 

Although polyacrylic acid separates as a crust-like mass when the acid is al¬ 
lowed to polymerize in the light," acrylic esters under the same conditions gradu¬ 
ally increase in viscosity and pass from a viscous liquid to a glassy or rubber-like 
solid. Polyacrylic esters are soluble in the monomeric esters and in this respect 
are comparable with vinyl acetate and styrene. Polyacrylic esters also differ 
from the polymerized acid in solubility. They are insoluble in water and alcohol 
but dissolve in benzene, acetone and chloroform. The readiness with which they 
dissolve depends upon the extent to which the esters are polymerized. Only those 
polymerized at temperatures above about 120®C. dissolve freely; those obtained 
by polymerization at lower temperatures either merely swell or yield solutions 
of very high viscosity. However, if the temperature is increased sufficiently, not 
only will initially insoluble polymers gradually dissolve but also the viscosity of 
the more viscous solutions will he reduced. This is caused by the instability of the 
highest polymers at elevated temperatures and their tendency to break down into 
smaller, more soluble products." 

Staudinger and Trommsdorff" prepared a series of polymers of ethyl acrylate 
corresponding in degree of polymerization to from about 20 for the lowest polymers 
to more than 1700 for the highest. The lower polymers were obtained by dissolv¬ 
ing ethyl acrylate in butyl acetate and heating the solution for varying periods. 
The highest was obtained from the pure ester by heating it at 100®C. for 12 days. 
Table 56 shows the molecular weight and the degree of polymerization; also Ae 
change in the properties of the different members of the series as the degree of 
polymerization increases: 


Table 66. —Polymeric Modifications of Ethyl Acrylate. 



Molecular 

Degree of 


No, 

Weight 

Polymerization 

Properties of Polymers 

1. 

2200 

22 

A viscous, colorless oil. Dissolves easily in 
benzene. Solution of low viscosity. 

2. 

4000 

40 

Somewhat more viscous than 1. 

3. 

7800 

78 

Tough, somewhat fluid mass. Adheres to glass. 
Can be drawn out into threads. 

4. 

14600 

146 

Tougher than 3. Strong adhesion to glass. Can 
be drawn out into threads. Swells slightly in 
benzene, then dissolves. 

5. 

22600 

226 

Tougher than 4. Swells somewhat in benzene, 
then dissolves. 

6. 

41000 

410 

Very tough. Non-flowable. Difficultly drawn 
out into threads. Swells in benzene, then 
dissolves. 

7. 

176000 

1760 

Tough, elastic, rubber-like mass. Swells greatly 
in benzene^ then dissolves giving solution of 
high viscosity. , 

8 . 

Too high to determine. 

Very tough, elastic, rubber-like mass. Insoluble 
in benzene, but swells to 60 times its initial 
volume. 


Preparation of Acrylic Esters 

Esters of acrylic acid are formed by esterification of acrylic acid or its functional 
derivatives. AL^ they can be formed in many of the same ways in which acrylic 

»P. Woger, Ann.. 180. 22i» 86; 1884, 46, a 

«• W, Caspniy nnd B. Tolleni. Ann., 1871, 167, 241; Zentr., 1873, 831. ^ * 

^ T1ii« it anAlofOttt to the poiymetitation of vinyl cnlondt und«r the inftutnce of light. See Chapter 
51, Oonpam alto cuprane. GltM>ter 8. 

MK. Btaodinger and B- Urteh. HMv, Chim. Aeta, 1616. 12. 1128: Brit. Ch»m. A6e. A. 1620. 04. 

•*B. dtaudinger and B. Trommtdorlf. Ann.. Itt^ 802, 207; Chem, Ah«.. 1688. 27. 4212. 
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acid is produced, substituting an ester for the acid used in those reactions. The 
ethyl ester can he made by dissolving ethyl a^-dibromopropionat^ in alcohol and 
treating the solution with zinc and sulphuric acid^ or with ziiic alone.^ The 
methyl ester of a,iS-dichloropropionic acid, dissolved in methyl alcohol and heated 
with zinc which has been activated by the addition of a small amount of mercury 
or a halogen, yields methyl acrylate “ Also, /5-chloropropionic esters yield esters 
of acrylic acid when treated with alcoholic potash," or when heated with a contact 
mass prepared by first impregnating active carbon with water glass, drying, and 
subsequently mixing with phosphoric acid and heating to 200®C." An alternative 
method consists in distilling the i9-chloropropionic ester with concentrated sulphuric 
acid to give a yield of 85-90 per cent of the desired ester." Acrylic esters may also 
be synthesized by heating gradually to 160®C., /S-hydroxypropionitrile in an acid 
medium along with the appropriate alcohol and a dehydrating agent." Ethylene 
cyanohydrin" (hydracrylonitrile) treated in alcoholic solution with concentrated 
sulphuric acid, and ethyl hydracrylate" heated at about 200® C. with phosphoric 
acid or with silica gel impregnated with sulphuric acid, are dehydrated to form 
acrylic esters " Good yields of acrylic esters have been obtained by heating alco¬ 
holic solutions of the acid chloride with an acid-binding reagent." 


Other Functional Derivatives of Acrylic Acid 


Acrylic acid nitrile," chloride," amide" and anilide" also polymerize. Accord¬ 
ing to Staudinger and Urech," the polymerized amide is an insoluble horn-like 
mass. In the polymerization of the amide by heat, ammonia is given off and an 
imide is partially formed. Ammonia can split out between adjacent NH.-groups 
in the chain or between NHa-groups in separate chains and leads to a linking of 
the chains and formation of an insoluble, 3-dimensional macromolecule instead of 
a linear molecule: 

"W. Oaspary and B. Tollens, Ann., 1878, 167, 248; Chem. Zentr., 1873, 531. 

^A, Michael and O. Schulthess, /. prakt. Chem., 1891, (2) 43, 689; 1891, 60. 1184. See aleo 

O. Rdhm, Ber„ 1900, 34, 573. 

«»Gennan P. 555,983, 1929, to Rdhm d Haas A.-Q.; Chem. Abs., 1032, 26. 5904. 

«*W. Bauer, U. S. P. 1.864,884, June 28, 1932, to Rohm A Haas A.-G.; Chem. Ah$., 1982, 26, 
4345. British P. 816,547, 1929; Chem. Aba., 1930, 24, 1867. French P. 678,744, 1929; Chem. Aba., 
1980, 24. 3516. German P. 546,141, 1928; Chem. Abe., 1932. 26. 3261. 

MBritish P. 351,518. 1981, to I. Q. Farbenind. A.-G.; Chem. Abe., 1982, 26, 2988. French P. 709,627, 
1981; Chem. Aba., 1982, 26, 994. 

«B, Jacobi and H. Fikentscher, U. 8. P. 1,^,613, Nov. 7, 1983, to I, G. Farbenind. A.-G.; Chem. 
Aba., 1934, 28, 483. Germat. P. 571,524. 1933: Chem. Aba., 1933. 27, 4243. 

«*W. Bauer, German P. 571,123, 1928, to Rdhm A Haas A.*G.; Chem. Aba., 1933, 27. 2692. 

«TW. Bauer. U. 8. P. 1.829,208, Oct. 27. 1931, to Rdhm A Haas A.-G.; Chem. Aba., 1932, 26, 735. 
Bntish P. 318,8n, 1929; Chem. Aba., 1930, 24, 1120. 

«W. Bauer, U. 8. P. 1,890,277, Dec. 6. 1932, to Rdhm A Haas A.-G.; Chem. Aba., 1983, 27, 1639. 
British P. 361,153, 1930; Brit. Chem. Aba. B, 1982, 251. French P. 707,154, 1930; Chem. Aba., 1932, 26, 
479. French P. 675A27, 1929; Chem. Aba., 1980, 24, 2756. German P. 575,724, 1938; Chem. Aba., 1933, 
V, 4244. 

^According to K. N. Welch CJ.C.8., 1930, 257) ethyl di(hydroxymethyl)malonate decomposes when 
heated, giving large quantities of tar 

WW. Bauer and H. Lauth, U. S. P. 1,951,782, Mar. 20. 1984, to Rdhm A Haas A.-Q.; Chem. Aba., 
1934, 28, 3417. German P. 570,955, 1983; Chem. Aba., 1988, 27, 4244. 

^J. H. N. Van der Burg, Rec, tnv. ehim., 1922, 41, 21; Chem. Aba., 1922, 16, 1210. Qyanoacetyl 
ehlwide changea after a few days to a brown resin. See G. Schroeter, C. Seidler, M. Sulsbacher and 
R. Khnits, Ber., 1982, 6S, 482; Chem. Aba., 1982, 26, 2982. 

••C. Mouren {BuU. aoc. chim., 1898, (8) 9, 890; J.C.S., 1898, 64 (1), 548) prepared the acid chloride 
by the reaction of sodium gcrylate and phosphorus oxychloride. The acid chloride reacts with alcohols 
to form esters of ^^chloropippionfc add. Another method of making the add chloride consists in 
heating chloropropionyl chloride in contact with substances which extract hydrogen halide, such as 
barium chlorida of ahimina. See H, Fikentmjher, German P. 577,040, 1988, to I. Q. Farbenind. A.-G.; 
Chem* Abs.| 1918, 27, 9960. BriUsh P. 338,079, 1980; Chem. Aba., 1981, 25, 524. French P. 697,311, 
1980; $hefa. Aba, 1981, 25. 8014. 

61 c, Moiareu, Ana. chim., 1894 <7) 2, 175. ' 

MH. Staudhigir and R Chim. Acta, 1929, 12, 1182; $rit. Chem. Aba. A, 1980, 64. 

H, Staudinger and E. Ureoh, loc. ctf. 
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-CH,—CH-CH,—-CH- 


—!—NH, H—I—N 

' .^ 

The anilide, when heated for 3 days at 130°C., changes to a dark brown, horn¬ 
like product which is insoluble in water and in all organic solvents. A similar 
material results from heating polyacrylic acid chloride with aniline. The nitrile 
can be polymerized by emulsifying it with water and heating it to 100®C. with 
the addition of hydrogen peroxide. Polymerized acrylonitrile may be saponified 
to give polymeric acids from which the corresponding polyacrylic esters are de¬ 
rived.” Resinous products were obtained when Auwers and Ungemach” at¬ 
tempted to condense the nitrile with diazomethane. By heating acrylic acid chlo¬ 
ride to 150°C. it polymerizes to a brown insoluble mass. Bases such as tnethylene- 
tetramine or bipiperidyl serve as catalysts. Under the influence of ultraviolet 
light at ordinary temperatures an almost colorless, glassy product is obtained, 
which also is insoluble in all solvents. When polyacrylic acid is treated with 
phosphorus trichloride or thionyl chloride, the same type of insoluble product is 
obtained. 

Soluble resins that were suggested for use with nitrocellulose in lacquers are 
obtained by treating the polymers of acrylic acid chloride or nitrile under pressure 
at 35-150°C. with substances capable of reacting with the Cl- or CN group. Water 
reacts to form polyacrylic acid, or with less than an equivalent amount of water 
present to form polyacrylic anhydride. Aqueous solutions of alkalies give salts 
of polyacrylic acid. Ammonia, primary and secondary amines form the polyamide 
and substituted polyamides. Other reactants which can be used are alcohols, 
hydrogen sulphide, mercaptans, or malonic and acetoacetic esters. Also co¬ 
polymers of acrylic acid chloride or nitrile with vinyl acetate, acrylic esters or 
styrene can be treated in the same way.” A solution of sodium polyacrylate, ob¬ 
tained by hydrolysis of polymerized acrylonitrile by means of sodium hydroxide 
solution, is recommended as a dispersion agent for preparation of pastes of water- 
insoluble dyestuffs for printing or as an emulsifying agent for oil-water emulsions.” 

Polymerization of Acrylic Acid Derivatives 

Acrylic acid and its derivatives can be polymerized by heating them in the 
presence of oxygen or organic peroxides. A solvent such as acetone may be pres¬ 
ent.” Also mixtures of acrylic acid derivatives with other polymerizable substances 
can be subjected to light or heat in the presence of a polymerization catalyst to 
yield co-polymers. For example, a mixture of ethyl acrylate with vinyl acetate 
may be polymerized,“ or a mixture of acrylic acid, its esters or nitrile with styrene.” 
The co-polymerization of acrylic and vinyl esters results in the formation of 
products hydrolyzable to lactones when treated with strong acids.” In general, 

«®H. Mark and H. Fikentscher, German P. 580,331, 1933, to I. G. Farbenind. A.-G,; Chem. Abf., 
1983, 27. 4816. 

K. von Auwers and O. Ungemaoh, Ser., 1983, 56. 1196. 

«H. Mark and H. Fikentscher, U. S. P. 1.964,417, Dec. 18, 1984, to 1. G. Farbenind. A.-O.; Chem. 
Abt., 1985, 29. 856. British P. 851,508, 1980, to 1. Q. Farbenind. A.-G.; Chem. Abs.. 1932, 26. 8138. 
French P. 607,487. 1980; Chem. Ab»., 1981, 25. 8018. 

^BHtish P. 869,915, 1981, to I. G. Farbenind. A.-Q.; Brit. Chem. Abe. B, 1982, 764. 

•» British P. 804,681, 1928, to Rdhm A Haas A.-Q.; Chem. Abe., 1989, 23, 4784. French P. 668,711, 
1928; Chem. Abe., 1980, 24. 629. 

•^French P. 697,603. 1930, to 1. G. Farbenind. A.-Q.; Chem. Abe., 1931, 25, 8186. 

British P. 871,896, 1980, to I. G. Farbenind. A.^Q.; Brit. Chem. Abe. B. 1982, 68$. See also 
French P. 715.961, 1981: Chem. Abe., 1982, 26. 2053. 

^French P. 765,2n, 1981, to I. O. Farbenind. A.-0.; Chem. Abe., 1934, 28, 6956. British P. 
416,885, 1984: Chem. Abe., 1985, 29, 1181. 
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oo^pdyxners are insoluble in water and are recommended for forming threads, 
coatings or binding agents. Furthermore, acrylic acid derivatives can be p^ly- 
in mixture with butadiene. Thus, a mixture of butadiene and acrylonitrile*^ 
or acrylic esters** is heated and the co-polymers, after being milled with lainp- 
black, can be vulcanized to form rubber-like masses. Molded objects resembling 
celluloid are obtained by working, in the manner used for manufacture of celluloid, 
the co^polymers formed with vinyl chloride, acrylonitrile, acrylic acid, styrene or 
^-chlorobutadiene in mixture with acrylic esters, vinyl ethers or alkyl vinyl ke¬ 
tones." A proportion of at least 20 per cent acrylic acid nitrile in the co-polymer- 
ization product mixture is stated to be advantageous.** The poljmerization of 
these compounds may be carried out in a paraffin oil solution, and since the poly¬ 
mers, so formed, are insoluble in this solvent the recovery of the resinous products 
is facilitated." Acrylic acid derivatives can also be polymerized with maleic an¬ 
hydride to form heteropolymers.** 

Emulsions of acrylic esters containing a polymerization catalyst can be heated 
or exposed to light and the polymer afterwards separated. For example, methyl 
acrylate, emulsified with water containing sodium isopropylnaphthalenesulphonate 
and hydrogen peroxide, and heated to 70-90*C., yields a latex which can be pre¬ 
cipitated by addition of hydrochloric acid. This product can be formed into rub¬ 
ber-like threads or films. Other pol 3 anerizable substances such as styrene, acrylic 
acid, acrylonitrile, butyl methacrylate or vinyl acetate can be mixed with the 
acrylic ester before polymerization,** and the resulting aqueous dispersions may be 
used as adhesives.'^ Another polymerization process for methyl acrylate consists 
in emulsifying the ester in water with sulphonated castor oil as emulsif 3 ring agent 
and heating in a closed vessel with 1 per cent of a peroxide catalyst. As soon as 
the desired degree of polymerization is reached the reaction is terminated by addi¬ 
tion of cold water. This makes the reaction controllable even in large-scale opera¬ 
tions. Vinyl acetate may be mixed with the acrylic ester and a co-polymer of the 
two obtained in this way.*' Co-polymers of acrylic acid derivatives and vinyl 
ethers are also formed by emulsifying the mixture and subjecting the emulsion to 
one of the above treatments. Vinyl ethyl or butyl ether, or glycol vinyl ethyl 
ether can be mixed with acrylonitrile or methyl acrylate to give products that 
range from rubber-like to celluloid-like masses.” 

^ Dykstra” polymerized esters of other unsaturated acids (maleic or fumaric acids 
and ^eir homologues) with the aid of heat and actinic light. Catalysts such as 
benzoyl peroxide and triethyl-lead acetate may be used to advantage in this reac¬ 
tion, and the resins, so obtained, are said to be useful in the preparation of lacquers. 


P. 860,831. 1360, to I. O. Farbenind. A..Q.; Chsm. Abt., 1388, 27. 1386. French P. 
716.363. 1381; Chem, Abt., 1383, 26. 3086. 

M British P. 860.833. 1380. to 1. Q. Farbenind. A.-Q.; Chem. A6f.. 1338, 27. 1386. French P. 
716.688, 1311; Chem» Abt., 1383, 26, 3086. 

«Fmeh P. 738X61, 1381. to 1. Q. Farbenind. A.*Q.; Chem. Abt., 1383. 26. 6081. 

«Britkdi P. 411X60, 1384, to Rdhm A Rama A.-Q.; Chem. Abt., 1384, 28. 6366. 


•TBritiah P. 404X04. 1388. to ROhiii A Rim A.-Q.; Brit. Chem. Abt. B. 1384, 344. French P. 
768.046, IM; Chem. Abt., 13M. 28. 783. 

•*A. Toaa and E. Diekhftuaer. Oarmaii P. 640,101. 1380, to I. O. Farbenind. A.-0.; Chem. Abt., 
tm, tB, 1811. Britiafa P. 876.479. 1381; BrU. Chem. Abt. B. 1383. 348. French P. 713,146. 1381; Chem. 
Abi., 1333, 28^ 8833. 

«»BfHiah P. 868X84, 1380, to 1. Q. Faibanhid. A.-Q.: BrU. Chem. Abt. B. 1383, 173. French P. 
713,301, 1381; Chem. Abe., 1303, 26, 1880. 

^Frmeh P. 778,841, 1334, to 1. O. FaiMnd. A.-0.; Chem. Abt., 1386. 29, 1363. 
nj^iitlih P. 874,486, 1381, to R8hm A Haas A.-0.; Brit. Chem. Abt. B, 1383, 878. Fianch P. 
763,331, 1381; Chem. Abt., 1383, 26, 304. For a reviem of the iNreparation of eo-polymeriaed acrylic 
eatore and Hbyl aoolato prodiiete aeo F. OhI, 1384, 6, 66; ChmA. Abt., 1104, 21, 4r3. 

2Bri« P. r9$,m, tm, to L a PatbUnd. A-O.; BW4. dW. Abt. B, iSk, 861. 

V ^ jfita. 80,1314, to B* I. do jSnt do Ntnowni A Co.; Chem. Abt., 

1334, 21; 1887. Brit£di P. 883,407. 1388 ; Chenk Abe., 1388, 27, 4730. 
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Uses of Poltacrylic Acid Derivatives 

By ovaporation of thin layers of solutions of polymerized acrylic esters, tough, 
clear films are formed which are water-resistant and durable. Rohm"** proposed 
the use of such solutions as coating compositions, or for impregnating wood and 
fabrics. As solvents he used acetone or ethyl acetate. When exposed to ultra¬ 
violet light the films are hardened. Coating compositions can al^ be made by 
dissolving the unpolymerized esters in a solvent and carrying out the polymeriza¬ 
tion reaction in solution. Another coating composition consists of cellulose ethers 
mixed with polyacrylic esters, using an aqueous solution of water-soluble alkyl 
cellulose and an emulsion of the polymerized ester.” 

A 10 per cent solution of ethyl polyacrylate in acetone is recommended as an 
adhesive for sticking paper or fabrics to metal.” As the cementing and supporting 
layer for laminated gla^,” polyacrylic esters seem promising on account of their 
adhesion and rubbery nature, which lends non-splintering qualities to glass.” 
Giesel” has suggested the employment of ethyl or methyl polyacrylate for this 
purpose.” Cellophane or cellulose acetate coated with a polyacrylic ester yields 
non-brittle, transparent, binding sheets for shatterproof glass.” Methods for 
making compound glass have been described” in which the adhesive agent is pre¬ 
pared by polymerizing mixtures of unsaturated compounds containing derivatives 
of acrylic acid. For example, an adhesive for this purpose can be produced by 
polymerizing a mixture of methyl acrylate, vinyl cyanide and isoprene. The con¬ 
densation product formed by the reaction between maleic anhydride and castor oil 
or 1,3-butylene glycol can be mixed with polyacrylic esters and serve to increase the 
adhesion to glass and to make the polymers less brittle when cold.” Copolymers 
of vinyl esters and acrylic esters have also been proposed for the supporting 
layer between glass plates.” These ester polymers are likewise used for attaomUg 
metal, textile, glass or leather surfaces to one another.” Their elasticity, insolu¬ 
bility in oil and water and light-resistance enhance their utility in making shatter- 

Rdhm, German P. 295,840, 1915; /.S.C./., 1917, 290. For a review of chemical and physical 

pj^perties of polymerised acrylic esters with respect to their use as lacquer raw matenals see A. W. 
Van Heudceroth, Ctrc., Nat. Paint, VamnUh and Lacquer Assoc., 1984, 472, 854. 

British P. 808,284, 1927, to I. G. Farbenind. A.-G.; CAem. Abu., 1930, 24, 289. French P. 35,929, 
1928, addn. to 015,875. German P. 642,287, 1927. 

n British P. 811409, 1929, to Rdhm A Haas A.-G.; Chtm. Ahs., 1989, 24, 981. French P. 578.989, 
1929 ; Chem. Abs., 1980, 24, 2550. See also W. Bauer, U. S. P. 1,982,945, Deo. 4, 1984, to Charles Lennig 
A Cb.; Chem, Abs., 1985, 29, 528. German P. 575,327, 1938, to Rohm A Haas A.-G.; CAem. Abs., 1988, 
27, 3570. 

^ See CAem. Age (London), 1982, 27, 472. 

‘»H. Staudinger and E. Trommsdorff (Ann., 1988, 502, 212; CAem. Abs., 1933, 27, 4213) noted that 
ethyl acrylate, polymerised to a degree corresponding to between 100 and 500 monomeric groups per 
molecule, shows very remarkable adhesion to glass. The lower polymers and also the polymers of 
higher degree do not show adhesion to as great an extent. 

f»E. Giesel, British P. 298,571, 1928; CAem. Abs., 1929, 23, 1781. French P. 559,964, 1929; CAem. 
Abs., 1980, 24, 1951. 

*^The adhesive (polymerised vinyl, acrylic or itaconic esters) for glass and interposed sheets of 
celluloid can be intr^u^ between the properly spaced layers through a fine tube and the sheets 
united under heat and pressure. See W. L. Munro, U. 8. P. 1,960,970, Nov. 18, 1984; CAem. Abs., 1985, 
29, 559. British P. 8M,153, 1932, to Oonsortium ffir elektrochem. Ind. Q.m.b.H.; Brit. Chem, Abs. B, 
1988, 105. 

UL. J. B. Forbes and W. B. Hill, British P. 405,544, 1984, to Triplex (Northern) Ltd.: CAem. Abs., 
1984 28 4858 

«L.* Vivian, D. SconOi and J. Wilson, British P. 889,115, 1988, to Triples Safety Glass Go.. Ltd.: 
Chem. Abs., 1988, 27, 5920. British P. 889,151, 1988; CAem. Abs., 1988, 27, 5520. J. Wilson, British P. 
889,105, 1950; CAem. Abs., 1988, 27, 5920. D. Scorah and J. Wilson, British P. 419,857, 19M: BrU. 
Chem. Abs. B, 1985, 98. 

«Q. XriLnslein, A. Voss, and E. Dickhfiuser, Gennan P. 547,884, 1950, to I. G. Farbenind. A.-Q.; 
Chem, Abs., 1988, 20, 8588. British P. 857,588, 1981, addn. to 8494»8; BrU. Chem. Abs. B, 1982, 428. 
Frmh P. 45,115, 1581, addn. to 595W; Chem, Abe., 1581, 27, 824. 

M British P. 858,587, 1581, addn. to 115,288, to I. Q. Mmmd, A.-Q.; Brii. Chem. Abs. B, 1982, 
507. 

«F. Ohl, CMatine, Leim. KlebHege, 1984, 2, 147; CAem. Abs., 19M, 28. 7487. 
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proof glass.** Mixed with such resins as toluenesulphonamide-formaldehyde, poly- 
acrylic esters are stable towards light and are plastic at low temperatures.*’ 

A sheet of polyacrylic ester can be used alone as a glass substitute."* However, 
plasticizers such as phthalic esters or monacetin may be added to increase the 
viscosity and to make the layer tougher.** The sheet can also be strengthened by 
supporting it on a metal screen. For example, wire gauze is dipped into a concen¬ 
trated solution of the polymer, lifted out and allowed to drain.** 

Rohm*^ proposed a rubber substitute, made by heating a polymerized acrylic 
ester with sulphur. As a material for floor coverings or as a leather substitute, 
derivatives of polyacrylic acid are mixed with fillers (cork dust, talc and carbon 
black) and softeners.** Films and other colloidal products of high degree of 
polymerization acquire undesirable electric charges which are said to be reduced 
by including, during the preparation, polymeric carboxylic acids or their salts. 
A proposed resin of this kind consists of a mixture of polyacrylic acid and poly¬ 
vinyl chloride, films of which may be formed from ^chloromethane solution.** 
Insulation for wires or cables consists of polymerized acrylic acid, its esters, 
acid chloride or nitrile, together with paper, mica and linoxyn.** Sheets imperme¬ 
able to gases and suitable for gas-masks are made by pressing together alternate 
layers of leather, cloth or paper, and a film about 0.5 mm. thick of ethyl poly- 
acrylate or polyvinyl acetate.** 

Derivatives of polyacrylic acid possess characteristics favorable to the produc¬ 
tion of molding compositions and other artificial masses. Plastic materials may be 
formed by treating a chloroform solution of acrylic acid esters with chlorine in 
the presence of sunlight.** This method is said to impart improved mechanical 
properties to the product as well as to increase the softening point and resistance 
to solvents. A white porous mass was obtained from a chloroform solution of 
pblymerized methyl acrylate by treating with chlorine, removing the resultant 
hydrochloric acid and blowing in steam. The product may be mixed with linseed 
oil to give a plastic material.*" A mixture of methyl acrylate and vinyl acetate 
polymerized by heat, electrical energy or light in the presence of the usual cata¬ 
lysts yields a resin which may be molded.** The metallic (e.g., silver, mercuric, 
ferric, nickel, cobalt) polyacrylates and polymethacrylates are said to possess use¬ 
ful thermoplastic and film-forming properties.*® Masses to be employed in mak¬ 
ing sound records are produced by kneading an iron powder with polyacrylic com¬ 
pounds until the agglomerated particles of metal are broken down to 6-8 m."” 

In addition to molded articles, polyacrylic acid derivatives have found applica¬ 
tion in preparing lacquers, varnishes and other coating compositions. Acrylic 


* H. Wieaenthal, Kunstntoffe, 1934, 24, 104. 

French P. 724,002, 1981, to I. G. Farbenind. A.-G.; Chem. Ab$, 1932, 26, 4929. 

» French P. 666,366, 1928, to Rohm & Haas A.-G.; Chem, Ah»,. 1930, 24, 1477. 

British P. 365,712, 1930, to Rohm A Haas A.-G.; Chem, Abe,, 1932, 26, 5580. French P. 38,568, 
1930,^addn. to 666,366; Chem. Abe., 1932, 26, 1078. 

»French P. 40,311, 1931, addn. to 666,366, to Rohm 4 Haas A.-G.; Chem. Abe., 1933, 27, 818. 

«0. R5hm, British P. 613, 1913; Chem. Abe., 1914, 8, 2268. 

“British P. 371,812, 1930, to I. G. Farbenind. A.-G.; Brit. Chem. Abe. B, 1932, 597. French P. 
718,930, 1931; Chem. Abe., 1932, 26, 3898. 

“M. Hagedom and A. Ossenbrunner, Gennan P. 604,456, 1934, to 1. G. Farbenind. A.-O.; Chem, 
Abe., 1985, 29, 860. French P. 757,786, 1934; Chem. Abe., 1934, 28, 3198. 

“O. Rdhm and W. Bauer, U. S. P. 1.982,831, Dec. 4, 1984, to Rdhm 4 Haas A.-G.; Chem. Abe., 
1985, 39, 528. British P. 340,677, 1929; Chem. Abe., 1981, 25, 4638. 

“British P. 378,947. 1931, to R5hm 4 Haas A.-G.; Brit. Chem. Abe. B, 1932, 722. French P. 
729,640, 1981; Chem. Abs., 1982, 36, 6035. 

“British P. 395,291, 1938, to Rdhm 4 Hias A.-G.; Chem. Abe., 1934, 28, 270. French P. 750,873, 
1938; Chem. Abe., 1984, 28, 1207. ' C/. F. B. Dehn, British P. 401.653, 1932; Brit. Chem. Abe. B, 1934, 
168. 

“W. BAuer, Oammn P. 596,679, m to Rdhm 4 Htas A.-G.; Chem. Abe.. 1034, 28, 5186. 

“Brit^ 857,171, toil, to t 0. Farbenind. Chem. Abe., 1983, 27. 3572. 

“W. <k0eu, Britirii P. 429433 and 429489, 1984, to I. G. Farbenind. A.-0.; Brit. Chem. 
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acid forma an active constituent in a polymerization mixture of vinyl compounds, 
the products of which may be used in making lacquers Aqueous dispersions said 
to be useful for coating and impregnating leather, wood, paper and textiles*" are 
prepared by polymerizing an aqueous emulsion of methyl acrylate with hydrogen 
peroxide at 70-96®C. with the addition of a small amount of Turkey-red oil and 
sodiiun di-isopropylnaphthalenesulphonate. Products applicable to a variety of 
uses result when acrylic esters are polymerized with styrene in the presence of a 
non-solvent liquid and a peroxide polymerization catalyst.*" For example, a mix¬ 
ture of styrene and butyl acrylate along with toluene and benzoyl peroxide 
polymerizes to yield a viscous solution which may be utilized without further treat¬ 
ment for coating purposes or for the preparation of lacquers. Mixed polymeriza¬ 
tion products of vinyl ethers with acrylic esters, amides, anilides or nitriles have 
found use as binding agents and in the manufacture of varnishes and lacquers. Also 
in admixture with fillers, fabrics and pigment, substitutes for oilcloth, leather and 
linoleum may be produced.*" 

Printing inks*" have been described in which a w'ater-soluble coloring matter 
is added to an aqueous dispersion of amorphous polymers. A typical ink consists 
of Diamond Green G, glycerol, thioglycol, alcohol, starch and the sodium salt of 
polyacrylic acid. 

Polymerized acrylic esters are stated to render fabrics impermeable to gases, 
thus producing a useful material for the manufacture of gas masks.*" Synthetic 
resins of practical importance have been produced by condensing polyacrylic acid 
with organic hydroxy compounds.*" Waterproofing of fibrous materials is said 
to be accomplished by immersing the cloth m a solution of the ammonium salt 
of polyacrylic acid and subsequently treating the fabric with a solution of aluminum 
acetate to form an insoluble salt of the polymer.*" Water-soluble salts of poly¬ 
acrylic acid may also find use in the preparation of photographic films.*" 

Halogen Substitution Products op Acrylic Acid 

Monobromo derivatives of acrylic acid may be obtained from o- and /9-dibromu- 
propionic acids by elimination of a molecule of hydrogen bromide. a-Monobromo- 
acrylic acid may be so prepared by subjecting a-dibromopropionic acid to treat¬ 
ment with alcoholic potash with subsequent addition of sulphuric acid to liberate 
the free acid. The product slowly loses hydrogen bromide on standing to give a 
soft brownish mass.**® In a similar manner, iS-bromoacrylic acid may be derived 
from the corresponding /5-dibromopropionic acid.*** 

Wagner and Tollens*** observed that a yellow gelatinous substance was obtained 
when /9-bromoacrylic acid was heated with alcoholic potash. The dried product 
is insoluble in alcohol, ether and water, although a pronounced swelling of the 

P. 318,1928, to I. G. Farbenind. A.-G.; Chem. Ab8., 1930, 24. 1236. French P. 676,424, 
1929; Cham. Ab«., 1980, 24, 2846. 

^British P. 887,786, 1983, to I. G. Farbenind. A.-G.; Cham. Aha., 1983, 27, 4700. 

Fikentsoher and W. Wolf, U. S. P. 1.983,082, Oct 81, 1983, to I. G. Farbenind. A.-G.; Chem. 
Aha., 1934, 28. 592. British P. 871,396, 1932; Cham. Aha., 1933, 27, 3870. 

British P. 378,648, 1932, to 1. G. Farbenind. A.-Q.; Cham. Aha., 1983, 27. 8788. 

»»British P. 873,238, 1982, to I. G. Farbenind. A.-0.: Chem. Aha., 1983, 27, 8627. 

»»British P. 878.947, 1930, to Rhhm A Haas A.-G.; Chem. Aha., 1933, 27. 8264. For the use of 
acrylic add esters on teitUes see W. H. Moss, British P. 414,040, 1934, to British Celaneae, Ltd.; Chem. 
Ab« * 1988. 29. 887. 

^ A. Voss and B. Dickh&user, German P. 879,284, 1983, to I. O. Farbenind. A.-Q.; Cham. Aha., 
1938i 27 4944. 

»» British P. 871,041, 1982, to 1, O. Farbenind. A.-Q.; Cham. Aha., 1984, 28. 8914, 

»» French P. 789.442, 1984; to 1. Q. Farbenind. A.-O.; Cham. Aha., 1984. 28. 8882. 

uoQ. Philippi and B. Tollens, Ann.. 1874, 171. 888; /.C.S.. 1874, 27, 686. 

uiR. Wagner and B. Tollens, Ann., 1874, 171. 846; /.C.S., 1874, 27. 686. 

1341R. Waimer and B. Tolleiis. Ann.. 1874, 171. 858: 1874, 27, 681. M. Garino and 0. Bomate 

(Gfocs. chim. tfiA., IWf 57. Cham. Aha., 1917. 2I..8600) obtained a pitch when an alcoholic eoliitlon 
of chlorobromopyruvic Idd and ctndiooine was svigmrated. 
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resmous material takes place in the solvents. Saturation was indicated by the 
failure of the material to react with bromine or iodine. Complete solution was 
obtained by using ammonium hydroxide, from which the mass could not be pre¬ 
cipitated by the addition of mineral acids. A somewhat similar porous product 
was obtained by allowing /9-bromoacrylic acid to stand over concentrated sulphuric 
acid. However, the latter polymer (Mered from the first in that it could be pre¬ 
cipitated from its ammoniacal solutions. A third polymeric substance, obtained 
by treating the potassium salt of the /3-bromoacrylic acid with ethyl bromide, was 
insduble in ammonium hydroxide. In all three instances, analysis indicated the 
pol 3 maeric formula, (C 8 H 408 )n.“* 


Preparation and Polyi^erization op Methacrylic Acid 


Lossen and Qerlach“* used as a starting material for the synthesis of meth¬ 
acrylic acid (a-methylacrylic acid), a-bromoisobutyric acid. A yield of 8 per 
cent of the acid was obtained by splitting off hydrogen bromide with water, 14.8 
per cent with 1 N sodium hydroxide solution at 80°C., and 75 per cent with 25 
per cent alkali. On the other hand, /3-bromoisobutyric acid yields only meth¬ 
acrylic acid under all of the foregoing conditions. Methacrylic acid may also be 
prepared by dehydrating a-hydroxybutyric acid with phosphorus pentoxide.'“ 
Crawford"* synthesized methacrylic acid by heating acetone cyanohydrin in con¬ 
centrated sulphuric acid at 100-110®C. Polymerization is prevented by the addi¬ 
tion of sulphur or diphenylamine. 

Methacrylic acid is very susceptible to polymerization."^ It undergoes poly¬ 
merization upon distillation, long standing, addition of a few drops of acid or when 
its aqueous solutions are heated at 130®C. The product obtained in the latter 
instance is a white porcelain-like mass, insoluble in all neutral solvents. A marked 
swelling similar to that of gums and starches takes place when the polymer is 
added to water. The polymerization product is a weak acid which may be dis¬ 
solved in ammonium hydroxide and reprecipitated with hydrochloric acid. Gummy 
masses result when its ammoniacal solutions are treated with barium or calcium 
chloride. According to Mjoen,"* polymethacrylic acid begins to decompose at 
200®C. and volatilizes at 300®C. without melting. Moreover, the polymer is quite 
resistant to oxidation, being unaffected by potassium permanganate or chromic 
acid. Titration of this weakly acidic substance with barium hydroxide solution 
indicates that it is an octabasic acid and in view of the molecular weight estima¬ 
tions, the formula (C 4 H« 0 ,)x has been proposed, where x has a value in the 
neighborhood of 8. 

The zinc and lead aalts of methacrylic acid polymerize readily upon heating."* 
The esters of alkylated acrylic acids have been used as sources of resinous prod¬ 
ucts."* For example, Fleming and Renfrew"^ used methyl methacrylate and 


>»W. LoMen and K Kowtki (Ann.. 1905, 342. 188; 1000. 90 (1). 59) ooniider this tubatanoe 

to be polymeriaed psmivio acid, ainoe a ayntp obtained by .extracting an alkaline aolution of the polymer 
with ether coihbined with phepylhydrasine to give the phenylhydnunde of pyruvic soid. 

W, Loaaen and O. Qerlach, Ann.. 1905, 343. 112; Jf.CJi., 1900. 90 (1), 01. 
u* French P. 747.005. 1938, to Imi^l Cbem. hd.. Ltd. ; Cftem. A6«.. 1983. 27, 4308. 

»J. W. C. Crawford. Britiah P. 400.099. 1982. to Imperial Chem. Ind.. Ltd.; BriL CAem. Aha. B. 
1984. 318. 

htE. Fittig and B. Bogelhom, Ann., 1880. 200. 05; /.C.S.. 1880. 38. 378. 

J. A. MlOen, Bar., 1897. 30. 1227; 1897. 72, (1). <99. 

W. Loaaen and O. Qerlaoh. foe. dt. 

ChaluMra. Cohadian P. 814,118, 1981; CAem. Aba., 1981, 25, 5177. For the preparation of 
eeCert of methaerylie aeid aae J. W. O. C^wford. Bri^ P. 41oji08. 1914. to Inwerial Ohem. M.. Ltd.; 
CAem. Aba.. 1984. 28, 8157. Britiah.f. 419.457.19N; BrU, CAem. Aba. B, lOSTST W. Cocker. J. 8. H. 
Daviaa apd A. Hill, Britiah P. 409.738. lA. to Imperial CSicm. M.. Ltd.; CAei^ Aba.. 1984, 28. 0157. 

j, 8, B. FkiQiiif and A. Bcnfm, BritUh P. ^84^. 1988, to Imperial Cham. lira.. Ltd.; CAem. 
Aba., 1984. U, 1413. A. Banfre#. BHtiih P.^<855. m; Aba.. 1984. 28. 1498. See alra H. T. 

Bi HoHander, 0. 8. P. hm,m, Nov. 28. 1988, to Rohm A Haae A.»0.; CAem. Aba., 
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products^ obtained by polymerizing mixtures of methyl acrylate and ethyl meth¬ 
acrylate in the manufacture of an adhesive to be used in the production of lami¬ 
nated glass. Plastic products of commercial significance may be obtained by 
polymerizing methyl methacrylate by exposure to light and heat, using an organic 
peroxide or ozonide as a catalyst.^ In this manner a thermoplastic resin has been 
prepared which softens only above lOC'C. and can set within a small temperature 
range from a moldable to a rigid, solid condition.^ Plasticizing agents, fillers and 
insoluble coloring matter are milled with the acrylic acid derivatives prior to 
polymerization. The resulting polymer is powdered and molded under pressure 
(200 pounds per square inch) at 80-200®C. The ethyl ester of methyl acrylic 
acid, also, yields plastic resins under somewhat similar conditions.^ In one in¬ 
stance the polymerization is carried out by means of heat or light and with the 
aid of a benzoyl peroxide catalyst. The resulting polymers are softened by the 
addition of dibutyl tartrate and dissolved in ethyl acetate. Evaporation of the 
solvent leaves a film of such character as to recommend it as a boiler-limng or for 
protective coatings in general. 

Before painting rubber surfaces, Munzinger^ suggests applying an inter¬ 
mediate coating of a polymethacrylic ester in benzene solution (containing a soften¬ 
ing agent and rubber). When methacrylonitrile is polymerized alone or with such 
substances as methyl methacrylate, bubble-formation or distortion due to con¬ 
traction on cooling is obviated by using a vessel provisionally prepared with a 
flexible rubber or metal-foil lining." 


Resinous Products from Crotonic Acid Derivatives 


Crotonic acid (/s-methylacrylic acid) does not polymerize as readily as meth- 
acrylic acid to give resins," but its esters and other derivatives form useful poly¬ 
mers. Schmidt" reports that the polymers of crotonic acid have been obtained 
in varying degrees of hardness. They are colorless, light-stable and compatible 
with natural and synthetic resins, plasticizers and most cellulose esters and ethers. 
Crotyl cellulose in combination with a drying agent may be used in the prepara¬ 
tion of lacquers." The film of crotyl cellulose may be polymerized by baking or 
by exposure to ultraviolet light. Cellulose crotyl esters readily polymerize and 
have been recommended for use in the manufacture of lacquers, coating composi¬ 
tions, plastic masses, artificial filaments and splinterless glass." Fordyce" pro¬ 
duced a sheet of solvent-r^istant material by treating cellulose tricrotonate for 5 
hours with intense ultraviolet light or heating at 100®C. for 24 hours. Crotonic 
acid undergoes condensation and subsequent polymerization when treated with 
olefins at a temperature of 160®C. Synthetic resins of varied usefulness are said 
to be produced in this manner" Glycerol can be esterified wholly or partially 
with crotonic acid to give products which have been added to resins, gums and 


u*R. Hill, British P. 895,687. 1988, to Imperial Qiem. Ind., Ltd.; CAem. Aha., 1984. 28. 591. French 
P. 746,718, 1988; CAem. Aba., 1988, 27. 4640. French P. 745,085, 1988; CAem. Aba., 1988, 27, 4808. Sea 
also A. Eiehenig^, Britith P. 878.995, 1988, to Celloii-Werke; CAem. Aba., 1988, 27, 8887. 

MR. HillTu. S. P. 1,980,488, Nov. 18. 1984. to Imperial Chem. Ind., Ltd.; CAem. Aba., 1985, 29. 858. 

MBritiah P. 401,658, 1988, to Rbhm k Haaa A.-0.; CAem. Aba., 1984, 28, 8860. 

MW. M. MUniinier, French P. 770,410. 1984; CAem. Aba., 1985, 29. 641. 

ml. V. D. Soormh and J. WUaon, British P. 417,999, 1988, to T^lea Safe^ Qlaas Co., Ltd.; Brit, 
CAem. Abe, B, 1985, IS. 

mil stoermer and B. Robert (Ber., 1988, S5. 1080) observed that the tianaformation of erot<»ic 
into iaoerotonie aeid under the inihieaoe of ultravioki light waa accompanied by marked reainifieation. 

mh. Schmidt, OummuZtff.. 1984. 48, 659; Brit, CAem. Aba. B, 1984, 785. 

mh. B. Dykstra, V. R P. 1,910^, Aug. 1,1988, to E, I. du Pont de Nemoura A Co.; CAem. Aba., 
1988 2 7 4948 

jiitui F. MLin, im, to BiitUi OUiM. 0 , Ltd.; Chtm. Ab$.. INI, 27. 407. 

<«H. Fon^, 0. B. F. imiN, Smd. It. 1184, to Awtiiiu »>didc Oo.; Ch*m. Ab*., tm, 2$. »U. 
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waxes to modify their properties. The crotonic-glycerol esters may also replace 
camphor in nitrocellulose plastics.^ 

Skraup and Beng“* have reported that the phenyl ester of /9-methylcrotonic 
acid resinifies on heating at a temperature of 320-330®C. Certain vinylene homo- 
logues of crotonic acid esters have been observed to undergo polymerization. Thus 
Kuhn and Hofifer" found that the methyl ester of 2,4,6-octatrienic acid poly¬ 
merized on long standing to a viscous, yellow, gum-like mass. Also, methyl 3- 
hydroxy-3-methyl-4,6-octadienate autoxidizes in air to give a viscous syrup. A 
similar product was obtained from the methyl ester of /S-methyloctatrienic acid. 


Polymerization of Cinnamic Acid and Related Compounds 


Cinnamic acid (/^-phenylacrylic acid) exists in two isomeric forms, namely, 
H—C—CeHj CeHft— 


H 




COOR 


and 


cis-cinnamic acid 


-coon 

trans-cinTiamic acid 


The trans-configuration has been assigned to ordinary cinnamic acid. Long ultra¬ 
violet rays (e.g., sunlight) 'favor polymerization whereas shorter rays (mercury 
arc ray) hinder it. In general the irradiation of cinnamic acids results in isomeriza¬ 
tion rather than polymerization, and when polymerization does take place, it usually 
stops at the formation of saturated dimers.“* However, Stobbe and Lehfeldf” 
reported that nearly a 60 per cent yield of resin was obtained when i^-trans- 
cinnamic acid was subjected to winter sunlight for 5 months. Also, after 4 weeks 
exposure to summer sunshine, 20 per cent of resinous material was found present."* 
The esters of cinnamic acid are more prone to polymerization than the acid 
itself. liebermann and Zsuffa^ examined the polymerization tendencies of the 
methyl, ethyl, isoamyl, benzyl and allyl esters of cinnamic acid by exposing the 
esters to the influence of ultraviolet light or sunlight. The ethyl ester was found 
to polymerize most readily followed by the isoamyl ester. However, in general 
the yields were quite low, being only from 3 to 6 per cent in the case of ethyl 
cinnam^te. Favorable conditions for polymerization involved distillation of the 
ester, followed by exposure to light for a long period of time with subsequent heat 
treatment at 85-90®C. for 10-20 hours. The products as obtained were white, 
infusible, odorless and sparingly soluble. A study of the properties of the poly¬ 
esters indicated a trimer of the possible constitution 


CO,R 

I 

C 


Crfi,—in 




HC-CJeH* 
H<!:—CX),R 


Ao»r 


^French P. 760,098, 1934, to Soo. des usinos ohimkiuet IUidne*Poulenc; CAetn. A&«., 1984, 28, 7444. 

fiknuip and B. Bong, B«f., 1927, 80, 944; Chm, Ab«., 1927, 21, 2125. v 

i»Il. Kuhn imd M. Hoffer, Ber., 1930, 83, 2164; Aba., 1981, 25, 688. Ber., 1982, 85, 646; 

Chm. Ab$., 1982, 28, 8497. ^ ' 

^For a more eomplate diacuMion of the tff ultraviolet light on etnnamio aeide, aee Carleton 

BlHa and A A Welle, '^Tbe Qkanieal Action of Ultravicdet Eaye,'* Chemical Catalog Go., New York, 
1025, 173, ^ ' .r -a 

mohbo and A Lehfeldt, Bar., 1925, 58, 2415; Ohm. Aba., 1926, 20, 1066. 

3ltoh]be, 0. Limifren, and J. Freirberg, (Ber., 1323. 59, 270) made the obaervaiioti that oon» 
‘ '"' k mfn formation talM place during the eynthe^ of qibenaalauooimo acid, 
a Md M. B»r^ mt, 44, Ml; Chm. Ab$.. IMl, S. tm. 
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On the other hand, when polymerization is carried out by special heat treatment 
alone, different types of polymers are obtained.^*® Heat polymerization of allyl 
cinnamate yields two different polymers, depending upon the reaction time. Poly¬ 
mer A was obtained in 25 per cent yield when the ester was heated in a sealed 
tube at 210®C. for 6 hours; a 60 per cent yield of polymer B resulted when the 
heating time was extended to 15 hours. The heat-polymers differ in several re¬ 
spects from the corresponding light-polymers. For example, the heat-polymers 
may be hydrolyzed with 40 per cent aqueous alkali or 25 per cent alcoholic alkah, 
whereas the light-polymers are quite resistant to hydrolysis. The following struc¬ 
ture has been assigned to the heat-polymer of allyl cinnamate: 


C«H5 


C,H*0—C 
<1 


O 

Cli—CH— 4-0 

4h4—ch4h, 
in. 


Polymerized methyl cinnamate is recommended as an adhesive material for the 
preparation of unsplinterable glass.^*^ The polymerization is effected by either heat 
or light. According to Ostromislensky'" the polymerized esters of phenylacrylic 
acid are particularly adaptable for the manufacture of non-shattering glass because 
of their permanent clear, colorless transparency and their high refractive indices. 
Amyl, amylene, isopropyl, butylene and isobutylene esters of phenylacrylic acid 
may be polymerized by heat or exposure to ultraviolet light. Chlorobenzene, 
ethylene bromide or similar solvents have been used in preparing adhesives. The 
ethyl and methyl esters are also said to be effective when used in conjunction with 
cellulose esters.^** An amber-colored varnish resin may be prepared by heating 
allyl cinnamate for 36 hours at 170®C. in a closed enamelled vessel, after which 
the temperature is raised to 230°C. and maintained for an additional 36 hours.“* 
Skraup and Beng^“ have reported that the phenyl ester of cinnamic acid shows 
evidence of considerable resinification when heated in a sealed tube for 25 hours 
at 290-300®C. 

Cinnamalacetic acid CeHs—CH=CH--CH=CH—COOH, according to Lieber- 
mann and Riiber,^" yields liquid polymeric modifications of phenylbutadiene when 
heated with barium hydroxide. Blicke"’ polymerized the allyl ester of cinna¬ 
malacetic acid by heating it in a sealed tube at 210®C. for 7 days. At the end 
of this time the solid, light-yellow, transparent mass was dissolved in warm 
acetone, filtered and cooled to 0°C. The polymer was isolated by pouring the 
acetone solution into a large volume of cold alcohol. The purified polymeric ester 
was obtained in 25 per cent yield as an amorphous, amber-like solid. A small 
yield of a white, gummy substance was obtained with this ester upon exposure to 
sunlight for several days. The nature of the product was not investigated, but 
it is believed to be analogous to the light-polymers obtained by Liebermantf" and 

* Liebermnnn and M. Kardoa, Ser., 1918, 46. 1065; Chem, Ab$., 1913. 7. 2554. 

British P. 297.413, 1927, to Rfihm A Haas A.-O.; Chem, Abi., 1929, 23. 2797. French P. 654A57. 
1923; Chtm. Abt., 1929, 23. 3785. 

^^1. Ostromislensky, U. S. P. 1,913,127, June 0, 1933, to Naugatuck Clieniicol Co.; Chsm. Abu., 
1088 2 7 4848. 

htL. J. B. Forbes and W. B. Price, British P. 406,644, 1932, to Triplex (Northern). Ltd.; Brit, 
Chem. Abi, B, 1034, 414. British P. 375,972, 1982, to 1. Q. Farbenind. A.-Q.; Chtm. Abs.. 1938, 27, 
3575. 

^A. Kronstein, U. 8. P. 843.401, Feb. 5, 1907; Chem. Abe., 1907, 1, 918. A balsam can be prepared 
from allyl malonate by heating for 24 hours in a similar veseel, 

^ 8. 8kraup and E. Beng, Bar., 192^, 60. 945. 

Liebermann and C, N. RUbSr, Bsr.. 1900, 83, 2400; 1902, 35. 2696. O. Doebnor and H. 
Standinger. (bid., 1908. 36, 4318. 

F. Blieke, /,A.C.8., 1928, 17. 1562. 

Lieboimann,andjC. N. Riiber, Ber.. 1900, 33. 2400; 1002, 35, 2696. 
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his co-workers. Clemo, Haworth and Walton'^® found that ^-4-methoxy-2,5-di- 
methylbenzoylacrylic acid was converted into a tarry mass when heated to 100®C. 
Also another substituted acrylic acid, 3,5-dimethyl-4-carbethoxy-pyrrol-2-acrylic 
acid, was obtained in the form of a resinous dark brown, glassy mass upon heating 
to The product is insoluble in ether, but dissolves readily in alcohol 

and acetone. 

Atropic acid (a-phenylacrylic acid) also seems to be capable of exhibiting 
cis-trans isomerism.'" Dimers, bearing the same relation to atropic acid as the 
truxillic acids do to cinnamic acid, were obtained by protracted fusion or heating 
aqueous solutions. Possible constitutional formulas for the two isatropic acids 
were proposed by Fittig.'“ 

CH2—CHi 

C.Us—iC,H5 
HOoi ioOH 

Baker and Eccles'^ observed' that the methyl ester of atrojiic acid polymerized 
after standing. 

VlNYLACHYLlC AciU AND ItS DeKIVATIVES 

j’olymeric modifications of /it-vinylacr 3 'lic acid were o))serv(‘d by Doebner'’’* to 
form slowly when the acid was allowed to stand at room temperature. However, 
the transformation took place rapidly when the acid was healed at 130°C., yield¬ 
ing an amorphous, brittle jiroduct of the formula (CsHoOj)^. The polymer is 
insoluble in organic solvents with the exception of acetic acid, in which solution 
occurs with difficulty at the boiling temperature. The resin may be dissolved 
by. heating in a sodium hydroxide solution; however, solutions of sodium carbonate 
have very little solvent action. Decomposition of the polymer takes place at 
300®C. A white, rubber-like polymer was prepared by -Burton and Ingold'®*'' 
during the crystallization of crude vinylacrylic acid from water between 55® 
and 15°C. The yield of polymer thus obtained increased with the time of crystal¬ 
lization. The fact that esters of vinylacrylic acid readily absorb oxygen from 
the air to form tough films has suggested their use as a substitute for linseed 
oil.'®® 

Halogen-substitution products of vinylacrylic acid are relatively unstable and 
undergo polymerization quite easily. Muscat and Becker“^ have reported that 
a sharp melting point for chlorovinylacrylic acid is not obtainable because of its 
ready polymerization. The polymer obtained from this acid is a light yellow 
solid, soluble in acetone, but insoluble in other ordinary organic solvents. Simi- 

R. Clmo, R. D. and B. Walton, J.C,S„ IW9, 2382. 

^W. KUater, E. Bitidi and G. Koppenhiifer, Ber., 1925, 58, 1014. 

Llebemiann, Ber„ 1895, 28, 187; 1895, 68. 225. 

u<tR. Fittig, Ann., 1881, 206, 84; /.C.S., 1881, 40. 425. 

W, Baker and A. Eccka, 1927, 2318. 

»«0. Doehner. Ber,, im, 85. 1137. 

w H, Burton and C. IC. Ingold, 1929. 2028. 

^ L, Roienthal and L. Taitb, Gemuin F. 889,086, 1922, to Farbenfabr. vormw F. Bayer A Go .) 

1984, 48. 484B. ? 

vm L E. Moaeat and B, C, Beeketv IMO, 52, 812. 
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larly, monobromovinylacrylic acid is very susceptible to polymerization.’*'*'’ When 
this substance was heated it changed without melting or evident degradation to 
a yellow, apparently amorphous solid, which gradually darkened in color as the 
temperature rose. Bromovinylacrylic acid cannot be kept, since it invariably goes 
over to a brown, amorphous mass in less than 2 days. The methyl ester of bromo¬ 
vinylacrylic acid polymerizes to a thick jelly on standing for two hours at room tem¬ 
perature.’" Muscat and Hudson’" obtained what appeared to be a polymer of 
3-chlorovinylacrylic acid by shaking an ethereal solution of vinylacryhc acid chloro- 
hydrin with phosphorus pentoxide. 

Resinous Polymers From Esters of Ttaconic Ai’Id 

Ttacomc acid CIL—C—CH«—COOH has found little or no use as a source of 

I 

COOH 

resinous polymers.’®’ However, its esters yield various ])roducts upon polymer¬ 
ization, some of which are of special technical significance. In general, earlier 
investigators have reported the polymerization of dialkyl esters of itaconic acid 
to be quite slow. Swartz’®^ observed that diethyl itaconate was converted, on 
long standing, to a solid, glass-like modification. Anschiitz’" prepared a similar 
product by allowing the sample of itaconic ester to stand for 19 months (in order 
to ensure complete polymerization). The slowness of these reactions was also 
confirmed by Fittig and Bock,’" who found, in addition, that polymerization did 
not occur at all in the presence of ethyl alcohol. Am>d itaconate also undergoes 
polymerization to yield a glass-like jiolymer.’" 

A thorough investigation of the effect of light on the polymerization of ethyl 
itaconate was carried out by Stobbe and Lippold.’" The course of the polymeri¬ 
zation was followed by periodic measurements of the refractive index. The pure 
ester, whose index of refraction was 1.43609, was converted after 65 days of ex¬ 
posure to sunlight into an amorphous polymer, giving the crude mixture a refrac¬ 
tive index of 1.44928. Light seems to be an essential factor in the conversion, for 
a similar preparation in the dark remained unchanged. In addition to the light, 
traces of hydrogen chloride were said to increase the rate of reaction. The polymer, 
as obtained, is an odorless, colorless, glassy substance which dissolves in the mono¬ 
meric ester to form a viscous liquid. The polymer cannot be distilled, since even 
in vacuo it decomposes, yielding volatile products. 

Extensive experiments dealing with the conditions of polymerization have en¬ 
abled Hope’" to produce desirable polymers without recourse to light-exposure. 
Provided anticatalytic phenomena were avoided, it was found possible to ac¬ 
celerate the reaction to a marked extent by heating. The polymerized ester has 
found application in the manufacture of laminated glass. A partial^' poly¬ 
merized paste is applied to a sheet of cellulo.se acetate, which is then plac^ 

I. E. Muscat, B. C. Becker and J, S. Lowenstein, J,A.V N . 1930, 52. 320. 

E. H. Farmer and A. T. Healey, 1927, 1060. 

“»I. E. Muscat and L. Hudson. J.A.C.8., 1931, 53. 3178. 

i«Y. Volmar (Compt. rend., 1925, 181. 467; Chem. Abu., 1926, 20, 369) has studied the effect of 
ultraviolet light on itaconic acid. 

“^Swarts, Jahretber., 1873, 579. 

R. Anschiita, Ber., 1881, 14. 2787. 

«*R. Pittig and V. Bock, Atm., 1904, 331, 174; J.C.S., 1904 , 86 (1). 745. 

M>P. Walden. Z. phyaik. Chem., 1896, 20. 382; J.C.8.. 1896, 70 (2). 633. 

Stobbe and A. Lippold, 7. prakt. Chem., 1914. (2) 90. 836; J.C.S., 1915. 108 (1). 213. 

Hope, U. S. P. 1,644,181, Oct. 4, 1927, to F. W. Ataok; Chem. Aba., 1927. 21, 4040. See also 
PtiuHce, 1928, 4. 78. British P. 254,668, 1025; Bnt. Chem. B, 1926, 747. Bntish P. 264,550, 1925; 
Chem. Ahi.f 1928, 22. 91. F. W. Atadc, Qerman P. 484.146, 1926; Chem. Abe., 1930, 24, 988. The use 
of polymenaed esters of itaconic, acrylic, and crotonic acids in the manufacture of safety glass is 
discussed in PUutic Producta, 1M4, 10. 131. 
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between two sheets of glass and heated for 3 days at 70® C. to complete the poly¬ 
merisation. Vitreous masses which may be molded are obtained in a similar 
manner. 

Polymerized itaconic acid has been recommended as a constituent of modified 
resins. When mixed with a urea-formaldehyde condensation product, resins said 
to be useful in the manufacture of varnishes, films, artificial silk and molded 
articles have been obtained.'" Jaeger'" has described a resinous product (which 
can be molded and polished), obtained by adding polymerized itaconic acid to 
a phthalide-modified alkyd resin.'’® Media for the dispersing of insoluble sub¬ 
stances can be made from derivatives of polymeric itaconic acid mixed with com¬ 
plex polymerization products obtained by simultaneous condensation and poly¬ 
merization of vinyl compounds.'” When dissolved in water, either alone or mixed 
with starch, dextrin or gum arabic, the viscous masses may be used for dispersing 
dyes or pigments. The viscous preparation may also be employed in the manu¬ 
facture of printing pastes, printing inks, coating preparations and colloidal pastes 
of coloring materials. 

The polymers of itaconic acid and its esters (as well as acrylic acid and its 
esters, vinyl alcohol esters and ethers, and styrene) have been suggested as 
material for the manufacture of phonograph records.'” 

^British P. 309,487, 1929, to Kunatharafabr F. Poliak G.m.b.H.; Chem. Age {London), 1929, 20, 
571. See also Chapter 32. . 

»»A, O. Jaeger, U. S. P, 1,850.098, May 24. 1932. to Selden Co.; Chem. Abe., 1932, 26, 3945. U. 8. 
P. 1,941,474, Jan. 2. 1934; Chem. Abs., 1934 , 28, 1880. 

A description of this is found in Chapter 45. 

British P. 369,915, 1930, to I. G Farbenind. A.-G.; Chem. Aha., 1933, 27, 3046. 

British P. 409,5M, 1934, to Consortium fiir elektrochem. Ind. G.m.b.H.; Chem. Abs., 1934, 28, 6259. 



Chapter 54 

Resins from Rubber 
1. General Considerations 


Structure or Rubber 

Mention has already been made of the very intimate relationship existing be¬ 
tween resins and rubber-like substances.^ Heat and certain chemical reagents 
(‘onvert rubber into resinous bodies. The exact formulation' of the changes which 
take place is not known, but fairly definite concepts as to the transformations in¬ 
volved may be based on the assumed structure of rubber. 

Rubber* is an emulsoid consisting of the colloidal hydrocarbon rubber in a 
fine state of subdivision; the rubber not only forms the disperse phase but also 
its own dispersion medium. The impurities in crude rubber consist of resins, 
proteins, carbohydrates and enzymes and may be removed if necessary by dis¬ 
solving the nibber in an appropriate solvent and precipitating.* As is Aie case 
with most gels, there is first a swelling of the rubber and absorption of the solvent 
resulting in a colloidal solution of high viscosity.* 

The purified rubber reveals on analysis the empirical formula, CrIL. The 
general properties indicate a much more complf^x molecule. The structure of nib¬ 
ber is based on the following considerations: 1, the close relationship between 
isoprene and rubber; 2, the decomposition products of rubber ozonides; and 3, 
the formation of addition compounds. 

Of the changes which rubber undergoes, the most instructive, at least from 
the historical point of view, are those arising from destructive distillation. A sys¬ 
tematic study of the distillation products was very early undertaken by Boiichardat* 
and later by Williams.* The latter obtained a liquid (boiling at 37®C.) having 
the formula, CeHa, to which he gave the name ‘‘isoprene.’' Before any elucidation 
of the structure of rubber might arise, it was necessary to know the constitution 
of isoprene. Tilden,*^ on purely empirical grounds considered it to be 2-methyl 
butadiene and the correctness of this contention was established by Kondakov,* 
by Ipatiev and Wittorf* and by Euler.“ 

Dipentene was also found in the products of the destructive distillation of rub¬ 
ber and its mode of formation is readily explained by a simple union of two isoprene 
molecules 


^ See CSiaptere 4 and 9. 

*For an extensive discussion of nibber, its sources, structure, physical properties and chemical 
transformations, see K. Memmler, *'The Science of Rubber,’* trans. by IL F. Dunbrook and V. N. Morris, 
Reinhold Publishing Corp., New York, 1934. 

* F Heim and R. Marquis, Bull, de VOfice Colonial, 1915, 8 ^86), 101; 1.8.0.L, 1915, 34, 1062. 

* The colloidal changes involved in vulcanisation and the action of copper salts on raw rubber have 
been discussed by I. Williams (Zfid. Bng. Chem., 1984, 26, 1190) and by B. V. Buiaov, V. S. Molodenakii 
and N. 1. Mikhailov (Kautschuk, 1984, 10, M, 104; Chem. Ait., 1934, 28, 6>^) respectively. 

<A. Bouchardat, J. de Phonnaeie, 1887, 23, 457. 

•O. Williams, Proc. Roy. 80 c., 1860, 10, 516. 

7 W. A. TUdm, Chem. Nete«, 1888, 46, 120; J.C. 8 ., 1888, 44, 75. 

•1. Kondakov, /. RuH. Chem. 80 c., 1888, 20, 706; 1889, 21, 86; /.CJSL 1889, 56. 1187. 

* W. Ipatiev and N. von Wittorf, /. prakt. Chem., 1897, (8) 55, 1; /.CM., 1897, 72 (1), 288. 

» W, Baler, Ber., 1897, 30, 1989. 
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Although dipentene is the chief product, in the distillation of rubber, opinion is 
divided as to whether it arises from a primary or secondary process, that is from 
rubber or from isoprene. 

Further evidence regarding the structure of rubber c.ame from ozonolysis. 
When ozone is passed into a chloroform solution of rubber, an ozonide is formed 
which can be isolated as a vitreous mass and purified by solution in ethyl acetate 
and subsequent precipitation with petroleum ether. Analysis of the ozonide re¬ 
vealed the composition (CsHsOa),, further evidence for a double bond for each 
5-carbon moietyWhen heated with water the ozonide decomposed into hydro¬ 
gen peroxide, levulic aldehyde and leviilic aldehyde peroxide, which in turn further 
decomposed into levulic acid. In that the molecular formula corresponds to 
CioHieOfl, Harries^ concluded that the structure of rubber was that of polymerized 
2,6-dimethyl-l,5-cYclo-octadiene. The reactions may be represented as follows: 


CHa CHa—CHa H 

V ■ V 
& li 

H CH,—c6, CH, 


o. 


CH, CH,—CH, H 


o"' I 


\, 


o 


/ 




CH, CH,—CH, H 

\ / \ / 

o=c c=o 

HsO and 

0 O 

ca 




C—0 

^ \ 

[, CH, 

Harries’* later modified his views and wrote the structure of the rubber molecule 
as (OisH,), or 0]nF[4o* 


^CH,—C^, ^CH, 


CH, CH, 

CH,—([js=aCH—CH,—CH,—(!}*=CH—CH,—CH, 
(Ijh, , ■ d;—CH, 

djH, d:H, 


ua D. Barriw, Sor., im, 97, 27M; taot, M (t), 7t7. 

UC. P. Hiirriw. Bit., IMt, M. IlM; /.C.g.. 1M», W (t), 164. 

4— iQU AM. m: cw. 1015, 9, 298. 
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This structure is based on the fact that a-isocaoutchouc^* forms an ozonide which 
on decomposition yields 

levulic aldehyde CHr-CO—CHr~-CHr~CHO 

diacetyl propane CH—CO—(CHOs—CO—CH-, 

undecatrione CHa—CO—(CHsls—CO—(CH2)r—CO—CH* 

pentadecatetrone CHa—CO—[(CH2).r-CO]r-(CH2)r-CO-CH, 

and the corresponding acids. The caoutchouc molecule is thus considered as built 
up of a 20-carbon ring containing 5 olefin linkages. 

Pickles'® considered rubber to be a long chain built up of isoprene units by 
1,4 conjugation, with the ends joined to form a closed ring: 

—CHa—C===<:H—CHa—CH2—C=MJH—CH2—CHj—C===C:H—CH2— 

dlH, (*^Ha ^Hi 

The number of isoprene units was uncertain but it was postulated to l>e in the 
neighborhood of eight. 

A series of investigations on the structure of natural rubber were carried out 
by Midgley and Henne.'® The destructive distillation of crepe rubber yielded 
largely isoprene, dipentene and heveen (CibHj*) together with other hydrocarbons 
in smaller quantity. The compounds which were identified consisted of molecules 
which could easily have been derived from the rubber unit 

('Ha—C-=Cm~ CHa- 

<*'11, 

liy the jirocesses of hydrogenation, dehydrogenation, double-bond migration or 
auto-addition. In the case of sodium rubber (prepared by boiling isoprene with 
liquid sodium-potassium alloy) pyrolysis gave a decreased yield of the unsaturated 
compounds, isoprene and dipentene, an increased amount of pentenes and a small 
amount of saturated hydrocarbons ” The last were entirely absent in the natural- 
rubber distillate. The destructive distillation of ebonite yielded 2-methylthio- 
phene, 2,3-dimethylthiophene, 2,4-dimethylthiophene, 2,5-methylethylthiophene and 
m-xylene.'® 

When rubber itself is heated in a vacuum the macromolecules decompose into 
residues of 20-50 isoprene units, which in turn form polycyclorubber, and into 
smaller residues which form isoprene, dipentene and sesquiterpenes A similar 
cyclorubber can be obtained by the destructive distillation of rubber in a stream of 
carbon dioxide under atmospheric pressure. Other products obtained consist of 
dipentene, isoprene and hexadiene. Dipentene occurs in the greatest quantity. 
These products are not only decomposition products of rubber but also of the 
poly cyclorubber. The change of normal to cyclorubber can be represented thus: 

—CHa—CHa—C=-CH—CHa—CHa—(CHa—CHa—<>=CH)x— 

(*^H, <*;h, 


—C:Hr-CH,—C—CH,—CH,—CHr-C—CH,- 
<*]H,. 


-(CHr-CH,-€==CH)x- 

(Ijh, 


** a-Isocsoutchoue ii the product obtained by removal of the hidora acid from the rubber hydrarid 
by meena of basea; it ie not identical with ordinary caoutchouc. See Chapter U. 

»8. 8. Picklee, IttO. 97, 1088. 

>*T. Midcley, Jr., and A. L.'Henna, J.A.CS., 1929, 51, 1815; 1981, 53, 301. T. Middey, Jr., A. L. 
Henne and U. W. Renoll, tbid., 1981, 58, 8738; 1988 . 54, 8848, 3381. 

»T. Midgley, Jr., A. L. Henne and A. F. Shepard, JMC&. 1983, 54, 381. 

“T. Midgley, Jr., A. L. Henne and A. F. Shepard, J.A.OJ5., 1988, 54, 8983. _ „ 

><>H. Staudinger and W. Widmer, Hefv. Chim. Acta, 1999, 9, 589; Cham. Abe., 1980, 80, 3587. H. 

Steudinger and E. Oeiger, Hate. CMm. Acta, 1984. 9, 549; Cham. Abe., 1980, 20, 3588. 
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Staudinger and his co-workers" have brought forth a mass of evidence to show 
that i-ubber is built up of long chains of conjugated isoprene units with the 
formation of a linear pol 5 aneric structure. 

in. ([:h, in, 

The average weight of the rubber molecule is exceedingly large—perhaps as high 
as 70,000. 



Protein Layer 


Get or Solid Rubber 


Liquid Rubber 


Fig. 140.— Latex Particle. 


The commonest dispersion of rubber is the naturally occurring emulsion known 
as latex. The latter is secreted in small vessels and sacs located in the cortical 
tissue of plants belonging to the orders Euphorbiaceae, Urticaceae, Apocynaceae and 
Asclepiadaceae, The rubber is found in small globules suspended in a watery fluid 
which also holds certain proteins, carbohydrates and a small proportion of salts in 

^ H. Staudinger, *'Die hochmolekularen organischen Verbindungen,” J. Springer, Berlin, 1932, 378. 
H. Staudinger, Chem, Ztg„ 1934, 58, 225; Chem Ah*., 1934 , 28, 3615. /bid, 1932, 45, 276, 292; C/iem. 
Abi., 1933. 26, 3958. For earlier work. H. Staudinger, M. Asano, H. P. Bondy and R Signer, Ber., 
1928, 61, 2575; Chem. Ah*., 1929, 23, 2847; Rubber Chem, Tech., 1930, 3. 494. H. Staudinger and H. F. 
Bondy, Arm,, 1929, 468, 1; Ber., 1929, 62, 4211; Chem. Ab> , 1929, 23, 3372; 1930, 24, 3129. H Staudinger 
and H. F. Bondy, Ber., 1930, 63, 724; Rubber Chem. Tech., 1930 , 3, 516; Chem. Ah*, 1930, 24, 3130, 
4657. H. Staudinger and H. F. Bondy, Ber., 1930 , 63, 734; Rubber Chem. TetM., 1930, 3, 519; Chem, 
Ab$„ 1980, 24, 3131. H. Staudinger and £. O. Leupoid, Ber., 1930, 63, 730; Rubber Chem. Tech., 1930, 
3, 616; Chem. Abs., 1930, 24, 3130. H. Staudinger and J. R. Senior, Helv. Chtm. Acta, 1930, 13, 1321; 
Rt^ber Chem. Tech., IMl, 7, 365; Chem. Abs., IWl, 25, 3518. H. Staudinger and W. Schaal, Heiv. 
Chim. Aeta, 1930, 31, 1355; Rubber Chem. Tech., 1982, 5, 131. H. Staudinger, E. Geiger, E. Huber. 
W. Schaai and A, Schwalbach, Helv. Chim. Acta, 19W, 13, 1334; Rubber Chem. Tech., 1931, 4, 532; 
Chem, Abs., 1981, 25, 3518. H. Staudinger, M. Brunner and E. Geiger, Helv. Chim. Acta, 1930, 13, 
1868; Rubber Chem. Tech., 1932, 5, 141; Chevi. Abs., 1931, 25, 3519; H. Staudinger and W. Feisnt, 
ffelv. Chim. Aeta, 1930, 13. 1861; Rubber Chem.' Tech., 1932, 5, 136; Chem. Abs., 1933, 27, 6016. H. 
Staudinger, Rer., 1981, 64, 1407; Rubber Chem. Tech., 1932, 5, 263; Chem. Abs., 1931, 25, 5055 H. 
Staudinger and R. Nodau, Helv. Chim. Acta, 1931, 25, 1350; Rubber Chem. Tech., 1931, 4, 543; Chem. 
Abs., 1931, 25, 8519. H. Staudinger, H. F. Bondy, J. Joseph and E. O. Leupoid, Ann., 1931, 488, 53; 
Rubber Chem. Tech,, 1932, 5, 265; Chem. Abs., 1^1, 25, 5796. H. Staudinger and H. F. Bondy, Ann., 
1981, 488, 158; Rubber Chem Tech., 1982, 5. 278; Chem. Abs., 1931, 25, 5796. H. Staudinger and E. O. 
Leupoid, ffelv. Chim. Acta, 1932, 15, 221; Ruober Chem. Tech., 1982, 5, 576; Chem. Abs., 1982, 26. 2618. 

Papers which agree with Staudinger’s viewpoint: P. Stamberger and C. M. Blow, Kolloid^Z., 
1980, 53, 90; Brit. Chem. Abs. A, 1930, 1619. H. Kroepelin, Kautschuk, 1930, 6, 168; Brit. Chem. 
Abe. B, 1080, 82$. Papers which present other formulas or treat rubber as not containing macro- 
tnoleeules: M. C. Boswell, A. Hambleton, R. R. Parker and R. K. McLaughlin, Can. Chem. Met., 
1022, 6, 287; J.8.C.I., 1928, 42, 68A. India Rubber J., 1922, 64, 981; Chem. Abs., 1928, 17, 2666. C. 
Harries, Ber., 1928, 56, 1048; Chm. Abs., 1928, 17, 2806. H. Loewen, Kautschuk, 1931, 7, 12; Brit. 
Chem. Abe. A, toil, 402. K. Shimada, /. Chem. Ind. (Japan), im, 37, 126; BtU. Chem. Abs. B, 
1084, 618. 

General papers on rubber and the action of a ntanber of reagents upon it; K. Asano, /. Chem. 
fnd. (Jepmh 1021, 24, 880; Chem. Ahe., 1022, 16, 1168. H. L. Fisher, Ind. Bng. Chem., 1023, 15, 860; 
tm, 16, 027. R. JBL Thim and A. M. mftard, m., 1961, 26, 128. 
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solution. If the latex is not to be worked up into rubber directly, ammonia is 
added to prevent putrefactive changes which otherwise take place and which 
result in coagulation. If an acid is added, the rubber separates in solid flakes 
or curds, this being a method commonly employed to obtain rubber. However, 
heat and astringent plant juices will produce the same effect. 

In applying protective films to surfaces, the simplest method is to use a 
dispersion.*^ For example, a layer of rubber isomer** may be deposited on an ob¬ 
ject from solution followed by a layer of rubber from an aqueous dispersion.** 
The deposited material is then dried and vulcanized. A dispersion of rubber 
isomer in gasoline or benzene is stated by Geer** to produce a film which is re¬ 
sistant to those vapors and gases which corrode metals.*® Hard-rubber varnishes 
can be made by dissolving rubber in a volatile solvent and vulcanizing at 125®C.** 
The product is rendered colloidal by heating under pressure at 180°C. Hardened 
rosin or cumarone resin can be added to increase the ease of application.” Shep¬ 
pard and Schmitt** have described a quick-drying composition prepared by heat¬ 
ing a mixture of devulcanized rubber, rosin and tung oil until homogeneous. Ben¬ 
zene is added to the resultant material as a diluent. 

It was pointed out by Smith, Garnett and Dean** that an insulating compound 
may be made by mixing wholly or partially deresinated gutta-percha or balata 
with petroleum jelly as a softener. Natural or synthetic rubber may also be added. 
In mixtures containing 15 per cent of petroleum jelly, tendency to sweat is over¬ 
come by heating to about 50°C.“ Purified rubber in conjunction with 1-20 per 
cent of “Superla wax” (m.p., 71-77°C.), ozokerite or ceresin has been utilized by 
Kemp and Ingmanson” for a similar purpose. The same workers developed a 
process in which resin is extracted from gutta-percha, separated into alban and 
fluavil and the former restored to the gutta-percha. High-frequency submarine 
cables can be insulated with the body formed. Alban from other materials 
(chicle) may also be added to deresinated gutta-percha and then incorporated in 
rubber.** Cold alcohol is used as a selective solvent for fluavil to accomplish the 
separation from alban. The addition of as much as 15 volumes of asphalt to 
100 volumes of rubber has been reported as improving the physical properties 
of the latter.” 


n B. Dales, U. S. P. 1,813,440, July 7, 1931, to B. F. Goodrich Co., Chem. Abs., 1931, 25. 5311. 

**The term “rubber isomer" is applied to the hydrocarbons foimed fiom rubber by the various 
agencies mentioned later in this chapter. They aie less unsaturated than rubber, due probably to the 
mutual saturation of some of the double bonds to form cyclic structures 

* Artificial aqueous dispersions of rubber have been prepared by W. B Pratt, British P. 217.612, 
1922; y.S.C./., 1924, 43, 757B. See also J B. Tuttle, Ivdta Rubbar World, 1923, 67, 213, 291. 

a^W. O Geer, U. S. P 1,744.881. Jan. 28, 1930, to B. F. Goodrich Co.; Chem. Abe., 1930, 24. 1527. 
Aqueous emulsions of such solutions have also been utilised as coatings and mipregnants. French P. 
745,229. 1933, to I. G. Farbenind A.-G ; Chem. Ahs., 1933, 27. 4441. 

■“Hard rubber dust has been included in such coating compositions. H L. Trumbell. U. S. P. 
1,906.437, May 2, 1933, to B. F. Goodrich Co.; Chem. A6s., 1933, 27 , 3639. 

*»H. Plainon, British P. 326.216, 1928; Brit. Chem. Abs. B, 1930, 520. See also P. Finley, U. S P. 
146.387, Jan. 13. 1874. W. A. Gibbons and T. V. Binmore (U. S. P. 1,745.533, Feb. 4, 1930, to Mechanical 
Rubber Co. ; Chem. Aba., 1930, 24, 1765) utilised vulcanized scrap rubber by dissolving it in solvent 
naphtha and heating with sulphur 

”L. J. Buttolph (U. S. P. 1,658,476, Feb. 7, 1928; Chem. Aba., 1928, 22, 1244) included anthracene 
in a fluorescent paint which was similarly composed. 

» R. E. Sheppard and J. J. Schmitt, U. S. P. 1,701,129, Feb. 5, 1929, to Eastman Kodak Co.; Chem. 
Aba., 1929, 23, 1528. Cf. the preparation of an oil varnish from stand oil, British P. 419,611, 1933, to 
I, G. Farbenind. A,-Q.; Brit. Chem. Aba. B, 1935, 195 , 

»W. S. Smith, H. J. Garnett and J, N. Dean, British P. 846,382, 1929; Chem. Abs., 1933, 27. 448. 

•» W. S. Smith, H. J. Garnett and J. N. Dean, British P. 326,481, 1928; Chem. Aba., 1980, 24. 4960. 

A. R. Kemp and J. H. Ingmanson, British P. 853,518, 1980, to Electrical Research Products, Inc.; 
Chem, Abe., 1988, 27, 448. 

•• A. R. Kemp and J. H. Ingmanson, British P. 353,519, 1930, to Electrical Research Products, Inc.; 
Chem, Abe., 1933, 27. 448. 

» 0. 0. North. Chem. Met. Enif., 1922, 26, 258. For a discussion of the vanous means of incor¬ 
porating aiphalt into rubber, see F. C. van Houm and M. A. Begheyn, Keilotd Z., 1984, 66, 219; Chem. 
Abe., 1984, 28, 2948. 
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Goodenow*** sprayed finely divided kauri or Manila copal on a. thin sheet of un- 
coaculated latex which was then milled. The product was dissolved in turpentine, 
naphtha or carbon tetrachloride, evaporated to any desired extent and used as an 
adhesive. This cement was said to have the elasticity of rubber but much better 
weathering properties. In a related procedure, a solution of an alkali sulphate, 
silicate or carbonate is mixed with latex and then a soluble aluminum, calcium, 
barium or zinc salt is added to coagulate the rubber and precipitate an insoluble 
salt as a filler." 


Products of the Action of Heat on Rubber 


Mention has already been made concerning the work of Midgley, Henne and 
Shepard. By distilling balata and gutta-percha, it is possible to obtain products 
resembling linseed oil and turpentine." Davies” found that the simple action of 
heat on rubber, without distillation, in the presence of magnesium or a magnesium 
alloy furnished a liquid miscible with oils. Further heating produced a putty-like 
mass; prolonged heating yielded a resin. The distillate from unvulcanized rubber, 
employing the same catalj^st and heated in an autoclave at 240-300°C., gave rise 
to material which was suggested for use in paints and varnishes." Vulcanized 
soft rubber or crude rubber depolymerized by melting, when mixed with molten 
bitumen and fibrous fillers (asbestos), has been suggested for coating pipe-lines 
and cables. Layers of fabric paper or pasteboard may be superimposed." 

Adhesives and insulating coatings have been obtained by Breviers*® through 
heating rubber at 150-300°C. The rubber was first mixed with an equal weight 
of cyclohexane. A porous adsorbent carbon, slightly acidulated, or bleaching earth 
was also added in amounts of 10-50 per cent based on the weight of rubber. The 
product was a transparent resinous body, softening at about 50°C. and forming a 
thin liquid at r20-150°C. On hydrogenation it formed a solid and almost color¬ 
less resin. Butler*' liquefied crude rubber by dissolving it in benzene, adding car¬ 
bon tetrachloride to render the solution noninflammable and heating for 2-3 
hours at 100°C. The product was utilized either alone or with added resins, oils, 
thinners or pyroxylin as a surfacing composition. The plastic, adhesive mass 
made by heating rubber at 200-350°C. followed by treatment with an inorganic 
acid is said to be of value in impregnating bandages.*’* Schidrowitz*® reported 
that the material formed by vulcanizing latex containing ammonia (to prevent 
coagulation), sulphur and zinc oxide is superior in aging-properties In rubber which 
has Iwn vulcanized in the dry state. 


3^R. S. Gtwdenow, U. S. P. 1,821,703, Sept. 1, 1931, (.nr-luill to G. L Cmtit,; Clum. Ahs., 1931, 25, 
6000. 

®®E. A. Murphy, A. Niven and D. F. Twisa, British P. 338,975, 1929, to Dunlop Rubber Co.; Cheat. 
Ab)t., 1931, 25, 2596. E. A. Murphy and A. Niven, Biitis^h P 373,222, 1932, to Dunlop Rubber 
Ltd., and Anode Rubber Co., Ltd ; Chem. Abs., 1933, 27, 3854. E. A. Murphy and D. F. Twis^, 
British P. 373,262, 1932, to Dunlop Rubber Co., Ltd., and Anode Rubber Co., Ltd.; Chem. Abs., 1933, 
27, 3853 

*»H. Arias, British P. 356,208, 1929; Chem. Abs., 1932, 25, 4486. Cf. the use of distillates fiom 
vulcanized and unvulcanized rubber as coating compositions, T. J. Fairley, U. S. P. 1,986,049 and 1,986,050, 
Jan 1, 1935, to W. J. Hunter and M. P. Hunter, Chem. Abs., 1935, 29, 1270. 

A. Davies, British P. 360,852, 1930 and 373,228, 1932; Chem. Abs.. 1933, 27, 1238, 3853. German P. 
580,850, 1083, to Metallic Ink A Dye Co., Ltd.; Chem. Abs., 1933, 27 , 4956. 

»A. Davies. British P. 360.934. 1930; Chem. Abs., 1933, 27. 1217. 

»A. Thielmann, British P. 380.693, 1932; Brit. Chem. Abs. B, 1982, 1041. British P. 382,147, 1932; 
Chem. Abs., 1933, 27,'4441. See also G. Tichy and H. Klas, U. S. P. 1,991,300, Feb. 12, 1935; Chetn. 
AbS; 1935, 29, 2895. 

««W. Breuers, Gerninn P. 563,506. 1931 and 576,349, 1933, to I. G. Fnfbenind. A.-G.; Chem. Abs., 
1033, 27, )233; 1934, 28, 685. British P. 382,755, 1981; Brit. Chem. Abs. B, 1933, 38. French P. 767,601. 
1934: Chem. Abs., 1035, 29, 626. 

P, Butler, British P. 274,742, 1927; Chem. Abs., 1928, 22, 2291. Canadian P. 269,877. 1927; 
Chm. Abs,, 1987 , 21 , 8489 . 

"L Giot^ano and G. Diena, French P. 751,848, 1988; Chm. Abs., 1984, 28, 1155. 

Sebidrowits, Indh Rubber Werid, 1925, 78, 140; Chem. Abs., 1926, 20, 519, V. R, P. 1,440,455, 

Jan. 2, 1928; Chm. Abs., 1928, 17, 1851. British P. 198,451, 1028; Chem. Abs., 1928, 17, 3480. 
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Products from the Oxidation op Rubber 

The physical and chemical changes which take place in rubber on exposure 
to atmospheric oxidation have been frequently investigated. As early as 1861, 
Hofmann** observed that gutta-percha absorbed oxygen from the atmosphere, chang¬ 
ing to a hard, brittle material. When thin films of acetone-extracted crepe rub¬ 
ber and balata hydrocarbons are exposed to oxygen at 85°C., rubber absorbs ap¬ 
proximately 4 atoms of oxygen per unit of CioHm, whereas balata absorbs about 5 
atoms.*® Carbon dioxide, water, formic acid and formaldehyde can be identi¬ 
fied in the volatile oxidation products of rubber at room temperature*® whereas the 
solids consist of amorphous acidic substances, free from aldehyde and ketone 
groups but containing a small amount of peroxides.*’ By carrying out the oxida¬ 
tion with potassium permanganate in neutral or alkaline solution a series of com¬ 
plex, pale yellow or colorless, oxygenated, resinous products can be obtained.*® 
These substances melt below 100-160°C. and are insoluble in acetone, alcohol or 
alkalies, but readily soluble in ether, benzene and ethyl acetate. Formic, acetic, 
oxalic and levulinic acids were also isolated. Treatment of rubber in carbon 
tetrachloride with chromyl chloride and decomposition of the primary product 
with wat^r furnished a brown aldehydic resin. Mastication of rubber appears to 
entail an oxidation process.*" Peroxides can be detected in the masticated prod¬ 
uct, and the oxidation reaction probably shortens the long rubber molecules. 

Rubber, either in the solid state, in solution or in the form of a dispersion, 
when treated with an aliphatic per- acid (peracetic) or with an oxidizing mixture 
(acetic anhydride mixed with hydrogen peroxide) forms powdery, fibrous solids, 
which are more soluble in organic solvents than the original rubber and which can 
be added to varnishes and lacquers.®® The oxidation is carried out at a tempera¬ 
ture above 45°C. Since these materials become plastic when heated, they have 
been suggested as substitutes for shellac and celluloid. The polyhydroxy com¬ 
pounds formed by hydrolysis®' may be hardened by condensation with an alde¬ 
hyde. Below 80°C., acetyl peroxide and benzoyl peroxide form simHar products. 
Rubber, for example, dis.soIved in chloroform, is treated with a peracetic acid 
mixture obtained by adding hydrogen peroxide and sulphuric acid to acetic an¬ 
hydride. In this way Hopff, Ebel and Valko®* produced a light yellow, tough, 
elastic material. 


A W. Hofmann. J C S., 1861, 13, 87. 

S. .1. Peachey and M Leon, J S.C.L, 1918, 37, 55T 

A. R. Kemp, W. S. Bishop and P. A. Lasselle. Ind Eng Chein., 1931, 23, 1444. This publication 
also suminaiizes enrhei work on the subject. See also A van Rossem and P. Dekker, (Kautschuk, 
1W9, 5, 13; Chem. Abs., 1929, 23, 2598) who have studied the oxidation of vulcanized rubber. W. L. 
Semon, A. W. Sloane and D. Craig (Ind. Eng. Chem., 1930, 22, 1001) give diagrams showing the protec¬ 
tion of rubber by various age-resisters. . , ,, . „ . .. . . 

Levulinic acid peroxide is formed in the ozonolysis of rubber or by allowing the ozonide solution to 
stand. It IS u cry.stalline substance of the formula (CBH804)a. R. Pummerer, G Ebermayer and K. 
Gerlach, Bef., 1931, 64, 804; Chem. Abs.,. 1931, 25. 4438. 

♦* J. McG. Robertson and J. A. Mair, J.8.C.I., 1927, 46, 41T. 


«W. F. Busse, Ivd. Eng. Chem., 1932, 24, 140. 

“British P 369,716, 1981, to I. G. Farbemnd. A-G.; Bnt. Chem. Abs. B, 1932, 651. French P. 
726,961, 1931; Chem. Abs., 1932 , 26, 5228. Cf. the oxidation of a rubber solution with air or ozone in 
the presence of cobalt linoleate, H. P. Stevens and W. Young, British P. 417,912, 1933, to Rubber 
Growers’ Assoc., Inc.; Bnt. Chem. Abs. B, 1934, 1112. Oxidised rubber made in this manner (Rubbone 
“B,” CiflHioO) has been suggested as a binding material for moldings, as an ingredient for electri<»l 
insulating v&rnishes, baints, lacquers and adhesives. Rubbone is citified as a “drying r^in* and the 
surface in contact with sir during stovmg oxidises and “case-hardeM. 

with sulphur or sulphur monochloride. (See also, Synthetic and Avptied Finishes, 1935, ^ 8; J.8.C.I., 

«The original product is a partially acetylated hydroxy acid which, if mon^iasir j^-iswsses a 
molecular weight of at‘least 1000. G. F. Bloomfield and B. H. J^ SiC.1., 1W4, 53. 121T. 

abo J. A. M»ir and 1. Todd. J.C.S., 1M2, 881 B. Kagan and N. Sukhareva, J. Rvbber M. (.0. S. 
a. B.). ISM, II, 48; Chem. Abi., 1888, 88, 8M. , « „ u • j . n 

•H. Hopff, F. Eb«l and E. Vallco, U. 8. P. 1,888,448, Jan. 88, 1885. to I. Q. Fartwmnd, A.-G., 
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Prolonged heating of latex (containing no ammonia) with hydrogen peroxide 
followed by preservation with ammonia is said to furnish a good adhesiveAc¬ 
cording to Watkins,** rubber deposited from an aqueous dispersion can be made 
non-tacky by treatment with a solution of an oxidizing agent, e.g., a halogen, 
dichromate, hypochlorite, permanganate or chromic acid. The action of benzoyl 
peroxide in vulcanizing rubber has been studied by Van Rossem and co-workerH.*” 
The conclusion was reached that loss of solubility in vulcanized rubber is caused 
by the formation of bridges through polymerization and dehydrogenation of the 
rubber molecules. 

The sizing of paper with latex to increase its elasticity” has been found to have 
no special advantage since in the course of several months the latex undergoes 
gradual oxidation.*^ The addition of 5 per cent of carbon black is reported to 
have a beneficial effect in protecting crude rubber against the action of sunlight." 


Nitration op Rubber 


The treatment of purified rubber in carbon tetrachloride solution at 0°C. 
with nitrogen peroxide, followed by the action of oxygen, leads bdth to oxidation 
of the rubber and to combination of a certain amount of nitrogen. However, no 
simple derivative has been isolated. Nitric acid yields a heterogeneous product 
containing an oximino group.” By the use of dilute nitric acid, Gorgas” con¬ 
verted rubber into two substances; one, nitrogenous and soluble in acetone; the 
other, non-nitrogenous and insoluble in this solvent. When urea was added to the 
nitric acid previous to nitration, a yellow, friable mass, free from nitrogen, was 
obtained. Fisher*^ found that rubber (500 g.) dissolved in carbon tetrachloride 
(6.25 1.), when agitated with 500 cc.'of concentrated nitric acid for an hour, gave 
833 g. of a material having the approximate formula (CsHrNOa),. This sub¬ 
stance was soluble in acetone and nitrobenzene, but insoluble in benzene. Its 
use for impregnating, coating and insulating materials was suggested. The prod¬ 
uct separated from the reaction mixture in yellow flocks and was purified by fil¬ 
tering and washing free from acid. It decomposed above 136°C., but, when treated 
with methyl sulphate, a substance stable up to 300®C. was formed. Vulcanized 
rubber, when submitted to the same process, yielded closely similar products. 

Fischer” prepared a somewhat different substance by dissolving rubber in 
concentrated nitric acid. The product flocculated out on dilution with water. It 
was soluble in benzene and, when its solution was evaporated, remained as a film 
of brownish yellow varnish. With more dilute nitric acid, e.g., 1-3 parts of 50 

Chem. Abs., 1985, 29, 1682. German P. 556,555, 1930; Chem, A6«., 1988, 27, 441. British P. 369,725. 
1981; Bnt. Chem. Ab». B, 1932, 651. French P. 41,088, 1931, addii. to 726,961, 1931; Chem. Abs., 1933, 
27, 1546. 

® O. F. Bloomheld, E. H. Farmer and P. Schidrowitz, Bull. Rubber Orowers' Aseoc., 1934, 16, 116; 
Chem. Abe., 1984, 28, 4626. 

wp. H. Watkina, U. S P. 1,928,988, Oct. 3, 1933, to Naugatuck Chem. Co.; Chem. Ab»., 1933 , 27, 
6028. See also British P. 408,141, 1933, to Internat. Latex Processes, Ltd.; Brit. Chem. Abi. B, 1934, 
512. 

'*^A. Van Rossem, P. Dekker and R. S. Prawirodipoero, Kautschuk, 1931, 7, 202, 219; Chem. Abe., 
1982, 2K 2082. 

«8eh P. Kaye, Irufia Rubber 1922, 64, 435; Chem. Abe., 1922, 16, 4062. 

^J. Beckonng-Vinekers, Papier-Fabt., 1924, 22, 217. O. Fenchel, ibid., 313; J.8.C.I., 1924, 43» 
9763 . 

^H. P. Stevens, BuU. Rubber Qrowen* Aeeoe., 1924, 6, 52; Chem, Abe., 1924, 18, 1066. 

** Investigators have obtained a number of nitration products from rubber. C. O. Weber (Ber., 
1902, 85, 1947; J.C.8., 1902, 82 (1), 552) obtah^d O| 0 ^«(NOt)t by the action of nitrogen peroxide. 
F. Bndan, (Ber.> 1925, 58, 2522; Chem, Abe., 1926, 20, 1228) repeating the work, could isolate only a 
white empomd, See also C. D, Hames, Ber., 1901, 34, 2991; J.C.8., 1901, 80 (1), 733. 

«*A. QoiWf Ber., 1930i 6$, 2700; Bnt. Chem. Abe. A, 1981, 93. 

ttH. L. Fisher. U. S. P. 1,60M08, Pee. 7, 1926, to B. F. Goodrich Co. ; Chem. Abe., 1927, 21, 341. 

Cfum^uZt9u t626, 40, 2587; Chem. Abe., 1926, 20, 8860. 
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per cent acid to 100 of rubber in 400-600 parts of solvent, Oeckinghaus** has 
been able to produce rubber solutions characterized by having a low viscosity. 
Their use in spreading and dipping processes was proposed. The stickiness and 
slow-drying properties of a related coating (from the action of 1 part of 53 
per cent nitric acid on 10 parts of rubber in 90 parts of benzene) were diminished 
by adding 0.5 part of antimony trichloride or phthalic acid.** 

By milling rubber at 80°C. with about one-third its weight of p-nitrosodi- 
methylaniline a sticky reaction product is obtained.*® It is stated that this mate¬ 
rial, when allowed to mature for 24 hours after mastication, is useful for bonding 
rubber with metals or wood. It is soluble in benzene and may be employed in 
varnishes and lacquers. The reaction of nitrosobenzene on nibber has been 
studied by Bruni and Geiger.** A benzene solution of nibber and nitrosobenzene 
was heated on a water bath for 15 minutes, then cooled and poured into petro¬ 
leum ether, yieldmg a yellow flocciilent precipitate decomposing at 135-140°C. 
It analyzed for CnHnON and was probably 





-)* or (—CH*- 


CH, N==0 
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-CH,-). 


i 




Hydrogenation op Rubber 


Rubber is essentially an unsaturated hydrocarbon, although early investigators 
stated that it could not contain normal olefinic linkages since it was not very 
readily hydrogenated. However, evidence for the presence of double bonds in 
rubber was shown bv Pummerer and Burkard*’ who succeeded in reducing a 
dilute solution of highly purified rubber in hexane and in methvlcyclohexane by 
means of platinum black activated with oxygen."* This hydronibber was similar 
<0 rubber itself in that it was highly elastic; it differed m that it was colorless, 
colloidally soluble in ether knd susceptible to oxidation especially when catalysts 
were employed. 

At about the same time, Staudinger and Fritschi** succeeded in completely 
hydrogenating rubber by employing high temperatures and pressures (270°C. and 
100 atmospheres). The hydrorubber was a colorless transparent mass without the 
elastic properties of ordinary rubber. Its solutions did not decolorize bromine; in 
sunlight a substitution product was formed. 

In a similar reduction for the preparation of hydrorubber the metals of the 
sixth group of the periodic table are utilized as catalysts.” Lower tempera¬ 
tures can also be used for the hydrogenation;” for example, a 0.9 per cent solu- 

®* R, Occkinghaus, U. S. P. 1,909,219, May 16, 1933, to Inunalin-Werke Ch«n. Fabr. Eisendratb 

G. m b.H ; Bnt. Chem. Abs. B, 1934, 110. 

F. Radulesco, French P. 741,011, 1932; Chem. Aba., 1933, 27, 2844. F. Raduleaco, German P. 
699,405, 1934, to Lack- <k Farben-Fabrik Halle-Nietleben, G.m b.H.; Chem. Aba., 1934, 28, 6025, 

“S. A. lazier, E, H. Hurlston and E. V. Bratby, British P. 352,080, 1930, to Dunlop Rubber 
Co., Ltd.; Chem. Aba., 1933, 27, 447. French P. 712,646, 1931; Chem. Aba., 1932, 26, 2084. See also 

H. L. Fisher. Canadian P. 336,768, 1983, to Dominion Rubber Co., Ltd.; Chem. Aba., 1934, 28, 2219. 

«0. Bruni and E. Geiger, Atti accad. Lincei, 1927, (6) 5, 823; Chem. Aba., 1927, 21. 4098. 

R. Pummerer and P. A. Burkard, Bee., 1922, 55, 8458; Chem. Aba., 1923. 17, 898. 

^‘'The platinum black was prepared by the method of R. Willsthtter and £. Waldaohmidt-Leitz, 
Ber., 1921, 54. 122. See in this connection Carleton Ellis, '‘Hydrogenation of Organic Subetanoes,” 
D. Van Nostrand Co.. Inc., New York, N. Y., 1930, 88, 89. 312. 

«»H. Staudinger and J. Fritsohi, Helv. Chim. Aetft, 1922, 5, 785; 1922, 122 (1). 1043. See 

H. Staudinger, XL S. P. 1,654,844, Jan. 8, 1928, to Soo. anon, pour I’ind. chim i BMe; Chem. Aba., 1928, 
22. 1062. 

^M. Dunkel and W. Breuers, German P. 598,060, 1984, to I. Q. Farbenind. A.-G.; Chem. Aba., 
1984, 28, 5714. British P. 402,925, 1988; Chem, Aba,, 1984, 28, 8269. French P. 758,048, 1984; Chem. 
Aba,, 1984, 28, 8269. 

«H. teudinger and W. Feisst. Bdv. Chim, Aeta, 1910, 13, 1861; Chem. Aba,, 1981, 25, 8519. 
K. Stoudinger and B. O. Lmipold, Ber„ 1984, 67, 804; Chem, Aba,, 1984, 28. 2944. 
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tion of rubber (mol.vvt., 45,000 by viscosity measurements)’® in methylcyclohexane 
was reduced, employing a platinum catalyst and carefully excluding air. With 
nickel as a catalyst, a temperature as low as 100°C. could be used. The molecular 
weight of the product was 31,000 indicating relatively little cracking. The hydro¬ 
rubber by this procedure is swelled by solvents to give highly viscous solutions and 
in the solid state is elastic. Its saturated character is revealed by resistance to 
oxidation in air and by its stability in both the solid and the liquid states.’® It 
is largely on the characteristics of this hydrorubber that Staudinger based his be¬ 
lief that the physical properties of rubber are due to the long molecular chain 
and not to the double bonds present.’* Harries and Evers^® have also prepared 
what may he a form of hydrorubber by removing chlorine from rubber hydro¬ 
chloride with zinc dust. This compound has a general semblance of gutta-percha; 
it is unsaturated and analysis indicates the formula, (CioHi8)x. 

By catalytic reduction Geiger’® prepared hydrobutadiene rubber as an easily 
soluble, syrupy liquid Further, he found that hydrogenated balata and gutta¬ 
percha are very similar to ordinary hvdrorubher. In the preparation .of hydro¬ 
gutta-percha equal w’cights of nickel and gutta-percha were treated with hydrogen 
at 260-300°C. The product was soluble in hydrocarbons, chloroform and carbon 
tetrachloride, but insoluble in acetone and alcohol. Hydrogenated methylrubher 
also closely resembles hydrorubber.” 

Pyrolysis of Staudinger^s hydrorubber at 350-400°C. yielded hydrocarbons 
with only one double bond. The smallest molecule was a pentene, 2-methyl-1- 
butene, whereas from the higher fractions were isolated hydrocarbons, CisHao and 
CooHioo. The presence of the latter substance shows that hydrorubber must have 
an exceedingly high molecular weight.’® In just the same way as the hydrocarbon 
of rubber itself is not considered as a single chemical substance, hydrorubber is 
thought by Staudinger to embrace a senes of polymer homologues of varying 
complexity, depending on the procedure used in the hydrogenation. 

Uses of Hydrorubber 

Compared to the other types of rubber derivatives, hydrorubber has been used 
for relatively few commercial purposes. The material obtained by raising the 
temperature slowly from 100'’ to 280®C. during hydrogenation at 80-150 atmos¬ 
pheres is stated to be sufficiently strong to be employed in uniting the sheets of 
safety, glass.’® Hydrorubber has been used both alone®® and with gutta-percha, 
balata and natural rubber®* as insulation for submarine cables. Albumin was 
removed from the constituents of the insulation by heating with alkali and 
washing.®® 

See Chapter 4. 

Staudinger, Chem.-Zta., 1934. 58, 226. Chem Abs., 1934, 28. 3616 

’*Thie is contrary to the opinion of H. Fikentscher and H. Mark, KnutHtlmk, 1930, 6, 2; Cheui. 
Abf , 1930, 24, 3395. See Oiaptei 4. 

”C. Harries and F. Evei’s, VeroffentL S^emam.-Konzem, 1921, 1, 87; Clicm. Abs., 1922, 16, 

3232. 

Geiger, **t)ber die Konstitution der Hochpolynieren.” Thomas A Huberf, Weida i Thiir., 
1926. 1926, 40, 2143. See also H. Staudinger, E. Geiger, E. Huber, W. Schaal and A. 

Sohwalbach, Belv, CfUm. Acta, 1930, 13. 1334; Chem. Abs, 1931, 25, 3518. 

^ H. Staudinger, M. Brunucr and E. Geiger, Helv. Chtm. Acta., 1930, 13, 1368; Chem, Abs., 1931, 
25, 3518. 

Staudinger, Ber., 1924, 57. 1203: Chem. Abs,, 1924, 18, 3490. 

»M. Dunkel, W. Breuera and W. Wolir, P. S. P. 1,969,397. Aug. 7, 1934, to I. G. Farbenind. A.-G.; 
€hm- Abt., tm, 28, P. 875,972, 1931; BrU. Chem. Abs. B. 1932. 888. 

** British P. M2,049, 1930, to Felten A Guilleaume CarUwerk A.-G.; Chem. Abs., 1933, 27, 1237. 

•'K. Goea and E. Badum, U. S* P. 1,974,712, Sept. 25, 19M, to Felton A Guilleaume Carlswerk 
A.-0.; Chem. Abs., 1934, 28, 7596. British P. 356.041; 862,136, addn. to 362,049; 369,647, 1930; and 
378,766, 1982; Chm^ Abe.,. 1933, 27, 448. 1237, 2844, 3641. 

» Cf. the use of rubber itself (after removing the proteins) for the same purpose. British P, 307,966, 
l9Xtj to B^l TeWhone Laboratories, tne.: Chem. Abs., 1980, 24, 265. F. S. Malm, British P. 348,567, 
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Pliiuson’^’ proposed that the oils produced by the catalytic reduction of rubber 
at 130-200°C. be used in the preparation of paints and varnishes and as im¬ 
pregnating media for paper, cloth and leather. Hydrogenation of rubber at 270®C. 
while dissolved in a medium petroleum distillate furnishes a material which is 
stated to improve lubricating oils. Thus, 4 per cent added to a certain oil raised 
the viscosity from 1.95°E. at 100°C. to 2.3®E. and the viscosity index from 74 
to 93.*^ 


Products from Rubber and Sulphuric Acid or Sulphonic Acids 


The transformation which takes place on treating rubber with sulphuric acid 
has been investigated by Kirchhof.**"' With carbon tetrachloride as a solvent a 
yellowish-white, brittle, amorphous powder was formed. It was concluded that 
this substance was a new hydrocarbon chemically and physically distinct from 
rubber. It had lost its typical rubber properties, including part of its unsatura¬ 
tion. The formation of an amorphous compound with formaldehyde was also ob¬ 
served. Fisher**® has developed a number of derivatives of this type. 

Cellular products were obtained by heating rubber (containing sulphur) with 
compounds of the general formula R—SOj—^X, e.g., a mixture of p-toluenesulphonic 
acid and sulphuric acid.**^ Shellac-like bodies may be made by heating a mixture 
of rubber and 1/10 of its weight of an organic sulphonic acid for 3-4 hours at 
130°C. ' After about 1 hour, the temperature within the mass rises to 200-400®C. 
and bubbles of gas are given off. The artificial shellac is soluble in benzene, 
p-cymene, turpentine, carbon tetrachloride, tetralin, decalin and molten camphor, 
but insoluble in alcohol, ether, acetone, glacial acetic acid, amyl acetate, water, 
dilute acids and alkalies. Precipitation from solution by alcohol yields a whitish 
powder, softening at QO-IOO'^C. and meltiug at 110-130®C. Pigments and fillers may 
be incorporated and hot pressed to form molded articles said to have good dielectric 
properties.®* 

The treatment of rubber with small amounts of sulphuric acid also yields 
tough, highly heat-plastic materials.** Five parts by weight of concentrated sul-* 
phuric acid are diluted with 1.25 parts of water and mixed with 2 parts of an 
inert material (titanium dioxide) to form a paste. This is then milled into 100 
parts of rubber and heated in sheets at 125-130°C. for 16-20 hours. It is also 
possible to treat the rubber with a mixture of sulphuric acid and a sulphonic 
acid or a sulphonyl chloride.** Another non-tacky, thermoplastic substance was ob¬ 
tained by treating rubber with p-toluenesulphonic acid and sulphur" Depending 

1928, to Electrical Research Products, Inc.; Chem. Abs.^ 1932, 26, 2808. A. R. Kemp (/. Franklin Innt., 
1931, 211, 37; Chem. Abs , 1931, 25, 2330) has discussed the removal of nitrogenous bodies from rubber. 

«H. Plauson, British P 397,136. 1933; Chem. Abs , 1934 , 28, 931. 

»* French P. 761,252, 1934, to 1. G. Farbenind A-G ; Chem. Abs., 1934 , 28, 4220. 

“F. Kirchhof, KoUoid’Z., 1920 , 27 , 311; 1922, 30, 176; Chem. Abs, 1921, IS, 960; 1922, 16. 1885. 

Kautachuk, 1926, 1, 1; 1928, 4, 142; Chem. Aba, 1926. 20, 1729; 1929, 23, 307. Chem.-Ztg , 1923, 47, 

513; Chem. Aba, 1923, 17, 3112. Austrian P. 90,775, 1921, and 93.480, 1922; Chem. Aba., 1929, 23, 307. 
See also C. Harries, “Untersuchungen iiber die nutuilirhea uiid kunstlichen Kautschukartcn," J. 
Springer, Berlin, 1919, 6. 

®®The question of priority in the discovery of these sub.stances has been argued by Kirclihof and 
Fisher, F. Kirchhof, Kautaehuk, 1928, 4, 142; 1929, 5, 48; Chem. Aba., 1929, 23, 307, 2328. H. L. 
Fisher, Kautaehuk, 1929, 5, 47, 65; Chem. Aba., 1929, 23, 2323. 

«TH. L. Fisher, U. S. P. 1,786,563, Dec. 80, 1930, to B. F. Goodrich Co.; Chem. Aba., 1931, 25, 
845. 

WH. L. Fisher, U. 8. P. 1,668,235, May 1, 1928, to B. P. Goodrich CSo.; Chem. Aba., 1928, 22. 

2291. Plnatica, 1928, 613. See also British P. 249,172, 1924; Chem. Aba., 1927, 21, 1081. 

»H. L. Fisher, U. 8. P. 1,668,236, May 1, 1928, to B. F. Goodrich Ck>.; Brit. Chem. Abu. B, 1928, 
404. Cf. the use of sulphuric acid to give rubber articles a hard flexible surface, British P. 417,563, 
1934, to Internet. Latex Processes, Ltd.; Chem. Aba., 1935, 29, 1683. 

^H. Is. Fisher, U. 8. P. 1,668,237, May 1, 1928, to B. F. Goodrich Oo.; Brit. Chem. Aba. B, 
1928 494. 

•^H. L. Fisher, U. S. P. 1.781,488, Oct. 15, 1929, to B. F. Goodrich Ckimpany; Chem. Aba., 1980, 
24, 265. 
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upon the proportion of reagents used and the temperature and duration of heat¬ 
ing, resilient, elastic products, resembling soft vulcanized rubber, tough, thermo¬ 
plastic, balata-like substances or a hard, friable, shellac-like material resulted. 

The products formed by the action of organic sulphonic acids on rubber have 
been recommended for the insulation of marine cables.*® The reaction is carried 
out in the following manner: 3 parts of pine tar and 7 of concentrated sulphuric 
acid are worked into 100 of crude rubber and the mixture heated in an oven 
until a marked rise in temperature is noted (200-250°C.). This requires about 
75 minutes at 130®C., heating being then continued for 2 hours, until a maximum 
temperature is noted. After cooling, the product is masticated in a warm mill and 
washed free from impurities. In order to soften the mass, various materials are 
added, e.g., turpentine, phenol, naphthalene, paraffin, oleic acid, furfural, stearic 
acid and phthalic anhydride.*® A similar moldable body, which may be used in 
the production of insulation, radio parts and phonograph records, is produced 
by the action of sulphonyl chlorides and sulphuric acid, either together or 
separately, upon a mixture of crude rubber, vulcanized rubber scrap and pine 
tar.*** Another thermoplastic material has been prepared by Winkehnann*® through 
the use of a multivalent metal and an organic sulphonic acid. 

The plasticity of the products from rubber and substituted sulphonic acids 
has also been modified by incorporating a wax or an oil of a low water-absorp¬ 
tion capacity.*® Thus, a composition for making sound records is prepared by 
mixing 300 parts of the hard material (produced from rubber, sulphuric acid and 
p-toluenesulphonic acid) with 100-250 parts of infusorial earth, 100-300 of ferric 
oxide, 10-50 of gas black, 10-50 of cotton flock and 10-50 of paraffin, stearic acid 
or palm oil.*" 

Incorporation of 10 per cent or more of diethyl sulphate with rubber, followed 
by heating for 8 hours at 125-140*’C., yields a tough, stable, thermoplastic material 
dark in color.” It dissolves in the well-known rubber solvents including benzene, 
carbon tetrachloride and carbon disulphide, but is insoluble in alcohol, ether, water 
and dilute acids or alkalies. 

A rubberized paint is obtained upon dissolving the product formed by heating 
rubber with phenolsulphonic acid for 6 hours at 140®C. Pigments, fillers, flowing- 
agents and preservatives or antioxidants are added.” Gray^” reports that tests 
on this paint indicate resistance to chemical action and to penetration by water 
and that it is satisfactorily adhesive and elastic. The rubber isomer can also 
be employed in a nitrocellulose lacquer providing the solvent ki the latter contains 

«W. C. Geer, U. S. P, 1,731,484, 1.731,485 and 1,731,487, Oct. 15, 1929, to B. F. Goodiich Co.; 
Chem. Aba., 1930, 24, 264. See also A. R. Kemp, U. S. P. 1,874,307, Aug. 30, 1932, to Bell Telephone 

Laboratories, Inc.; Chem. Aba., 1932, 26, 6037. British P. 348,192, 1930, to Electrical Research 

Products, Inc.; Brit. Chem. Aba. B, 1931, 726. 

®»W. C. Geer and H. A. Winkelmann, U. S. P. 1,705,757, Mar. 19, 1929, to B. F. Goodrich Co.; 
Chem. Aba., 1929, 23, 2324. 

•*H. A. Winkelmann, U. S. P. 1,716,474, June 11, 1929, to B. F. Goodrich Co.; Chem. Aba., 
1929, 23, 3828. See also H. Gray, U. S. P. 1,745,936, Feb. 4. 1930, to B. F. Goodrich Co.; Chem. Aba., 
1986, 24, 1764. British P. 260,637, 1925; Bnt. Chem. Aba. B, 1927, 610. 

«»H. A. Winkelmann, V. S. P. 1,890,924, Dec. 13, 1932; to B. F. Goodrich Co. ; Bnt. Chem. Aba. 

B, 1933, 801. 

•®W. C. Geer and H. L. Fisher, tJ. S. P. 1,781,849, Oct. 15, 1929, to B. F. Goodrich Co.; Chem. 
Aba., 1930, 24, 264. 

WH. L. Fisher and W. C. Geer, U. 8. P. 1,781,483, Oct. 15, 1929, to B. F. Goodrich Co.; Chem. 
Aba., 1930, 24, 264. 

••H. L. Fisher and H. A. Winkelmann, U.'S. P. 1,782,140, Nov. 18, 1930, to B. F. Goodrich Co.; 
CAem. Aba., 1931, 25. 487. 

•W, C. Geer, U. S. P. 1,744,881, Jan. 28, 1930, to B. F. Goodrich Cb.; Bnt. Chem. Aba. B, 1980, 
997. The Goodrich Co. manufaettires a series of '^Aeidseal” paints whidi contain rubber end possess 
a wide range of properties. R. H. Harrington (U. S. P. 1,683,867, Deo. 4, 1934, to General Elec. Co.; 
Chem, Ab$., 193^, 29, 527. British P, 418,348, 1984, to Brit. Thomson-Houston Co., Ltd.: Brit. Chem. 
Aba, Bt 1685, 80) has employed chromium seequioxide with a rubber Isomer (from rubber and phenol- 
sulphonic add) in electrical insulating coatings. 

Orgy, Ind. Bng. Chem,, 1928, 20, 166. 
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toluene.^®^ A further application of such transformation products is as undercoat¬ 
ings for cellulose esters.'®* 

A laminated stock for battery cases has been formed by superimposing sheets 
of thermoplastic material and heat-curable natural rubber followed by vulcanizing 
together.'®* A typical formula for the synthetic layer consists of heat plastic from 
rubber and p-phenolsulphonic acid (86 parts), aldol-a-naphthylamine (3 parts), 
benzidine (1 part) and tung oil (10 parts). 

Fisher'®^ applied the name “Thermoprene” to the products made by heating 
raw rubber with the above-mentioned sulphonic compounds. These materials 
differ from vulcanized rubber in having the same empirical composition, (CsHs)*, 
as the original rubber, i.e., they contain no combined sulphur. Their properties 



i'oUrtc»y I'urrd-Binningham Co., Inc. 

Fig. 141. —Laboratory Mill for Rubber and Other Plastics. 


vary with the agent used and the time and temperature of heating, but in gen¬ 
eral resemble either gutta-percha, balata or shellac.'®* All three types combine with 
sulphur to form hard products which are no longer thermoplastic and are in¬ 
soluble in organic solvents. The purified chief component of the shellac-like 
material could not be hydrogenated catalytically but was nitrated, forming a com¬ 
pound, CbHtNOs. 

A related thermoplastic conversion-product of rubber is described by Robin¬ 
son.'®* Rubber is liquefied by mastication and by heating in an atmosphere of 
carbon dioxide at 250-270®C. The liquid is then subjected to treatment with 
sulphuric acid or a sulphonic acid at 150®C., yielding a rather hard black mass 


H. Siever, U. S. P. 1,785,307, Dec. 16, 1930; Brit. Chem. Abn. B, 1031, 818. 

^o«C. Bogm, U. S. P. 1,905,627, July 10, 1934, to Commercial Solvwits Corp.; Chem. Abe., 1984. 
28, 5692. Cf. the use of depolymerised rubber as a cushioning-stratum in photographic film, S E. 
Hheppard and S. S. Sweet, U. S. P. 1,623,500, Apr. 5, 1927, to Eastman Kodak Co.; Chem. Abe., 1927, 
21 1599. 

«»W. C. Geer, U, S. P. 1,617,707, Feb, 15, 1927, to B. F. Goodrich Co.; Chem. Abe, 1927, 21. 


1377 

L. Fisher, Ind. Eng. Chem.t 1927, 19, 1325. H. L. Fisher and E. M. McCJolm, ibid., 1328. 
See also F. Kirchhof, Kouttehuk, 1928, 4. 142; Bnt. ^cm. Abe. B, 1928, 793. 

10* These three general types are designated as Thermoprene-GP, Thermoprene-HB and Thermo- 

*’*^«R*B’*^briu!on. British P. 839,898, 1929 to Imperial Chem. 

1981, 263. French P. 702,609. 1980; Chem. Abe., 1981, 25, a79. German P. 578,886, 1988; Chem. Abe., 
1988, 27, 4440. 
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(softening point 100®C.). By mixing together equal parts of this material and 
crepe rubber an adhesive for uniting rubber to fabrics has been obtained.^*" 
Another adhesive, suggested for uniting rubber to metal,''* is produced by cream¬ 
ing latex with a weak organic acid, adding a strong acid such as sulphuric acid, 
evaporating the volatile material and baking at 150® C. Geer"* has also employed 
the balata- or shellac-like isomers as adhesives, using benzene as a solvent and 
tung oil or castor oil as softeners. A very similar material has been produced 
through the action of the acid on rubber mixed with balata and gutta-percha 
resins."® For uniting rubber to metals, glass or hard rubber, an adhesive obtained 
by the action of formaldehyde on rubber in the presence of hydrochloric, phos¬ 
phoric or sulphuric acid has been proposed.'" 

Rubber and the polymerization products of butadiene hydrocarbons have been 
dissolved in indifferent solvents and treated with carboxylic anhydrides, e.g., acetic 
anhydride, in presence of such acids as acetylsulphuric acid or sulphobenzoic acid. 
This transformed the rubber into a material intended for waterproofing and im- 
jiregnating textiles."" Rubber or polymerized butadiene may also be sulphonated 
with chlorosulphonic acid in an organic diluent, e.g., ether, and used either in 
solution or emulsion form as tanning agents or as sizing- and dressing-assistants in 
the textile industry."* Oenslager's method of increasing the durability of rubber 
may be mentioned here."* Rubber which has been applied to articles of various 
shapes is treated with sulphur dioxide and oxygen under pressure. 


Action of Non-Metallic Halides on Rubber 


A further group of materials is obtainable by the action of metallic and non- 
metallic halides on rubber. Thus, aluminum chloride in conjunction with phthalyl 
chloride reacts with benzene solutions of the hydrocarbon below 1(X)°C. to yield 
bodies which are said to have good wearing qualities after vulcanization."® Kirch- 
hof“ has studied the analogous action of benzoyl chloride on rubber in carbon 
tetrachloride solution using aluminum chloride as catalyst. This procedure yields 
a gray-white, spongy mass, which, after evaporation and extraction, remains as 
a brittle, amorphous body. The actual nature of the product varies greatly with 
the conditions of preparation. These benzylidene rubbers are pulverized with great 
ease and are thermoplastic above 100®C. 

iwR. B. F. F. aarke, British P. 392,960, 1933, to Imperial Chem. Ind., Ltd.; Chem. Abs,, 1933, 
27. 5903. 

R. B. F. F. Clarke, E. B. Robinson and A. Shepherdson, British P. 357,238, 1930, to Imperial 
Chem. Ind., Ltd.; Bnt. Chem. Abu. B. 1931, 1109. 

10® W. C. Geer, Britisli P. 247,136, 1925; Chem. Aba., 1927, 21, 631. See also French P. 696,754, 1930, 
to Bakelite Corp.; Chem. Abn., 1931, 25, 2866. For a study of Thermoprene cements, see B. Fabntzie\, 
G. Buiko and E. Pakhomova, Kothevenno-Obuvnaya Prom., 1934, 13, 522; Chem. Abe., 1935, 29, 2391. 

D. F. Twiss, A. A. Round and E. A. Murphy, British P. 343,531, 1929, to Dunlop Rubber Co , 
I.td.; Chem. Abe., 1982, 26, 2892. D. F. Twiss, F, A. Jones and J. H. Anderson, British P. 395,430, 
1982, to Dunlop Rubber Co., Ltd.; Brit. Chem. Abe. B, 1933, 757. French P. 746,956, 1933; Chem. Abe., 
1933, 27, 4891. German P. 575,226, 1933; Chem. Abe., 1933, 27, 3639. 

“^D. F. Twiss and F. A. Jones, British P. 348,303, 1930; to Dunlop Rubber Co , Ltd.; Chem. Aba., 
1933, 27, 447. C/. the preparation of an adhesive from resins extracted from baluta or gutta-percha, 

D F. Twisa and F. A. Jones, British P. 371,889, 1931, to Dunlop Rubber Co., Ltd.; Brit. Chem. Aba. B, 
1932, 689. German P. 577,802. 1933; Chem. Abe., 1934, 28, 687. 

Hopff, P. Ebel and K. Wolf, French P. 723,888. 1931, to I. G. Farbenind. A.-G.; Chem. Abe., 
1982, 26, 4981. German P. 549,759, 1930; Chem. Aba., 1983, 27. 855. 

i»£. Konrad and H. Kleiner, German P. 582,565, 585,622 and 585,623, 1933, to I. G. Farbenind. A.-G.; 
Chem. Aba., 1934, 28, 686, 1572. See also British P. 886,752, 1981, to 1. G. Farbenind. A.-G.; Brit. 
Chem. Abe. B, 1933. 261. German P. 572,980, 1933; Chem. Aba., 1933, 27, 4440. French P. 740,409, 
1932; Chem. Aba., 1983, 27, 2814. 

'MQ. Oen^ager, U. 8. P. 1,925,879, Smt. 5. 1983, to B. F. Goodrich Co.; Chem. Aba., 1983, 27, 5578. 

Mark and H. Hopff, German P. 565.845, 1980. to I. Q. Farbenind. A.-O.; Chem. Aba., 1933. 
27. 2601. French P. 704,757, 1980; Chem. Abe.. 1931. 25. 4740. British P. 347,108. 1980; Chem, Abe.. 
19^, 27, 448. A vulcamiied composition containing both rubber and a rubber isomer has been employed 
as a binder in abrasive wheels. Jt. 0. Benner, British P. 377,291, 1981, to Carborundum Co., Ltd.; 
Brit. Chem. Abe. 1932. 987. Belting and footwear have also been prepared from vulcanised rubber* 
isomers. B. S. Taylor, U. ff. P. S,&J59, Kov. 8, 1982, to F. Qo^ich Co.; Chem. A6s., 1938, 27, 

uep. Kirehhof, Kmechuk, 1961, 7, 128; Chm. Abe,, 1981, 25, 6015. 
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Rubber, in the presence of a solvent if desired, may also be treated with a 
phosphoryl halide at 15-40®C. The diluent is distilled off, and excess of the phos¬ 
phorus compound is washed out with dilute ammonia leaving a material which 
softens at 100-110®Plastic masses have been obtained also by treating rubber 
with a mixture of phosphorus trichloride and oxychloride'^® and with phosphorus 
compounds containing more oxygen than the oxyhalides."® 

The halides of sulphur likewise have been used in rubber fabrication.^®® Twiss 
and Jones'” and also Taylor'®® employed such substances as thionyl chloride, sul¬ 
phur chloride and phosphorus pentachloride and pentasulphide in the surface- 
treatment of rubber articles to make them harder and more oil-resistant. Films 
and threads may be made by treating the polymerization products of hydrocarbons 
of the butadiene series with sulphurizing agents (e.g., sulphur dichloride) until 
the high-elasticity characteristic of rubber disappears.'®® This process may be ap¬ 
plied also to polymers made from natural rubber, the product in either case being 
improved by incorporation of paraffin hydrocarbons of high molecular weight, cyclo- 
paraffins or waxes.'” Resin-like bodies are obtained by treating a solution of rub¬ 
ber with sulphur chloride, sulphur dichloride or sulphuryl chloride and after re¬ 
moval of the solvent working up the material by the ’ application of heat and 
pressure.'*® Gouillardon'®® has employed a solution of sulphur chloride in carbon 
tetrachloride to fasten rubber surfaces together. Rubber derivatives intended 
to find application in the manufacture of dyestuffs and pharmaceuticals have been 
obtained by the action of aryl or alkyl sulphur halides on rubber in an indifferent 
solvent. For example, a solution of p-nitrophenyl-sulphur chloride in carbon 
tetrachloride gives with rubber dissolved in the same solvent a bright yellow, addi¬ 
tive product sintering at about 135®C.'” 


Action of Metallic Salts on Rubber 

Bruson'®® treated solutions of rubber with various metallic halides. Colored 
addition products were formed first, that from stannic chloride having the formula, 
(Cr,H 8 )ioSnCl 4 . Removal of the metal halide with alcohol in an inert atmosphere 
yielded a benzene-soluble material which, when heated, became brittle and re¬ 
sembled shellac in appearance. Admission of air during the treatment with alcohol 
resulted in powdery insoluble oxides of the rubber polymers. In exhibiting this 
series of reactions, rubber resembles other unsaturated hydrocarbons, e.g., isoprene, 
cyclopentadiene and indene. To render surfaces of rubber articles hard and polish- 
able, Geer'®® treated them with solutions of stannic chloride in ethylene dichloride 

'i'E Walz, U. S. P. 1,987,171, Jan. 8. 1935. to 1. G. Faibenind. A.-G.; Chem. A6*„ 1935, 29. 1544. 
British P, 332,762. 1929; Bnt. Chem. Abn. B. 1930, 993. 

»WE. Wala, German P. 535,687, 1929, to I. G. Farbenind. A.-G.; Chem. Abs.. 1932, 26, 1155. 

French P. 752,502, 1933, to Walpamur Co., Ltd., Chem. Abg., 1934, 28. 1222. 

L. Hull (Bntish P. 67, 1863) proposed to restore the elasticity of milled rubber with a solution of 
sulphur chloride in light petroleum oil. 

D. F. Twisa and F. A. Jones, British P. 410,436, 1933, to Dunlop Rubber Co., Ltd.; Brit. Chem. 
Abs. B. 1984. 639. 

^B. g. Taylor, U. S. P. 1,886,759, Nov. 8, 1932, to B. F. Goodrich Co.; Brit. Chem. Abe. B, 1983, 
722 

French P. 676,658, 1929, to I. G Farbenind. A.-G.; Chem. Abe., 1980, 24, 3135. 

^French P. 39,424, 1930, addn. to 676,658, 1929, to I. G. Farbenind. A.-G.; Chem. Abe., 1932, 26, 
8347. 

UB German P. 590,605, 1984, to Artifex chem. Fabrik Q.m.b.H.; Chem. Ab$., 1984, 28, 3270. 

^ S. Gouillai^on, French P. 384,061, 1908. See also French P. ^,654, 1^, .to Soc. anon, des pneu- 
matiques cuir “Samson.** 

tn British P. 813,919, 1929, to I. G. Farbenind. A.-G. : Brit. Chem. Abe. B, 1980, $73. 

UBH. A. Bruson. V. S. P. 1,846,247, Feb. 23, 1982, to Goodyear Tire 4b Rubber Oo.; Chem. Abe., 
1982, 26, 2621. British P. 286,071, 1927; Brit. Chem. Abe. B, 1929, 867. Canadian P. 299,968. 1980; 
Chem. Abe., 1930 ; 24, 8185. also H. A. Endres (Canadian P. ^9,070, liM, to O^year Tire A 
Rubber Co.; Chem. Abe., 1984, 28, 8558. French P. 758,027. 1988; Chem. Abe., 1984, 28, 917) for the 
preparation of ooatins oomp.>8ltions. H. A. Bruson, L. B. Sevrdl and W. C< Calvert, Ind. Bng^ 
Chem., 1927. 19. 1083. 

u»W. a Geer, U. S. P. 1,948,292, Feb. 20. 19N: Chem, Abe., 1984, 28, 2882. J. W. Baymiller, 
Britiih P. 409,772, 1984, to W. C. Geer, Qhem. Abe., ION, 28, 6848. 
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or ethyl acetate. A similar procedure has been employed to stabilize the color 
of rubber objects."® 

When 10 per cent by weight of chlorostannic acid, HaSnCl«*2HaO, was milled 
into rubber and heated for 2-5 hours at 130-150®C., a tough, balata-like material 
resulted."* Long heating or excessive temperature formed a hard, ebony-like sub¬ 
stance."* Both products are light colored and are soluble in benzene and petroleum 
hydrocarbons, but treatment with chlorine water increases their resistance to these 
solvents.*" These bodies were proposed as plastics*" and as binders for laminated 
material. A related composition was made by treating a benzene solution of rub¬ 
ber with chlorostannic acid at 65-80®C. After the viscosity had reached the de¬ 
sired value, the reagent was decomposed with water and the solvent distilled off.*" 
An examination of the higher fatty acid salts of copper, manganese, iron and mer¬ 
cury, which disperse well with rubber, showed that all of these compounds are 
deleterious to the aging of vulcanized rubber.**® On the other hand, Stine and 
Booge*" have recommended the use of a rubber solution containing cobalt linoleate 
as a coating composition. After evaporation of the solvent, the cobalt salt brought 
about oxidation to a hard, durable, waterproof film."* A further reaction of metal¬ 
lic compounds is the reversible vulcanization by Grignard reagents and zinc alkyls 
observed by Midgley, Henne and Shepard.*" 

The halides of the amphoteric metals are reported as especially adapted to 
the preparation of thermoplastic materials.*^® Some of the halides of aluminum, 
chromium, iron, antimony, bismuth, manganese, tin, zinc, vanadium and zirconium 
are reported to be satisfactory for this purpose. The production of a thermo¬ 
plastic body using ferric chloride, for example, is carried out as follows: 10 parts 
by weight of ferric chloride are milled into 100 parts of crude rubber, and the 
mass is subjected to dry heat at 160®C. for 15 hours. 'A strongly exothermic reac¬ 
tion takes jilace between the salt and the rubber, the temperature rising to 200- 
250®C. The product is a hard, brittle, heat-plastic material with a relatively low 
softening point. It is black in color, breaks with a conchoidal fracture an<l chem¬ 
ically is more saturated than the rubber from which it was prepared. The prod¬ 
ucts from zinc bromide and zinc chloride are brown and somewhat transparent; 
those from antimony chloride or bromide are yellow; and those from bismuth chlo¬ 
ride, a light gray. There is a tendency for the activity of the halide to increase 
with increasing atomic weight of the halogen atom, which may explain the inac¬ 
tivity of the fluorides in bringing about this type of reaction. 

M«W. C. Geer, British P. 410,171, 1932; Bnt Chem. Abs. B, 1934, 639 

A. BrusoD, Canadian P. 299,963, 1930, to Goodyear Tire & Rubber Co.; Chem. Abs , 1980, 

24, 3136. 

^ These resins have been placed on the market by the Goodyear Tire A Rubber Co. as molding 
materials (“Plioform”) and as alkali-resistant coatmgs (“Pliohte"). See H. R. Thies, Paint, Oil and 
Chem. Rev., 1986, 98 (8), 22. H. A. Endres, ibid., 1934, 97 (8), 9. See also H. Chase, Synthetic and 
Appl. FiniMhee, 1936, 6, 12. 

H, R. Thies and A. M. aifford, Ind. Eng. Chem., 1934, 26, 123. 

^ A proposed adhesive is formed by the action of fluoboric acid on rubber. H. A. Bruson, U. S. 
P. 1,863,334, Apr. 12, 1932, to Goodyear Tire A Rubber Co.; Chem. Aba., 1932, 26, 3407. 

French P. 768,262, 1934, to Wingfoot Corp.; Chem. Aba., 1936, 29, 622. 

^ B. S. Taylor and W. N. Jones, Ind. Eng. Chem., 1928, 20, 132. See also H. C. Jones and H. A. 
Depew, Ind. Eng. Chem., 1931, 2Z, 1467. The retarding action of tetramethylthiuram monosulphide 
is due to the formation of an insoluble compound. 

C. M. A. Stine and J. E. Booge, U. 8. P. 1,700,779, Feb. 5, 1929, to E. I. du Pont de Nemours 
A Co.; Chem. Abe., 1929, 23, 1628. See also C. M. A Stine and C. Coolidge, U. S. P. 1,721,930 and 
1,721,931, July 23, 1929, to E. I. du Pont de Nemours A Co.; Chem. Aba., 1929, 23, 4683. Too rapid 
oxidation can be prevented by the addition of phenolic compounds. C. M. A. Stine, C. Coolidge and 
E. B. Middleton, U. S. P. 1,700,778, Feb. 5, 1929, to E. I. du Pont de Nemours A Co.; Chem. Ab^, 
1929> 23, 1616. Cellulose esters may also be included. C. M. A. Stine and C. Coolidge, U. S. F. 
Aug. 6, 1929, to £. I. du Pont de Nemours A Co.; Brit. Chem. Aba. B. 1029, 826. 

>^11ie resin extracted from crude balata or gutta-percha has been neutralised and then hardened 
by bloaring with air in the presonoe of manganese resinates. A. B. Craven, British P. 278,922, 1927, to 
the YorMire Dyeware 4 Chemical Oo., Ud.; Chem. Aba., 1928, 22. 2860. 

»T. Midgley, Jr., A. L. Henne and A, F. Shepard, /.A.CM., 1984, 56, 1166. 

Ji»W. N. Jones and H. A. Winkelmann, V, S. P. 1,781,817, Mar. 26, 1930, to B. F. Goodrich Co.; 
Chem. Abs.. 1986, 24, 2689. German P. 688,106, 1828; Chem. Abe., 1882, 26, 1166. See also J. Scheiber, 
I r. tWi Chmn. 4b.., ItK. 97, IMt. 
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Gray'" reports that turpentine when heated with stannous sulphate yields a 
material useful for bonding metal to rubber. The same investigator also used a 
mixture of a heat-plastic rubber isomer with a lead salt of a higher fatty acid, 
e.g., lead oleate, as a rubber cement.“* Sebrell"* developed a related method for 
securing fibrous or porous materials to metals or to each other. For example, 
1346 g. of a cement containing 20.8 per cent of rubber were mixed with 30 cc. 
of a solution consisting of equal part^j of benzene and thin pine oil. To this were 
added 4.9 cc. of anhydrous stannic chloride in 1200 cc. of benzene. The solution 
was heated at 80®C. for 2 hours and then cooled. The surfaces to be joined are coated 
with the liquid and pressed together at 80-100°C. for 10-30 minutes. A solution of 
sulphur and zinc butyl xanthate also has been proposed for joining rubber sur¬ 
faces.'" 


Phenolic Substances and Rubber 

Plastic materials for electrical insulation may be obtained from rubber and 
formaldehyde, or rubber, formaldehyde and phenol. Such bodies have certain 
properties of both hard rubber and phenol resin. McGavack'^® stated that some 
chemical combination occurred between the rubber, phenol and aldehyde, i.e., 
the result was not merely a mixture of phenol resin and rubber. The following 
example illustrates the procedure: 15 kg. of pale crepe rubber are dissolved in 300 
kg. of carbon tetrachloride, 25 kg. of sulphuric acid (sp.gr. 1.84) being stirred in 
to serve as a condensing agent. Forty kg. of 40 per cent formaldehyde solution 
are added, and the mixture is refluxed for 2-3 hours at 100®C. The resulting gray¬ 
ish-white product, containing free acid, formaldehyde and carbon tetrachloride, 
is treated with 100 kg. of water, and the carbon tetrachloride is distilled off, 90 
per cent being recovered. The mass is washed with running water until free from 
acid, dried and milled on a cold mill. Then it is heated at 95®C. until dry. The 
brownish black powder, which is obtained finally, can be molded at 140-160®C. 
under a pressure of 3000-4000 pounds per square inch. It has a specific gravity 
of 1.05 at 18°C., softens at 130®C., has a transverse tensile strength of about 400 
pounds per square inch and is almost insoluble in all acids, bases and organic 
solvents. The molded articles will take a high polish and may be machined, 
turned, sawed or drilled. If, in the above procedure, the formaldehyde is replaced 
by 15 kg. of butyraldehyde or 15 kg. of furfural, the products have similar proper¬ 
ties but somewhat lower softening points. 

A further variation is the use of latex, 100 kg. being treated with 650 kg. of 
carbon tetrachloride and the mixture shaken until a smooth emulsion results. Then, 
30 kg. of phenol and 80 kg. of 40 per cent formaldehyde are added. After mix¬ 
ing, 40 kg. of concentrated sulphuric acid are run in and the mixture refluxed for 
2 or 3 hours at 100®C., washed, dried and molded. Vulcanized rubber may also be 
utilized as a raw material'" in which case it is first chlorinated. For example, 100 
g. of ground vulcanized rubber, containing 1-5 per cent of combined sulphur, are 
dispersed or swollen in a container with 1 kg. of benzol. Chlorine is then intro¬ 
duced at the rate of about 10 cc. per minute per g. of rubber, until the rubber 

Gray, U. S. P. 1.697,279, Jan. 1, 1929, to B. F. Goodrich Co.; Ckem. 1929, 23, 1309. 

Gray, U. S. P. 1,782,036, Nov. 18, 1930, to B. F. Goodrich Co.; Chem. A6#., 1931, 2S. 437. 
See also H. Gray, U. S. P. 1,801,667, Apr. 21. 1931, to B. F. Goodrich Co.; BrU, Chtn, Abu, 9, ItSl, 
1148. 

imL. B. Sebrell, British P. 310,461, 1929, to Goodyear Tire A Rubber Co.; Chtm. Aba., 1930, 24. 
782. 

^ F. S. Malm, British P. 363,437, 1929, to Electrical Reeearch Products, Ino.; Chem. Aba., 1933, 27. 
448. 

14S J. McGavack, U. S. P. 1,6404163, Aug. 30, 1927, to Revere Rubber Co.; Chem. Aba., 1927, 21, 3490. 
See Plaatiea, 1927, 661. 

McGavack, U. S. P. 1,640,364, Aug. 30, 1917, to Revere Rubber Co.; Chem. Aba., 1917, It, 
3490. Sea also Plaaiica, 1927, 679. 
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molecule contains 56-58 per cent of chlorine. One hundred fifty g. of phenol 
and 150 g. of 40 per cent aqueous formaldehyde solution are added and the mix¬ 
ture boiled under reflux for 2-3 hours. The brownish emulsion is then steam dis¬ 
tilled to remove excess of chlorine and solvent; and the solid product, containing 
35 per cent of combined chlorine, is washed, dried and molded. Other phenolic 
substances, as well as higher aldehydes, may be used in the above process 

Fisher'** has suggested the production of a plastic material formed from rubber 
by the action of trichloroacetic acid. The following is an example of the general 
procedure: 100 parts by weight of a 5 per cent solution of rubber in benzene 
are mixed with 6 parts of trichloroacetic acid, and the mixture heated under reflux 
for 2 days. Then the solvent is distilled off and the solid residue is washed. 
The mass is homogenized by mastication or by redissolving in an organic solvent. 
In one modification of this method a phenol is employed. For example, 100 parts 
by weight of 5 per cent rubber solution, 10 parts of phenol and 6 parts of trichloro¬ 
acetic acid are mixed and heated on a steam bath, the solid being recovered as 
before. These materials are tough and somewhat friable and are heat-plastic 
at ordinary molding temperatures. They are soluble in the common rubber 
solvents (e.g., benzene, gasoline and turpentine), but practically insoluble in alcohol, 
ether, acetone, aniline, water and dilute acids or alkalies. Rubber may also be 
made to yield thermoplastic materials by heating with a phenol and a third sub¬ 
stance.'** The latter may be one of a large number of compounds, including chlo¬ 
rinated rubber, rubber hydrochloride, aniline hydrochloride, trichloroaniline hydro¬ 
chloride, mercuric chloride, stannic chloride, aluminum sulphate, naphthalene 
tetrachloride, m-nitraniline hydrochloride or pinene hydrochloride. 

A further group of reagents suggested for converting rubber-phenol mixtures 
into moldable bodies includes sulphonyl chlorides and dilute sulphuric acid.'“ 
Vulcanized rubber when similarly heated at 1(X)®C. with benzene, phenol and 
hydrochloric or hydrobromic acid yields an adhesive 


Miscellaneous Products prom Rubber 

Prolonged contact with thioglycolic acid converts rubber into a glassy resinous 
material of the formula, (CsH#—S—CHg—C08H)„.'“ Allowing polymerized buta¬ 
diene to stand in dilute alkali is said to prevent resinification.'"* Cathode rays 
have been observed to transform rubber in a manner similar to vulcanization.'^ 
Rubber-impregnated fabrics (e.g., conveyor belts) have been rendered acid-resistant 
by alternate coatings of a thermoplastic rubber isomer and of an elastic mixture 
containing a natural gum-resin and a drying oil.'** 


^R. P. Courtney (British P. 356,769, 1930, to Bakelite Corp.; Brit. Chem. Abs. B, 1931, 1082) 
prepared a cement bv incorporating rubber in an oil-modified phenol re^in 

M«H. L. Fisher, U. S, P. 1,642,018, Sept. 13, 1927, to B. F. Goodrich Co.; Brtt. Chem. Aba. B, 
1927, 917. See also Plaattca, 1928, 135. 

.L. Fislier, U. S. P. 1,852,294 and 1,852,295, Apr. 5, 1932, to B. F. Goodrich Co. ; Chem. Aba., 
1932, 26, 3142. British P. 282.778, 1926; Chem. Aba., 1928, 22, 4007. See also French P. 646,414, 1927; 
Chem. Ah$., 1929, 23. 2324. German P. 568.941, 1927;. Chem. Abe., 1932, 26, 2346. Canadian P. 284,980 
and 284,981. 1928; Chem. Abe., 1929, 23. 1013. 

»»H. L. Fisher. U. S. P. 1,852,845 and 1.852,346. Apr. 5, 1932, to B. F. Goodrich Co.; Chem. Abe., 
1932, 26, 3142. French P. 648,759, 1927; Chem. Abe., 1929, 23, 3375. British P. 307,134, 1927; Bnt. 
Chem. Abe. B, 1929, 367. German P. 571,188, 1927; Chem. Abe., 1988, 27. 2844. 

uiJH. L. Fisher, U. 8. P. 1,852.294, Apr. 5, 1982, to B. F. Goodrich Co.; Chem. Abe., 1932, 26. 3142. 

u»B. Holmberg, Ber., 1982, 65, 1819; Brit. Chem. Abe. A, 1932, 1139. 

^ British P. 29,213, 1911, to Farbenfabr. vonn. F. Bayer A Co.; Chem. Abe., 1913, 7, 426. German 

P. 857,818, 1911; Chem. Abe., 1913, 7. 2695. German P. 264,820, 1911; Chem. Abe., 1914, 8, 1855. 

B. Newton, U. 8. P. 1.906,402, May 2, 1988, to B. F. Goodrich Co.; Brit. Chem. Abe. B, 

1984, 110. 

A a Taylor and B. M, OoateDo, U. S. P. 1,906,434, May 2, 1983, to B. F. Goodrich Co.; Chem. 
Abe., 1983, 27. 8689, 



Chapter 55 

Resins from Rubber 
II. Halogenated Rubber 

The halogens react directly with rubber, gutta-percha or balata to form an 
interesting series of compounds possessing properties intermediate between those 
of rubber and the brittle natural resins. The extent of the halogenation in the 
case of chlorine can be varied to produce compounds containing as much as 70 
per cent of halogen. This highly chlorinated rubber together with derivatives con¬ 
taining less chlorine furnish a graduated series of products with elastic properties 
varying from that of the original rubber to one of a tough, leather-like resin. 
The halogenated bodies are chemically inactive and are more soluble than the 
original stock in carbon tetrachloride, carbon bisulphide, chloroform, acetone and 
ether from which they may be precipitated by alcohol. The solutions possess much 
lower viscosity than those of the original material and find use as bases of coating 
compounds and lacquers. Although chlorine is ordinarily employed, both bromine 
and iodine react with rubber. The color of the halogenated compounds varies 
from a pale-yellow to pure white. They do not burn, and, when heated soften 
without melting; decomposition occurs before the true melting point is reached. 
They possess electrical insulating properties. When mixed with various fillers they 
form compositions which can be hot-molded; the final products are more tough 
than brittle, and can be worked into masses resembling leather. Moreover some¬ 
what similar compounds are formed by the action of the hydrogen halides on 
rubber and related materials. 


Mechanism of Halogenation 


On the basis of the structure of the rubber molecule,^ halogen could add directly 
to the unsaturated bond. Chlorine, for example, should furnish a chloro hydro¬ 
carbon containing 51 per cent of chlorine. 


(CHa—("==(;H—CHajx + xCh 
(1;hj 


Cl 

(CHs—(*;— 

I 

CH, 


Cl 

I 

-Cll—CHj). 


In practice, however, both addition and substitution occur inasmuch as hydrogen 
chloride is evolved. Moreover the compound, which is isolated, contains more 
halogen than the above equation would indicate. 

Numerous explanations have been offered to account for this phenomenon. 
Kirchhof® suggested that the initial addition compound loses hydrogen halide and 
that the halogen then reacts on the newly formed unsaturated hydrocarbons. The 
reaction can be considered as taking place in the following stages:— 

1 See Chapter 

9F. Kirohhof, Qumm-Zio,* im, 497; Cf^, A6«., 1M2. 29, 1827. 
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(CH,-C5=CH—CH,)x + xClj 

^H, 


(CHr-CCl—CHCl—CHj), 

in, 


j/ —2xHCl —xHCl 


(CH=C—CH==CH)x 
(!;hs 


I Cl, 

(CHCl—C>=CH—CHCDx 

in, 


(CH=C—CHCl—CH,)x 

(i^H, 

J, Cl, 

I 

(CHCl—CCl—CHCl—CH*) X 

(tlH, 


I Cl, 

(CHCl—CCl—CHCl—CHCDx 

I 

CH, 

This last substance, (CsHeCl,),, corresponds to a chlorine content of 68 per cent. 
The second phase of the reaction, as indicated, could take place with the forma¬ 
tion of only one double bond, leading to a compound represented by the empirical 
formula (CJHtCI*)*, and the presence of this material along with the final tetra- 
hajogenated compound would account for the variation in the final products. As 
a matter of fact, derivatives containing approximately 70 per cent chlorine have 
been prepared. 

McGavack* followed the chlorination reaction through its entire course by a 
method of gas analysis. The volume of chlorine passed into a solution of a known 
amount of rubber and the hydrogen chloride and unabsorbed chlorine coming off 
were measured by means of flowmeters. The results showed that substitution 
takes place almost exclusively during the early stages of the reaction but later 
diminishes in rate. Corresponding to the reduction in rate of substitution, the 
rate of addition increases accompanied by a gradual fall in temperature.* The 
final product has a chlorine content of approximately 65 per cent, which corre¬ 
sponds to that of a compound containing 3 substituted and 4 added chlorine atoms 
for each two C#— groups; thus (CioHiaCh)* has 65.1 per cent chlorine content. 
In his experiments, McGavack also observed that the properties of the final 
product are influenced by the grade of rubber used, the type of apparatus, the 
intensity of light and the temperature of reaction. The course of the reaction 
and hence the chlorine content were found to be dependent, within limits, upon 
the type of solvent used and upon the temperature, substitution being favored by 
higher temperatures. 


Early History of Halogenation 

Eck,* in a review of the early history of chlorinated rubber, called attention to 
the fact that the acid used by Fourcro/ (when the latter discovered that acids 
coagulate latex) was in fact chlorine water, the so-called oxidized muriatic acid. 

• J. MeOavack» Jnd. JBnp. Chdtn,, 1028, 15. Ml. 

*Tbti hi not ineontistent with th« mechanitm of Kirohhof, ainoe the hydrogen chloride formed in 
that eaee alio oeeun in the initial itagei of the reaction. 

•L. Eek, OumtfU-Ziff,, 1088, 47, 517 { Chem. Ab$„ 1088, 87, 8887. 

* A. F. Fouroroy, Ann, chim, jiAyi., 1701, 11, 885. Syrieme del connaiitaneu chimique$t 1801, 8, 85. 
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For a long period rubber was thought to be resistant to chlorine; Berzelius/ for 
example, said that rubber tubes could be used in working with chlorine. Himly* 
reported the action of chlorine on the products of the destructive distillation of 
rubber and, in 1859, Traun® observed that chlorine, when passed into a solution 
of rubber in carbon disulphide, furnished a white substance which was no longer 
elastic or flexible. 



Fio. 142.—Spongy Form of Chloronibbor. This piece, eleven inches in diameter and 
about three inches thick, weighs 295 grams. 

In the same year, Engelhard and llavemann’® described the effect of gaseous 
chlorine on solid rubber and on gutta-percha. The action of the gas on the solid 
was slow and was accompanied by swelling, yielding a brittle, white mass which, 
after washing out the chlorine with water, was soluble in the usual rubber solvents. 
Reaction was accelerated by using a solution of rubber in chloroform or benzene, 
from which the reaction product could be precipitated by alcohol as a hard, white 
mass, which was soluble also in carbon disulphide. The addition of zinc or calcium 
oxides to the chlorinated solution was stated to facilitate the preparation of hard 
bodies.'^ 

Helm'* immersed small pieces or thin sheets of either rubber or gutta-percha 

,1. Berzelius, Lehrbuch der Chemie, 1839, 8, 23. 

* Himly, Dissertation Odttingen^ 1835. 

• H Traun, "Versuch eincr Monographie dee Kautschuks," Gottingen, 1859. ^ 

^ O. A. Engelhard and R. F. H. Havemann, U. S. P. 28,175, Nov. 22, 1859. G. A. Engelhard and 
H. H. Day, British P. 2734, 1859. 

^iR. F. H. Havemann, U. S. P. ^1,240 and 31,241, Jan. 29, 1861. 

M J. Helm, Jr., U. S. P. 115,202, May 28, 1871. 










1108 . 


THE CHEMISTRY OF SYNTHETIC RESINS 


in saturated chlorine water or in liquid chlorine and thus obtained a brittle mass 
which, after washing and drying, could be pressed in a hot mold. He found that 
a solution of rubber or gutta-percha in. gasoline or benzine could be chlorinated 
by mixing with chlorine w^ater or liquid chlorine (under pressure) and also sug¬ 
gested the addition of fillers (zinc oxide, Paris white, terra alba, ground glass or 
lime) before chlorination. The product was one of comparatively small chlorine 
content since the jiroportions used were about 3 parts of chlorine to 4 parts of 
rubber. 

In subsequent studies made by Gladstone and Hibbert” chlorine was passed 
into a 1 per cent solution of rubber in chloroforn^ exposed to diffused light. An 
immediate evolution of hydrogen chloride occurred and continued for a long 
period. Evaporation of the solvent yielded the chlorinated product in the form 
of yellowish scales. In every instance, both substitution and addition occurred 
and the best specimen contained 65.18 per cent of chlorine. Temperature had a 
definite effect on the course of the reaction.^* Chlorination at 0®C. of a 1 per 
cent solution of rubber in benzene or chloroform yielded a product whose analysis 
(61.6 per cent of chlorine) approximated that which is represented by the formula, 
(C«H,*Ch),. 


Chlorination in Solution 

IVachey*'’' emi)lo>’e<l a method of chlorinating a 4 ])er cent solution of rubber 
in carbon tetrachloride. The mixture was agitated and cooled to absorb the heat 
generated during reaction, and chlorination was continued until the desired proper¬ 
ties were obtained in the finished product. In this manner, chlororubber contain¬ 
ing as much as 65 per cent chlorine could be prepared. Addition of camphor, 
either before or after chlorination, gave a material resembling leather. Peachey’** 
also suggested the use of alkyl, alkylene and airyl halides as solvents and sulfuryl 
chloride or a mixture of bromine and chlorine as the halogenating agent. Corre¬ 
sponding reactions occur and similar products are formed when balata and gutta¬ 
percha are substituted for rubber. Even benzene and its homologues have been 
proposed as solvents,” the action of chlorine on the solvent being minimized by 
conducting the process in vessels made of stoneware or lead. 

In another method, solutions of chlorine and rubber are mixed in the presence 
of waterThe latter absorbs the hydrogen chloride formed, thereby diminishing 
foaming and consequent loss of solvent. Further, if the water contains an oxidiz¬ 
ing agent (sodium hypochlorite), the hydrogen chloride is oxidized returning chlo¬ 
rine to the reaction. The material finally obtained is an emulsion of water in 
chlorinated rubber solution. 

The high viscosity of solutions of rubber in the customary solvents (which ordi¬ 
narily limits concentrations to 3-6 per cent nibber) may be reduced by mastication 
of th^ rubber after it has been swollen in a solvent.’* The viscosity of the chlo¬ 
rinated solution is particularly important when it is to be used as a varnish or 
lacquer since, as is well known, a paint of low viscosity is easier to apply. Rub- 

J. H. Gladstone and W. Hibbert, 1888, 53, 679. 

'«F. W. Hinnohsen. H. Quensetl and E. Kindscher, Ber., 1913, 46, 1283; Chem. Abtt., 1913, 7, 2482. 

1^8. J. Peachey, U. 8. P. 1,234,381, July 24. 1917; Chem. Ab«., 1917, 11, 2626. British P. 1894, 
1214; J.S.CJ., 1916, 35, 479. 

»8. J. Peachey, Britwh P. 121,091, 1917; J.8.C.L, 1919, 38. IIOA. 

H. M. Broadhurst, A. Lamhle and S. J. Peachey, British P. 127,481, 1919, to United Alkali Com* 
pany; Chem. Ahs., 1919, 13, 2467. 

>*X>. F. Twise and J. A. Wilson, British P. 414,862, 1984, to Dunlop Rubber Co., Ltd.; Chem. Abs.» 
1985, 640. French P. 772,782, 19M, to Soe. anon, dee pneumatiquee Dunlbp; Chem. Abe., 1985, 29, IWI. 

»D. Spence and G. D. Krats, Kelloid-Z,, mi, 15, 217; Vhem. Abt„ 1915, 9, 980. 
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ber that has been depolymerized by mastication, irradiation with ultraviolet light” 
or by the action of copper oleate®^ yields chlorinated products which dissolve to 
form solutions of relatively low viscosity. Dyche-Teague” employed a method 
in which rubber is milled and then dissolved to the extent of 10 per cent in 
carbon tetrachloride or a similar solvent. The product of chlorination after dis¬ 
tilling off the solvent contains 50-60 per cent chlorine. A 20-30 per cent solu¬ 
tion of this material in benzene had a viscosity about equal to that of linseed oil. 

Preliminary oxidation of rubber to give it approximately 1 per cent combined 
oxygen offers a means of reducing the viscosity of solutions of its chlorinated 
products.” Oxidation may be brought about by heating rubber in thin sheets at 
60°C. in air or oxygen, or by exposure of thin sheets to ozone, followed by milling. 
The effect may be obtained also by passing air, oxygen or ozone into rubber solu¬ 
tions^ and by the addition of benzoyl peroxide or sodium hypochlorite.® 

As the solutions in which rubber is chlorinated are usually fairly dilute, the 
problem of obtaining the solid chlorinated rubber remains. Spencer® recovered 
the solid product by passing the solution of rubber under the surface of an agi¬ 
tated heated liquid (in which the solvent was immiscible), the latter being main¬ 
tained at a temperature above the boiling point of the solvent. As the chloro- 
rubber rose to the surface in a porous, spongy or fibrous condition, the solvent 
passed off as a vapor. When water is employed as the heating liquid, its boiling 
point may be increased, if necessary, by the addition of glycerol.®^ Another pro¬ 
cedure involved spraying chlororubber solution into steam which was maintained 
near or above the boiling point of the solvent.® Steam and solvent vapor were re¬ 
moved simultaneously. 


Chlorination of Solid Rubber 


Action of gaseous chlorine on solid rubber is slow and normally penetrates to 
only a slight depth because of the protective action of the sui^erficial layer of 
chlorinated material. To offset this, Ellis® advocated masticating rubber in an 
atmosphere of chlorine. If desired a small amount of solvent is added as a plas¬ 
ticizing agent. The product may be used in solution as a lacquer or varnish base 
or mixed with fillers to form a molding composition. 

Edison” recommended chlorination of thin rubber sheets by chlorine gas con¬ 
taining the vapors of carbon tetrachloride, the latter acting as a softening agent. 

»N. Floresco, Frfench P. 768.632, 1934; Chem. Ab»., 1935, 29. 640. See also British P. 416,252, 
1934, to Chem. Fabrik Buckau; Chem. Ahs., 1935, 29, 1282. French P. 768,157, 1934; Chem. Abe., 1935, 
29. 640. 

B. V. Bujzov, V, S. Molodenskii and N. I. Mikhailov, /. Rubber Ind. {U.S.S R.), 1934, 11, 44; 
Chem. Aba., 1935, 29, 953. 

«F. C. Dyche-Teague, U. S. P. 1.819,136, Aug. 18, 1931; Chem. Abe., 1931, 25, 5797. British P. 
305,968, 1927; Bnt. Chem. Abe. B. 1929, 334. 

**F. C. Dyche-Teague, U. S. P. 1,826,275, Oct. 6. 1931; Chem. Abe., 1932, 26, 625. See also British 
P. 390,097, 1932, to I. G. Farbenind. A.-G.; Bnt. Chem. Abe. B, 1933, 481. French P. 744,565 and 
751,535. 1933; Chem. Abe., 1983, 27, 4489; 1984. 28. 1221. 

^ The simultaneous oxidation and chlorination of rubber has also been suggested. British P. 413,559, 
1934, to MetallgeseUschaft A.-G.; Chem. Abe., 1935, 29, 376, French P. 764,391, 1934; Chem. Abe., 
1934, 28, 5714. 

British P. 421,313, 1934, to Chem. Fabr. Buckau; Brit. Chem. Abe. B, 1935, 197. French P. 
m,481, 1934; Chem. Abe., 1935, 29, 1681. 

*>W. D. Spencer, British P. 402,454, 1983, to Imperial Ch«na. Ind., Ltd.; Chem. Abe., 1934, 28, 3260. 
,T. P. Baxter (British P. 416,056, 1934, to Imperial Chem. Ind., Ltd.; Chem. Abe., 1935, 29. 1281. 
French P. 7M,^, 19M} Chem. Abe., 1935, 29, 640) emulsified the solution in water before evaporating 
the solvent. 8 m also British P. 418,069, 1983, to I. G. Farbenind. A.-Q.; Brit. Chem. Aba. B, 1935, 34. 

v’Briti^ P. 400398, 1938, to Chemische Fabrik Buckau; Chem. Abe., 1934, 28, 3219. French P. 
758,280, 1934; Chem. Abe., 1984, 28, 8269, 

* French P. 761,001, 1984^ to Deutsche Gold- und Silber-Seheideanstalt vorm. Roesslerj Chem. Abe., 
1934, 28, 4^. ^ also J. P* Baxter, British P, 419,728, 1933, to Imperial Chem. Ind., Ltd.; Brit. 

Chem. Abe. B, tm, 70. , 

a*Carleton Ellis, U. 8. P. 1,844,529, June 80, 1915, to Chadeloid Chemical Co.; Chem. Abe., 1925, 
19, 2759. ^ 

A. Edison, U. 8. P. 1,498,560, May 27, 1924; Chem. Abe., 1924, 18, 2266. 
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The resulting soft mass contains some hydrogen chloride, which is removed by 
washing. Chlorination of powdered, unvulcanized rubber without the aid of a 
solvent is described by Martin.®^ 

The greater solubility of chlorinated rubber has been utilized to accelerate chlo¬ 
rination of solid rubber. By suspending thin strips or sheets of rubber in carbon 
tetrachloride,” the solvent dissolves off the protective coat of chlorinated product 
during chlorination and thus exposes fresh rubber surfaces to the gas. In this 
manner a more rapid reaction is secured. The final product is a 32 per cent solu¬ 
tion of chlorinated rubber in carbon tetrachloride. The dry chlororubber con¬ 
tains 70 per cent of chlorine. It was found more satisfactory to add the rubber 
gradually to the solvent as the reaction proceeded and it was necessary to stir the 
mass vigorously to insure complete contact. Temperatures between 60°C. and 
the boiling point of the solvent were employed. Additions of small amounts of 
bromine or iodine to the solution accelerated chlorination. Another catalyst which 
has been suggested is a Japanese acid clay.” 

Effect of Temperature on Chlorination 

Ellis'* found that the reaction between chlorine and rubber suspended in a sol¬ 
vent was accelerated and a higher degree of chlorination favored as the tempera¬ 
ture approached the boiling point of the solvent. The operation is most con¬ 
veniently carried out in a closed vessel provided with reflux and an agitator. 
Iodine in the proportion of 1 g. per kg. of solvent is an effective catalyst. The 
product is light yellow and is readily soluble in benzene or in ethyl acetate and 
yields a hard, tough, glossy film on the evaporation of the solvent. 

Chlorinated compounds prepared near the boiling point of the solvent” do not 
suliseipientiy split off hydrogen chloride, are relatively acid free, and serve directly 
as film-forming ingredients in lacquers.*® 

Chlorination Under Pressure 

By conducting chlorination at high pressures without the use of a solvent, some 
of the expense incident to handling solvent and unavoidable losses in its recovery 
may be obviated. At the same time the increased pressure overcomes the sluggish 
reaction between the gas and the solid rubber. 

Experiments in the author’s laboratory®^ have shown that, using a lead-lined 
autoclave loosely packed with thin sheet rubber, reaction proceeds very slowly at 
ptSssures below 60 pounds per square inch, yielding a product having only 30 
per cent chlorine. At pressures above 60 pounds per square inch chlorination is 
much faster and is more nearly complete. Due to swelling of the mass, the capacity 
of the autoclave is limited. 

G. Martin, Bull. Rubber Orower%' 1932, 14, 622; Chem. Aha,, 1933, 27, 628. For the use 

of 8oya>bean lecithin in the preparation of powdered rubber, see S. Minatqya and N. Kurahashi, J. 
8oc. Chem. Ind., Japan, 1634, 37, Sui^pl. bindinp, 207; Chem. Aba., 1934, 28, 6024. 

**Carleton Ellis, U. S. P. 1,544,529 and 1,544,530, June 30, 1925, to Chadeloid Chemical Co.; Chem. 
Aba., 1925, 19, 2759. 

“T. Inokuchi, Japanese P. 95,117, 1932; Chem. Aba., 1933, 27, 2843. 

^^Garleton Ellis, U. 8. P. June 30, 1925, to Chadeloid Chemical Co.; Chem. Aba., 1925, 

19, 2759. 

Apparatus to be used in this type of reaction has been described by W. Beckmann, M. Deseniss 
and A. Nielsen, U. S. P. 1,918370, July 18, 1933, to New-York Hamburger Gummi-Waaren Co.; Chem. 
Aba., 1983, 27, 4956. British P. 378,372, 1931; Bnt. Chem. Aba. B, 1933, 951. British P. 300,025, 1982, 
addn. to 878,272; Brit. Chem. Aba, B, 1933, 481, French P. 725,700, 1931; Chem. Aba., 1932, 26, 4981. 
Frenoh P. 41,880, 1988, addn. to 725,700; Chem. Aba., 1938, 27, 4716. 

•• M. Demise and A. Nielsen, U, S. P 1,852,043, April 5, 1982, to New-York Hamburger Qummi- 
Wahren Compagnie; Chem. Aba., 1932, 26, 3142. British P. 328,818, 1929; Chem. Abs., im, 24, 5585. 
Oennan P. 585.054, 1928; Chem. Aba., 1932, 26, 4505. 

•fCaaUMP BUis and N. Boehmer, U. S. P. 1,544,584, June 30, 1925, to Chadeloid Chemical Co.; 
Chem. Aba., 1925, 19, 2759. 
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A typical chlorination of this kind was carried out as follows: 100 grams of sheet 
rubber were loosely packed in a lead-lined autoclave and chlorine was introduced to 
bring the pressure to 80 lbs. per square inch. As the reaction proceeded, there was a 
slight rise in temperature, and the pressure gradually dropped in 16 hours to 50 lbs. 
per square inch. This pressure, caused largely by hydrogen chloride, was released and 
chlorine was re-introduced to 128 lbs. pressure. After each 24 hours this operation 
was repeated and at the end of 168 hours only an insignificant amount of hydrogen 
chloride was detected in the vented gas. Three hundred fifty seven g. of a white 
or light cream-colored mass containing 72 per cent of chlorine were isolated. Varia¬ 
tions of the process were to omit venting hydrogen chloride if a low chlorine content 
was desired and to add chlorine continuously while venting at a rate slow enough 
to keep the pressure up to the desired point. 

Liquid chlorine was found to be an effective chlorinating agent for solid rubber 
since it appears to be a good solvent for the reaction product.* Using an excess 
of chlorine at 70°C. and 323 lbs. pressure, chlorination was complete in 27 hours 
without any removal of hydrogen chloride. The product is a dark green viscous 
liquid from which, after reduction of the pressure, chlorine evaporates to yield a 
porous mass. On washing to remove hydrogen chloride and on drying this residue, 
a white or very light yellow material is obtained. It has been shown further that 
higher temperatures accelerate the reaction, but care must be exercised to prevent 
too much heating which discolors the product.* Another modification employs 
rubber which has been masticated with a small amount of solvent, furnishing (as 
has been noted above) a material which forms solutions of low viscosity." 

Neutralizing Agents (Antacids) 

Inasmuch as chlorination is accompanied by the evolution of hydrogen chlo¬ 
ride, it is necessary that acid be completely removed from the product before use. 
Even the greatest care in this respect does not prevent the generation of hydrogen 
chloride by the subsequent slow decomposition of highly chlorinated products. 
At elevated temperatures this decomposition may become rapid. To offset the 
tendency to split off hydrogen chloride, it has been found that the addition of basic 
compounds, e.g., aniline, toluidine and xylidene, diphenylamine, phenylene diamine 
and urea, are effective in stabilizing chlorinated rubber solutions." On the other 
hand, the oxides of zinc, barium and magnesium may be used in pigmented paints 
and lacquers where solubility of the stabilizer in the mix is not essential. 

A stabilized product is obtained by chlorinating rubber in carbon tetrachloride 
solution in the presence of sodium carbonate or potassium bicarbonate. When 65- 
65 per cent of chlorine has combined, the solution is heated to boiling for several 
hours.** Thus prepared, the material does not yield hydrogen chloride when 
heated up to about 180®C.** Another class of stabilizing agents includes the de¬ 
rivatives of ethylene oxide, (epichlorohydrin, phenoxypropene oxide, dimethyl- 
glycidol and phenylmethylglycidol).** Becker and Blomer** isolated chlororubber 
from solution in carbon tetrachloride by pouring the reaction mixture into alcoholic 

^ Carieton Ellis and N. Boehmer, U. S. P. 1,M4,535, June 30, 1023, to Ohadeloid Chemical Co.; 
Chem. Abe,, 1925. 19. 2759. Canadian P. 273,670, 1927; Chem. Abi,, 1927, 21, 4098. 

**CarIeton Ellm and N. Boehmer, U. S. P. 1,544,331, June 30, 1925, to Chadeloid Chemical Co.; 
Chem. Abt., 1925, 19. 2759. 

«<»Carleton Ellis, U. S. P. 1,693,636. Deo. 18, 1928, to Chadeloid Chemical Co.; Chem. Abi., 1929, 
23, 1013. 

^Carleton Ellis, U. S. P. 1,693,641, Dec. 18, 1928, to Chadeloid Chemical Co.; Chem. Ab»., 1929, 
23, 1012. 

British P. 381,098, 1932, to 1. G. Farbenind. A.-O.; Brit. Chem. Ab$. B, 1932, 1044. French P. 
738,484, 19^; Chem. Abt., 1988, 27, 1788. An alternative method involves heating solutions of chlorinated 
rubber while they are emulsified with aqueous allcalL British P. 418,068, 1983, to 1. G. Faii>«nind. 
A.-G.; Brit. Chem. Aha. B, 1983, 84. 

British P. 388,134, 1988, to I. Q. Farbenind. A.-Q.; BrU. Chem. Abe. B, 1933, 80. 

^Franch P. 733,486, 1983. to I. O. Farbenind. A-O.; Chem. Ahs., 1084, 28, 1371. British P. 418^, 
1983; Brit. Chem. Abe. B, 1983, 18. 

«W. BecAer and A. Blfinier, U. 8. P. 1,998,018, Mar. », 1988, to I. Q. Farbeiiii>d. A,-Q. 
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potassium hydroxide. The product precipitated as a powder which was then 
stabilized by stirring at room temperature for 15-20 hours. 

Rubber Hydrochloride 

Rubber in solution reacts with hydrogen chloride to form substances simulating 
those formed by chlorine. The reaction may be expressed as follows: 

(CHj—C==CH—CHs—Cmo~C=-CH--CH2)x 

<*:h, in, 

^ 2HC1 

(CHj—CCl—CHo—CH,—CHs—CCl—CHj—CH,), 

(^H, (^H, - 

Harries^* prepared a compound corresponding to (CioHwCla), by saturating solu¬ 
tions of rubber^’ in chloroform or benzene with hydrogen chloride and allowing 
them to stand 12 hours. The product, precipitated from solution by addition of 
alcohol, is white and elastic, becoming brittle on standing. It is soluble in benzene 
and chloroform but insoluble in ether and alcohol. It has no characteristic melting 
point; decomposition beginning at 145°C. becoihes complete at ISS^'C. Treatment 
with pyridine or with sodium hydroxide solution removes hydrogen chloride from 
the compound, yielding a chlorine-free rubber. Weber^* stated that moisture is 
necessary to the formation of a resinous hydrochloride and that without its pres¬ 
ence sticky masses are formed. He further noted the partial decomposition of 
rubber hydrochloride when treated with organic bases and found that although 
hydrogen chloride splits off on heating, an amount of chlorine corresponding to 
about 18 per cent is held tenaciously even up to 100®C., indicating a stable com¬ 
pound of this composition. 

Oenslager^* proposed using a solvent for hydrogen chloride which did not dis¬ 
solve rubber, e.g., ethyl acetate and similar' esters.®® Ethyl acetate exerts merely 
a softening action on rubber and dissolves as much as 20 per cent of dry hydrogen 
chloride. The procedure consists of immersing thin sheets of masticated rubber 
in a saturated solution of hydrogen chloride in ethyl acetate at room temperature 
for 36-48 hours. The product retains the shape of the original sheets and pos¬ 
sesses a deep-amber, translucent, homy appearance. It is tough and hard and 
much more resistant than rubber to destructive agencies including oxidizing acids 
and the hydrocarbons, gasoline, kerosene and lubricating oil.®' 

Rubber will add hydrogen fluoride until a content of 30 per cent of fluorine 
is attained. Heat, however, decomposes this material and a plastic body contain¬ 
ing about 2 per cent of fluorine results. The softening point of the product de- 
jieiids on the concentration of the acid employed. For example, the action of 69 

^C. Harries and E. Fonrobert, Ber., 1913, 46, 783; 1913, 32, 372. See also F. W. Hinricli- 

sen, H. Quensell and E. Kindacher, Ber., 1913, 46, 1283; Chem. Abt., 1913 . 7, 2482. 

" As was noted above, if plasticised rubber is employed, more concentrated solutions are possible. 
H. I. Wateiman, C. Q. H. Max and J. J. Leendertse, Chem, Weekblad, 1934, 31, 614; BrU. Chem. Abu, 
B, 1935. 70. 

<4C. 0. Weber, Ber., 1900, 33, 789; J.C.8., 1900, 7S (1), 3M. 

«0. Ofloslager^ U. S. P. 1,841,295, Jan. 12, 1932, to B. F. Goodrich Co.; Chem, Abe., 1932, 26, 1829. 

w C/. the preparation of rubber hydrochloride in the abeence of a solvent, E. Qebauer-Fuelneag and 
£. W. hfoffett, U. S. P. 1,980,396, Nc^v, 13, 1934, to Marsene Corp. of Arnern^; Chem, Abe., 1935, 29, 
373. 

" Films and filaments of rubber hydrochloride are reported to be durable. H. I. Waterman, C. Q. H. 
Max and J. J. Leendertse, loe. eit, Cf. the prmration of transparent wrapping sheets, W. C. Calvert, 
U. 8, P. 1,989,682, Jan. 29, 1935, to Witigfoot Corp.; Chem, Abt„ 1935, 2$, 2028. French P. 737 
1934; Chm, Abe,, 1983, 29, 376. 
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and 85 per cent solutions on smoked sheets gives bodies softening at 90® and 
155®C. respectively. Further, the more concentrated acid reacts faster, requiring 
only 6 hours as compared with 48 for the other 

Ellis“ devised a method for treating rubber with chlorine and hydrogen chloride 
in a senes of reaction vessels. Each vessel is charged with the mixture of gases 
vented from the one above it. Chlorine is introduced into the first and, when 
the material in this is ready to be removed, a fresh vessel is inserted at the 
bottom of the senes. 


Action op Hypochlorous Acid 

Hypochlorous acid, like hydrogen chloride, adds to an unsaturated linkage and 
has found use in the halogenalion of rubber. Inasmuch as hypochlorous acid is 
relatively un-ionized, it does not effect coagulation of the latex. The acid may be 
formed in situ, by passing chlorine directly into latex previously made alkaline 
with sodium carbonate. The first product formed according to Bloomfield and 
Farmer** was a light, fine, pale-yellow powder which approximated CsHsOCl in 
composition. Further treatment of latex with hypochlorous acid resulted m the 
replacement of hydrogen atoms by chlorine. When the chlorine content approached 
45.8 per cent, the material was an insoluble, cream-colored powder. Not being 
coagulated by heat or acid, further chlorination was resorted to at 80-l(X)®C. under 
acid conditions. With one sample of Malay latex the product was a white powder 
containing 51.1 per cent chlorine and was soluble in chloroform, cyclohexanone, 
cyclohexyl acetate and diacetone alcohol. 

Agitation of rubber solutions with aqueous solutions of hypochlorous acid at 
0-5®C. results not only in chlorination of the rubber but also addition of the acid, 
provided at least one molecular proportion of the latter is employed. The highe&t 
degree of chlorination was accomplished in chloroform solution by a 3-day treat¬ 
ment with 5 molecular proportions of hypochlorous acid. The product was a fine, 
white powder, soluble in chloroform, benzene and acetone, but insoluble in carbon 
tetrachloride. Analysis showed 66.0 per cent chlorine and 8.5 per cent hydroxyl. 
These proportions approximate the formula, (CbHrOCU),. 


Bromination and Iodination 


The action of bromine and iodine on rubber is somewhat analogous to that of 
chlorine and in most of the chlorination procedures either of these may be sub¬ 
stituted. In general, the products formed are darker in color than the chlorine 
derivatives and it is difficult to introduce as large an atomic proportion of either 
bromine or iodine into the rubber molecule. It should be noted that the bromine 
and iodine compounds of rubber are much less soluble than the corresponding 
chlorine derivative. The catalytic effect of iodine on the chlorination of rubber 
has already been noted above. Rubber, gutta-percha and balata all add iodine 
monobromide and iodine monochloride. A solution of the latter was recommended 
by Kemp and Mueller*® as a reagent for measuring the degree of unsaturation of 
rubber. 


“British P. 414,425, 1934, to I. G, Faibenind. A.-G.; Chem. 1935, 29, 522. French P. 750,500, 
1088; Chem. Abt., 1984, 28, 981. 

“Carleton Ellis, U. 8. P. 1,544,528, June 30. 1925. riu! 1,895,630. Dec. 18. 1928. to Chadeloid Chemical 
Co.; Chim. Abe,, 1925, 19, 2759; 1929, 23, 1018. C/. the chlorination of rubber hydrochloride, C. E. 

Bradley and W. A. Gibbons, U. 8. P. 1,627,725, May 10, 1927, to Naugatuck Chem. Co.: Chem, Abn., 
1927, 21, 2200. 

“0. ]?« Bloomflold and E. H. Farmer, J.S.C.l., J984, 58, 43T, 471' S«u al»!a A. D. Liiilringer, 
Caoutchouc et gutta-perchat 1984, 81^ 16829, 16861; Chem. Abe.» 1934. 28, 6589. 

“A. R. Kemp and Q, 6. Mueller, Ind, Ung. Chem,, Amt. Ed.. 1934, 6. 52. Bee ulbo R. Puinnicter 
end F, J. Mann, Ber., 1929, 62, 2686; BrU. Chem. Abe. A, 1929, 1455. 
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Bromine reacts directly on a chloroform solution of rubber. Hydrogen bromide 
is evolved and compounds of variable composition, approximating the formulas, 
(CioHi3r4)x and (CjoHiRBrs)*, are obtained.^® Weber” prepared the tetrabromide 
of rubber and found it to resemble closely the corresponding chlorine compound. 
The rubber tetrabromide reacted readily with sodium ethylate presumably by the 
substitution of ethoxy groups for bromine. 

A tetraphenoxy derivative of rubber was formed by adding rubber tetrabromide 
to molten phenol." At 60®C., hydrogen bromide was evolved yielding a red-violet 
solution from which could be recovered an ochre-colored, pulverulent material, 
readily soluble in aqueous or ^coholic sodium hydroxide, alcohol, acetone, ether 
and ethyl acetate, but insoluble in benzene, chloroform, carbon disulphide and 
petroleum ether. Later this compound was shown to be 4,4'-dihydroxydiphenyldi- 
hydrorubber" since it can be methylated to form a dimethoxy derivative." An 
analogous material produced at 90-95®C. appeared to be a tetraphenoxy-dihydroxy 
derivative. Compounds of this type split off phenol, however, when heated with 
sodium hydroxide solution. 

The reaction of rubber with the halogens was at one time deemed to be prac¬ 
tically the same as that of vulcanization with sulphur, but further study of the 
two series of derivatives has shown this view to be no longer tenable. Pearson,” 
for example, stated that rubber dipped in bromine was “viucanized” immediately. 
A mixture of one part bromine and two parts iodine could be used for the same 
purpose, a hard compound being obtained when the treatment took place at 
121®C. Likewise hypochlorite solutions were employed for the same purpose.”® 

Although Gladstone and Hibbert®* reported no action between iodine and 
rubber in solution, Weber" obtained a compound corresponding to (CioHiela)* by 
treating a rubber solution with iodine for 2 days. Iodine addition products could 
be obtained in chloroform solution by the catalytic action of sunlight.” A so- 
called ^'vulcanized’' rubber results when a solution of 10 parts of rubber in carbon 
tetrachloride is treated with 1 part iodine dissolved m the same solvent.” A 
similar compound was prepared by Rasser." 

Hydrogen bromide forms addition compounds with rubber similar to those of 
hydrogen chloride, according to both Harries” and Hinnchsen, Quensell and Kind- 
scher." The latter obtained a compound corresponding to (C,oHi«Br^)x. 

Although addition compounds of hydrogen iodide and rubber are much less 
stable, a di-iodo derivative corresponding to (CjoHisL)* has been prepared; this 
compound readily loses a molecule of hydrogen iodide." Hinrichsen, Quensell and 
Kindscher’® confirmed this observation concerning instability and were able to iso¬ 
late with certainty only one compound corresponding to (CioHitI)^. 


« J. H. Gladstone and W. Hibbert, /.C.S., 1888, 53, 879. 

^C, O. Weber, JScr., 1900, 33, 786; 1900, 78 (1), 354. See also F. W. Hinrichsen, H. Quensell 

and E. Kindscher, loc. cit, 

••C, O. Weber, “The Chemistry of India Rubber,” Griffin and Co., London, 1912, 33. See also 
Rer., 1900, 33, 791; 1900, 78 (1), 355. 

*The name “tetraphenoxy rubber” was based on the formulation of rubber as CioHi« and not as a 
unit. 

«H. L. Fisher, H Gray and E. M. McColm, J.A.C.8., 1926, 48, 1309. See also £. Geiger, Helv. 
Chim. Aeta, 1927, 10, 530; Brit. Chem, Ab$. A, 1927, 870. 

H. C. Pearson, “Crude Rubber and Compounding Ingredients.” 1909. 72. 

C. O. Weber, “The Chemistry- of India Rubber,” Griffin d Co., Loudon, 1912, 55. 

J H. Gladstone and W. Hibhert, 1888, 53, 679. 

«0, 0. Weber, Per., 1900, 33, 788; /.C.5., 1900, 78 (1), 354. 

«F. W. Hinrichsen and R. Kempf, Rer., 1913, 48, 1287; (!hem. Ab»., 1913, 7, 2482. They mention 
that H. Quensell used phosphorus as a catalyst. 

«R, Seherpe, U. S. P. 906,306, Dec. 8, 1908, to Degan and Kuth. British P. 9956, 1908; J.S.C.L, 
1909, 28, 32. 

O, Raseer, Kuntttt4>f9, 1923, 13. 18; Chem. Abt. 1924. 18, 2617. 

Harries, Per., 1913, 48^ 733: Chem. Abe., 1913, 7, 2862. 

*>F. W. Hinrichsen, H. Quensell and E, Kindscher, he. cit. 

•*C. Hairiet, he. ett. 

^ F. W. Hinri^sen, H. Quensell and E. Kindscher, he. cit. 
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KirchhoP treated the sulphuric acid transformation products of rubber with 
bromine and obtained (C^HsoBr,),. These sulphuric acid transformation products 
are made by the action of concentrated sulphuric acid on solutions of raw rubber 
in carbon tetrachloride. Similar treatment of pale crepe rubber yields a brittle red 
powder wliich is probably an oxidation product. 

Other Varieties of Rubber 

Thus far methods intended primarily for the preparation of halogen derivatives 
of rubber have been discussed. By rubber is meant the usual standard grade ob¬ 
tained from the tree, Hevea braailiemis, and known as '^pale crepe” or “plantation 
jiara rubber.” However, rubber latex, chicle, balata, gutta-percha and other grades 
and types of materials or artificial rubber may be used similarly. Reaction be¬ 
tween halogens and such rubber-like materials are analogous to those of rubber 
itself. Chlorinated gutta-percha, for instance, resembles chlorinated rubber but 
possesses a somewhat yellower color. 

The use of chlorinated balata or gutta-percha to provide a tough, flexible, 
noninflammable insulation for electrical conductors was advocated by Edison in 
1890.” His procedure was to treat a solution of the material in a solvent un¬ 
affected by chlorine until a dried film of the treated substance was somewliat 
brittle and noninflammable. The desired degree of flexibility could be obtained 
by mixing the product with some of the raw material. 

The addition compounds of gutta-percha with the hydrogen halides,” when 
treated with pyridine or sodium hydroxide solution, decompose into substances 
more closely resembling rubber than the parent substance. Gutta-percha dihydro¬ 
chloride (CioHiaCla)*, is tough when freshly made but becomes brittle on standing. 
Decomposition, with the evolution of hydrogen chloride, occurs at 170°C.; at 
200°C. there is a complete breakdown. 

Vulcanized and Reclaimed Rubber 

Chlorination of vulcanized rubber is complicated by its insolubility in the usual 
solvents for raw rubber and also by the presence of sulphur or other vulcanizing 
agents. Bedford and Kelly” suggested a process consisting of, first, removing 
excess sulphur by extracting with acetone or with caustic alkali, suspending the 
material in carbon tetrachloride and then treating the suspension with gaseous 
chlorine. To increase the solubility of rubber after removal of the excess vulcaniz¬ 
ing agent it is plasticized at 150-170°C. with a high-boiling solvent (pine oil, 
aniline, nitrobenzene and acetylene tetrachloride). The high-boiling solvent is 
removed by repeated dilution, and the rubber is precipitated with lower-boiling 
solvents and finally chlorinated in carbon tetrachloride, after first removing min¬ 
eral fillers and pigments. The addition of sulphur (2 per cent) or sulphur chloride 
to a solution of raw rubber in carbon tetrachloride before chlorination is reported 
to yield a product similar to that from vulcanized rubber. Varnishes, lacquers and 
a thermoplastic molding material can be produced by chlorinating rubber in carbon 
tetrachloride solutions which contain more than 5 per cent of sulphur.” 

np. Kirclihof, Kolloid^Z,, lfl22. 30* 170; C/Mtn. Ab$„ 1922, 16, 1883. See Chapter 34. 

««T. A. EdiBOD, U. S. P. 488,309. Oct. 14, 1890. 

^C. Harriee, loc, eit. 

wC. W. Bedford and W. J. KeUy, U. S. P. 1,877,132, May 8, 1921, to Goodyear Tire A Rubber Co.; 
CAem. Abt., 1921, 15, 2749. 

WD. F. Twiae and J. A. Wilson, British P. 410,249, 1982, and 410,270, 1983, to Dunlop Rubber Co., 
Ltd.; Brii, Chtm, Abi. B, 1984, 640. French P. 766,289, 1984, to Boo. anon, des pneumatiQues Dunlop; 
CAem. Abt., 1984, 88. 7362. The liquid polychlorides of bensene have also been utiUeed as solvents, M. 
Piolunkovskaya, /. Rubber Ind* (CT. S. S. R.), 1984, 11, 142; CAem. Abe., 1984, 28, jSb. 
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Benzene niay be used as the solvent and no difficulty encountered from the 
action of chlorine on it even when chlorination is conducted at temperatures near 
the boiling point of the liquid. In variations of the method, chlorination was 
accompanied by vulcanization with sulphur cliloride or it was preceded by treat¬ 
ment with hydrogen chloride.” Hard rubber dust, after being freed from excess 
sulphur, yielded on chlorination a dark brown liquid. 

Ellis and Boehmer” chlorinated vulcanized rubber by the afiplication of pressure 
without the use of a solvent and obtained a product practically insoluble in ben¬ 
zene and considerably tougher than raw rubber similarly treated. The Deseniss 
and Nielsen” method of chlorinating raw rubber m boiling carbon tetrachloride 
was equally applicable to vulcanized rublier, as all of the sulphur was removed 
IIS sulphur chloride during the reaction. 

Harries” has proposed a method of regenerating vulcanized rubber by treating 
it with hydrogen chloride. A thick, colloidal solution of rubber in xylene is satu¬ 
rated with hydrogen chloride and the rubber hydrochloride formed is then refluxed 
with pyridine or is added to fused sodium or potassium hydroxide. The regen¬ 
erated rubber is oily, but polymerization causes it to increase in consistency on 
standing. 

Products which are more soluble than ordinary chlorinated rubber have been 
made by Shadbolt*® through treatment of the thermoplastic substances produced 
from rubber by the action of oxygenated phosphorus halides which contain more 
oxygen than the corresponding phosphorus oxyhalides. Even though many plas¬ 
ticizers may be mixed with the products, vegetable oils are incompatible. 


Use of Chlorinated Rubber as a Paint 


Aside from use to a limited extent as a molding compound, the important appli¬ 
cation of chlorinated rubber has been in the field of lacquers and protective coat¬ 
ings." The fact that inexpensive solvents can be employed has contributed to this 
development. The clarity and light color of the finished film and the low vis¬ 
cosity of solutions of relatively high concentration make its application for this 
purpose particularly desirable. A benzene solution containing as much as 20-30 
per cent of highly chlorinated rubber has a good brushing consistency whereas a 
similar solution containing 6 per cent of crude rubber will scarcely pour.** The 
dried film from a chlorinated product of this kind is hard, tough, glossy and trans- 

C. E. Bradley and W. A. Gibbons, U. S. P. 1,627,725, May 10, 1927, to Naugatuck Cliemioal Co.; 
Cheyn. Ab»., 1927, 21. 2200. 

^ Carleton E^lis and N. Bocliiner, U. S. P. 1,544,534, June 30, 1925, to Cliadeloid Chemical Co.; 
C/w-wi. A6i., 1925, 19. 2759. 

M. Deaenias and A. Nielsen, U. S. P. 1,852,043, April 5, 1932. to Ncw-Yoik Hamburger Gummi- 
Waarni Compagnie; Chem. Abi., 1932. 26. 3142. British P. 328,818, 1929; Chem. Ab$., 1930, 24. 5535. 
German P. 535,054, 1928; Chem, Aba,, 1932, 26, 4505. 

»0. Harries, German P. 267,277, 1912; J,8.C,L, 1914, 33, 93. ' 

^•op. 8. Shadbolt, Bntiah P. 306,154, 1933; Chem, Aba,, 1934, 28, 686. 

^ Reviews on the use of chlorinated rubber as a paint or lacquer have been contributed by: F. 
Kircbhof, Oummi-Ztg., 1932, 46, 497; Chem. Aba., 1932, 26, 1827. .0. Merz, Farbe u. Lack, 1032, 281, 
295; Chem, Aba., 1932. 26, 4731. A. Nielsen. Kautaehuk, 1933, 9. 167; Chem. Aba., 1984, 28, 688. 
Oesterr, Chem. Ztg,, 1933, 36, 192; Brit, Chem. Aba. B, 1934, 158. Chem. Age, 1921, 4, 508. India 
Rubber World, 1922, 66; Kunatatoffe, 1922, 12, H3. Synthetic and Applied Finiahea, 1934, 5, 83, 98. 
Chem. Met. Eng., 1932, 39, 576. h. Boro4ulin, /. Rubber Ind. (U. 8. 8. R.), 1984, 11, 203; Chem. 
Aba., 1935, 29, 687.- K. Buser, Farben-Ztg., 1934, 39. 1240. 1263; Chem. Aba., 1985, 29. 1267. J. H. 
Frydlender, Rubber Age (London), 1988. 14, 13; Chem. Aba., 1933, 27^ 2837. C. P. A. Kappetmeier, 
Chem. Weekblad, 1934, 31, 428*; Brit. Chem. Aba. B, 1934. 772. F. Marchionna, Rubber Age (N. Y.), 
1^, 36, 71, 129; 19^, 86, 185; Chem. Aba., 1985, 29, 958, 2025. J. M. Fain, Metal Cleaning and Finiahing, 
1985, 7, 117; Chem. Aba., 1935, 29* 4100. 

n J. a Pol and A. B. Bijl, BuU. Rubber Orowera* Aaaoc., 1982, 14, 210; Chem. Aba., 1982, 26, 3958. 
See alsn Carfeton BIlia aiid N. Boehmer, u. S. P. 1,544.584^ June 30, 1925, to Chadebid Chemical Co.; 
Chem, Apt., 1925, 18. Pb9. 
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lucent with a light yellow color and exhibits a high resistMiiee. 1o the action of acids, 
alkalies and oxidizing agents*' 

Properties of Chlorinated Robber Paints 

Tornesit represents the first commercial recognition in the United States of 
the value of chlorinated rubber. The manufacture of Tornesit began in Germany 
at a place called Tornesch, near Hamburg. Later, an American concern,®* after a 



Courtesy Hercules Powder Company 


Fio. 143.—Comparison of Tornesit (lower right) with Two Other Acid-Resisting Paints 

After Exposure for Two Years. 


protracted investigation, embarked on the manufacture of Tornesit in the United 
States.®® As a result of these tests Tornesit is considered to be probably the most 
important development in the protective-coating industry since the discovery of 
nitrocellulose as a base for lacquers.^^ Considered from the standpoint of com¬ 
mercial utility, it seems likely that no other film approaches Tornesit in resistance 
to acids, alkalies and the many other corrosive elements that are normally de¬ 
structive to coatings. It gives to the paint manufacturer a material that can be 
formulated into both an acid- and alkali-resisting paint. Its general uses in pro¬ 
tecting property against corrosion, weathering, water, steam, dust, fumes, gas, 
alkalies and acids become more widespread as its advantages l)ecome more gen¬ 
erally known.®® 

** Chlorinated mbber has been pieced on the maiket under the trade names '‘Duipprene** (United 
Alkali Co., I, Levinatein A C!o., imperial Chem. liuL, Ltd.), *Tergut*’ (I. Q. FartMound. A.-G ). 
“Tornesit** (New-York Hamburger Gummi-Waaren Compagnie. *'Herold’’ A.-G.; Deutsche Tornesit- 
Q.m.b.H., Hercules Powder Co,) and “Tegofan” (Tegofan Q.m.b.H.). 

^ Hensules Powder 0 >., Wilmington, Del, 

"ILiesDse rights w^re secured hy tho Hercules Powder Co. from the German company and also from 
the Chadrioid Chemical Co., ownei^of the Ellis and Boehmer U. 8. Patents 

**For reports on Tornesit see D. H. Wiggeiu, W. Koch and K. Mayfield. Ind. Eny. Chem,, News 




ms 


THE CHEMISTRY OF SYNTHETIC RESINS 


Tonieijit is pracfically odorless, non-inflainmuble and non-eoinbuslible. The spe¬ 
cific gravity is about 1.6 and the product yields a bulking value, when put into solu¬ 
tion, of 0.08 gallon per pound, which is about that of nitrocellulose. When Tomesit 
solution is poured on a glass plate and allowed to dry, a clear film similar to nitro¬ 
cellulose results. The toughness of the film varies with the viscosity of the Tornesit 
used, but the grade useful in protective coatings is quite brittle and requires com- 
)H>uiuliug with softening agents to impart the necessar>' flexibility. 

'ronu'Sit of widely ditfermg visc'osities may be prepared The 130-centipoise type 
is most useful in protective coatings, permitting spraying and brushing concentrations 
similar to those attainable with ^-second nitrocellulose. The 130-centipoise viscosity 
was determined on a 20 per cent solution of Tomesit and toluene with the capillary 
viscosimeter at 25*C. This material closely parallels the viscosity of ^-second nitro- 
^ cellulose in a mixture of 60 per cent butyl acetate and 50 per cent toluene. For plas¬ 
tics or fabric coating, where greater toughness is desired, higher viscosity types are 
useful, but for adhesives lower viscosity grades are valuable. 


Solvents and Plasticizers op Chlorinated Rubber Paints 

Tornesit is insoluble in water, but dissolves readily in the common aromatic 
hydrocarbons (benzene, toluene, xylene), although completely insoluble in pe¬ 
troleum hydrocarbons.®'* The chlorinated aliphatic hydrocarbons (ethylene dichlo¬ 
ride and carbon te.trachloride), however, are good solvents. Tomesit is not soluble 
in either aliphatic or aromatic alcohols. Ethyl ether has a slight swelling action. 
On the other hand, ethylene glycol, glycerol diethyl ether and certain other ethers 
of glycerol®® are good solvents. Ketones behave like ethyl ether in producing a swell¬ 
ing action. Along with the ethers, the ketones may be used as diluents to confer 
the special evaporation rate required of the solvent mixture. All of the common 
ester solvents may be used with Tornesit.*® The terpene hydrocarbons are in gen¬ 
eral incompatible; on blowing with air, they become swelling agents and in some 
cases active solvents. Alkyl sulphides, sulphoxides, and sulphones are excellent 
solvents. 

Table 57 indicates the types of softening agents which are especially useful: 


Tabi.e 57 .—Tomesit Plasticizers, 

Types Examples 

[Linseed oil 

Drying oils.] Tung oil 

[Soya bean oil 


Non-drying oils. 


Raw Castor oil 
Palm oil 


F«., .fetes 

Hydrogenated or unhydrogenated alkyl or\u™^i _90 
aralkyl esters of abietic acid. jiiercoiyn 

Adipic acid esters. Sipalins 

Phthalic acid esters. . Dibutyl phthalate 

Phoephoric add esteiB. 


Phoephoric add este™. 

Citric acid esters. Triethyl citrate 

Chlorinated aromatic compounds.Aroclors 

Bd., }984, 12, 179. R. A. CooUaian, 19M, 53, 680; OBUial Digest Fed, Paint, Varmsh Prod. 

Clubs, 1984, 133, 39; Rubber Age, 1934, 35, 17; Chem. Abs., 1934, 23, 3560, 3616. 

^ Tonictit lolutiont with viiooiitiM of 80, 130 and 500 centipouna are commercially available. 

dee P. Kirchbof. Chem.-Ztg., 1984, 53, 542; Brit. Chem. Abs. B, 1934, 774. 

*£piethyl)ii and miphenylin. 

*0Teate made on 15 oc. of 30% toluol eolutionf of Tomeelt show that the following amounta of 
dlhwiita wiUjM tol^ted beforr preeipitatkm ooeure: linkm Solvent #3>«36.7oe.; Union Solvent #30 >k 75.0 
ea.: Union dolvMt #30»75.0 oe.; l£lon Solvent #40wl50.0 oe.; Solveaeo #l»lt.O ee.; V. M. A P. 


NMhto^l0-4 el 

elliyl eiter of hydfogeontid^ ahiitio aei4* 
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Tornesit was found to be compatible in films with the following substances* 
when both were dissolved in a mutual solvent, and a film was produced from this 
solution: raw castor oil, raw tung oil, bodied tung oil, pine tar, gas-house tar, rosin, 
ester gum, elemi, dammar, copals, amberols, cumarones, indenes and certain of 
the polyvinyls,” polyacrylins and bitumens.” 

By the same method, the following materials were found to be less compatible 
or incompatible: bodied castor oil, rubber, Resoglas,” gilsonite, ethyl cellulose, ben¬ 
zyl cellulose, butyl cellulose, cellulose nitroacetate, asphalt, coal tar, Paraplex 
RG-2,” nitrocellulose, benzyl ether resin, vaseline, Nujol, vinylite resins and most 
of the phthalic anhydride resins tested. 

Formulation of Chlorinated Rubber Paints 

Extraordinary adhesion is imparted to a Tornesit film by various plasticizers, 
a good combination being bodied tung oil and Hercolyn. Good adhesion also re- 



CourUaii Herculea Powder Company 

Fig. 144.—Closeup of Fig. 143. 


suits from the incorporation of soft resins and pigments into plasticized Tornesit 
films. It has been determined, however, that, in general, most resins in Tornesit 
formulations accelerate checking of the film and appear to have no useful purpose 
beyond increasing the total solids of the paint. 

A film formed from a simple toluene solution of Tornesit is brittle and has 

*^The addition of polyvinyl resins is said to increase the adhesive power and the fastness to light. 
O. Schultse, U. S. P. 1.0gO,959, Nov. IS, 19M, to t. Q. Farbeaind. A.-O.; Chem. A6s.. 1935. 29, 530. 
Nevinol is reported (E. R. Coyle, Drugs, Oil and Points, Aug. 1935) to be a good plasticiier for 
chlorinated rubber coatings, e.g., Tornesit, imparting flexibility and resistance to water, alkanes and acids. 
The plasticiser is an oily, high^boUing polymer, apparently obtained from coal-tar naphtha. 

**Al8o Dnlux R. C. 119 A 130, Bakelite XR 4400, Resyl 1103 and sulphurized aromatic hydrocarbons, 
French P. 704.471, 1984, to I. Q. Farbiniiid. A.-Q.; CAem. Abt,, 1934, 38. 0002. See Chapter 00. for a 
diseossion of the last type of compound, 
polyetyrene resin. 

•*An alk^ resUi. 
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•poor adhesion, although it has great chemical resistance. As outlined above, flexi¬ 
bility and adhesion can be obtained without sacrificing ^ chemical resistance by 
proper selection of plasticizers from the list of compatible materials. 

Unpigmented Tomesit films, like clear nitrocellulose lac*quer, break down under 
direct outdoor exposure. A 100 per cent Tomesit film compared with a nitrocellulose- 
dammar film, by exposing both through glass to ultraviolet irradiation, showed that the 
discoloration of the Tomesit film was no greater than the nitrocellulose-dammar film. 
Clear films, however, serve many useful purposes indoors, because the chemical re¬ 
sistance of Tomesit is greater than most resins and pigments used in the compounding 
of paint. 

The more important field for Tomesit is in pigmented products. A fairly wide 
range of pigments has been used in Tomesit films for outside and specialty paints. 
Those actually tested include zinc oxide, Hthopone, Titanox. carbon black, hone pitch, 
oil black, chrome yellow, chrome green. Pnissian blue, toluidine red and various grades 
of iron oxide and red lead. Of .these, Prussian blue, chrome green, chrome yellow, 
red lead, and Hthopone fade and discolor considerably. Bone pitch does not produce 
gas, as it does in nitrocellulose lacquers. Paints with these pigments have been ex¬ 
posed to weathering conditions for more than two years and results have shown 
excellent protection for the metal, and the films can be polished to a good surface. 
Coatings pigmented with toluidine red showed the least amount of fading and, in 
general, gave best results. 


Table 58.— Paint Formulas ming Tomestt. 


1. General Primer 

(Good adhesion and flexibility) 

Parts 


Tomesit. 20 

TungQil“. 6-10 

Hercolyn**. 6 

Iron 0»de. 15 

Xylol. 15 

Naphtha 54^ Be. 10 

Hiflash Solvent Naphtha. 50 

2. Acid-resistant Finish 

Parts 

Tomesit. 20 

Tung Oil. 6-10 

Hercolyn. 6 

Indian Red. 15 

Xylol. 15 

Naphtha 54^ Be. 10 

Hiflash Solvent Naphtha. 50 


3. Alkali-resistant Finish 

Parts 

Tomesit. 20 

Hercolyn. 13 

Indian Red. 15 

Xylol. 15 

Naphtha 54"Be. 10 

Hinash Solvent Naphtha. 50 


4. Acid- and Alkali-resistant Finish 
(Sulpho-Terpoil discolors badly and is 
suitable only for dark colors.) 

Parts 


Tomesit. 20 

Sulphurized Terpene’^ —'..... 16 

Inman Red. 15 

Xybl....,...*. 15 

Naphtha 64^ Be. 10 

Hiflai!^ Solvent Naphtha. 60 


5. Concrete Paint 

(Good adhesion to concrete. Two coats 
recommended.) 

Parts 


Tomesit. 20 

Tung Oil. 6-10 

Hercolyn. 6 

Titanium Dioxide. 12.75 

Carbon Black. 0.25 

Xylol. 15 

Naphtha 54" Be . 10 

Hinash Solvent Naphtha. 50 


6. Salt-water-resistant Finish 

Parts 

Tomesit. 20 

Refined Sardine Oil. 10 

Indene Resin (M. P. 150 "C.). 8 

Indian Red. 15 

Xylol. 16 

Naphtha 54"^ . 10 

Hinash Solvent Naphtha. 50 


7. Special Interior Finish 

(For chlorine resistance and other severe 
interior uses apply two coats clear over 
general primer No. 1. Aging greatly 
benefits resistance.) 

Parts 


Tomesit. 20, 

Xylol. 15 

Naphtha 64° Be. 10 

Hinash Solvent Naphtha. 50 


tung oil usod here is Thermolysed Tung 
Oil No. 976. See the patents of F. M. Besoe, to 
O'Brien Varnish Go.; in ChMter 61. 

M Hydrogenated ethyl ablate. 

•’Sold under the name "Sulf>ho*Terpoii«" 
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In Table 58 are some of the paint formulations in which Tornesit has been 
used satisfactorily. The general primer, which is given first, is employed as an 
undercoat for the various finishes which follow it in this table. 

As indicated one of the most outstanding characteristics of Tornesit paints is 
their great resistance to corrosive influences.®® Not only is usual protection af¬ 
forded steel against rusting but, because of the chemical inertness of chlorinated 
rubber, Tornesit paints, when properly made, exhibit striking resistance to 50 
per cent ammonium nitrate solution, 5-50 per cent sodium hydroxide, 5-70 per 
cent sulphuric acid, 85 per cent phosphoric acid, 10 per cent hydrochloric acid, 
10 per cent nitric acid, organic acids, such as 5-80 per cent lactic, bleach solutions, 
and corrosive gases, such as chlorine, sulphur dioxide and ammonia. 

The various properties of Tornesit as outlined above indicate a wide field of 
utility in protective coatings. These include non-inflammable smoke-, acid- and 
alkali-resistant paints for structural steel, ships and concrete. Among the other 
fields of application are the impregnation of fabric and paper, electrical insulation 
and the preparation of adhesives and plastic bodies. 

Another item of interest is that concerning the electrical properties^ of Tornesit 
films. Clear Tornesit has dielectric properties equal to or better than those of any 
other protective coating. Dielectric strength is retained even in the presence of moisture. 
Plasticized Tornesit films are also very efficient in this respect insofar as they have been 
tested. The lowering of the dielectric strength depends on the type and particle size 
of the pigiu'ent.added, small particle size being most satisfa(*tory. 

The following are some of the values determined: 

Power factor at 1000 cycles . 0.003 

Dielectric strength (4 mil sheet)... 2300 volts per mil 

Arcover test (discharge before breakdown).. Good 

Surface resistivity (24®C., 85% relative humidity) 2 x 10'* ohuLS 

Because of its corrosion-resistance chlorinated rubber has been used to coat 
iron pipes placed underground.'"” The resistance of chlorinated-rubber films to 
various reagents has been found satisfactory by many investigators.'®' Some, 
however, have not been so favorably impressed with the properties of chlorinated 
rubber.'” 

Rosenthal and Schultze,'” who found that all samples of chlorinated rubber are 
not equally resistant, proposed two tests for the evaluation of these products. One 
involves heating a solution of the material to be tested in an oil bath at 100°C. 
and noting the time required for a strip of Congo paper 5 cm. above the liquid 
to turn cornflower-blue. The other is more difficult to apply since it depends on 

Aftei three years of exposuie on a test fence in Wilminuton, Delaware, steel panel.s coated with 
'rornesit paints were well protected, and the metal was still bright and tree from rust under the paint 
Hee also French P. 772,511, 1934, to 1 U Faibenmd. A.-Ci.; Chem Aha , 1935, 29, 1681. 

‘•“Further electrical constants are gi\en by R. Hasho, J Sot. Hubber Ind. Japan, 19^4, 7, 504; 
Chem. Abs,, 1985, 29. 954. 

Week worth, Oas-und Wasserfach, 1932, 75, 69; Chem. Aba., 1932, 26, 2558. 

C. Fol and A. B. Bijl, Chem Weekblad, 1932, 29, 162; Bull. Rubber Orowers' Asjuh'., 1932. 
14, 210; Chem. Aba., 1^2, 26, 3958. R. Salxer, Foarbe u. Lack, 1932, 452; Chem Aba., 1932, 26, 5775. 
F. Rosendahl, Chem.-Ztg., 1W2, 56, 729; Brit. Chem, Aba. B, 1932, 1043. O Mauermapn, Farbe u. 
/jack, IMO, 890, 405; Chem. Aba., 1930, 24, 5170; Schwetz Ver. Goa Waaaerfnch. Monata.-Bull., 1932, 
12, 73; Chem. Aha, 1932, 26. 4160; Stahl u. Eisen, 1930, 50, 985. a Mens, Farben-Ztg., 1983, 38, 1361; 
Brit. Chem. Abs. B, 1^, 30. K. Kojima and Y. Toyabe, J. Soc. Chem. Ind. Japan, 1933, 36, Suppl. 
binding, 286; Chem. Aba., 1933, 27. 3852. 

“•See for instance W. Krumbhaar, (O#ci’ot Digeat Federation Paint Vamiah Prod. Cluba, 1934, 133, 
33; Chem, Aba., 1984. 28, 2989. OU and Color Tradea J , 1983, 83, 1464; Chem. Aba., 1933, 27. 4953. 
Chem. Jndusfnes, 1983, 33, 506) and E. Karsten {Komtechuk, 1933, 9, 41; Chem. Aba., 1938, 27, 4126). 
Replies to Krumbhaar have been made by F. C. Dvche-Teague (Oil and Color Tradea /., IW, 1623). 
.1. B. Screeton (ibid.), and C. A. Redfam (Rubber Age, 1933, 34, U3; Cham. Aba., 1984, 28, 1889); thev 
have found that chlorinated rubber is entirely satisfactory. Inveetigations carried out m the autht^ h 
laboratory have shown that chlorinated rubber has ejccellent properties and i» one of the beat flexible 
lesistant materials yet encountered. , . , ^ 

“•L. Rosenthal and G. Schultie, Parben-Chem., 1984, 5, 58. Reviewed m Synthetic and Applied 
Finiehee, June, 1984, 5, 85; Chem, Aba., 1984, 28. 3818. ^ also Schultae, Oaa tL Waaaerfach, 1935, 78. 

68; Chem. Aba., 1935, 29, 2373. 
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having films of equal thickness. The test consists in measuring the degree to 
which a polished copper plate coated with the chlororubber turns dark when ex¬ 
posed to a mercury-arc. When paints are made from chlororubber of good sta¬ 
bility and when properly pigmented and plasticized, these paints are durable and 
should find extensive application where protective coatings resistant to severe 
chemical, mechanical and atmospheric influences are required. Rosenthal and 
Schultze agreed with Krumbhaar'®* that the unpigmented films are sensitive to 
light. Gardner and Stewart^®® reported similar results with pigmented and clear 
varnishes. Another investigator noting differences existing between samples of 



Courtesy Herculet Powder Company 

Fig. 145. —Tomesit Paint Applied by Bmshing on Exterior of Open-Top Tank 
Containing Hot Sulphuric Acid. 

chlorinated rubber was Merz/” who found that the proportion of hot-water-soluble 
chlorine varied greatly. 

It has already been stated that chlorinated rubber decomposes at about 150®C. 
Rinse^" reported that, at 100®C., the loss of weight is still less than 5 per cent 
after 400 hours. The loss in weight from a film deposited by evaporation of a 
chloroform solution may be due to hydrochloric acid and residual chloroform.*"* 
The tendency to occlude traces of solvents has been noticed both by Rosenthal and 
Schultze**® and by Jordan.**® Because of this property, solvents boiling higher than 
xylene should not be used unless the coating is to be baked. Rosendahl*** reportetl 
that no hydrogen chloride was evolved during exposure to ultraviolet light even 
after 17 days. 

Mention has already been made of the fact that the use of various plasticizers 
is sometimes desirable to increase the flexibility and adhesion of chlorinated rubl)er 

^ W. Krumbhaar, loc. ctt. 

^ H. A. Gardner and J. R Stewart, Ctrc., Am, Paini^ Vamieh Amoc.^ 1082, 410, 104; Chem. 

Abe., 1082. 26. 3040. 

Men, Kautschuk, 1038, 0, 80t Chem. Abe., 1088, 27. 4128. 

1W.I. Rinae. Chm. Weekblad, 1982, 29. 521; Bnt. Chem, Abe, B, 1082. 1093. 

»*J. O. Fol and A. B. Bijl Chem. Weekblad, 1982. 29, 448; Chem. Abs., 1932, 26, 6180. 

““ L. R(H«nthal and G. Schultae, loc. rit. 

Jordan, ^'Chemische TechnoUigie der liOaiingHinlttel,'' Springer, Berlin, 1982, 85. 

Rosendahl, Ckem.-Ztg., 1032, 56. 720.; HrU. Chem, Abe. B, 1032. 1043. 
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films. Clear unpigmented films have at times a tendency to leave white spots on 
drying; this can be eliminated by the use of resins, camphor, triphenyl phosphate 
and tricresyl phosphate, which act as plasticizersDiethyl phthalate, pentachlo- 
roethane^^ and sulphonalkylamides of aromatic hydrocarbons”* improve the flexi¬ 
bility. Since cumarone resin is not readily attacked by acids and alkalies, it may 
be added to increase the concentration of the coating solution without materially 
affecting the viscosity.”* Such a mixed lacquer has been found to be particularly 
applicable as a coating for concrete.”* 

Other plasticizers which are stable to hydrolyzing agents are the chlorinated 
biphenyl compounds,”^ alkylated polynuclear aromatic hydrocarbons”* and hydro¬ 
genated alkyl or aralkyl esters of abietic acid.^“ Phthalic acid esters when mixed 
with chlorinated rubber gave very hard surfaces and were highly resistant to the 
action of motor fuels.”® Neutral suint and chlororubber have been proposed as a 
composition for the initial coating of porous objects before painting.”^ A trans¬ 
parent, waterproof material can be prepared from chlorinated rubber, a wax 
(paraffin, camauba and montan wax) and dibutyl phthalate.”* 

Various drying oils have also been used as plasticizing agents, producing oil 
varnishes. In the customary method of making an oii varnish, the resin is melted 
to increase its solubility, hot oil is admixed, whereupon thinner is added. Since 
chlorinated rubber may decompose when heated to temperatures above 150®C., 
it is incorporated by mixing in solution with the oil, either cold or at a tempera¬ 
ture not above 100®C., the solvent serving to replace part of the thinner otherwise 
required in the varnish.”* The addition of chlorinated rubber decreases the perme¬ 
ability of a boiled linseed oil to sulphur dioxide, hydrogen chloride and ammonia.”* 
When a small amount of linseed oil (1-3 per cent) is added a dull or flat finish 
is obtained,”* Larger amounts of drying oils, for example from 40 per cent up to 
equal proportions based on the weight of dry chlorinated rubber, gave a varnish 
drying to a bright, glossy surface.”* 

To avoid turbid solutions of tung oil and chlorinated rubber that dry to frosted 
or dull films, Boehmer”^ suggested the selection of the two materials on the basis 
of the amount of chlorine combined with the rubber and the degree of polymeriza¬ 
tion of the oil. As the chlorine content of the rubber increased, the oil required 
more cooking in order that clear solutions might be obtained. A well-boiled oil, 
of course, dries more rapidly than raw oil and a highly chlorinated rubber is more 

^ Carleton Ellis, U. S. P. 1,541,693, June 9, 1925, to Chadelotd Oiemical Co ; Chem. Aba., 1925, 
19, 2277. See also French P. 748,494, 1983, to I. G. Farbenmd. A.-G.; Chem. Aba., 1933, 27, 5561. 

Carleton Ellis, U. S. P. 1,750,583, March 11, 1930, to Chadeloid Chemical Co.; Bnt. Chem. Aba. B, 
1931, 77. 

Bennett, British P. 417,194, 1933, to Imperial Chem. Ind., Ltd.; Brit. Chem, Aba. B, 1934, 1072. 

^Carleton Ellis, U. S. P. 1,541,693, June 9, 1925, to Chadeloid Chemical Co.; C/iem. Aba., 1925, 19, 
2277. 

Boehmer, U. 8. P. 1,572,065, Feb. 9, 1926, to Chadeloid Chemical Co.; Chem. Aba., 1926, 20, 
1331. For a further discussion concerning the use of chlororubber as a coatmg on concrete, see Set. 
Sect. Circ., Nat. Paint, Vamiah, Lacquer Aaaoc., Inc., 1934, 471, 297; Chem. Aba., 1935, 29, 363. 

Koch, U. S. P. 1,950,894, to Hercules Powder Co.; Chem. Aba., 1934, 28, 8620. See also L. 
Rosenthal and G. Schultae, loc. eit. A discussion of chlorinated biphenyl is found in Chapter 50. 

French P. 771,745, 1934, to I. G. Farbenind. A.-G.; Chem. Aba., 1935, 29, 1M6 A paint which is 
reported to protect metals from sea water consists of chlorinated rubber, beniyl naphthalene, chlorinated 
biphenyl, chlorinated naphthalene, white lead, micaceous iron and solvent. French P. 775,061, 1934, to 
I. G. Farbenind. A.>Q.; Chem. Aba., 1935, 29. 2375. 

W. Koch, U. S. P. 1,957,786, to Hercules Powder Co.; Chem. Aba., 1984, 28, 4256. See also R. A. 
Coolahan, loc. cit. 

Rosenthal and O. Schultse, loc. eit, 

iae. W. Moll, French P. 750,777, 1933; Chem. Aba., 1934, 26. 1205. 

^ French P. 750,013, 1983, to Hercules Powder Co.; Chem, Aba., 1934, 28. 593. 

Paint, Oil, Chem. Rev., 1927, 84 (5), 10. 

Parben^Ztg., 1933, 38. 481; Chem. Aba., 1983, 27, 1771. 

^Carleton Ellis, V. S. P. 1,541.693, June 9, 1925, to Chadeloid Chemical Co.; Chem. Aba., 1925, 
19, 2277. 

Carleton EUis, U. 8 . P. 1,695,640, Deo. 18, 1928, to Chadeloid Chemical Co.; Chem. Abe., 1929, 
23, 1000. 

utN. Boomer, U. S. P. 1,635,812, July 12, 1927, to Chadtioid Chemical Co,; Chem. Aba., 1927, 21. 
2992. 
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soluble than one of lower chlorination. Proper treatment of the two materials 
therefore results in a very satisfactory film. 

A varnish of this type, yielding a smooth, glossy finish, was made up as follows: 
25 parts of chlorinated rubber, containing approximately 67 per cent of combined 
chlorine, were dissolved in 60 parts of solvent naphtha and 75 parts of prepared tung 
oil. The latter was made by cooking the raw oil for 45 minutes at 200®C. with about 
12 per cent of limed rosin. The mixture was then thinned with turpentine and 
solvent naphtha to the proper consistency and allowed to stand to precipitate 
foreign matter. Aliphatic hydrocarbons of the benzine type tend to decrease the 
solubility of chlorinated rubber and therefore could not be present in large propor¬ 
tions as thinners. A film of this material dried dust-free in 2 hours and was hard, 
tough, clear and glossy when thoroughly dry. The proportion of oil can be varied 
to meet particular needs and other drying oils may be added to the varnish. 

The use of a smaller proportion of tung oil leads to the production of a quick¬ 
drying varnish.'** Thus, highly chlorinated rubber, dissolved in toluene or solvent 



Caurtesy Herculet Powder Company 

Fia. 146.—Four Cylindrical Tanks Protected against Sulphuric and Nitric Acid Fumes 
by Spraying with Tornesit Paint. 


naphtha, waa mixed with 10 per cent of its weight of tung oil to produce a com¬ 
position that dried quickly to a clear, tough, non-inflammable film. This mixture 
could be employed for ordinary varnishing purposes, as well as for coating concrete or 
as an acid- and alkali-resistant varnish. Waxes (paraffin, ceresin or beeswax) in¬ 
corporated in the solution gave a flatting varnish. 


According to Geer,“® vegetable oils (ra})eseed, linseed, tung or corn oil) may 
be added to a solution of chlorinated rubber and the oil oxidized or vulcanized 
in the solution by sulphur chloride or by heating with sulphur. The material 
is useful as an acid- and alkali-resistant coating and as a covering for balloon 
fabrics. After hardening with heat it can be Used as a substitute for celluloid 
and ebonite. In a coating composition described by Bradley and Gibbons,““ 
chlorinated vulcanized rubber was dissolved in a mixture of a low-boiling and a 
high-boiling solvent (benzd and solvent naphtha) to give a low-viscosity varnish 
or paint. Such pigments as sublimed white lead, titanium oxide, ultramarine and 
toluidine toner were utilized to obtain colored enamels. 

The color of sdutions of chlorinated rubber may be improved by bleaching 


EUis, V. 8. P. 1,69(1,638, Dec. 18, 1928, to ChaUeloid Chemical Co.; Chem, Abt., 1939, 

23 99i. 

* C. Geer, U. 8. P. 1,773,101, Aug. 19, 193^ to B. F. Goodrich Co.; Chem. Ab»„ 1980, 24, 5173. 
B. BriMlley and W. A.** Qibboni, V. 8. P, 1,703,920, Mar. 5, 1939, to Naugatuck Chem. Co.; 
Ah#., tm, 2i mt 
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with fuller’s earth^**' or oil-soluble dyes may be added to give a colored lacquer.’® 
Both the acidity and turbidity can be eliminated in chlorinated rubber paints by 
the use of quicklime, sodium carbonate or marble dust to neutralize the acid while 
calcium chloride can be employed to remove water.’** Schmidt and Deseniss’*** 
mixed into the varnish of chlorinated rubber pulverized carborundum or quartz 
of grain size 40-100 microns. This improved the adherence to smooth surfaces and 
also the resistance to shock and abrasion. 

Solutions of chlorinated rubber have been suggested for sealing bottles. The 
neck of the stoppered container is immersed into the solution a number of times 
until a film of sufficient thickness is formed; the chlororubber is then precipitated 
by dipping into alcohol and is dried.’® Van Heuckeroth***" statetl that a solution 
of chlorinated rubber is a satisfactory vehicle for calcium .*<ulphule in luminous 
paints. 


Moldings 


Some of the earliest investigators in the field, for example Engelhard, Have- 
mann and Day,’*’ proposed that dry chlorinated rubber be used as a molding com- 
l)ound. This was one of the uses which Dyche-Teague’® also suggested for chlorinated 
rubber. Ostromislensky’*” mixed crude rubber on a rubber mill with chlorinated 
or brominated rubber in the proportion of 7-85 parts of the halogen-treated 
rubber to 10 parts of crude rubber. Heating the mixture in a press was stated 
to ^Vulcanize” it to an ebonite-like mass. 


Latex can be utilized in making a molding composition. Halogens or halogen acids 
normally tend to coagulate latex and unless steps are taken to prevent the formation 
of a solid mass the batch cannot be readily chlorinated. The procedure is as follows: 
100 parts of kieselguhr were moistened with 160 parts of water to which had been 
added 9 parts of concentrated ammonium hydroxide (to prevent coagulation of the 
latex subsequently used). Then 100 parts of latex, containing 36 per cent of solids, 
were added and the mixture stirred until homogeneous. Excels water was removed 
and the dried mass was subjected to the action of chlorine gas until no more was 
absorbed. Hydrogen chloride formed during the reaction was neutralized with am¬ 
monia and the material was washed and dried. The product could then be molded 
by pressing for 10 minutes at 116®C. forming a hard material which could be polished 
to a high luster. It was not affected by water, oils or gasoline.”** 

A thermoplastic molding compound may be obtained by mixing chlorinated rubber 
with a phenol-aldehyde condensation product.”^ A solution containing 1 part of rub¬ 
ber was treated with chlorine until the rubber had absorbed twice its weight of chlorine. 
To this solution were added 2 parts of phenol and 2 parts of a 40 per cent solution 


1*'Curleton Ellis, U. S. P. 1,750,583, March II, 1980, to Chatieloiil Chenueal C'o.; Hnt, Chem. Ab>t. 
B. 1931. 77. 

*=‘-Caileton Ellis, U S. P. 1,695,639, Dec. 18, 1928, to Chocleloid Chemical Co.; ('hem Abs., 1929, 
23 907 

’ Boehmer, U, S. P. 1,807,616, June 2, 1931; Chem. Ab» , 1931, 25, 4443. 

A. Schmidt and M. Deseniss, U. S. P. 1,950320, Match 13. 1934, to Deutsche Torneeil- 

Oes.m.b.n ; Chem. Abe., 1934 , 28, 3M5. British P. 355,547, 1930, to New-York Hamburaer Gumim- 
Waaren Compoanie; Chem. Abs., 1932 . 26, 4207. French P. 714.806, 1981; Chem. Abe., 1982, 26, 1684. 
i«A. Lamble, British U. 141,220, 1919, to United Alkali Co.; Chem. Abs., 1920, 14, 2566. 

A, W. Van Heuckeroth, Circ. Amer. Paint, Varnish Mfrs.* Assoc., 1988, 440, 887; Brit. Chem. 

Abs. B, 1933, 1068. 



ilhard and H. 
British P. 


G. A. Engelhard and R. F. Havemann, U. S. P. 26,175, Nov. 22, 1859. 

H. Day, British P. 2734, 1859. 

^F. C. Dyche-Teague, U. 8. P. 1,819.186, Aug. 18, 1981; Chem. Abs., mM 
305,968, 1927; Brit. Chem. Abs. B, 1929. 884. 

I. Ostromislensky, U. S. P. 1,248,586. Oct. 9, 1917; Chem. Abs., 1918, 12, Russ. Phys - 

Chem. 8oc., 1915, 47, 1898; 1916. 48, 1114; Chem. Abs., 1916. 10, 1945; 1917, 11. 1766. 

Hopkinson, U. 8. P. 1,491,265, April 22, 1924; Chem. Abs., 1924, 18, 2266. Canadian P. 250.476, 
1925; Chem. Abs., 1925, 19, 3387. British P. 201,898. 1928, to Naugatuck Chemical Co.; J.S.C.I., 1924, 
43, 918B. 

**»J. McGavack, U. S. P. 1,555,131, Sept. 29, 11^, to Revere Rubber Co.; Chem. Abs., 1925, 19, 
8617. British P. 288,873. 1924; /.S.C./,, 1925, 44. 468B. See alep D. F. Twiss and J. A. Wilson, 
British P. 417,278, 1934, to Dunlop- Rubber Co„ Ltd,; Chem. Abe., 1985, 29, 1177. French P. 772,621, 
1984, to Soc, Anon, des pneumatiques Dunlop; Chem. Abs., 1985, 29, 1585. 
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of formaldehyde and the mixture was boiled under reflux for 2 hours. The material 
was washed with hot water, worked on a cold rubber mill to expel water, then giound 
and dried. The dry powder was thermoplastic and could be molded at a pressure of 
3000-4000 pounds per square inch at a temperature of 175®C. The molded article 
was hard, opaque and would receive a bright finish from a polished mold. It was 
insoluble in acids and alkalie.s and resistant to electrical currents. Chlorinated vul¬ 
canized rubber could be substituted for chlororubber,*^'' and the resulting composition 
used for bonding abrasive materials.'^* A similar reaction product between i»heuol 
and chlorinated rubber has been recommended for painting ship bottoms.***^ 

A water-resistant insulating material was made by Plauson^" by adding urea 
to fused chlorinated rubber and treating the mixture with formaldehyde. Its 
properties could be varied by the addition of natural resins or resin oils. 

Chlorinated rubber, after softening to the form of a gel with carbon disulphide, 
can be extruded to form a silk-like fiberThe solvent is removed by evaporation 
or by leading the extruded fiber into alcohol, acetic acid or gasoline. Plasticizers 
make the fiber more flexible. The thread has a fair luster, is noninflammable and 
can be woven into a web or fabric. Colored fibers are obtained by adding a dye 
to the gelled mass. 


Miscellaneous Other Uses of Halogenated Rubber 


The properties of halogenated rubber have suggested several other uses. For 
instance, since it only chars and does not burn when held in the flame it has 
been proposed as a fire-retarding insulator.^" Deseniss and Nielsen'" mixed chlo¬ 
rinated rubber with tar, asphalt and other bituminous substances and employed 
the resulting product as an insulator on metal pipe. Finely ground asbestos may 
also be added to such a mixture. Chlorinated rubber has even been advocated 
as an addition to the bituminous materials used in road construction.'" 

Warner"® made an adhesive from brominated rubber for uniting rubber to 
metal. A solution of chlorinated rubber has been described as an adhesive for 
paraffined paper.*" When these solutions of chlorinated rubber contain a large 
proportion of solids, they can be used as cementsThe flexibility of such cements 
is increased by the addition of softeners such as camphor, triphenyl and tricresyl 
phosphates, or semi-drying oils, e.g., corn or peanut oil."* Incorporation of ex¬ 
tending agents is useful in overcoming shrinkage. Examples of agents of this 
type are whiting, zinc oxide, barytes, litharge, silex, asbestos, talc and organic 
materials such as cotton wool and wood flour. 

McGavack, U. 8. P. 1,640,364, Aug. 30, 1927, to Revere Rubber Co.; Bnt, Chem. Aba. B, 

1927, 886. 

^ R. C. Benner and O. H. Porter, U. 8. P. 1,825,771, Oct. 6, 1931, to Carborundum Co.; Bnt. 
Chem. Aba. B, 1932, 726. 

K. Morimoto, Japanese P. 90,520, 1931; Chem. Aba., 1931, 25, 4723. See also H. L. Fisher, U. S. 
P. 1,890,908, Dec. 13, 1932, to B. F. Goodrich Co.; Chem. Aba,, 1933, 27, 2001. 

^ H. Plauson, German P. 560,260, 1931; Chem. Aba., 1933 . 27, 1220. 

^Chrleton Ellis, U. 8. P. 1,544,529, June 30, 1925, to Chadeloid Chemical Co. U. 8. P. 1,695,643, 
Dee. 18, 1928; Chem. Aba., 1929, 23. 1013. 

T. A. Edison, U. 8. P. 438,309, Oct. 14, 1890. For the use of chlorinated rubber in making insulating 
paper, see Gummi-Ztg., 1922, 1266; Kimatatoffe, 1922, 12, 166. 

^M. Deseniss and A. Nielsen, U. 8. P. 1.890,723, Dec. 13, 1932, to New-York Hamburger Gummi- 
Wa^ren Compagnie; Chem, Aba., 1933, 27, 1688. French P. 714,805, 1931; Chem. Aba., 1932, 26, 1684; 
British P. 358,311, 1930; Brit. Chem. Aba. B, 1931, 936. 

French P. 754,119, 1983, to 8oc. J. R. Geigy 8. A.; Chem. Aba., 1934, 28, 1165. British P. 411,640, 
1984; Chem. Aba., 1984, 28, 6973. 

^ R. M. Warner, U. S. P. 1,869,636 and 1,869,688, Aug. 2, 1982, to Miller Rubber Co.; Chem. Aba., 
1982, 26, 5452. 

^ French P. 758,542, 1933, to N< V. de Bataafache Petroleum Maatschappii; Chem. Aba., 1984, 28, 
1165: 

snCarleton Ellis, U. 8. P. 1,695,687, Dee. 18, 1928, to Chadeloid Chemical Co.; Chem. Aba., 1929, 

as, 1018. 

*"Safaty glass is ope of the suggested applications of such cements. W. D, Spencer, British P. 
414,073, tOM, m Imperial Chem. Ind., ttd.; Chem, Abe,, 1015, 29, 500. 
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Cottonseed oil, which has been treated with chlorine at an elevated temi)era- 
ture until the oil has increased 30 per cent in weight, is a solvent for chlorinated 
rubber. When this oil is added to a solution of chlorinated rubber in carbon 
tetrachloride and the latter evaporated, the product is stated to be a coating 
material for fly paper“* or may be added to varnishes to improve their elasticity.^ 
Chlorinated drying and semi-drying oils have also been employed with chlororubber 
in rubber compositions.^” 

Ellis”^ impregnated or coated fabrics and paper with chlorinated rubber to 
make thejn fire-resistant,"” a property depending to some extent on the degree of 
chlorination and the thickness of the coating. Such coatings are also waterproof 



Courtesy Hercules Powder Company 

Fig. 147. —Comparison Test of Tornesit (right) on Cooling Coils Subjected to Moisture 

and Acid Fumes. 


and may be made more flexible by the addition of softening agents. De.seniss'* 
stated paper coated with a thin solution of chlorinated rubber is made more dura¬ 
ble for stencil and copying purposes. Stevens and Gaunt*” report that chlorinated 
rubber in benzene gives a satisfactory showerproof coating. 

Preparations for coating or impregnating various materials are made by form- 

iwc. Thieme, U. S. P. 1.627,715, Feb, 24, 1926; /.S.C./.. 1925, 44. 291B. German P. 375,290, 1921; 
/.S.C.7., 1924, 43, 54B. 

iMC. Thierae, Gennan P. 364,831, 1920; J.S.CJ., 1923 , 42. 279A. 

^ D. F. Twiss, A. S. Carpenter and A. £. T. Neale, British P 420,116, 1933^ to Dunlop Rubber Co., 
Ltd.; Brit. Chem. Ahs. B, 1935, 114. 

wcSarleton BUia. U. S. P. 1,852,998, April 5, 1932, to Chadeloid Chemical Co.; Chem. Abs., 1932, 
26, 3122. For a review on the use of chlororubber in the textile industry, see StUe and Rayon, 1934, 8. 
305; Brit. Chem. Abs. B, 1935, 34. 

^ Cf. the preparation of fireproof fabrics by successive impregnations with metallic salts and 
chlororubber, M. Leatherman, U. $. P. 1,961,108, May 29, 1934, and 1,990,292. Feb. 5, 1935, to free use of 
the public; Chem. Abs., 1934, 28, 4597; 1935, 29. 1984. ^ 

u»M. Deseniss, U. 8. P. 1,823,260, Sept. 15, 1931, to A. Feurich; Chem. Abs., 1932, 26. 268. 

^H. P. Stevens and R. Gaunt, Bull. Rubber Growers* Assoc., 19^, 15, 653; Chem. Abs., 1934, 28, 
2566. Cf. the waterproofing of photographic paper, J. Holden, British P. 418.976. 1933. to J. Halden 
and Co., Ltd.; Brtt. Chem, Abs. B. 1985, 185. 
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i»g aqueous emulsions of chlorinated rubber dissolved in organic solvents or mixed 
with drying oils.“^ 

Chlorinated rubber may also be applied in preparing paper filter packs for 
edge filtration,”* in treating airplane wings'” or rubber-impregnated filter cloths,'” 
in printing designs on raw pasteboard,'” and in manufacturing artificial leather 
by binding together comminuted cork and fibers.”® 

Since halogenated rubber is adequately resistant to oxidation and does not swell 
in the presence of water and many solvents it has found use as a facing or lining 
material. Arnold'” made a printer’s blanket which had a top layer of ohlorinated 
rubber. Garvey'” protected soft vulcanized rubber with a coat of chlorinated 
rubber. The method suggested was to subject the rubber to the action of chlorine 
and then to apply a solution of chlorinated rubber and o-nitrodiphenyl ether. The 
surface of rubber-covered cloth is made hard and smooth by treatment with a 
heavy metal salt of a fatty acid, followed by halogenation.'” Twiss and Jones'” 
hardened the surface of golf balls by the action of chlorine. Bales of rubber were 
protected from oxidation through bromination of their surfaces.'” Further ap¬ 
plications of chlororubber include uses as a stuffing for pillows,'” as an ingredient 
in chewing gum'” and to assist in the hot cure of Thiokol.'” 

Chlorinated gutta-percha solutions are less viscous than those of chlorinated 
rubber of corresponding concentration. They can be used as lacquers and form 
bright, hard, though somewhat brittle films. The brittleness may be modified 
by the addition of softeners, and natural and synthetic resins may also be added. 
Ellis reported that the films offer excellent resistance to the action of acids and 
alkalies.'” 

French P. 745,229, 1938, to I. G. Farbenind. A.-O.; Chem. Abs, 1933 . 27. 4441. British P. 
409,009, 1932; Bnt. Chem. Abt: B, 1934, 593. See also C. W. Richards and H. Dodd, British P. 414,072, 
19M, to Imperial C%iem. Ind., Ltd.; Chem. Abs., 1935, 29. 251. Cf. British P. 412,525, 1934, to Chem. 
Fabr. Buckau; Chem. Ab$., 1985, 29, 641. French P. 769,342, 1934; Chem. Abs., 1935, 29, 641. 

S. Hele-Shaw and J. A. Pickard, U. S. P. 1,744,510, Jan. 21, 1980; Chem. Abs., 1980, 24. 1258. 

British P. 249,202, 1924; Bnt. Chem. Abs. B. 1926, 423. Canadian P. 281,702, 1928; Chem. Abs., 1928, 

22. 4248. German P. 499,656, 1925; Chem. Abs, 1980, 24. 4428 

^French P. 756,948, 1933, to Soc. dea verms peri.; Chem. Abs., 1934, 28. 2555. 

Sylvain, M. Lejeune. and J E C. Bongrand, French P. 741,179, 1931; Chem. Abs., 1933, 27, 
2605. British P. 411,887, 1932; Bnt. qhem. Abs. B, 1984 , 754. 

British P. 418,467, 1934, to International Latex Processes, Ltd.; Chem. Abs., 1935, 29, 2264. 
^British P. 899,856, 1938, to Behr-Manning Corp.; Chem. Abs., 1934, 28, 1823. See also S. J. 
Peachey. U. S. P. 1.234,881, July 24. 1917; Chem. Abs., 1917, 11, 2626. British P. 1894, 1915; J.S.C.I., 
1916, 35. 479. Cf. B. Frdhlich, French P. 774,120, 1934; Chem Abs., 1935, 29, ‘ItOS. 

G. Arnold, U. 8. P. 1,971,439, Aug. 28, 1934, to Rapid Roller Co.; Chem. Abs., 1984 , 28, 6538. 

"»B. S. Garvey, U. S. P. 1,810.560, June 16, 1931, to B F Goodrich Co.; Chem. Abs., 1931, 25, 4741. 

French P. 759,270, 1934, to International Latex Processes, Ltd.; Chem. Abs., 1934 , 28, 3249. British 
P. 407,284, 1983; Brit. Chem. Abs. B. 1934. 400. 

itoj). Twiss and P. A. Jones, British P. 403,726 t 1932, to Dunlop Rubber Co., Ltd.; Brit. Chem. 
Abs. B. 1934 , 213. French P. 770,928, 1934, to Soc. anon, des pneumatiques Dunlop; Chem. Abs., 1935, 
29. 959. 1^ also D. F. Twiss. F. A. Jones and E. W. Allen, British P. 409,434, 1934, to Dunlop Rubber 
Co., Ltd ; Chem. Abs., 1934, 28. 6260. D. F. Twiss, F A. Jones and D. J. Hadley, British P. 415,195. 
1934, to Dunlop Rubber Co., Ltd.; Chem. Abs., 1935, 29, 958. 

Hopkinson. U. 8. P. 1,442.218, Jan. 16, 1923; Chem. Abs., 1923, 17, 1351. 

*1*8. B. Cormack, British P. 415,795, 1934, to Imperial Chem. Ind . Ltd.; Chem. Abs., 1935, 29, 1283. 
»«W. O. Snclling, U. 8. P. 1.288,723, Dec. 24, 1918; Chem. Abs., 1919, 13. 676 

WU. C. Patrick, U. 8. P. 1,962,460, June 12. 1934; Chem. Abs., 1934, 28. 4848. In Chapter 58, a 
further discussion of Thiokol is found. 

iTSCarleton Ellis, U. 8. P. 1,695,642, Dec. 18. 1928, to Chadeloid Chemical Co.; Chem. Abs., 1929, 

23. 999. 



Chapter 56 

Resins from Halogenated Compounds 

There are two large classes of resins produced from halogenated compounds. 
The first class includes high-molecular-weight substances resulting from inter- 
molecular condensations with the elimination of halogen or hydrogen halide. The 
second class consists of the halogenated products which owe their amorphous 
and resinous properties to the fact that they are mixtures of several individuals, 
as for example, the chlorinated biphenyls and naphthalenes. These two classes 
of resins will be taken up in order. 

Class I. Condensation Resins 

Resin-like substances are formed by treating compounds of the type of benzyl 
chloride, benzal chloride, xylylene dichlonde, benzotnchlOride or the naphthalene 
chlorides with metal halides (Fnedel-Crafts reaction), with metals such as zinc, 
copper or nickel (Zincke reaction), or by the action of alkali metals on poly- 
halogenated hydrocarbons (Wiirtz-Fittig synthesis). In general such resins do 
not contain chlorine (or other halogens), as it is eliminated in the resin-forming 
reaction. 

Aralkyl-Halide Resins. The Fnedel-Crafts reaction is a fruitful source of 
tars and resins which are often the chief product in the case of a polyfunctional 
reactant like benzyl chloride which contains an aromatic nucleus and an alkyl 
halide residue in the same molecule. Boeseken^ declares that this compound is 
not suitable for use in the Friedel-Crafts reaction if products of a definite com¬ 
position are desired. On adding aluminum chloride to benzyl chloride, hydrogen 
chloride is evolved and a complex mixture of hydrocarbon polymers formed, the 
major portion of which are insoluble in all solvents.® The polymers have the em¬ 
pirical formula (C 7 Ho)„, and probably consist of macromolecules* made up of the 
group —C 0 H 4 CH,—.* 

Ferric chloride acting on benzyl chloride in the cold transforms the latter into 
a soluble, chlorine-free resin.® To 100 parts of benzyl chloride, 0.5 part of an¬ 
hydrous ferric chloride is added while the mixture is stirred. Soon a vigorous 
evolution of hydrochloric acid begins and progresses regujarly for a considerable 
period. The temperature increases only slightly. A dark brown, porous solid is 
formed, which is blown with steam to separate any unchanged* benzyl chloride 

1 J. Boesekeu, Rec, trav. chtm., 1904, 23. 98; 1904, 86 (1), 384. 

2W. H. Perkin and W. R. Hodgkinson. LC.S., 1880, 37. 721. C. Friedel and J. M. Crafts, Bull, 
Boc. chim., 1883. 43, 33. J. Schramm, Rer.. 1893. 26. 1706; 1893, 64 (1), 561. 

* It is possible that each molecule contains a chlorine atom .it the end of the chain but in large 
molecules of this nature the percentage of chlorine would be veiy low and could not be determined 
accurately on account of the difficulty of punftcation. That chlorine is probably present is borne out 
by the work of E. Wertyporooh and A. Famik (Ann.. 1931, 491, 263; CAem. Abf,, 1932, 26, 1375) who 
treated bensyl chloride in nitrobentene solution with aluminum chloride at ^13*0. and isolated o- and 
p-chloromethyldiphenylmethanev C^HsCHs-CftH 4 CK^l, which can be considered the initial stage in 
the formation of the polymeric chain. 

* R. A. Jacobson. J.A,C.S.» 1982. 54, 1513. Bbeseken (foe. etf.) considered th4 fundamental group to 
be 

s German P. 280.595. 1918. to Badischa Anilin- A Soda-fabrik; 1915. 34. 500. 
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and is then ground and washed with hydrochloric acid to remove ferric chloride. 
A yellowish resin is obtained, soluble in benzene, carbon tetrachloride, chloroform, 
cyclohexanone, cyclohexanol acetate and various other vehicles but insoluble in 
aliphatic alcohols, ketones and hydrocarbons. Solutions of the resin may be used 
for varnishing, and the coatings are resistant to acids and alkalies. Warm caustic 
soda solution of 35 per cent concentration does not attack the film.* Ushakov 
and Kotf believe that benzyl-chloride resin will find industrial applications as a 
shellac substitute. According to Jacobson,* the resin is not compatible with 
nitrocellulose, cellulose acetate, polyvinyl acetate, polyvinyl chloride, drying oils 
or alkyd resins. 

Zirconium tetrachloride has been suggested as a condensing agent for benzyl 
chloride in carbon disulphide solution to give a resin applicable as a shellac sub¬ 
stitute. The resin thus prepared may be mixed with other resins, rubber, or 
gutta-percha.* 

To summarize the effect of different catalysts in the condensation of benzyl 
chloride, it may be noted that polymerization in the presence of aluminum chloride 
furnishes an insoluble hydrocarbon polymer, (C 7 H 8 )n, and a small amount of a 
soluble resin of the same empirical formula. If ferric chloride is used the yield 
of soluble resin increases at the expense of the insoluble polymer. With stannic 
chloride only the soluble resin is formed “ Jacobson found the molecular weight 
of the soluble resins to be about 2000. The insoluble polymers presumably have 
much higher molecular weights. 

A mixture of a- and i3-chloromethylnaphthalene, dissolved in carbon bisulphide 
and treated with aluminum chloride, yields an elastic, brown, rubber-like substance 
insolublo in benzene. When /3-chloromethylnaphthalene alone is employed very 
little resill, is formed.^ 

Phenylethyl chloride is condensed by the action of aluminum chloride to a 
chlorine-free, tough, reddish mass, insoluble in most solvents.^ This product 
may be represented as made up of the group — CeH*—CH»CH*—. 

Zincke" permitted copper, silver and other metals to react on benzyl chloride. 
Onufrowicz,“ who also studied the reaction between benzyl chloride and copper^ 
obtained a resin when he heated the mixture in a sealed glass tube at a tempera¬ 
ture of 150-160®C. When equal quantities of benzyl chloride and copper were 
heated (at this same temperature) for two hours in an open vessel, evolution 
of hydrogen chloride occurred accompanied by the formation of a thick liquid 
boiling between 110-360®C. and a ,tough resinous mass. The latter was soluble 
in benzene but only slightly so in alcohol. Evaporation of a benzene solution of 
the resin yielded a tough, yellow fluorescent body. At lower temperatures (100- 
140®C.) and in an atmosphere of dry carbon dioxide, hydrogen chloride was given 
off at 107®C. and only a liquid product secured. 

According to Gladstone and Tribe," a zinc-copper couple converts benzyl 
bromide into a resinous mass which is partly soluble in ether or benzene. The 
ether-soluble portion is a brittle, transparent, yellowish red resin melting at 42®C. 
Analogous results were obtained with benzyl chloride. 

Prost" found that upon mixing zinc dust and benzyl chloride below the boiling 


•Oerman F. 280^, 1218, to Badisohe Anilin- & Sodafabrik; /.S.C./., 1915. 84. 500. 

7 S. N. Ushakov and A. V. T^on, Zhur. Priklad, Khimii, 1930. 8 . 09; Cheai. 1980. 24. 3790. 
*R. A, JaeolMon, loe, eit. 

•r. KrMuuunwthy, British P. IMT; Chem. Ab$.. 1««, 23, 3114. 

A. Jteabtou, lot. eit. 

ns. Oar Mid t. Lombardi, Gbar. eMm. itat.. im, $3, 33»; Chem. Abe., ItSS, 27. 31. 

X J. v«m Braun and H. Dautaeh, Bar., 1 «M, 45, 12*7; Chem. Abe,. 1»12. «. 2403. 

>*T. Zincka, Bar., 1832, 2, 787; Cham. Zentr., 1870, 83. 

UA. Onufrowies, Bar., 1384, 17. 883; /.CB., 1884, 48. 1138. 

>*3. H, Qiadatona and A. Triba, /.CB., 1883, 47, 448. 

MB, Puat, BitB. eoe. ehim., 1888, 4«, M7; Chem. Zentr.. I 8881 . 817. 
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point of the benzyl chloride he obtained a viscous product which could be dis¬ 
tilled up to 340®C. From the distillate he isolated benzyl chloride, bibenzyl and 
toluene. The material boiling above 340®C. contained anthracene and a substance 
which appeared to be identical with the hydrocarbon CaH* found by Weber and 
Zincke.” At higher reaction temperatures, the result was a hard brown substance. 

On heating benzyl chloride in a benzene solution with aluminum chips, Rad- 
ziewanowski“ observed that in addition to diphenylmethane, a large quantity of 
tarry material was formed. Nickel at a high temperature causes formation of 
the insoluble polymer of benzyl chloride." Mailhe" obtained a yellow, voluminous 
mass on passing benzyl chloride vapor and hydrogen over hot nickel. Boiling 
benzyl chloride and magnesium react, according to Schorigin, Issagulianz and 
Gusseva, to give a glassy mass.*^ 

Besides metals and metal chlorides, other catalysts have been suggested. 
Freund and Jordan utilized various surface catalysts, e.g., hydrated aluminum or 
magnesium silicates, kaolin, fuller’s earth or silica.** In the attempt to improve the 
yield of monoalkyl ether of xylylene glycol, Quelet® heated l',4'-dichlorodimethyl- 
benzene with potassium hydroxide in dilute alcohol. An insoluble, yellow, con¬ 
densation product resulted. A similar by-product is obtained in the preparation 
of l',4'-dicyanodimethylbenzene from the corresponding dibromo derivative.** 

Aralkyl Halides and Hydrocarbons. Although, as shown above, benzyl 
chloride forms resins of high molecular weight which may be either soluble or 
insoluble depending upon the extent of reaction and the particular catalyst, the 
inclusion of phenols or aromatic hydrocarbons such as naphthalene, anthracene, 
phenanthrene and various other coal-tar hydrocarbons, leads to soluble substances 
of relatively low molecular weight. The effect of these added substances is to 
limit the growth of the molecule so that it does not attain such a size that the 
product is insoluble. One example of this is the reaction of benzyl chloride with 
benzene in the presence of thallium trichloride and ferric chloride. The first 
was studied by Stadnikov and Kashtanov* who isolated diphenylmethane and 
p-benzyldiphenylmethane. The second was studied by Wertyporoch, Kowalski 
and Roeske,” who obtained triphenylmethane, two oils and a resin, in addition 
to diphenylmethane. 

Condensation of benzyl chloride with methylnaphthalene in the presence of 
iron yields an odorless oil.*^ Impregnating agents, coatings and plastic insulating 
masses have been prepared from the condensation products of aralkyl halides 
on tar oil or its constituents." An oil also was obtained when xylyl chloride and 
naphthalene were heated in an iron kettle for several hours at 100®C. Although 
the reaction has been stated to occur when the aralkyl halide and polynuclear 
hydrocarbon are heated together in absence of a catalyst," Ushakov and Kon" 


”E. Weber and T. Z.ncke, Ber., 1874, 7, 1153; Chem. Zentr., 1874, 675. 

»C. Radeiewanows.ki, Ber,, 1895, 28. 1135; 1894, 27. 3237; 7.C.S., 1895, 68 (1), 418, 129. 

^ A. Korcsynski, A. Reiuholz and E. Schmidt, Roczmkt Chem., 1929, 9, 731; Chem. Abe., 1880, 24. 
1858. 

J»A. Mailhe, Chem.^Ztg,. 1905, 29. 462; Chem. Zentr., 1905, 1. 1555. 

P. Schorigin. V. IsitBguiianjs and A. Gu?8e%'a, Ber., 1933, 66. 1426; Brit. Chem, Abe. A, 1988, 1150. 
^ E. Fretind and H Jordan, Geinian P. 417,667, 1921, to Chem. Fabr. auf Action vorm. R Soheritig; 
Brit, Chem, Abe. B, 1926, 100. 

>*R. Quelet, Comvt, rend., 1931, 192, 1391; Chem. Abe,, 1931, 25. 4539. , 

A. F. Titiey. J.C.8., 1926, 515. 

L. Stadnikov and L. 1. Kashtanov, /. Rites. Phys.-Chem. Soc., Chem. Pt., 1988, 60, 1117; 
Chem, Abe,, 1929, 23, 2170. L. L Kashtanov, /. Oen. Chem. (U. 8. 8. R.), 1932, 2, 515; Chem. Abe., 
1933, 27, 975. 

^E. Wertvporooh, I. Kowalski and A. Roeske, Ber., 1988, 66, 1832; Chem. Abe., 1934, 28, 1026. 

« German P. 801,718, 1916, to Farbcnfabr. vorm. F, Bayer A Co. ; J.8.C.J., 1921, 40, 210A. 

** German P. Ml,713, 1916, and 802,581, 1917, to Farbenfabr. vorm. F. Bayer A J.8.CJ., 1921, 
40, 210A, 844A. Amtnan P. 88,183, 1917; Chem. Zentr., 1920, 4, 980. See also German P. 836,476. 
1918; J.a.C.I., 1921, 40, 577A, ‘ . ^ 

German P. 416,904, 19SK0, to Farbw. vorm. Meister, Lucius A Brilumg; BrU. Chem, Abt. B, 1920, 

100. 

N. Ushakov a»4 A. V. Kon, he. cit. 
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maintain that catalysts are indispensable since they failed to detect any reaction 
in their absence. Marschall" found that the presence of gaseous hydrogen chloride 
caused reaction to proceed at a low temperature. 

Passing air through a suspension of manganese dioxide or ferric chloride in 
the oily condensation products from aralkyl halides and atomatic hydrocarbons 
produces harder materials.®® A similar result is obtained by treating the oils 
with formaldehyde in conjunction with 2 inc chloride.®* These hardened resins 
are readily soluble in aromatic hydrocarbons and linseed oil. Also they are 1 
stable towards light and resistant to water and alkalies. Other synthetic resins 
(phenol-formaldehyde, phenol-sulphur chloride and cumarone) may he hardened 
and made more soluble in hydrocarbons and linseed oil by treatment with benzyl 
chloride in presence of aqueous alkalies.®* 

A water-soluble condensation product is obtained by heating benzyl chloride 
with a solution of naphthalene sulphonic acid in sulphuric acid. Alternatively, 
a simple benzyl-halide-naphthalene resin may be prepared and then sulphoiiated 
with chlorosulphonic acid or oleum. Dichlorodihydronaphthalene can' be used in¬ 
stead of benzyl chloride.®® 

Aralkyl chlorides also may be condensed with partly hydrogenated aromatic 
hydrocarbons. Dihydronaphthalene and dimethylbenzyl chloride heated to 200°C. 
(with a small proportion of zinc), or rosin and isopropylbenzyl chloride heated 
under reflux with ferric chloride, form resins which are soluble in linseed oil 
and in aliphatic hydrocarbons, but insoluble in alcohols.®® Diphenylchloromethane 
and thiophene are condensed by the action of stannic chloride and form a resinous 
mass.*" 

Kranzlein and Voss made neutral resins by esterifying the condensation prod¬ 
ucts initially formed from resins and aralkyl halides.®® For example, 160 parts 
of colophony were mixed with 40 parts of benzyl chloride and warmed slowly. 
A little above 100°C. the evolution of hydrogen chloride began. If desired, the re¬ 
action could be hastened by the addition of 0.2 part of zinc chloride. After 
the evolution of gas subsided, the mass was heated to 200-210°C. and held there 
for an hour during which it was stirred. It was then cooled to 1(X)°C. and 15 parts 
of glycerol and 50 parts of xylene added. After heating at 240-250®C. for 4 hours 
and Temoving the volatile sub.stances uniier reduced pressure, a light-colored 
resin was obtained. It was soluble in hvdrocarbon solvents, but not in aqueous 
alkalies. It had good elasticity and resistance to Jhe weather. Otlier alcohols 
which may be substituted for glycerol are glycol and benzyl alcohol. In several 
cases the aralkyl halide employed was prepared by the action of 40 per cent 
formaldehyde and hydrochloric acid on xylene, diphenyl oxide or anisol.®® 

F. Marschall, German P 4^7 442 1920, addn to 416,904, 1920, to Faibw voirn. Mei'^ter, Lucius & 
Briining; Bnt. Chem. Abs. B, 1926, 203. 

A. Voss, German P. 400,312, 1922, to Farbw. vorm. Meister, Lucius & Binning; J.SC.L, 1925, 44, 

216. 

®9K. Schirmacher and A. Voss, German P, 446.999, 1921, to I G. Farbenind A-G.; Bnt. Chem. 
Abs. B, 1928. 680. 

^A. Voss, German P. 444,109, 1927, addn. to 416,109, 1925, to I. G. Farbenind. A.-G.; Chem. Zentr., 
1927, Z, 760 

«K. Daimler, F. Marschall and G. Balle, U S. P. 1,635,883, July 12, 1927, to Grasselh Dyestuff 
Corp.; Chem. Abs., 1927, 2 L 2993. British P. 240,318, 1924, to Farbwerke vorm. Meister, Lucius & 
BrOningr J.S.C.I., 1925, 44» 965B. K. Daimler and G. Balie, German P. 472,289, 1926, addn. to 430,881, 
1024, to 1. G: Farbenind. A.-G.; Chem. Ab»., 1929, 23. 2449. 

' ' Winter and N. Roh, German P. 555,083, 1930, to I. G. Farbenind. A.-G.; Chem. Abe., 1932, 

26» 5221. British P. 361.951, 1930; Brit. Chem. A&«. B. 1932. 357. 

G. Btadiiikbv and I. Qoldfarb, Ber., 1928, 61. 2341; Chem. Abu., 1929 , 23, 1408. 

«G. Krttnslein and A. Voss, U. S. P. 1,952,676, 1934. to 1. G, Farbenind. A.-G.; Chem. Abs., 1934. 

28v3665. French P. 740.162, 1932; Chem Abe,, 1933 , 27. 2820. German P. 570,958, 1933; Chem. Abe., 1933^ 

27* 4430. British P. 822,382. 1932; Brit. Chpn. Abe. B. 1933. 800. See also C. Winter and N. Roh, 
German P. 564,127, 1081, to h Q. Farbenind. A.-G.; Chem. Abe.., 1033, 27. 1220. 'f 

•For the preparation of l*(chloromethyl)naphthalene by this reaction see. G. Reddlien and H. 
Sange, V. B. F. 1,010,475, Uuf 23, 1033, to General AnUine Works; Chem. Abe., 1083, 27, 3953. 
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Makarov and Andrianov" report that casein and benzyl chloride react in the 
presence of alkalies to form resins. Kirchhof*^ has studied the action of benzyl 
chloride on rubber using aluminum chloride as a catalyst. White to yellow, easily 
pulverized, thermoplastic products were formed. They were inert to alkalies and 
acids (other than nitric acid) and had good insulating properties. 

Aralkyl Halides and Phenols. Condensation between benzyl chloride 
and phenolic compounds forms resins whose properties are dependent upon the 
phenolic body used. In general the resins formed from phenols and aralkyl 
chlorides are soluble in alcohols, whereas those from aromatic hydrocarbons and 
aralkyl chlorides are insoluble in alcohol. One mol each of phenol and benzyl 
chloride are heated without a catalyst on an oil bath (reaction begins at 130°C. 
and is completed by slowly raising the temperature to the boiling point of benzyl 
chloride), until the evolution of hydrochloric acid ceases, yields a clear, bright 
brown, thinly fluid oil which is soluble in dilute caustic soda solution." An 
excess of phenol and zinc (as a catalyst) furnishes p-hydroxydiphenylmethane." 
On the other hand, when equal parts of benzyl chloride and phenol were heated 
in the presence of franconitc a plastic mass resulted." 

Chloromethylnaphthalene condenses with phenol to form a hard resin which is 
soluble in drying oils." Benzyl chloride and a-naphthol yield a thick, brown 
oil." 

Phenolic acids and their derivatives may also be reacted with benzyl and other 
aralkyl halides." Many catalysts may be used including zinc, aluminum, iron, 
their halides and fuller’s earth. The resinous materials are soluble in linseed oil, 
tung oil and turpentine and so may be employed in making varnish." Among 
the combinations that have been suggested are dimethyl benzyl chloride with 
salicylic acid, dimethyl benzyl chloride with phenyl salicylate, dimethyl benzyl 
chloride with acetyl salicylic acid, isopropyl benzyl chloride with salicylic acid 
and l,2,3,4-tetrahydro-6-w-chloromethylnaphthalene with 2-‘hydroxy-3»methylben- 
zoic acid. 

Resins from aralkyl halides and phenols are rendered soluble in water by sul- 
phonation." Doser and Thauss" made water-soluble substances by sulphonating 
the reaction products of aralkyl halides with rosin and phenols. For example, a 
resin was prepared by mixing 30 parts of rosin and 10 parts of phenol in the 
presence of 1.5 parts of 60® Be. sulphuric acid and heating to 70-80®C. for 8 
hours. Then, 10 parts of this resin was treated at 110-120®C. with 3 parts of 
benzyl chloride and 0.2 part of zinc chloride. The final product was sulphonated 
with 2 parts of 100 per cent sulphuric acid. The original phenol-rosin resin can 


B. V. Makarov and K. A. Andrianov, Russian P. 30.276, 1033; Ckem, Abs., 1933, 27, 5562. 

♦IF. Kirchhof, Kautschuk, 1931, 7, 128; Chem. Abs„ 1931, 25, 6015. Rubber Chem. Tech., 1982. 5, 
110; Chem. Abs., 1933, 27, 6016. German P. 557.270, 1930; Chem. Abs., 1983, 27, 446. 

♦* German P. 346,384, 1917, to Kalle A Co. A,-G.; J.S.C.I., 1922, 41, 510A. 

♦«T. Zincke and W. Walter, Ann, 1904 , 334, 373; J.C.S., 1904, 86 (1), 1005. 

♦♦E. Freund and H. Jordan, German P. 417,668, 1921, to Chem. Fabr. auf Actien vorm. E. Schering; 

Brit. Chem. Abs. B. 1926, 100. 

«0. Kr^nslein, A. Voss and A. Bninner, German P. 526,391, 1929, to I. G. Forbenind. A.-G.; 
Chem. Abs., 1931, 25, 4422. German P. 561.082, 1030, addn. to 526,391, 1929; Chem. Abs., 1933, 27, 
1220. German P. 551,169. 1029; Chem. Abs., 1932, 26, 4488. French P. 695,476, 1930; Chem. Abs., 1931, 
25, 2867. British P. 360,888. 1930; Chem. Abs., 1933, 27, 1220. 

German P. 346,384, 1917, to Kalle A Co. A,-G,; J.8.C.I., 1922, 41, 510A. 

♦T German P. 346,384, 1917, to Kalle A Co. A.-Q.; J.8.C.I., 1932, 41, 510A. 

"C. Winter and N. Roh, V. S. P. 1.977,979, Oct. 28, 1934, to I. G. Farbenind. A.-G.; Chem. Abs., 

1935, 29, 253. British P. 382,301, 1932; Chem. Abs., 1933, 27, 4411. 

♦•British P. 832,960. 1929« addn. to 820,056, 1928, to L G. Farbenind. A.-G.; BrU. jCkem. Abs. B, 
1930, 1017. French P. 88,268, 1930, addn. to 663,155, 1928; Chem. Abs., 1932, 26, 1077. 

«> A. Doser and A. Thauss, U, S. P. 1,762,0U, June 3, 1980, to General Aniline Works, Inc.; Ckem. 
Ab«.t 1930, 24, 8658. See also A. Doser, G. Mauthe and A. Thauss, U. S. P. 1,828,033, Oct. 20, 1931, 
to General Aniline Works, Inc.; Chem. Abs., 1982, 26, 862. 
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be sulphonated before condensation with benzyl chloride. Likewise, phenol siil- 
phomc acids may be condensed wiih aralkyl halides.®^ 

Benzal-Halide Resins. Benzal chloride is very sensitive to resinification. 
Dissolved in carbon disulphide and treated with aluminum chloride, it forms a 
hard^ insoluble product even at low temperatures." Iron carbonate reacts vig¬ 
orous with benzal chloride at 60®C. with formation of a black resinous mass," 
and zinc oxide at 100®C. produces large quantities of tar unless a solvent is pres¬ 
ent." On addition of zinc dust, a mixture of benzal chloride and aniline forms 
4,4'-diaminotriphenylmethane and much resin." 

Condensation of benzal chloride or xylylene dichloride with naphthalene, 
phenanthrene or anthracene yields resins which are hard in comparison with the 
oily products obtained from a mixture of benzyl chloride and polynuclear hydro¬ 
carbons. Iron may be used as a condensing agent." The resins are readily 
soluble in hydrocarbon solvents and have been recommended as impregnating 
and coating agents," or mixed with cellulose ethers to form plastic masses." To 
make the resins still harder, they may be treated with formaldehyde" or blown 
with air" as was the case with the oily products from benzyl and xylyl chlorides. 

Resins are obtained when benzal chloride is heated with either phenol, in the 
presence of zinc chloride at 50-100°C., or with m-cresol, in the presence of 
aluminum chloride at 70°C., until hydrogen chloride is no longer evolved, and the 
excess phenol or cresol is removed by steam distillation. An odorless, light-colored 
resin, which is soluble in caustic alkalies, alcohols and chloroform is produced. 
Similar products result from homologues of benzal chloride or from derivatives 
containing halogen in the nucleus.*^ Mackenzie" used 55 g. of phenol with 16.9 g. 
of benzal chloride without a catalyst. Heating the mixture gently at first and 
then gradually raising the temperature to 120°C. for 10 hours, he obtained a dark 
brown residue which on vacuum distillation (to remove excess phenol) changed 
to a ruby-red, transparent jelly. This jelly crystallized readily yielding dihydroxy- 
triphenylmethane. 

Benzal bromide (25 parts) and Swedish rosin (140 parts) were fused together 
by Kranzlein and Voss." As the reaction proceeded the mixture became so 
thick that it could no longer be stirred. To avoid this, chlorobenzene was added 
and the mass held at 200-210°C. for 2 hours. The volatile constituents were 
removed at 200°C. by reducing the pressure and the product esterified by re- 
.fiuxing with glycol for 5-6 hours. After distilling the volatile constituents, a resin 
was obtained which was soluble in drying oils producing varnishes with good re¬ 
sistance to light. 


»British P. 320,OM, 1928, to I. G. Farbeniiid. A.-G,; Brit. Chem. Abs. B, 1930, 315. French P. 
663,155, 1928; Chem. Aba., 1930, 24, 735. 

«»J. Boeseken, Rec. trav. chim., 1903, 22, 312; Chem. Zenir., J903, 2, 203. 

“J. J. Vanin and A. A. Tschemojarova, /. Ru8». Phys.-Chem. Soc., 1927, 59, 891: Bnt Chem 
Aba. A. 1928, 758. 

» W. Davies and J. H. Dick, /.C.8., 1932. 2808. 

«a Bdttinger, Bef., 1879, 12, 975; Chem. ZetUr..- 1879. 456 
German P. 302,521, 1916, addn. to 301,713, 1916, to Farbenfabr. vonn. F. Bayer & Co.: JSC I 
1121, 40. 708A. ^ ^ 

•'German P. 302,53], 1917, to Farbenfabr. vorm. F Bayer A Co.; J.8.C I., 1921, 40, 344A. 

■German P. 386,476, 1918, to Farbenfabr. vorm. F. Bayer A Co.; J.8.C I., 1921, 40, 677A. 

■K. Sdvirmacher and A. Voss, German P. 446,999, 1921, to I. G. Farbenind. A.-G.: Brit Chem 
Aba. B, 1928, 680. ' 

■A. Voss, German P. 400,312, 1922, to Farbwerke vorm. Meister, Lucius A Brttning; J.S,C.l., 1925, 
44, 216B. 

■German P. 355A89, 1920, to t)y»amit-A.-0. vorm. A, Nobd A Co.; J.S.C.I., 1922 41 772A 
■J. B. Mnckensic, /.{?.«., 1901. 70, 1216. ' * 

■G. Kranslein and A. Voss. U. S. P. 1,952,676, Mar. 27, 1934, to I. G. Farbenind. A.-G.; Chem Aba 
1084, 26, 8806^ French P* t40.162, tfl82}Chem Aba., 1983, 27, 2820. German P. 570,958, 1983; Chem Aba' 
1988, 27, 4480. British P. 892,882, 1982; Brit. Chem. Ab$. B, 1988, 800. " 
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Benzotrichloride Resins. Dobner*^ described various condensation reac¬ 
tions of benzotrichloride and noted the tendency to resin formation in many of 
these. From benzotrichloride and phenol, he obtained both dihydroxytriphenylcar- 
bmol and a yellow resin. Dobner and Schroter” added 46 g. of benzotrichloride 
drop by drop to 50 g. of o-cresol on a water bath. The product, freed from 
e.xcess cresol by treatment with steam, consisted of a dye and a resin. Treat¬ 
ment with hot sodium bisulphite solution dissolved the dye leaving a yellow 
resin. Reactions between a- and /^^-naphthol** and pyrogallor with benzotrichloride 
are reported as producing resinous substances along with crystallizable bodies. 

Heiber®* treated a solution of sodium phenolate (containing 3 mols of phenol) 
with 1 mol of benzotrichloride, heating on a water bath until the odor of the 
chloride had disappeared. After acidifying and washing with water to remove 
excess phenol, the product yielded on distillation with steam a bright-yellow dis¬ 
tillate and a reddish-yellow, resinous residue. The distilled oil was shown by 
Heiber to contain phenyl benzoate and what was believed to be o-hydroxybenzo- 
phenone. The same products were obtained by Hamada.®® 

Ellis^® prepared a resin by heating 3 mols of phenol with 1 mol of crude benzo¬ 
trichloride (chlorinated toluene) in alcoholic solution (at its boiling point) in the 
presence of ferric or aluminum chloride. The mass became insoluble and infusible 
within an hour, if aluminum chloride was used as the catalyst. If no condensing 
agent was added, the reaction occurred in two stages, first with the formation of 
a syrupy liquid (within 40 minutes) which on further heating lost water and 
became dark brown and semi-solid. Ultimately a solid resin resulted. When 
the syrupy product was heated with formaldehyde solution (40 per cent), it was 
converted into a tough, red, rubbery mass which hardened on further heating."^ 
The addition of 10 per cent hexamethylenetetramine greatly accelerated hardening.™ 
Prior to treatment with formaldehyde, excess phenol may be removed by steam 
distillation.™ 

A hard resin is produced by the condensation of benzotrichloride with aniline. 
This reaction occurs in two stages, yielding first a dark green, heavy oil and 
finally a dark red resin. Paraformaldehyde or hexamethylenetetramine accelerates 
hardening of the resin. Condensation of benzotrichloride with benzene (2 mols) 
in the presence of anhydrous aluminum chloride yields a resin easily soluble in 
benzene, together with a small amount of triphenylcarbinol and benzoic ester.™ 

Wohl and Wertyporoch” studied the action of aluminum chloride on benzo¬ 
trichloride. Five per cent of aluminum chloride was added and after the mixture 
had been heated for 4 hours at 50-60®C., it yielded m-trichloromethyl-diphenyl- 
dichloromethane, m-(m-trichloromethyl-dichlorobenzyl)diphenyldichloromethane 
and a highly polymerized, insoluble resin containing chlorine. Either of the di- 
phenyldichloromethane derivatives could be converted into higher condensates and 
resins by heating further with aluminum chloride. Such compounds are therefore 
to be regarded as resin intermediates. This would indicate that the course of 


•*0. Dobner, Ann., 1883, 217, 223; 1883, 44, 861. R. Meyer and W. Gerloff (Ber., 1928, 

86, 98; 1924, 57, 591; Chem. Abs., 1923, 17, 1221; 1924, 18, 2889) have studied reactions similar to these 
but have not report the formation of resins. ^ ^ ^ oAa 

•®0. Dobner and G. Schrdter, Ann., 18M, 257, 68; 1890, 58, 898. 

••O. Dobner, Ann., 1890, 257, 56; J.C.S., 1890, 58, Wl. ^ ^ 

•»0. DSbner abd A. Pbrster, Ann., 1890. 257, 60; J.C.S., 1890, 

«F. Heiber; Ber., 1891, 24, 3684; J.C.8., 1892, 62, 308. Cf. O. Ddbner and W. Stackmann, Ber., 
1876 0 1918 * J C 8 1877 32 f 21 327 

•6. Hamads, Science Reptt. Tohoku Imp. Univ., 1933, 22, 55; Chem. Abt., IW, ^7, 3928. 
wCarleton Ellis, U. S. P. 1,798,810, Feb. 17, 1931, to Ellis-Foster Co.; CW Abt., ISJI, 2^ ^2. 

nCarleton Ellis, U. a P. 1,793,311, Feb. 17, 1931, to BUis-Foster Co.; CW Ab»., 1911, 25, »12. 

«Carloton Ellis, U. S. P. 1,793,312, Feb. 17, 1981, to EllU-Foster Co.; Chem. JJ, »12. 

WB. N. tousdvoy, U, 8. P. l,643A53. Nov. 8, 1927* to EUis-Fostcr Co.; Chem, Abe., 1923, 22, 505. 

w ExPOTimental work carried out‘ in the author*e labomtory. ^ ^ 

Wohl and B. Wertyporoch. Atm., 1930, 481. 10$ Chem. Abe., 1930, 24. 4887, 
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resinification of benzotrichloride in the presence of aluniinuin chloride involves 
initial formation of chains which may be represented: 



Probably only one'* of the chlorine-atoms of each CCb-group h involved in this 
condensation; and, since combination may occur at any free meta position, the 
final insoluble polymer would correspond to a structure consisting of grouping> 
that may be represented: 



Tars are formed by the action of cadmium and lead oxides on benzotrichloride.'" 

Resins from Naphthalene Chlorides. The chlorine addition products of 
naphthalene’* behave m a manner analogous to the other aralkyl chlorides. When 
heated with aluminum chloride, naphthalene tetrachloride is resinified and the resin 
so obtained is soluble in benzene, turpentine and linseed oil, but insoluble in 
alcohol. Its use in the manufacture of varnishes and lacquers has been recom¬ 
mended. Another procedure consists in dissolving 100 jxarts of naphthalene tetra¬ 
chloride in 400 parts of toluene, adding 3.5 parts of aluminum chloride and heating 
for several hours on a water bath. The solvent is expelled by distilling with 
steam and the resin freed from moisture by further heating to 150°C. A clear, 
brittle resin is obtained. A similar product is formed by heating a mixture of 
300 parts of xylene, 100 parts of naphthalene tetrachloride and 3 p^rts of ferric 
chloride, first on a water bath and then for several hours at 130°C. The crude 
chlorinated material, a mixture of naphthalene di- and tetrachlorides prepared by 
chlorinating 256 parts of naphthalene in 800 parts of chloroform until about 3.5 
atoms of chlorine have been added, may be converted to resin by several hours 
heating with 20 parts of aluminum chloride. Antimony pentachloride also acts 
as a condensing agent. A hard resin is made from the dichloro derivative of tetra- 
■ hydronaphthalene by adding 5 per cent of aluminum chloride and heating to 
200®C. By dissolving 30 parts of the dichloro derivative in 120 j^arts of toluene, 
adding 1 part of aluminum chloride and boiling the mixture under reflux for 
several hours a semi-solid resin is obtained whose solution in benzene dries to 
a varnish-like coating. More highly chlorinated derivatives of tetrahydronaphtha- 
lene yield brittle resins when heated to 250®C. in the presence of 0.7 per cent of ferric 
chloride. The bromine derivatives yield similar resins.’* 

Naphthalene chlorides heated (without solvents) with a small amount of a 
metal or metallic compound yield hard resins, e.g., naphthalene tetrachloride heated 
'to 215®C. with 0.5 per cent of ferric oxide* This resin when dissolved in acetone 

’•O. PSbner (Ann, 1883, 217, 226; 1888, 44, 801) noted that one of the chlorine atoms of 

benaotrichloiide cannot be displaced bv aromatic groups. 

^W. Davies and J. H. Dick, J.C.S,, 1932, 2808. 

“^Naphthalene chlorides snch as naphthalene tetrachloride, CioHitC?l 4 , should not be confused with 
the chlorine substitution products of naphthalene such ae tetrachloronaphthalene, Ci(34Cl4. The 
latter are tuialo^ous to chlorobenrene ahd are less prone to form resins by the above processes. Naphthu> 
lene chlopiaes ate formed either by the chlorination of naphthalene in the dark and in the presence i»f 
a haldken-carrier or by the chlorinatior of tetrahydronaphthalene. 

German P. 432,891. 1918, to A.-Oi fhr AniUn-Fabrik.; 1921, 40, 358A. 

^^IS, Freund amt H. .Tordun. fJcnuuii P, 466,263, 1928, to Scheriiiic-Kahlbuuiri A.-G.; Chem, .ibn , 
fl)29, 23, I0(K). 
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or carbon tetrachloride may be used as a lacquer.®^ Florenz added chlorine to 
anthracene and phenanthrene suspended in carbon disulphide or benzene and, after 
evaporating the solvent, treated the residues with condensing agents to form 
resins ” Anthracene dibromide with sodium acetate gives resinous products.*^* 

Hydrosilicates of aluminum and magnesium, such as fuller’s earth, franconite 
or tonsil, are capable of functioning as catalysts in the Fnedel-Crafts reaction. 
When a mixture of equimolecular quantities of naphthalene and naphthalene tetra¬ 
chloride is slowly heated with 0.1 per cent of fuller’s earth to about 60°C., a 
vigorous evolution of hydrogen chloride takes place. After heating at r20°C. 
for 2 hours, the portion soluble m carbon tetrachloride is a dark green, brittle 
resin which softens at 65®C. Substitution of phenols (from low-temperature coal 
tar) for naphthalene gives a green mass which softens at 85°C. and is soluble 
in alcohol.*** 1,2-Dibromo-ac-tetrahydronaphthalene, chlorinated decahydronaph- 
thalene and pinene hydrochloride also give resins when heated with fuller’s earth; 
and, under the same conditions, a solution of benzyl chloride in xylene forms a 
saturated viscous oil." 

In the presence of condensation agents, naphthalene chlorides react with formal¬ 
dehyde to form hard resins." 

Resins soluble in benzene, chloroform, linseed oil, turpentine and alcohol are 
made by heating phenols with naphthalene chlorides in the presence of metal 
halides, with or without the addition of solvents. Typical examples are: Phenol 
heated to 90-95°C. with a solution of naphthalene tetrachloride in tetrachloro- 
ethane, and ferric chloride; o-cresol heated to lOO^'C. with a solution of naphthalene 
tetrachloride in o-dichlorobenzene, and ferric or aluminum chloride; and phenol 
heated to 100°C. with ferric chloride and the product obtained by chlorinating 
tetrahydronaphthalene at ordinary temperature until four atoms of chlorine have 
been added. 

Alkyl and Acyl Halides. In addition to reactions involving many types of 
aralkyl halides, resins have been formed by the interaction of various alkyl and 
acyl halides on aromatic compounds. Shinkle" condensed aromatic hydrocarbons 
with ethylene dichloride in the presence of aluminum chloride. The products are 
reiKirted as being resistant to abrasion, solvents and heat. They may be chlori¬ 
nated to reduce the flexibility. Resins (from ethylene dichloride and benzene) 
mixed with rubber and sulphur and vulcanized give a material recommended for 
the manufacture of hoses which must be resistant to gasoline." Or the resins, 
after alkylation which renders them soluble in petroleum hydrocarbons, may be 
used as thickening agents for hydrocarbon oils." 

A dark green, viscous oil is formed by boiling 40 parts of acetylene tetra- 
bromide with 20 parts of xylene and 1 part of fuller^s earth until evolution of 

81 E. Freund and H. Jordan, German P. 474,683, 1922, to ScherinR-Kahlba^uu A.-G.; Chem. 

1029, 23. 3113. 

88 M. Florenz, German P. 420,443, 1922, to Bakelite G.m.b.H.; Bnt. Chem. Ahs. B, 1926, 502. 

«8E. de B. Barnett, J. W. Cook and M. A. Matthews, Rec. trav. c/nm., 1925, 44, 217; Chenu Ah»., 
1925. 19. 2488. 

E. Freund and H, Jordan, U. S. P. 1,570,469, Jan. 19, 1926, to Chem. Fobr. auf Aktien vorm. E. 
Schering; Chem. Ahs., 1926, 20, 832. British P. 202.997, 1923; J S.C.I., 1925 44. 46B. E. Freund, 
German P. 461,358, 1922, to Schering-Kahibaum A.-G.; Chem. Zentr., 1929, 1, 1052. 

*®E. Freund, U. 8. P. 1,672,378, June 5. 1928, to Chem. Fabnk auf Aktien Vorm. E, Schering; Bnt. 
Chem. Ahs, B, 1928, 532. E. Freund and H, Jordan. German P. 417,667, 1921, to Chem. Fabrik auf 
Aktien vorm. £. Schering; Brit, Chem. Ahs. B. 1926, 100. 

** E, Freund and H. Jordan, German P. 417,668, 1921; Brit. Chem. Ahs. B, 1926, 100. 

« German P. 384,710. 1918, to A.-G. filr Anilin-Pabr.; J.8.C.L, 1921, 40. 479A. 

^S. D. Shinkle, British P. 407,948, 1932, to Naugatuck Chem. Co.} Brit. Chem. Ahs. B. 1934, 512. 
British P. 415,953, 1984, addn. to 407,948; Chem. Abs., 1935, 29, 854. French P. 743.753. 1933; Chem. 
Ahs., 1933, 27, 3789. also Oerman P. 326,729, 1918, to Badische Anilin- and Soda-Fabrik; J.S.C.I., 
1921, 40, 142A. 

»S. D. Shinkle. British P. 415,954, 1934, to Naugatuck Chemical Co.; BrU. Chem. Abs. B, 1934. 
974. French P. 43,916, 1934, addn. to 713,758, 1933; Chm. Abs., 1935, 29. 1535. 

French P. HI,214 and 771,215, 1934, to Standard Oil Development Co.; C/iem. Ahs., 1935, 29, 854. 
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hydrogen bromide ceases" Reaction between phenol and acetylene tetrabromide 
in aqueous alkali has been studied in the author's laboratory. Several products 
were obtained, one of which was a fusible resin. It could be hardened by boiling 
with formaldehyde in the presence of alkali and then adding hexamethylenetetramine. 

The resinous by-products from the preparation of salicylaldehyde were also 
studied" The yield of resin could be raised to 62 i'>er cent by heating the mix¬ 
ture after the addition of the chloroform to the sodium phenolate solution for 3 
hours instead of 30 minutes. This resin also could be hardened by the addition 
of 2 per cent of hexamethylenetetramine. Phenol and trichloroethylene likewise 
gave an oily substance which was hardened by boiling with formaldehyde solution 
and adding hexamethylenetetramine and could be used as a molding composition. 

Mixtures of ethylene and propylene chlorohydrin were condensed with aniline 
and phenol. In the latter case both aluminum chloride and sulphuric acid were 
used as condensing agents. In the case of the aniline, boiling of the reactants in 
the presence of water was sufficient. The product, after treatment with paralde¬ 
hyde and then hexamethylenetetramine, could be molded. It was a brittle, 
lustrous resin. 

Reaction of aniline with carbon tetrachloride in the presence of a copper 
catalyst yielded a resin.” Similarly sodium anilide and trichloroethylene gave a 
red-black, tarry substance which was believed to consist of condensation products 
of aniline and monochloroacetylene.” Dichloroethylene also furnished a plastic 
mass when it was treated with formaldehyde under the catalytic influence of sul- 
]>huric acid"’ ^-Chloroethylaniline is said to be an unstable compound which 
polymerizes to a chlorine-free solid of unknown constitution.” 

Kleinfeller and Frercks*" attempted to bring about cyclizations leading to sub¬ 
stances having an arrangement of carbon atoms similar to the diamond space 
lattice. They interacted 2-chloromethyl-l,3-dichloro-2-nitropropane and phloro- 
glucinol in methyl alcohol in the presence of sodium methoxide. The products 
obtained were a reddish-brown resin and l,3-diethoxy-3-chloromethylenepropane, 


H 


Cl C-OC2H5 

\ /H 


C==C 


/ \H 

H C-OC 2 H 6 . 


H 


As the result of the reaction of cinnamyl chloride in nitrobenzene with phloro- 
glucinol and aluminum chloride, Rosenmund and Rosenmund” obtained much 
resinous matter, a compound, CwHiaO*, and a substance melting at 210®C. Hexa- 
hydrodiphenylene oxide readily becomes resinifled under the conditions of the 
Friedel-Crafts reaction, but with careful control it can be combined with acetyl 
chloride to give the corresponding methyl ketone," Wieland and Hasegawa^ 
described the reactions of acetyl and benzoyl chlorides with l,4-diphenyl-l,3- 
butadiene in benzene in the presence of aluminum chloride. The crystallized prod- 

•*B, Freund ftnd H. Jordan, U. 8. P. 1,870,469, Jan. 10, 1926, to Cliom. Fabrik auf Aktien voim. E. 
Sobering; Chem, Abs., 1926, 20, 882. German P. 401,368, 1922; Chem. Zentr., 1929, 1, 1062. British P. 
802,007, 1928; JjS.C./., 1926, 44, 46B. 

’•Similar bodies are formed in the preparation of protooatechuio aldehyde. F. Tiemann and P. 
Koppe, Ber„ 1881, 14, 2015. 

*iR. C, Shah, /. Indian M. Set., 1984, 7. 205; Chem. Abu., 19M. 19, 645. 

Vitoria, Mem. acad, cienc, artee Bareehna, 1928, 21, 227; Chem. Abs,, 1932, 26, 4799. 

44 g. J. Print, trav. chim., 1988. 51, 489; Chem. Ahi., 1983, 26, 8777. 

R. aemo and W. H. Perkin, Jr.. 1924. 125. ^804 

Kleinfeller and W. Frerekt, /. prakt. Chem., 1988, (2) 138, 184; Brit. Chem. Abe. A* 1988, 1295. 

,44 K. W. Hotenmund and if. Rotenmund, Ber., 1928. 61, 2608; Brit, Chem. Abe. A, 1(^9, 825. 

•4 J, vpn Braun. Ber., 1922, 51, 87611 I.C.8.. 1928, ft4 (1). 108. 

444Wielatid and a Hasegawa, Rer., I98i, 64, 2516. Sea alto P. Upp, P. Happen and M. Ball, 
Bar;, 1927, 60, 1575. 
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ucts possessed quite high molecular weights pointing to complex condensations and 
^polymerizations. The acetylchloride derivative possessed the formula, C»iHjBOtCl; 
the benzoyl, CjuHaoO. Acetyl chloride and camphene in ether with aluminum 
chloride as a catalyst gave a large amount of resin. Jackson and Kenner added 
aluminum chloride to i3-phenylglutaryl chloride in purified light petroleum and 
obtained a tar and l-ketohydrindene-3-acetic acid. When benzene was present 
in the solution w-3-hydrindonylacetophenone was also formed. This is similar to 
the action of hydrocarbons in stopping the condensation of benzyl chloride."*' 


0 0 0 

(i—Cl i!-ci JUh 

in, 



Pyridine will dissolve copper halides and so has been described as a catalyst in 
the condensations of organic halogen compounds in the presence of copper. Re¬ 
actions involving the use of this combination are often accompanied by resin 
formation.'*** 

Shellac substitutes have been produced by the condensation of fatty acids 
with ^Tesinor*"* or hydroarontatic acids. Combination can be accomplished in 
several ways. Chlorinated derivatives of the unsaturated fatty acids may be- 
heated with the resinolic acid, or the chlorine derivatives of either fatty acids or 
resinolic acids may be condensed with the hydroxy derivatives of the other."*' 
For example, trihydroxystearic acid was heated in the presence of aluminum 
chloride with chlorinated abietic acid. The latter was formed by passing chlorine 
into an alkaline solution of rosin and then jirecipitating with a mineral acid. Or 
the acids of linseed oil were chlorinated irt benzene and heated with a solution 
of hydroxycyclohexanecarboxylic acid in benzene. Another modification was to 
clilorinate both reactants."" 

O. Jackson and J. Kenner, J.CS., 1928, 573. 

i^rrer, W. Welirli, E. Biederaioun and M. D. Vedova, ffelt). Chim, Acta, 1^, U. 233; 
Chem. Abt., 1988. 22, 1891. 

^The resinol acids are the free acids contained in natural resins. They are, in geneml, complex 
bodies of high molecular weight and usually contain one or more hydroxyl groupa. A. H. All«u, ••Com¬ 
mercial Organic Analysis/* P. Bli^iston’s Son & CJo., Philadelphia, 3rd. Ed., 1907, II (3), 147. R, S. 
Morrell, •Wamishes and Their Components,’* H. Prowde ami Hodder A Stoughton, London, 1923, 107. 

»>* J. Scheiber, U. S. P. 1,90^598, April 11, 1933, to W, Dux; Chetn. Abs., vm, 27, 8350. British P. 
300,958, 1938; Brit. Chem. Ab$. B, 1980, 38. German P. 504A38, 1927; Chem. Ab$., 1931, 25, 810. 

^3. Scheiber, U. S. P. 1,937.473, Sept. 19, 1933; Cham. Abt.^ 1933, 27. 5093. 
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Prins'®* investigated the reactions of chlorinated paraffins with chloro-olefins. 
Chloroform condensed with tetrachloroethylene in the presence of aluminum 
chloride to give heptachloropropane. The reaction went most rapidly with mono- 
chloroethylene. Sometimes higher condensation products were isolated due to 
the loss of hydrogen chloride and formation of reactive chloropropenes or, more 
generally, of an unsaturated compound with a vicinal trichloromethyl or dichloro- 
methylene group. 

Resinous compounds which can be added to lubricating oils to improve their 
viscosity, color and pour points, are made by combining chlorinated wax (con¬ 
taining 20 per cent chlorine) with naphthalene, using aluminum chloride as a 
catalyst.. Only a small proportion, 0.2-1.0 per cent, of the resin need be in¬ 
corporated with the oil. An alternative procedure consists in fractionally pre¬ 
cipitating (by cooling) the chlorinated wax from a solvent, and treating the 
individual fractions with naphthalene.^** Or the separate fractions may be poly¬ 
merized by the action of aluminum chloride and the polymers used as described 
above. 

Miscellaneous Condensations. Angeletti in attempting to prepare the 2- 
halo-2'-nitro-6,6'-bitolyls by the Sandmeyer reaction on dl-2-amino-2p-nitro-6,6'- 
bitolyl obtained tars and resins as by-products.^** Roller”® tried to obtain 1,8- 
i)aphthyridine by reducing 2,4-dichloronaphthyridine. With hydrogen and palla¬ 
dium ii mixture of chlorinated and hydrogenated derivatives of naphthyridine 
resulted. This could not be distilled since it resinified on heating. Resinification 
interfered with the preparation of cyanoanthrones from chloroanthrones.”' In 
the ])resen<*e of condensing agents chlorinated naphthalenes which contain one 
hydrogen atom may be combined with glycolic acid, glycolide or oxalic acid.*“ 
Tribromophenol bromide loses bromine very readily to form amorphous products.”** 
Oxidation of trichlorophenol produced polynuclear quinones and also an amor¬ 
phous oxide.”* Refluxing a toluene solution of 9-bromofluorene and mercury di-p- 
tolyl gave a tarry mass from which bis-diphenylene ethylene was isola,ted.”® 




-f 2 CH,—C«H 4 --Hg—Br + 2 CH,—C^Hs 


J. Prins, Hec. truv. ilum , 1932, 51. 1065; Chem, Abn., 1933, 27, 489. 

British P. 415,065, 1033, to 1. G. Farbenind. A-G.; Chem. Abti., 1935, 29, 921. See also F. H. 

Macl^ren, U. S. F. 1,963,917 and 1,963,918, June 19, 1934, to Standard Oil Co. of Ind.; Chtm. Abti.. 
1934, 28, 5226. G. H. B. Davis, V, S. P. 1,815,022, July 14, 1931, to Standard Oil Development Co. ; 
Chtm. Abg., 1931, 25, 5283. For a discussion of pour-point depiesaois, or “Paraflow,” see G. H. B. 
Davis and A. J Blackwood, Ind, Eng. Chem., 1931, 23, 1452. G. H. B. Davis, NationeU Petroleum 
Nem, 1932, 24 (52), 32, 34; Chem. Ab»., 1923, t7, 1494. Chlorination of various petroleum fractions is 
discussed in Cliapter 10. 

’0* British P, 417,669, 1933, to 1. G. Farbenind. A.-G.; Brit. Chem. Ab$, B, 1985, 13. 

’'»A. Angeletti, Oaez. chim. ttal., 1931, 61, 832; Chem. Abe., 1932, 26, 1919. See also L. Mascsrelli, 

D. Oatti and M. Pirona, Oazz. chim. ital., 1931, 61, 782; Chem. Aba., 19^, 26, 1595. 

Koller. Ber., 1927, 60, 1672; Chem. Aba., 1927, 21, 3203. 

E. de B. Barnett and C. t. Hewett, J.C.B., 1932, 606. 

Bosshard ind D. Strauss,. German P. 398,256, 1920, to Elekirochem. Werke G.m.b.H.; J.8.CJ,, 
1924, 43,^ 879B. Cf. British P. 171,9WT 1921, J.S.C./., 1922, 41, 676A. 

Banedikt, Arm., 1879, |90. 127; 1880, 38. 246. See also W. M. Uuer. J.A.C.8., 1926, 

48, 442. 

H. Hunter and M. Morse, J.A.C.B., 1926, 48. 1615. 

»«F. V. Whitmore and K. N. ITnirman, J.4.f7.S., 1929, 51, 1491. 
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The residue obtained by distilling toother ethyl 1,4-dibromobutane-1,1,4,4-tetra- 
carboxylate and phenol yielded, on boiling with hydrochloric acid, adipic acid and a 
dark gum.^* 

Schaarschmidt and Raeck'^’ attempted to prepare nitrosobenzene by the action 
of nitrosyl chloride on benzene in the presence of aluminum chloride. The pnn- 
cipal purified compound from 65 gt of nitrosyl chloride, 240 g. of benzene and 
270 g. of aluminum chloride was 55 g. of p-aminobiphenyl which was accompanied 
by 120 g. of an indefinite, brown product. Benzene and aluminum bromide on 
long standing produce a resin.*“ 

Shoesmith”* has stated that the hydroxybenzyl alcohols resulting from the 
hydrolysis of «-chlorotolyl carbonates show a very strong tendency to resinify in 
the presence of acids. Diphenyl-a-naphthylchloromethane in benzene, when kept 
in contact with mercuric oxide for several days, gives a 50 per cent yield of 
diphenyl-a-naphthyl carbinol. The remainder is precipitated as a gum by jietro- 
leum ether.*** 

Bigot*** found among the reaction products of 3-chloro-1,2-epoxy propane (dis¬ 
solved in ether) and sodium, an insoluble rubber-like material. The preparation 
of di-p-chlorobenzoyl propane from glutaryl chloride and chlorobenzol is accom¬ 
panied by resinification.*** 

The treatment of di])henylaminocyclobutane carboxylic acid in ether solution 
with nitrosyl bromide gives a lactone. A resin is left in solution in the mother 
liquor.**® 

Resins by the Wiirtz-Fittig Reaction. In the reaction of chlorobenzene 
with sodium only a small amount of resinous material is obtained,*" but when 
more highly substituted compounds, such as p-dibromobenzene,*“ are used, the 
products are resinous. If the reaction of p-dibromobenzene and sodium i.s con¬ 
ducted in ether, a polymer with a composition corresponding to C^sH^aBra is formed 
after three days. Higher polymers are formed after a longer time.**® Jacobson*"^ 
considers the molecular structure of these polymers to be p-phenylene chains with 
bromine atoms at each end: 


BrC«H4—)x— 

The polymers are soluble but infusible. In liquid ammonia a (ar i.s obtained froju 
o-dichlorobenzene and sodium.**® p-Xylylene dibromide**® reacts with sodium in 
toluene to give an insoluble, infusible polymer of the empirical formula, (CsH*),., 
isomeric with polystyrene.*" The constitution of the material may be represented 
as a long chain of xylylene-groups, (—CHr—CrtH*—CH*—)„. 

In the preparation of Grignard reagents from dihalogenated benzene, tars are 
produced.*** With p-dibromobenzene some p-dibromobiphenyl was isolated. Acetyl 
bromide and magnesium in ether give diacetyl and a resin. The product of the 

iMJ. J. Lennon and W. H. Peikin. Jr . J 1928, 1524. 

A. ^haarschmidt and M. Raeck. Ber., 1925, 58, 3^; Chem. Abs , 1925 1 9, 1567. 

USE. Wertyporoch and H. SnKei, Ber., 1933, 66, 1306; Chevi. Aba., 1934. 28, 116. 

u»J. B. Shoesmith, J.C.8., 1923, 123, 2698. 

Mtt J. 0. Halford, J.A.C.8., 1929. 51, 2158. 

A, Bigot, Ann, chim. phya., 1891, 22, 433; Chem. Zcntr., 1891, 1, 863. 

u»S. Skraup and S. Guggenheimer. Ber., 1925. 58. 2488. 

M»R. Stocrmer and F. Schenok, Ber., 1028. 61. 2317. 

£. Bachmann,and H. T. Clarke, J.A.C.S., 1927, 49, 2089. In hot dinirthylaniiiue a jiiii'ugen- 
containing pitch is fonn^. 

usF. Riese, Ann., 1872, 164, 161; J.C.S., 1878, 26, 62. 

u«Q. Qoldschmiedt, Monatth.. 1886, 7. 42: 1886, 50. 541. 

R. A. ^cobson, /.A.C.S., 1982, 54. 1513. 

»»C. A. Kraus and O. F. White./.A.C.5., 1928, 45. 768. 

»R. A. Jacobson, /.A.C.S.. 1982, 54. 1513. 

^ See Chapter II. , 

^•'Y. Zalkind and P. V. Ragovina, J. Rms. Phy$.*Ch 0 m. Soc,, 1927, 59. 1013; Chem, Abs., 1^. 
22. 8898k Sm also M. A. Mihailescu and St. P. Caragea, Bull. uct. act. acad. roumuine, 1929, 12 (4/5), 
7: Chem. Aba., 1980, 24. 2116. 
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decomposition with water also contains ethyl acetate.'^ The substance from the 
reaction of magnesium with 1,4-dibromonaphthalene is converted by water into 
naphthalene, 1-bromonaphthalene and resinous matter1,2-Dibromonaphthalene 
and magnesium also give tarry matter. Triphenylmagnesium bromide yields tars 
or oils when treated witli oxygen, thionyl chloride and triphenylchloromethane.”* 
2^-Diiodobiphenyl and o-iodobromobensene when heated with copper gave 
resinous products.^** 


Class II. Resins by Halogenation 

In this class of compounds which owe, as has been said before, their resinous 
properties to the fact that they are complex mixtures of individuals, the principal 
members are the chlorinated biaryls and naphthalenes. The first of these have 
come into use due to the commercial preparation of biphenyl. However their ap¬ 
plications, principally as insulators for condensers and transformers, thus far are 
very limited. The older method of synthesizing biphenyl, which was discovered 
by Berthelot, consisted of passing benzene through a hot tube.“® This process 
has since been modified in that benzene vapor, preheated to 650°C., is brought 
in contact with liquids such as molten lead or metal salts at about 800°C. A cer¬ 
tain per cent of higher homologues is also formed and, if desired, this percentage 
may be increased by raising the temperature 

Williams*^ made polyphenyls, which are oily or waxy materials, by heating (to 
650-950°C.) a mixture of benzene and biphenyl with 0.1 per cent or more of 
sulphur, hydrogen sulphide, carbon disulphide or sulphur dioxide. 

Preparation of Halogenated Biaryls. The early investigators chlorinated 
biphenyl in the presence of various catalysts. Kramers^” used antimony chloride 
and an amount of chlorine equivalent to the monochloro derivative. The products 
that he isolated were 2- and 4-chlorobiphenyl, 4,4'-dichlorobiphenyl and a high- 
boiling residue. Schmidt and Schultz*^ used iodine as a catalyst and obtained 
4,4'-dichlorobiphenyl. Weber and Sollscher'*^ found that at high temperatures 
chlorination gave tarry products which interfered with the crystallization of the 
less highly chlorinated compounds. Merz and Weith^*® noted that a bright brown, 
resinous mass was formed when crude chlorobiphenyl was heated. 

Later, Jenkins^" observed that iron was a good catalyst for the chlorination of 
biphenyl and that by controlling temperature, time and rate of flow of chlorine 
it is possible to vary and greatly increase the degree of chlorination. In his 
process an iron vessel is employed, around which is wound a coil for regulation 
of the temperature. The vessel is filled with iron packing material and molten 
Biphenyl poured in until the catalyst is just covered. Chlorine is forced up 

M®n. V. Tistchenko, BulL soc. chitn., 1925, (4) 37, 623; /.CS., 1925, 128 (1), 775. 

^ Y. Zalkind, J. Sergeev, L. Levin and A. Ergorov, Ber., 1934, 67, 1031. 

"*C. F. Koelach, J.A.C.S., 1932 , 54, 2045. 

^ L. Mascaretli, D. Gatti and B. Longo, Gazz, chim. itaL, 1933,’ 63, 661; Chem, Abz., 1934, 28, 1686. 

Berthelot, Ann. chim. phys., 1866 (4). 9. 454. 

T. E. WaiTen and C. B. Durgin, U. S. P. 1,$91.51'4. Dec. 20, 1932, to Sivann Research, Inc.; 

Chem, Abs„ 1933, 27, 1896. T. J. Scott, U. S. P. 1,894,283, Jan. 17, 1938, to Swann Research, Inc.; 

Brin, Chem, Abe. B, 1933, 907. British P. 312,902, 1928, to Federal Phosphorus Co.; Chem. Abz., 19M, 
24, 806. 0. B. Durgin and R. L. Jenkins, U. S. P. 1,894,266, Jan. 17, 1933, to Swann Research, Inc.; 

Brit. Chem, Abe. B, 1933, 907. F. X. Covers, French P. 683.230, 1929; Chem. Abe., 1930, 24, 4524. 

See J* N. Carothera, U, 8. P. 1,876,317, Sept. 6. 1932, to 8wann Research, Inc.; Chem. Abe., 1933, 
27, 103. E. Tachimker and W. Klein, U. S. P. 1,957,988, May 8, 1934, to I. G. Farbenind. A.-G.j 
Chmn, Abe., 1934, 28, 4038. 

M»W. H. Willianw, XJ. S. P. 1,976.468, Oct. 9, 1984, to Dow Chem. Co,; Chem. Abz., 1934, 28, 7263. 

J. G* Kramers, Ann., 1877, 189, 142; Chem. Zentr., 1877, 824. 

Schmidt and G. Schults, Ann., 1881, 207, 339; J.C.8., 1881, 40. 909. 

^A, Weber and C. Sdllscher, Ber., 1883, 16, 882. 

Merii nod W, Welth, Ber., 1883. 16, 2882; J,C.8., 1884, 46, 588. 

D. Jenkins, V. fik P. 1,892,397, Dec. 27, 1932, to Swann Research, Inc.; Chem. Abe,, 1938, 27, 
t897» British P» 3^,708, 1929, to Fo^al Phosphorus Co.; Chem, A6«., 1982, 26, ^5. French P. 
mit6, 1030; Chm> Abe., 1^1, 25, 4988 
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through tlie biphenyl and at the top of the container an outlet is provided for 
the escape of hydrogen chloride. Since chlorination proceeds with considerable 
evolution of heat, cooling water is circulated at the start through the coil to keep 
the temperature at about 80°C. If the monochloro product is desired, the tem¬ 
perature is gradually decreased to 66^C. and chlorinarum stopped when the 
weight of the reaction mixture has increased by an amount equal to 80-95 ]ier cent 
of that required for complete nionochlonnution. The product, washed with water 
to remove chlorides of iron and distilled, yields 50-80 jier cent monochlorobiphenyl. 
To make higher-chlorinated products, the temperature is allowed to rise to 175- 
220®C. during the progress of the reaction. At these temperatures, according 
to Jenkins, it is possible to chlorinate smoothly and rapidly to a mixture of chloro- 
biphenyls with an average chlorine content of 70 per cent. The degree of chlorina¬ 
tion can be found by determining the specific gravity of samples of the product; 



Ptr C tnt Ch/onnt 

Fig. 148, —Specific Gravity as a Function of Chlorine Content in Chlorinated Biphenyl. 

(R. L. Jenkins.) 


Figure 148 shows the relation between the specific gravity and chlorine content 
as determined by Jenkins, 

Another process involves chlorination at a temperature slightly above the melt¬ 
ing point. Antimony chloride is used as a catalyst.'^* In the presence of carriers, 
Britton and Stoesser”® chlorinated biphenyl in various solvents at —10 to 40"'C. 
Among the solvents used were benzene and its liquid halogenated derivatives. 
2-Chloro-, 4-chloro-, 4,4'-dichlorobiphenyl and other isomeric dichloro- compounds 
were formed. The use of iron as a catalyst and higlily chlorinated biphenyl as 
the solvent has been proposed.^** 

When the chlorine content of the product from chlorination of technical bi¬ 
phenyl reaches about 68 per cent, the material (which up to this point has re¬ 
mained a viscous liquid) suddenly becomes crystalline. The softening points of the 
chlorinated biphenyl mixtures which contain less than 68 per cent chlorine are 
rather low, usually below 64®C. In order to keep the higher-chlorinated biphenyls 
in a permanently stable, non-crystalline, solid state and to raise the softening point 
of the chlorinated biphenyl mixture, various percentageg of the high-boiling com¬ 
pounds which are formed in the thermal synthesis of biphenyl are added to the 
crude biphenyl. In the accompanying graph (Fig. 149) there is shown the effect, 
according to Jenkins,**'^ of different proportions of the high-boiling constituents on 


F. S0O,84O, IWO, to I. G. Farbenind. A--G.; CAem- A6«., Itt3, 27. 1014. French P. 
710,201, 1081; Cham. Ab$.» 1082, 26, 2200. 

E. C. Britton and W, C. Stoesser, U. S. P. 1,835,754, Dec. 8, 1981, to Dow Chemical Co.; Bni. 
Ch€m Ah** B 1028 2^. 

E. MalowOn, U. S. P. 1,051,577, Mar. 20, 1084, to Swann Research, Inc.; BrU* CKem* Ah*. B, 

1085. 98. 

htR. L. Jc^kina, U. 8. P. 1»802,I08, Dec. 27, 1082, to Swann Recearch, Inc.; Chtm. 1038, 27. 
2058. Britiah P. 858»704, 1020, to Federal Phoephortia Co.) Ch^* Abs,, 1082* 26, 0105. French P. 
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the j<oftening point ami the crystallizing tendency. The curve C which refers to 
pure biphenyl could not be carried to higher softening points because of tendency 
to crystallize. By chlorinating the high-boiling compounds alone, still higher soften¬ 
ing points may be obtained. One sample of such a mixture, reported by Jenkins, 
had 63.9 per cent chlorine and a softening point of 125.5®C. . 

In order to increase the proportion of complex, high-boiling constituents formed 
in the thermal synthesis of biphenyl, Durgin and Jenkins^^* increased the tempera- 



Fig. 149.—Softening Point as a Function of the Chlorination of (A) 60 per cent 
Biphenyl and 40 per cent High-Boiling Polyphenyls, (J5) 80 per cent Biphenyl and 
20 per cent High-Boiling Compounds and (C) 100 per cent Biphenyl. (R. L. Jenkins.) 

ture of the bath of molten liquid and also used crude benzene. They state that 
when the reaction temperat\ire is 750‘'C., the i^ercentage of crude biphenyl, or the 
fraction Imiling between 200® and 270®C., is approximately 4.5 per cent of the 
total condensate and that boiling about 270®C. is 0.4 per cent. By increasing the 
temperature to 850®(^ the crude biphenyl fraction rfees to approximately 15.5 
per cent and the high-boiling to 5 per cent. If 90 per cent benzene is used in 
place of pure benzene and the temperature held at 850®C., the product, other than 
benzene, contains 30.5 i>er cent of the compounds boiling at ^0®C. 

In the presence of iron or nickel, the product of chlorination is colored. To 
obtain a clear, transparent product, Jenkins and SikarSki suggested iodine as a 
catalyst. For example, 60 g. of biphenyl and 40 g. of the high-boiling biaryl mix¬ 
ture were chlorinated. At the start 0.04 g. of iodine was added; and, as this was 
volatilized, additional 0.04 g. lots were added until a total of 0.4 g. was reached. 

7(n»598, 1930; Chem. Ah$,, 1931. 95. 4422. W. A. Cook %nd K. H. Cook (/.A.C.S.. 1933. 55. 1312) have 
etudieJ the hatosenation of lo-diphettylbenzene. 

3. Dtir$hi and R. t, Jenkmi, U. 8. P. 1.894.200, Jan. 17, 1933, to Swann Research, Inc.: 
Cheni, Aht.. 1933. 27, 2459. For a dascription of these higtt-bpilmg HiibsUnces. see W. A. Cook and 
K. ». Co(^. 1983. SI, 1212. > 
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The temperature was held at TO’C. at the beginning of the reaction, but towards 
the end it was raised to 175-200°C.“* 

The same investigators distilled the initial products of chlorination and sepa¬ 
rated compounds having a wide range of softening points and varying from white 
to light yellow in color.”” For example, molten, technical biphenyl was chlorinated 
until it had a specific gravity of 1.65 at 65°C. The product at this stage was a 
black solid having a chlorine content of approximately 63 per cent and an 
.\.S.T.M. softening point of 50°C. This on distillation gave a soft, sticky wax 
having a Saybolt viscosity of 127 seconds at 210“F. When a mixture of biphenyl 
and 40 iier cent of the higher biaryls was used, similar products were obtained. 
The softening points of the distillates in this case are shown in Figure 150. 



/V/- Ct/rf D/^tit/ed Orer 

Fw. 160.—Softening Points of Chlorinated Biaryl Distillates. (R. L. Jenkins and 

J. A. Sikarski.) 


Properties and Uses of Chlorinated Biphenyl Resins. These com¬ 
pound We been produced commercially under the trade name “Aroclors.’”“ The 
Aroclors range from a water-white, mobile oil to an amber-colored, transparent 
resin softening at 70®C. (see Fig. 151). The latter product is not combustible. 
Table 59 (on page 1146), which is abbreviated from one given by Penning," gives 
the physical properties of some chlorinated biphenyl resins. 

The Aroclors are soluble in a wide range of solvents. The principal ones in which 
they are insoluble or difficultly soluble are those which contain water or more 
fhan one hydroxyl group in the molecule, as for example, 95 per cent alcohol 
or gtycerol."* 

Aroclors ate not hydrolyzed under ordinary conditions. Furthermore, they 


>**B. li. Jenkins and J. A. Sikarski. U. 8. P. Deo. *T, 1«M, to Swann Researeh, Inc.; 

fAjim. Ahm loss 29 

WR. L. A. Sikmrski. V. S. P. 1,292,400, Dec. 27, 1932, to Swann R^rch, Inc.; 

Chm^ Ab$ M 27, 2032. British P. 378.849, 1981, to Federal Phosphorus Co.; Brtt. Chcm. Abt. B, 
1982. 998. French P. 715,074, 1981; Chem, Abt., 1982, 28, 1811. 
w/jS,1980, 49. 101. 

>•» C, H. Penning, M. Ena. Chem., 1180, 22, 1180. 

^R. L. JMtos and R. N. Foster, Ind, Eng, Chtm,, 1931, 22, 1882. 


Foster, Ind, Eng, Chtm,, 1931, 22, 1382. 
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Table 59. —Physical Properties of Some Chlorinated Biphenyl Resins, 



Aroclor 

Aroclor 

Aroclor 

Aroclor 

Property 

1219 

1242 

1262 

4465 

Appearance. 

Water-white 
liquid 

Water-white 

liquid 

Light yellow, 
waxy resin 

Pale amber resin 

Melting or Softening point 

14°C. 

Liquid 

Brittle resin 

70°C. 


Ht 0°C. 

at CC. 


Distillation range. 

278-29S°C. 

320-360°C. 

374-410"C. 

240-290®C. (9 mm.) 

Specific gravity. 

1.1567 

1.36 

1.64 

1.7 

(25726'’C.) 

(65°/65°C.) 

(65765^0.) 

(25726X\) 

Viscosity, seconds Say- 

30 

34 

96 

Solid 

bolt at 210"F. 

Flaah point. 

127°C. 

174-178°C. 

221"C. 

257°C. 

Flame point. 

176®C. 

224°C. 

None below 

492®C. 



boiling 


Refractive index . 

1.6125 

1.6248 

1.6493 


may be boiled with 10 j^er cent sodium hydroxide solution with 

no change. They 


are thermoplastic and nondrying, i.e., do not polymerize or oxidize on standing. 
They may be heated indefinitely at 150°C. and for short periods at higher temper¬ 
atures with no apparent change. The light oils can be distilled at atmospheric 
pressure, and under vacuum the viscous oils and the solids can also be‘distilled. 
They have low vaponzation lo.sses. For the solids at 66°C., it is less than 0.04 
g. per s(|uare inch iier month. 



Ccuritgy Monsanto Chemical Co, 

Fig. 151. —Various Grades of Aroclors. 

Chlorinated Biphenyls in Varnishes and Dressings. The viscous 
Aroclors are soluble in linseed and tOiJtg oils and may be employed as resins or gums 
in varnishes, particularly those of the short oil type in which cracking is due to 
the presence of brittle resins."* Varnishes made from the Aroclors are reported 
to be resistant to water and alkalies and partially so to flames. Gardner"® pre¬ 
pared quick-drying varnishes and lacquers using chlorinated biphenyls mixed with 
other resins and oils.;^>For example, 25 parts of chlorinated biphenyl were added 
at a temperature nol above 190®C. to 132 parts of glycerol phthalate. Then 100 
parts of this mixture w^-»boiled with W parts of tung oil until a homogeneous 
composition was formed. This was thinned with turpentine before use. Gardner 
found that in this way he could produce a tough, li^t-colored film., 

Although the lower chlorination products of biphenyl will burn, the higher 
derivatives do not and so may be used for flame-proofing purposes. According 
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to Penning,”* a practically fireproof material can be obtained by impregnation 
of wood with certain of the Aroclors, but the cost is considerably greater than 
when mineral salts ate used. It is stated that the treated wood, however, instead 
of being brittle and lifeless, as is the case with the mineral-salts process, gains in 
strength. ‘ Impregnation of wood, fabric and paper with polychlorinated naph¬ 
thalenes or biphenyls has been investigated by Engelhardt.”* The latter substances 
mixed with ceresin and aluminum stearate are proposed also as agents to render 
textiles waterproof and fire-resistant.”* 

Darrin”* used chlorine-substituted products of biphenyl as introfiers for the 
introduction of sulphur into the pores of paper, wood and ceramics. For example, 
36 parts of sulphur were fused with 65 parts of resinous chlorobiphenyls. Paper 
material could be impregnated by dippii^ into the molten material, or if only a 
surface coating was desired, the mixtures could be sprayed or brushed on. The 
result was a hard, resistant, impervious, fireproof substance. Addition of selenium 
to the sulphur-chlorinated-biphenyl mixture increased protection against fire. For 
example, a composition of 40 parts of chlorinated biphenyls, 100 parts of sulphur 
and 15 parts of selenium exhibited as good a fireproofing quality and was much 
harder than one of 100 parts of sulphur and 200 parts of chlorinated biphenyls.”* 

Powdered sulphur coated with a fireproofing agent is prepared by spraying 
a mixture of molten sulphur and chlorinated biphenyl into a cooled atmosphere.”* 
Sulphur so treated may be employed for impregnation of wood, porous pulp or 
paper. Gardner**** employed a product obtained from heating sulphur with chlo¬ 
rinated biphenyl to assist the solution of heat-convertible phenol resins in drying 
oils. 

Metal articles may be protected by coating with a layer of asphalt, then a layer 
of asbestos paper or felt saturated with a mixture of asphalt and chlorinated x)oly- 
phenyl, and finally with a layer of asphalt.”* Koch”* used a solution of chlorinated 
rubber and chlorinated biphenyl in xylene or toluene to coat pipes which were to 
be buried underground, 

Charch”* employed as a moisture-proof, nontacky, flexible coating for sheets 
of regenerated cellulose, a composition made up of 1 part of chlorinated biphenyl, 
0.33 part of a high-melting paraffin wax and 0.5 part of a plasticizer. Another 
suggested mixture consists of chlorinated polyphenyl (62.5 parts), dibutyl phthalate 
(5.4 parts) and finely groimd silica (32.1 parts).”* 

According to Jenkins and Foster,”* the Aroclors, although possessing both 
softening and resinous properties, are not to be regarded as exact substitutes for 
any of the present constituents of lacquers. In descending the series from the 
more viscous Aroclors to the less viscous, compatibility with nitrocellulose increases, 
as well as solubility in solvents. Oh the o^er hand with increase in viscosity, 


** C. H. Perniing, loc. eit. 

^R. Engelhardt, German P. 667,261. 1981, to I. G. Farbeqind. A.-G.; Chsm, Abi., 1988, 37, 1479. 
iTBooth, U. S. P. 1,975,072, Oct. 2, 1984, to Swann Reaearch, Inc.; Chwn. Ab«., 1984, 28, 7858. 
M. Darrin, U. S. P. 1.889.088, Nov. 29, 1982. 1.962,008, IMifiOi, June 5, 1984, and 1,994,810, Mar. 
19, 1985, to F. N. Burt Ck>., Ltd.; Chem, Abi.. im. 27, 1511; 1984, 38, 4858; 1985, 29, 8076. 

w> M. Darrin, U. S. P. 1,962,005, June 5, 19M, to F. N. JSurt Co., Ltd.; Chem. Abt., 198f 28, 4857. 
^W. M. Kobbe, U. 8. P. imSlS, Apr. 12. 1982, to^exee Gulf Sulphur Oo.; Brit. Chem. Abt. B. 
1988, 189. Sudden chilling of chlorinate biraeyl vapors, a timilar operation, yieldb a finely 
powdered material: R. S. Jenkins and T. W. Schib, D. 8. P. 1,972,447, Sept. 4^ IM, to Swann Reeaarch, 
Inc.; Chem. Abt., 1984, 28, 5445. 

A. Gardner, U. 6. P. 1,902,570, Feb. 25, 1985; Chem. Abt., 1985, 29, 2754. 

H. Young, U. 8. P. 1A13,7S2, June 80, 1981, to H. H. Robertaon Co.; Brit. Chem. Abt. B, 

1982, 851. British P. 171,588. 1981; Chem. Abe., 19M. 27, 8808. See aleo U. S. P. 1,919,577, July 25, 

1988; Chenh Abt., 1988, 27, 4950. 

MW. Ko^ t. 8. P. 1,950J94. Mar. 18, 1984, to Hereulea Powder Co.; Chem. Abt., 1984, 28, 8620. 

MW. HTOha^, Britieh P. 880,488. 1981, to Du Pont OeUopbane Co., Ino,; Brit. Chem. Abt. B, 

1982, 1041. See 8l80 R. L. Jenkina, V. 8. P. 1,950,255, May 25, 1954, to Swann Reaearch, Inc. ; Chem. 
Aha.,, 19M, 28, 4500. 

MB. L. Jankini, U. S. P. 1,972,448, Sept. 4, 1984, to Swann Reaearch, Inc.; Chem. Abt., 1934, 28, 
5587. 

E. L. J«iUm .nd R. K. Foitw, Ind. »>,. Chm.. int, 21. UC. Bm .lio R. L. JaMnt. U. a 
P. Jta. », I9M, to 8 »m» lae.; CW Ab,.. tUt. M, im 
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Aroclors have increased resistance to discoloration by sunlight; higher softening-, 
flash- and fire-points; less odor and volatility but a greater tendency to crystallize. 
For a lacquer, the choice of Aroclor depends on a balance of the above properties. 

Jenkins and Foster made solutions of equal concentrations of Aroclors and 
0.5-secoDd nitrocellulose, mixing them in proportions to give a series of lacquers 



Courttty PlatHci Ditition, CarbiiU and CorStn Okmnkdla Corp. 

Fig. 152.—Raincoat Made from Plastic-Impregnated Cloth. 

contaming various ratios of the two. The appearance of the dried films indicated 
the limiting concentrations of the Aroclor, the films containing less than the limit¬ 
ing concentration bei^ clear and thoee sli^tly more than the limit, opalescent 
by reflected light and brownish by transmitted light. These limiting concentra¬ 
tions are given in Table 60 
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No. 

1242 

1262 


Table 60.— Limiting Concentrations of Aroclors in Lacquers. 


Aroclors 

Per Cent 
50-60 
32 


Nitrocellulose 
Per Cent Ratio 

60-40 About 1:1 

68 


Figures 153 and 154 are three-phase diagrams showing the compatibility of 
Aroclors with a few resins and %-second nitrocellulose. In the diagrams, the 
areas A, to the left and above each curve, include all those compositions of three 
nonvolatile components that give clear, unblushe^l films. The areas B, to the right 



Courtesy Industrial and Engineering Chemistry 


Fig. 153-164. —Compatibility of Aroclors with Resins and ’/^-Second Nitrocellulose. 
(R. L. Jenkins and R. N. Foster.) 

and down, give blushed films or ones that sweat. With the third, components 
used in the systems plotted m Figure 153, there is an ample range of compati¬ 
bility for the preparation of most types of varnishes. Those of Figure 154, on the 
other hand, require the addition of plasticizers. 

The effect of different types of solvents on the compatible area is indicated by 
the curves. Keys to the resins and solvents studied are given in Tables 61 and 
62 respectively. 


Table 61.— Resins Employed in CompatihUiiy Studies. 


Curve 

Resin 

Aroclor 

Solvent 

I. 

,.. Dammar 

1262 

1 

II. 

.. Dammar 

1264 

1 

Ill. 

... Dammar 

1264 

2 

IV. 

... Re2yl-12 

1264 

1 

V. 

... Rezyl-12 

1264 

3 

VI. 

... Kopol-A 

1262 

1 

VII. 

.,. Kopol-A 

1264 

1 

VIII. 

... Glyptal.1202 

1262 

1 

IX. 

... Glyptal-1202 

1264 

1 

X. 

... Ester gum 

1262 

1 

XI. 

... Ester gum 

1254 

1 

X'll. 

... Ester gum 

1254 

4 

xin . 

... Ambera 200-B 

1264 

1 
















1150 


THE CHEMISTRY OF SYNTHETIC RESINS 


Table Used in Studying C(mpatihUity. 

Solvent Composition 

1 Technical amyl acetate. 

2 50 parts toluene, 6.4 parts alcohol (specially denatured, formula 3-A), 6.4 parts 

butyl alcohol, 6.4 parts ethyl acetate, 30.8 parts butyl acetate. 

3 70 parts toluene, 10 parts alcohol (specially denatured, formula 3-A), 10 parts 

ethyl acetate, 10 parts cellosolve. 

4 66 parts toluene, 10 parts butyl alcohol, 25 parts butyl acetate. 

Blom*" has made a study of the effect of Aroclors on the mechanical properties 
of nitrocellulose films. It was found that the films shoved increased breaking 
load and good elasticity and did not become brittle with additions up to 75 per 
cent of nitrocellulose. Castor oil was found to be an unsatisfactory plasticizer 
for nitrocellulose-Aroclor films because it tended to cause sweating. 

The resinous Acroclors adhere strongly to glass and metal and it is said that 
joints between metal and glass surfaces are stronger than similar joints made with 
glue. However, the thermoplasticity of the resins is a disadvantage in this field. 
Gardner^" reports that in making a shatterproof glass good adhesion is obtained 
when a chlorinated biphenyl resin is used in conjunction with a sheet of regen¬ 
erated cellulose between the two glass plates. A cement consisting of resinous 
chlorobiphenyls and oxidized or polymerized oils has been used in the making of 
linoleum.^'* Jenkins prepared an odorless adhesive by chlorinating a mixture of 
polyphenyls.^’" Hetherington and Sim^^ also have made floor coverings from ben- 
zylcellulose, aromatic ethers of a polyhydric alcohol, fillers and chlorinated 
biphenyl or chlorinated naphthalene. It should be noted that chlorinated biphenyl 
has also been used as a plasticizer for benzylcellulose in lacquers.”* 

Use of Molding and Insulating Compounds. The thermoplastic proper¬ 
ties of the Aroclors prevent their having more than restricted use as molding 
compounds. However, where it is desired to remelt and recast the compound, 
Aroclors have an advantage over natural waxes that on heating they are not 
altered in character through the loss of easily volatile constituents. Jenkins and 
Hardy*’* made a sealing wax from pine rosin and a biphenyl resin. For example, 
100 parts of a black chlorinated biphenyl resin having a softening point of 72®C. 
were mixed with 100 parts of pine rosin and heated at 160°C. until a fluid product 
resulted. Two hundred parts of fine, red iron oxide were then stirred in. The 
melt was cast into molds. 

The electrical properties of Aroclors are said to be very good, having a high 
dielectric constant and resistivity and a low power factor.”* In fact, one of the 
principal outlets for the Aroclors has been in the electrical field. Thus, a dielectric 
material has been produced by Clark”* by impregnating paper with halogenated 
aryl hydrocarbons such as a mixture of trichlorobenzene and hexachlorobiphenyl. 
Soda lime was included to absorb any hydrochloric acid evolved from the dielectric 

A. v. Blom. Farben-Chem., 4, 244; Brit. Chem. Ab». B, 1933, 719. 

MH. A. Gardner, U. S. P. 1,336,914, Dec. IS, 1931; Chem. Abe., 1982, 26. 1087. 

A. Gardner, U. S. P. 1,881,707, Nov. 10, 1981; Chem. Abn., 1932, 26, 861. 

L. Jenkins, U. S. P. 1,960,266, May 29, 1984, to Swann Research, Inc.; Chem. Abe., 1934, 26. 

4646. 

^^A. C. Hetherington and S. A. Sim, British P. 881,590, 1982, to Imperial Chem. Ind., Ltd.; Chem. 
Aba., 1688, 27, 6685. 

»«L. Light, British P. 897,778, 1688; Chem. Aba.. 1634, 28, 1187. 

^R. L. Jenkins and O. G. Hardy, U. 8. P. 1422,088, 8e^. 8, 1981, to Swann Research, Inc.; Brit. 
Chem. Aba. B, 1688, 6^ 

Cl«rk, Trane. Meetraehem. 8oe., 1684, 85, 168; Brit. Chem. Aba. B, 1984, 688. A. H. 
.Whit# gnd.S. 0. Morgan, /. Fnmildin /net., 1688, 218, 686; Cbem* Aba., 1684, 28, 1908. 

l"F. M. CUtki Bridih P. 864,276, 1688, to Brit. Thotoaon-Houston Co., Ltd.; Brit. Chem. Aba. B, 
1688, 717. fMndt P, 41,7a, 1688, gnd 48,6a, 1684, gddtta. to TU^M, to ComDagnie frantaise Thotnson- 
ISoustmi; Cham. Aba., 104, 28, 1686, 26, 1688. 
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due to an arc discharge. Young^^ employed chlorinated biphenyl as an external 
coating of insulation on metal wire. An insulating composition has been made 
from chlorinated biphenyl by subjecting it to a hi^-tension electrical field and 
then purifying by distillation or filtration over Florida earth.^” Another prcH 
cedure is the chlorination of a mixture of biphenyl and other aromatic hydros 
carbons (e.g., naphthalene) until the chlorine content reaches a value of 50-55 per 
cent.^** A further proposed dielectric consists ti a mixture of chlorinated biaryl 
and chlorinated olefai, e.g., dichlorostyrene.^’* 

The use of a fluorinated aliphatic hydrocarbon, e.g., tetrachloro-difiuoroethane, 
in amounts not exceeding 10 per cent of the total weight, with chlorinated biphenyl 
has been suggested.^ The composition is improved by distilling in the presence 
of sodium or iron. The resulting liquid may be used for insulation purposes. 

Chlorinated biphenyl may be employed in the manufacture of viscose yarns*" 
as a delustering agent, in the preparation of soldering fluxes, particularly for 
aluminum alloys,*" and in lithographic printing.** 

Chlorinated Naphthalenes. Chloronaphthalenes in contrast to chloro- 
biphenyls are pot strictly resins.*" The products obtained from the various de¬ 
grees of chlorination of naphthalene are wax-like and some of their components 
may be readily crystallized. According to Ellis,** naphthalene is easily chlorinated 
at 80®C. to about 45-50 per cent chlorine content. The solid material which sepa¬ 
rates from the naphthalene may be washed with alkali to remove free acid. Anti¬ 
mony chloride, phosphorus chlorides, sulphur and iodine are all catalysts for the 
reaction.** Control of the temperature during chlorination of molten naphthalene 
has been described by Engelhardt.** Payman and Gibson suggested ferric chloride 
as a catalyst for this reaction,** and the use of a solution of naphthalene in carbon 
tetrachloride at 5®C. with the same catalyst.** In both instances the products 
were distilled under reduced pressure. This method of purification was also used 
by Brown and Hanson, only they neutralized with lime or sodium hydroxide 
first.** Britton and Reed*®* have prepared chloronaphthalene in aromatic hydro¬ 
carbon solvents using iron as a catalyst. 

The properties of the chlorinated naphthalenes have been investigated by 

I'^J. H. Young, U S. P. 1,8«3,147, June 14, 1931, to H. H. Robertson Co.; Chem, Abt., 1983, 26, 
4116. British P. 401,401, 1933; Chem, iibs., 1934, 28. 2430. 

British P. 409,774, 1M2, to I. Q. Farbemnd. A.*G.; Bnt. Chem, Abe, B, 1984, 687. French P. 
746,480, 1933; Chem. Abs., 1933, 27, 4326. 

tnp. Q, Stephen, Bntish P. 410,008, 1933, to Telegraph Condenser Co., Ltd.; Chem. Abe., 1934, 28, 
0218. 

French P. 774,093, 1934, to Compagnie francaise Thomson - Houston; Chem. Abe., 1986, 29, 2802. 

M. Elsey, U. S. P. 1,963,210, Apr. 3, 1984, to Westinghouse Elec. A Mfg. Co.; Brit. Chem. 
Abe. B, 1986, 30 

French P. 788,900, 1932, to Viscose Co.; Chem. Abe., 1988, 27, 2084. BrHish P. 884^, 1982; 
Brit. Chem. Abe. B, 1988, 103. British P. 409.621 and 409,026, 1988; Brit. Chem. Abe. B, IOMTcTO. 

British P. 418,619, 1934, to Aluminum, Ltd.; Chem. Abe., 1986, 29, 118. 

u*A. B. Poschel. British P. 393,182, 1983; Chem. Abe., 1988. 27, 6668. 

^ For a review of the preparation, properties and uses of chloronaphthalene, see R. Strauss, CAem.* 
Ztg., 1984, $8, 887. 

^Carleton EUis, V. S. P. 1,248.038, Dec. 4, 1917; CAem. Abe., 1918, 12, 412. 

R. Engelhardt, German P. 648,200, 1984, to I. G. Farbenind. A.-Q.; CAem. Abe., 1934 , 28, 2372. 
BHtish P. 824,774, 1928; Bnt. Chem. Abe. B. 1980, 410. French P. 887,024, 1929; CAem. Abe., 1930, 24. 
1126. 

^R. Engelhardt, U. 6. P. 1,933,422, Oct. 81, 1988, to I. G. Farbenind. A.-Q.; CAem. Abe., 1984, 
28, 488. 

^J. B, Payman and W. Gibson, British P. 291A40, 1927, to British Dyesthffs Oorp., Ltd.; CAem. 
Abe., 1929, 28, 1189. 

B. Payman and W. Gibson. British P. 292,068, 1927, to British l>yestiifrs Corp., Ltd.; CAem. 
Abe., 1929, 33, 1189. See also L. A. Levy and D. W. West, British P. 420,680, 1988; Brit. Chem. Abe. 
B, 1986, 140. 

^ 8. Brown and E. R. Hgnson. U. S. P. 1,968.070, April 8. 1034, to Halowax Corp:; BHt. Chem. 
Abe. B, 1980, 140. BHtish P. 848,878, 1929; Brit. Ch^m. Abe. B, 1981, 088. French P. 688,600, 1»9; 
CAem. Abe., 1980, 24, 4628. 

C. Britton and W. R. Reed, T7. S. P. 1,784,287. Deo. 9, 1980, to Dow Chemical Co.; Chem. 
Abe., 1981, 29, 804, 
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Halls^ who found that these waxes have a density of 1.6-1.7, a melting point range 
of 65-130®C. and a specific inductive capacity of 4.6-6.5. The compounds were 
relatively stable, although copper might be tarnished at 120-125‘’C., if water was 
present. It was also noted that the melting and boiling points of the chloro- 
naphthalenes increase with the number of chlorine atoms in the molecule. 

One of the principal industrial applications of the chloronaphthalene waxes 
has been in the field of insulating dielectrics.^*® In this connection their high specific 
inductive capacity is quite an advantage since this permits condensers to be made 
smaller than they can be when paraffin wax is used. Mother advantage is the 
very slight change in volume in passing from a liquid to a. solid. This reduces 
trouble due to the narrow channels in the dielectric left by solidification of the im¬ 
pregnating agent. There is a fairly linear relation between the capacity of con¬ 
densers using chloronaphthalenes and the temperature. This facilitates the use 
and testing of the condensers. These waxes are good flame-proofing substances. 
It is stated that among the cautions which must be obse»‘ved when using them 
are the avoidance of overheating or allowing air to come in contact with the 
molten mass and the rigid exclusion of water. They also are somewhat volatile 
and precautions should be taken to dispose of the fumes. Rucker has pointed out 
that the fumes have injurious effects on the skin. He obtained a refined product 
by blowing air through the crude chlorinated naphthalene while it is held at 
215®C.^** Others added alkaline • substances to prevent irritant action on the 
skin."* 

Aylsworth was one of the early investigators of chloronaphthalene insulating 
materials.^*® He noted that (for the same capacity) smaller condensers were re¬ 
quired in which the chloro compounds were the dielectric, the slight effect of tem¬ 
perature on the capacity and the stabilizing action of distillation in the presence 
of a basic oxide."' Among the modifications he introduced was the oxidation of 
the chloronaphthalene waxes with air and nitric acid to increase the flexibility.^** 
Incorporation of the resin from o-cresol and formaldehyde increased the dielec¬ 
tric strength of the chloro waxes .^** Liquid or solid chloronaphthalenes are said 
to be useful as assistants in the vulcanization of rubber by sulphur. The resulting 
hard-rubber compositions were used as insulators or as chemically resistant coatings 
for metals.*” Asphalt has been incorporated into these insulators by Edison;"^ 
while rubber, balata, gutta-percha and other natural and synthetic, oil-soluble 
resins have been used.*® Condenser foils have also been manufactured by im- 

»>E. £. Halls, Ind. Chemitt, 1933, 9, 58; Chem. Ahs., 1983, 27, 3631. See also V. Shvemberger and 
V. Gocdan, /. Gen. Chem, (17. S. S. A.), 1932, 2, 921; Chem, Ahs,, 1988, 27, 2439. 

^Syn, Appl. Fin., 1933, 4, 148; Bnt, Chem. Aba. B, 1933, 878. Chem. Trade /., 1932, 91, 448; 
Brit. Chem. Aba. B, 1983, 139. 

^K. Rilcker, U. 8. P. 1,455,509, May 15, 1023, to C^hem. Foundation, Inc.; Chem, Aba., 1928. 17, 
2290. German P. 327,704, 1917, to Deutsche ConBervierung8ges.m.b.H.; J.S.C.I., 1921, 40, 188A. The 
use of iron as a catalyst in the preparation of chloronaphthalenes reduces the quantity of low-boiling toxic 
constituents (j^^^^nnan P. 882,725, 1920, addn. to 327,704, 1917, to Deutsche Gon8ervierungsges.m.b.H.; 
J.8.C.I., 1921, 40, 479A). 

British P. 309,421, 1928, to I. a Parbenind. A.-G.; Bnt. Chem. Aba. B, 1929, 590. 

W. Aylsworth, U. 8. P. 914,223, March 2, 1009,> to Fireproof Products Co.\ Chem. Aba., 1909, 
3, 1446. V. 8. P. 1,094,829, April 28, 1914, to Halogen Products Co.; Chem. Aba., 1914, 8, 2119. 

wj, W. Aylsworth, U. 8. P. 1,111,289, Sept. 22, 1914, to Halogen Products Co.; Chem. Aba., 1914, 
8, 8586. U. 8. P. 1.196,505, Aug. 29, 1916; Chem. Aba., 1916, 10, 2625. See also 8. Brown and E. R. 
Hanson. U. S. P. 1,958,070, April 8, 1934, to Ralowax Corp.; Chem. Aba., 1934, 28. 3745. 
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pregnating sheets with hot castor oil, followed by cooling in molten chlorinated 
naphthalene."* 

It has been mentioned above that the chloronaphthalenes are flame-proofing 
substances."* They have been ‘ utilized for this purpose by Aylsworth,** Ellis** 
and Pyne and Parker.*" Cloth previously impregnated with an inorganic salt, 
e.g., ammonium biphosphate, is rendered non-inflammable and waterproof by coat¬ 
ing with a mixture of dichloronaphthalenes.** Tests on woods impregnated with 
chlorinated naphthalene indicated that it gave very good protection against insects 
and in addition stabilized the wood against warping due to changes in humidity.** 

Engelhardt*" suggests impregnation of bobbins (to be used in the wet treatment 
of textile threads) with chlorinated naphthalenes. Daniels*^ treated abrasive wheels 
(employed in contact with hot water) with a mixture consisting largely of penta- 
chloronaphthalene and solidifying at about 125®C. The higher chloro derivatives 
mixed with a-chloronaphthalene give waterproof polishes."* 

These products seem to adhere firmly to metallic surfaces and so have been used 
as coating compositions. The addition of sulphur”* and other water-insoluble sub¬ 
stances as talcum, barium sulphate and chromium sesquioxide”* produces hard com¬ 
positions. Delaney”* mixed solid chloronaphthalene with an ester gum and about 
5 per cent of rubber latex to form a cement for glass. Chlorinated naphthalenes 
have been used also in the preparation of sealing wax,”* as a binding agent in 
the manufacture of'laminated magnetic cores,as a plasticizer for a silk solution,”* 
dissolved in carbon tetrachloride and emulsified with water (using an emulsifying 
agent, e.g., Turkey-red oil) as an impregnating agent for textiles, an insecticide 
or a polishing material,”* and to reduce the luster of rayon.*" 

Chloronaphthalene waxes have been suggested as substitutes for kauri gum 
and rosin,*” or when mixed with gilsonite as a filling composition.*** Chlorinated 
naphthalene in conjunction with stearic acid and inert materials (e.g., asbestos 

G. Ross, British P. 856,521, 1929, to Westmghouse Elec. A Mfg. Co.; Chem. Aht., 1982, 26, 

4000. 

»*C/. A. W. C. Harrison, Pmnt Manuf., 1932, 2, 103; Chem. Ab»„ 1932, 26, 4967. 
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3, 1446. 

**Carleton Ellis, U. S. P, 1,246,810, Nov. 13, 1917, to New Jersey Testing Laboratories; Chem. 
Abe., 1918, 12, 298. U. S. P. 1,248,638, Dec. 4, 1917; Chem. Abe., 1918, 12, 412. 

^ A. P. Pyne and T. B. Parker, British P. 400,235, 1938, to Johnson A Phillips, Ltd.; Chem. Abe., 
1984 28 2082 

MR. Engelhardt, U. S. P. 1,938,746, Dec. 12, 1938, to I. G. Farbenind. A.-G.; Chem. Abe., 1984, 
28, 1552. 

«*See 8vn- Appl. Fin., 1934, 5, 213; BrU. Chem. Abe. B. 1985, 109. 
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Chem. Abe., 1984, 28, 4929. 

B. Payman and W. Gibson, British P. 292,057, 1927, to British Dyestuffs CMp., Ltd.; Brit. 
Chem. Abe. B, 1928, 597. 

British P. 888,904, 1932, to I. G. Farbenind. A.-G.; Chem. Abe., 1938, 27, 5908. French P. 
737,820, 1982; Chem. Abe., 1938, 27, 1730. 

«UM. E. Delaney, y. 8. P. 1,945,808. Feb. 6, 1984, to Halowax Corp.; Chem. Abe., 1934, 28. 2481. 

Also British P. 849,081, 1929, to BakeUte Corp.; Chem. Abe., 1933, 27, 385. Canadian P. 310,617, 1931; 

Chem. Abe., 1931, 25, 8187. French P. 691,293, 1930; Chem. Abe., 1931, 25. 1046. 

R. Hanson and M. £. Delaney, U. S. P. 1,865,629, July 5, IW2, to Halowax Corp.; Bnt. 
Chem. Abe. B, 1933, 899. 

^'^H. Vogt, British P. 404,544, 1938; BrU. Chem. Abe. B, 1934, 366. 

Furman, British P. 418^. 1934; Chem. Abe., 1985. 29, 1542. 

^C. W. Richards and H. D^d, British P. 418,7M, 19^, to Imperial Chem, Ind., Ltd.; Chem. 

Abe., 1985, 29, 521. British P. 414,072, 1934; Chem. Abe., 1965, 29, 251. 

"»F. D. Lmris, BritMi T, !».«}, >MI; Chem. Abt.. 19S4, 28, 187<. Sm *tao Britidi P. SMJK, 
IW, to ViMiOM Co.; Brit. Chem. Abe. B. ItSS, Ml. Fraoch P. 7M.741. IM; Chem. Abe., lt», 27. MM. 

•a F. Friti, Chem..Ztt., IMS, ». SS7; Chem. Abe., ISM, 28, ISM. K. ROrker, U. S. P. 1,4U.SM, May 

IS, ISM; Chem. Abe., ISM, 17. SMS. 

"•Frandi P. Ml,SSI, ISM, to BakaUto Oorp.; Chem. Abe., IMI, 2S, IM7. 



1164 ^ 


THE CHEMISTRY OF SYNTHETIC RESINS 


ar mica) may be molded into acid-proof vessels or floats for hydrometers.*” Mono- 
ohloronaphthalene is said to be a carbon remover for internal combustion engines 
Tetrachloronapbthalene is suggested for use in soldering as it is decomposed at 
soldering temperatures yieldii^ hydrogen chloride.*” 

Miscellaneous Resins by Halogenation. In addition to the Aroclors 
and chloronaphthalenes^ many other resinous bodies or amorphous compounds have 
been formed by chlorination of organic substances. In this section a few of these, 
together with their uses, will be given. 

Sym-dichlorourea acts on phenol in alkaline aqueous solutions to form a tar.*” 
Creeol, chlorocresol and their homologues, when treated with chlorine at tempera¬ 
tures above 100®C. until nearly free from substances volatile with steam, yield a 
hard, amorphous mass on cooling.*” Tanaka, Morikawa and Sakamoto,*” in at¬ 
tempting to prepare dichlorophenol derivatives for use as antiseptics, found that 
on pasdng cMorine into a mixture of 1,3,4-xylenol in carbon tetrachloride on ice, 
2,6-dichloro-l,3,4-xylenol is obtained, but if the xylenol is chlorinated in the presence 
of phosphorus pentachloride at high temperatures a resinous substance is produced. 

Tishchenko*” studied the bromihation of various phenols. The brominating 
ag^t employed was a solution of bromine in aqueous sodium carbonate. Quinol 
and. pjrrogallol were almost wholly resinified. Analogous experiments on j9-naph- 
thof using chlorine in place of bromine also gave a tar. Bromination of l,r-di- 
/9-naphthol is accompanied by the formation of resins.*” Bromine water reacts 
with eugenol and isoeugenol to yield tarry materials.*” The dimer of isoeugenol 
also is converted into a resin when chlorinated.*” Meyer and Funke*” reported 
that amorphous bodies resulted on treating o-cresolbenzein with chlorine or 
iodine. The chlorination of o-benzyl alcohol disulphide led to the formation of 
a resin.*” 

Other compounds suggested as dielectrics or lubricants are the halogenated« 
phenyl derivatives of methane or ethane, e.g., chlorinated triphenylmethane and 
the chlorine derivatives of benzophenone.*” 

Parafiin, ceresin, montan wax, tung oil and petroleum can be chlorinated to a 
high degree by dissolving in carbon tetrachloride and introducing chlorine for a 
protracted period. The temperature may rise during the early stages of the reac¬ 
tion. After the temperature begins to fall the chlorination should be continued 
for some time. A transparent solid body is obtained from paraffin when the 
chlorine content reaches 70 per cent. Highly chlorinated paraffin is very resistant 
to acids and alkalies; it is not attacked by boiling 65 per cent nitric acid, con¬ 
centrated hydrochloric acid or a 10 per cent aqueous solution of caustic soda. 
In spite of this resistance to strong reagents, there exists the tendency of chlorinated 
products of this character to split off hydrochloric acid on long standing. Chlorine 
is not so firmly united as it is in ohloronaphthalene.*” 
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Schaarschmidt*" chlorinated molten paraffin above 150®C. until the chlorine 
content exceeded 61.4 per cent. At 150-160^C. a yellowish, transparent mass was 
obtained which if heated at 180-200®C. produced a brown, hard substance of high 
melting point. Free chlorine and hydrogen chloride were removed by passing 
air through the mass. 

Geller^ has investigated the use of chlorinated paraffin as a constituent of a 
synthetic chewing-gum base. In one experiment he mixed chloroparaffin resin 
with depolymerized crepe rubber. When heated, cooled and reheated, the rubber 
dissolved in the resin mixture which was then cooled and kneaded until a homo¬ 
geneous mass was formed. Two and one-half parts of “hard” chloroparaffin resin, 
1 part of “soft” chloroparaffin resin, 1 part of depolymerized rubber gave a “tough” 
base; 7 parts of hard paraffin resin, 7 parts of soft and 4 parts of depolymerized 
crepe rubber yielded a soft base. The hard chloroparajflELn resin was made by 
treatment of paraffin (in carbon tetrachloride) with chlorine imtil it had about the 
physical characteristics of pine rosin. If chlorination is stopped when the fluid 
becomes thick then the soft form is obtained. Additional sul^tances which Geller 
employed were stearin and calcium or noiagnesium stearate. 

Groggins*** investigated the chlorinated resins prepared by bubbling chlorine 
into p-cymene at temperatures above 25*^0. Metallic aluminum, iron and zinc 
were used as catalysts. Chlorine substitution takes place in the side chains and 
the cymyl chlorides condense, splitting out hydrochloric acid. The reaction is 
catalyzed by the metallic chlorides formed by the action of hydrogen chloride on 
the particular metal used. The resins prepared in this manner contain 10-30 per 
cent chlorine. Groggins also formed resinous substances in a similar manner by 
chlorinating mixtures of p-cymene and other aromatic or aliphatic compounds. 
The resins were found to be insoluble in acids, alkalies and ethyl alcohol, but 
soluble in p-cymene, o-dichlorobenzene, turpentine, carbon disulpffide and, to a 
lesser degree, in petroleum distillates. The resin solutions were recommended for 
use as lacquers or in treating railroad ties, telephone poles or marine piling. 

In addition to chlorinated biphenyl and naphthalene resins, other chlorinated 
waxes or oils yield flame-proof, insudating materials.**^ Asphaltic oils, fish oils, 
waxes and coal-tar are employed for this purpose. Blakeman*" treated drying 
oils, paraffin wax, naphthalene and various other raw materials with chlorine 
and introduced the chlorinated product into paints. A mixture of chlorinated 
asphaltum and chlorinated vegetable oil, the latter serving as a toughening agent, 
was employed by Wickenden*** in paints and varnishes. For example, 10-20 per 
cent of cottonseed oil and petroleum asphaltum or pitch melting at 120®C. were 
mixed and chlorinated in a solution of carbon tetrachloride until the chlorination 
was complete. The solvent could be removed by distillation. A stable, highly 
chlorinated train oil for us^ as paint or binding agent was produced by treating 
exhaustively-chlorinated train oil with air or an inert gas until only a faint hydro- 
gen-chloride reaction persisted. The temperature during the process could be 
raised to 70®C.*“ Air containing ammonia was then passed in and a small quan¬ 
tity of a difficultly volatile amine was added. 


1,129,165. Feb. 23,^ 1915, to O. F. BoehrinRer 4 85hne; /.S.C./.. 1915, 34, 367. Geiman P. 256,856.^-1910 
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Resinous materials may be obtained by chlorinating finely divided bituminous 
coal.*** The method consists of passing chlorine through the powder or a suspension 
of it in,a liquid and then extracting the product with a solvent. Finely divided 
lignite in the presence of water gives a resinous substance which may be used 
as a paint or a varnish.*" Lignic acids give, on chlorination, resins which are 
soluble in acetone and amyl acetate. The films left by the evaporation of the 
solvent are hard, lustrous and tenacious.**® The action of a solution of sodium 
hypochlorite saturated with chlorine on Cassel humic acid converts 70 per cent 
of it into a bright yellow humic acid which contains chlorine. The rest is highly 
polymerized.**’ In order to raise the softening point of ccal-tar pitch, Balle chlo¬ 
rinated it at high temperatures in the presence of carriers.®*® The products were 
hard and lustrous. They had a conchoidal fracture and a softening point of 100- 
140® C. Zimmer*** fused hexachloroethane and esters of fatty acids with tar or 
pitch in order to make a semi-fireproof coating. The adhesiveness of tar intended 
for road-making material is said to be increased by chlorination.®” 

Costeanu®^ has reported that when benzene and excess iodine were heated 
gradually to 600®C. in a sealed tube, a black, nacreous, infusible mass was formed. 
It had a composition corresponding to C««HwI and was not attacked by mineral 
acids. In the preparation of 3,5-di-iodo-4-hydroxydiphenyl sulphide, much tarry 
material was obtained when an aqueous ammonia solution of p-hydroxy-diphenyl 
sulphide was combined with an iodine solution.*” The diazonium salt of the cor¬ 
responding 2,6-di-iodo compound also gave an uncrystallizable substance when 
added to dilute sulphuric acid. Bromination of 9-benzylanthracene prbduced a 
resin,*®* and coating compositions which could be sprayed have been prepared by 
chlorinating m-styrene. In the latter case, the products with the largest content 
of chlorine have the lowest viscosities and the highest melting points.®” 6,8- 
Tetradecadiyne, treated with bromine at room temperature, yields (C6HiiCBr= 
CBr—)» with resinification. At 5®C, a yellow liquid is obtained which, on distilla¬ 
tion, gives 1-bromoheptyne and a resin.®” The formation of much tar was observed 
by Perkin and Stone*” in the bromination of 2,4-dimethylbenzoyl bromide. They 
also report that addition of potassium cyanide to di(bromoethyl) benzoic acid 
furnished a small quantity of a red gum. 

The fiuorination of organic hydrocarbons has been studied by Bockemliller. 
Although in some cases he obtained fluoro compounds, in other instances resinifica¬ 
tion occurred. Resins also accompanied most of the identified products. As flu- 
orinating agents he employed free fluorine,**’ lead tetrafluoride*** and aryl iodide 
fluorides, R-IF*.*” Benzene, 1,1-diphenylethene, phenylethene, anthracene, phenan- 
threne and naphthalene were all found to give tars. The substituted compounds, 
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bromobenzene, m-dinitrobenzene, anisole, hydroquinone dimethyl ether and 3- 
phenylpropenoic acid behaved similarly. 

Both bromo- and chloroanthraphenone resinify when boiled with a mixture 
of acetic and sulphuric acid.*®® Bromination of benzyl anthracene results in a resin 
as does the decomposition of benzyl dihydro-anthraquinyl dipyridinium dibromide 
with water.”^ 

Substances which may be utilized in the preparation of tanning agents were 
produced by chlorinating the black material obtained by steam-distillation of 
sulphuric acid sludge from the refining of benzene.”* Highly chlorinated stable 
products which were considered as substitutes for natural resins or as tanning 
materials have been prepared from waste sulphite cellulose lye.”® The waste 



Fiq. 155.—Flow Diagram for the Chlorination and Dechlorination of Cracked Petroleum 

Tar. <S. C. J^ulton.) 


liquor, evaporated without application of heat to a concentration of about 26 per 
cent, was treated while hot with chlorine gas for 2 hours. The resulting pre¬ 
cipitate was separated and treated with a chlorate and hydrochloric acid. The 
product contained about 20 per cent chlorine. 

A process for producing resins by chlorinating the polymeric constituents of 
cracked petroleum distillates has been developed by Morrell and Eglofif.*” Such 
constituents, after being separated from the distillates, were mixed with phenols, 
cresols, tar acids or other compounds, then heated to 300®F. and chlorine intro¬ 
duced until the mixture became relatively viscous. 

According to Fulton,*” a cracked petroleum fraction boiling between 300-660®F. 
(1 mm. pressure) may serve as the raw material for synthetic resuis, (See Fig. 
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«»A.^mWt, U. S. p! 1.567,398, Dei. 29. 1925; Chem. 1926, 20. 666. Hritiah P. 173.104, 

1922' J SC I 1923 42 765A 

^i. C, Morrell and G*‘ Egloff, XJ. S. P. 1,744,135, Jan. 21, 1930. to Universal OH Products Co.; 

P. 1,981,824. Nov. 20, 1934, tu Standard Oil Development Company; Chm^ 

A6«., 1935, 29, 589. 
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1S5.) Chlorine is bubbled through the distillate^ while it is agitated at room 
temperaturoi until 10-15 per cent is absorbed. Distillation of the product eliminates 
chlorine as hydrogen chloride and also any volatile oily constituents. Only traces 
of chlorine are found in the residue, which is dissolved in naphtha, j&ltered and 
the solvent evaporated. A lighter-colored resin may be obtained if the solution 
is treated with sulphuric acid and neutralized before removal of the solvent. 

When added in amounts as low as 0.5 per cent the following substances are 
said to improve the film strength of hydrocarbon oils: the chlorinated derivative 
of stearic acid and diphenylene oxide, the product from chlorinated ^ard oil and 
naphthalene, condensate of 2 halogenated fatty acids or esters or of chlorinated 
stearic acid and chlorinated paraffin, halogenated diphenylene oxide, chlorinated 
ethyl oleate, and the condensation product of chlorinated wax with sodium 
ethoxide.*” 

Keller and Munz*” have produced compounds which ranged from a viscous 
oil to plastic materials, and which were said to be colorless and sticky, by chlorinat¬ 
ing or brominating fatty acids. Among the acids used by them were ricinoleic, 
oleic, stearic and dihydroxystearic acids. Pungs** suggested chlorination of oxi¬ 
dized paraffin. The resin so obtained was hard, flexible and yellow, with a 
chlorine content of 55 per cent. It could be further hardened by heating at 110®C. 

In order to resolve (break) mineral oil emulsions, Lerch** used the reaction 
product of sulphonated cottonseed oil with a chlorination product of the polyolefin, 
cyclopentene or cyclohexene series. 

A waterproof coating composition may be prepared by dissolving chlorinated 
wax (containing less than 30 per cent chlorine) in a solvent, e.g., turpentine or 
solvent naphtha.*™ Incorporation of other materials, for example ceresin or lamp¬ 
black, renders the coating capable of taking a high polish. 

By removing halogen atoms from halogenated paraffin through heating with 
aqueous alkalies, various lubricating oils and tallowy substances may be produced.*^' 
The products contain halogen and hydroxyl groups as well as unsaturat^ linkages. 
If more than 9 halogen atoms are in the original molecule, based on an average 
molecular weight of 367, they may be removed by heating in an autoclave for 10 
hours at 150-160®C. The product is a drying oil.*^* Rebs has made a pitch by a 
similar method.*™ Diphenylmethyl ethyl ether, obtained by refluxing diphenyl- 
chloromethane with ethyl alcohol, reacts with hydrogen chloride giving a consid¬ 
erable quantity of dark brown gum.*'* Similar products were found when sym- 
tetraphenyldimethyl ether was boiled with hydrochlopc acid. 

One of the compounds formed by treatment of l,4-diphenyl-2-butyn-l,4-diol 

***A. Henrikaen and B. H. Lincoln, U. S. P. 1,939,979, Deo. 19, 1933, tp Continental Oil Co.; Chem. 
Ah»„ 1934, 28, 1524. French P. 761,243, 1934; Chem. Abe., 1934, 28, 4220. U. 8. P. 1,939,993. 1,939.994 
and 1,939,995, Dec. 19, 1933; Chem. Abe.. 1934, 28, 1524. U. 8. P. 1,936,670, Nov. 23, 1983; Chem. Ab»., 
1984, 28, 1182. U. S. P. 1,944,941, Jan. 30, 1934 , Chem. Ah$., 1984, 28, 2519. U. 8. P. 1,945,615, Feb. 6, 
1984; Chem. Abe., 1934, 28, 8520. 

Keller and F. MUns, U. S. P. 1,362,596, June 14, 1932, to General Aniline Works; Chem. Abe., 
1932, 26, 4134. 

•MW. Puttgs, German P. 451,116, 1922, to I. G. Farbenind. A.-G.; BHt. Chem. Abe. B, 1929, 23. 

*»W. B. Lerch, U. 8. P. 1,390,789, Dec. 13, 1982, to Curo Process Co.; Chem. Abe., 1938, 27, 1744. 

•»C. 8. Schmidt. British P. 189.104, 1922, to A. Schmidt; J.3.C.I., 1924, 43, 265B. 

British P. 843,948, 1929 and 867,545. 1931, to I. G. Farbenind. A.-G.; Brit. Chem. Abe. B. 1981, 
578; 1982, 539. See also German P. 349,794, 1914, to Akt.-Gea. f. Anilin-Fabr., addn. to 281,175, 1913; 
J.8.C./., I922t 41, 687A for the preparation of halogenated phenols from polyhalogenated aromatic 
hydrocarbons. 

British P. 872,784, 1931, to I. G. Farbenind. A.-G.; Brit. Chem. Abe. B, 1932, 714, See also B. 
Bielousa, V. 8. P. 1.384.428, July 12, 1921, to H. A. Gardner; 1921, 40. 666A. H. A. Gardner and 

tJ. Bielousa,/9uf. Bap. Chem., 1922, 14, 619. U. 8. P. 1,884,447, July 12, 1921; /.5.C.I., 1921, 40, 667A. 
Other methods lor the pnH>arath>n of drying oils from chlorinated hydrocarbons are discussed in Chapter 
10^ See also Oarleton Etlii, *'The C2iemistry of Petroleum Derivatives/* The Chemical Catalog Co., Inc., 
New York, 1984. 

WH. ReU German P. 141,460, 1915; /.BCX. 1M2, 41, llOA. 

M* Ward, 1937r 2185, 
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with hydrogen bromide was a dibromide, CwHuBr*. The latter reacts with alco¬ 
holic potassium hydroxide to yield a brown amorphous mass.*” Similarly, the reac¬ 
tion between 2,5-dimethyl-2,5-hexen-diol and aqueous hydrobromic acid gives largely 
a dibromide which resirdfies easily.*^* 

The halogen derivatives of penthiazoline-2-dimethylmalonate and penthiazoline- 
2-acetic acid are slowly decomposed by hot water, with the formation of gums.*” 

J. Sslkind and A. Kruglov, Ber., 1926, S9, 1986. 

J. Salkind and S. Ssboiev. Ber., 1929, 62, 2169. 

«TD. WorraU, J.A.C.a., 1982, 54. 2061. 



Chapter 57 
Plastic Sulphur 

Elemental sulphur possesses properties which closely resemble those of resins 
and has been used as a binder in molded products. Although this use of sulphur 
has not been as important as that of many other materials, yet the possibilities of 
its development warrant its inclusion here. 

Sulphur is chemically different from synthetic resins, but its hardness, vitreous 
fracture and melting point cause it to resemble them rather closely. At normal 
temperatures and pressures, sulphur crystallizes in the rhombic system. At 
95.4®C., this rhombic form is in equilibrium at atmospheric pressure with a 
monoclinic modification. With the absorption of something over 100 cal. of heat 
for each 32 g., rhombic sulphur is converted into the monoclinicBoth of these 
crystalline modifications* have a molecular weight corresponding to Sg. Above 
the melting point, as the temperature rises, an amorphous sulphur (Sjt*) is formed, 
and the liquid which was originally yellow increases in viscosity and darkens in 
color. The maximum viscosity is reached in the neighborhood of 200°C. The 
change from liquid sulphur to amorphous or plastic sulphur begins at about 
160°C., however, the transition point can be substantially raised by the addition 
of foreign substances. Triphenylmethane, for instance, raises the transition point 
to 200®C.‘ 

The accompanying graph of the viscosity of molten sulphur (on a semi-logarith- 
mic scale) shows the change of this property with change of temperature (see 
Fig. 156). Presumably the course of the curve is profoundly influenced by poly¬ 
merization of the element. The data^ are dependent on the time of heating and 
the amount of gas or other impurities included in the sample. Hence the curve 
may not be strictly accurate. 

Elemental sulphur in massive form has a marked resistance to acids, to oxida¬ 
tion and to weathering influences. Its hardness ranges from about 1.5 to 2.5 
(Mohr scale), and its melting point is high enough to make it useful for many 
purposes. It possesses fairly good electrical and thermal insulating qualities. 

Sulphur may be colored** red or brown and when so colored very closely 
resembles some resins. Colored sulphur castings have been prepared by heating 

^R. Abegg, F. Auerbach and I. Koppel ('‘Handbucb der anorganischen Chemie/' S. Hirzel, Leipzig, 
1927, IV <1), 152) give 3.13 cal. per g. From the equations of G. N. Liewis and M. Randall iJ.A.C.S., 
1914, 36, 2469) the value calculated is 105+ Cal. per gram-atom. 

* Various modifications of the related element selenium have been obtained by 8. Astin, A. C. C. 
Newman and H. L. Riley (/.C.S., 1933, 391). More complete information on the forms of selenium is 
found in R. Abegg, F. Auerbach and 1. Koppel. **Handbuch der anorganischen Chemie," S. Hirzel, 
Leipzig, 1927, IV (1), 1, 693. 

* P. Mondain-Monval and P. Schneider, Compt. rend., 1023, 186, 751; Chem. Ah$., 1923, 22, 2299. 

Bull, too. chim,, 1928, 43, 1802; Chem. Ab$., 1929, 23, 2614. The pseudo-temary systems cbntaining 
sulphur and quinoline, pyridine and p-xylene have been investigated by D. L. Hammick and W. E. 
Bolt 1926* 1995). 

0. Farr and D. B, MacLeod, Proc, Roy, 8oc. London (A), 1620, 97, 30; Chem, Abe,, 1920, 14, 
1916; L. Rotinjans, Z. phye, CAetn., 1908. 62, 609. 

«W. Kobbe, V, 8. P. 1,655,504, Jan. 10, 1928, to Texas Gulf Sulphur Co.; Chem. Abe., 1928, 22, 
m D. Finley, U. S. P. 1,809,003, AprU 21, 1931, to the Parafilne Co., Ino.; Chem, Abe., 1931, 25. 
3459. Oemn P. 400,922, 1927, to Kunetetein^^Ind. W, Hanker A Co. Q.m.b.H.; Chem, Abe., 1929, 23, 
497, Qermaii P. 525,994, 1980, to l^thesit-Marmor-0,tn.b.H, ,* Chem. Abe,, 1981, 25, 4682* 
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sulphur with any suitable addition substance to about 300®C., cooling the mix¬ 
ture to a casting temperature of 140-180®C., adding the coloring matter and then 
casting in the usual manner.* Sulphur as mined often contains a small amount of 
organic impurities which discolor it so that it may be almost any shade from 
light yellow to dark brown.^ Kobbe® suggests the use of a variety of sulphur- 
soluble azo dyes for coloring sulphur orange, brown, red, green and black. 

Because of its tendency to crystallize, untreated sulphur has very little pros¬ 
pective value in liquid coating compositions. That is, a solution of sulphur when 



Fio. 156.—-Change in Viscosity of Sulphur with Temperature. Dotted line represents 
data by L. Rotinjanz (Z. physik, Chem,, 1908, 62, 609) and solid line data by C. C. 
Farr and D. B. Macleod, Proc, Roy, Soc, {London) A, 1920, 97, 80. 

applied with a brush to a surface and allowed to dry forms a crystalline coating 
of no particular value. Also, if applied to metals or to other materials which are 
readily affected by acids, the coating may have a deleterious effect because of the 
possibility of acids forming by its oxidation. Although finely ground sulphur is 
practically unaffected by air® at 60-80®C., flowers of sulphur are readily oxidized 
at even lower temperatures. However, these two forms of sulphur have been 
used in paints and varnishes to cover surfaces with anti-fouling or antiseptic 

•P, Schol«, German P, 4W,m, 1924; Chem, Abs, B, 1927, 482. 

U. W. Schwab, U. S. P. 1,659,504 and 1,656,505. Jan. 17, 1,688.781, Sept 11, 1928: 1,692»422. 

Nov. 20, 1988, to Texai Gulf Sulphur Co.; Cheni. Aht., 1928, 28, 1019, 4218; 1929, 28, 677. 

*'W. H. he. eit. 

•J. B. StephOMOD uid S. W. Brids., AnalvH. tm, S4, SIO, 787; Chim. Abe.. 1880, 24, 88, 1048. 
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coatings" Furthermore, it has been-stated that 40 parts of cement, 5 parts of 
ipica, and 5 parts of aluminum in 60 parts of molten sulphur give an acid-resisting 
surface.^ Another coating which has been suggested consists of a mixture of 
sulphur and pitch " 

Eleriiental sulphur has certain fields of application which appear to be promis¬ 
ing. However, its use is restricted because its desirable properties are offset by its 
brittleness and its tendency to crystallize. Plastic sulphur holds promise of greater 
usefulness than crystalline sulphur, since it is somewhat similar to rubber. Trillat 
and Forestier" have shown that plastic sulphur, prepared by heating sulphur to a 
temperature above 230®C. and then pouring it into cold water, stretches upon 
rapid drawing to a permanent lengthening of 800-1000 per cent and, at the same 
time, its physical properties such as transparency and elasticity are changed. The 
sulphur was amorphous before drawing and crystalline afterward, but the crystal¬ 
line structure was not the same as.that of ordinary orthorhombic sulphur. They 
have also shown that x-rays stimulate the recrystallization of plastic sulphur. The 
stress-strain curves for thin filaments of plastic sulphur and of raw rubber have 
been determined by Strong," and there is some similarity between the two series 
of curves. Hammick and Zvegintzov^* suggested that amorphous sulphur is a gel 
and confirmed this view by observing the Tyndall effect in pure molten sulphur. 
Like many other substances, if plastic sulphur is kept at a sufficiently low tempera¬ 
ture it will not crystallize. Mondain-Monval found that for sulphur this tempera¬ 
ture was —29®C." 

Above 160®C., sulphur is stable in an amorphous form, mixed probably with 
small amounts of the two crystalline modifications. Sudden cooling yields a rub¬ 
bery, elastic material which is unstable at ordinary temperatures and retains its 
elasticity normally for only a few hours after cooling below the transition tempera¬ 
ture. The author has made a number of experiments on the problem of retaining 
sulphur in a plastic condition and believes that it will be possible to make use of 
sulphur in this form commercially. Although molten sulphur combines with 
many organic substances, the larger number of them are not readily soluble 
therein. The products made , by treating phenol or its homologues with sulphur 
chloride” are among the few that dissolve readily in molten sulphur. These re¬ 
tard pronouncedly reversion from the plastic to the crystalline form." Cumarone 
resin has also been used with sulphur to maintain it in a plastic condition. For ex¬ 
ample, Grant and Farren" employed cumarone resin and sulphur which had been 
fus^ together, either with or without a finely divided filler, as a sealing and 
insulating composition. They reported that the crystallization of sulphur in this 
mixture was completely prevented. Certain types of cumarone resin when used 
for rubber compounding cause ^^blooming” when the unvulcanized rubber stock is 
stored, but it has been found that" this dfficulty can be minimized if from 16 
to 20 piBr cent of sulphur is dissolved in the resin before compounding. The 


» R. Bdl, U. 8. P. 817J4I. Apr. 17, 190S. R. WeithSner, GenPan P. 380,821, 1922, to Chem. Labora- 
torium (Qt Anatri^fton. iJa.C.l., 1924, 42, 393B. 

UF. D. Sullivu, U. a P. imtSl, Jun. 2, I9SI; CAem. Ab$.. 1921, 22, 4272. 
uj. J. White, U. S, P. 1,223,0a, Sept, 14, 1920; Clum. Abt.. 1920, 14, 2209. 

>* J. J. ’frillet aod 2. Foreetier, Compi. rmd., lai, 192, 220; Chem. Abt., IMl, 22, 2212. 

D. Btrons, /. Phtfi. Chem., 1922, 22, 1222; Brit. Chem. Abt. B, 1922, 709. 

X D. h. Hemmidc ana M. Zyegintiov, J.C.8., 1920, 273. Cf. B. Lange and W. Couaina, Z. phyiik. 
CAeai., Abt. A, 1929, 142, 122; Ohm. Abe.. 1929, J», 2202. 

vp. MotMlain.HbhV’al, Compt. rend., 1924, 192, 1412; Brit. Chem. Abt. A, 1924, 287. 

8. F, 1,272,004, Jubr 10, 1922; Chem. Abe., 1928, 22, 22M. U. B P. 1,822,727, 
Oaa. 2. ini; CAem. Abt., 102,1142. U. 8. P. 1,090282, Nov. 0, 1928; Chem. Abe., 1929, 22, 228 
V. 8. P. 1,814,122, July l4, 1921; Chem. Abe., 1931, 22, 2291. tl. 8. P, t,jS2,7«, Dee. 2, 1921; Chem. 

W. H. Ftawn, 0. 8. P. 1,«2A70, Dee. O, 1920, to Atlae Powder Cp.; CAem; 

imBr.'c. a P. «. no, to Barrett Do.? Chem. Abe., lOl, 221, 427. 
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solubility of sulphur depends to some extent on the melting point of the resin. 
Endres*^ proposed a method of avoiding sulphur bloom in rubber compositions by 
using plastic sulphur in which the content of rhombic sulphur had been reduced 
to less than 1 per cent by extraction with carbon disulphide. 

Deines believed that the only amorphous form is the solid sulphur which is 
insoluble in carbon disulphide. He reported that highly sulphurized hydrogen 
persulphides caused the earlier investigators to come to erroneous conclusions® 
as to ^e number of amorphous forms. 

A stable form of plastic sulphur has been made by heating equal parts of 
sulphur and antimony trichloride to 400® C. under pressure and then rapidly cool¬ 
ing the melt by pouring it into cold water.® This product when mixed with wood 
tar, coal tar and paraffin wax served as a binder for molded electrical insulation. 
When approximately equal parts of sulphur and selenium are heated together 
above the melting point of selenium a cherry-red compound, selenium sulphide 



* Courtesy Texas Gulf Sulphur Co. 

Fig. 167.—Loading Sulphur from One of the Vats at the Texas Gulf Sulphur 

Company Mine. 

is formed.® When cooled to room temperature this sulphide forms a black, elastic 
mass, which remains in the same condition for several days and which gradually 
becomes so hard and brittle that it may be ground to an orange-red powder 
melting at about 100®C. This change into a hard, brittle state takes place in 
about half an hour if the elastic mass is maintained at a temperature of 80-90®C. 
Nordlander believes that this sulphide in the elastic state is highly polymerized 
and that it becomes hard and brittle through depolymerization. &lenium sul¬ 
phide, used as a binder in forming gears and similar products, possesses two note¬ 
worthy features. It is unaffected by water or by concentrated acids (exciting 
nitric acid), and, although it sets to a hard and dense material; at 8Q-90®C., it will 


s H> A. Endrw, Ckindian P. SS3,078, IWS, to Ooodynr Tire A Hubb«r Co.; Cftmt. Abt., IW, 2S, 
4307. Britiih P. 874,614, 1188; Chtm. Ab$.. 1«88, 87, 8864. 

«0. V. Deinre, Z. onofV. a«8«n. Chtn., 1688, 818, 188; Ch^n. Abt.. 1688, 27, 1617. 

•I. F. Slaitikov, Ruuiu P. 4766, 1618; Chtm. Ab$.. 1616, 83, 116U * _ > 

MB. W. Nordiuutw, C. 8. P. 1,761,746, junt 1, 1616, to Omend SlMtrie Oompuijr; Chtm. Abt., 
1686, 24, 1617. BritUt P. 861,186, 1686, to BritMi TttomwD'Houtton Co., Ltd*: BrU. Chtm. Abt. B, 
ini« 8(8. Contdlwi P. 06.771, 1681. to Ctnadiut Oioorel sa*ctric Co.; '**>••»**• ^ ***• 

For tho UN of till* eontpound in vnlsMUiing tybbw, ,tM B. W. {tordlnato, V. 8. P. 7^,664, 0«t. 18. 
1661, to OoMnl BiMtrie .Ov; Brit. Chtm. Aht. B. 1681, 686. Fnach P, 6t8,l«»> VM, to Onrapwpuo 
ttutftUm Tbomnn<Boiitt(k: Chtm. Abt.. 1686, 84, 1(4K 
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revert to the plastic state if heated to about 110®C. A sulphide exhibiting similar 
properties is obtained from tellurium. 

Wax-like substances may be incorporated with sulphur to modify its proper¬ 
ties. Chlorinated naphthalene,*® for example, has been melted with sulphur to 
produce a hard and porcelain-like mixture. This mixture has good adherence 
when applied to metallic or other surfaces. A sulphur composition, made by 
blending a small proportion of sulphur with waxes or resins,** has been proposed 
as a binding agent in plastic compositions and as a floor wax. When 4 parts of 
dark-colored carnauba wax and 1 part of rosin are fused with 0.1 part of sulphur 
and then cooled, the product is light in color, opaque and without a prominent 
waxy appearance. If sulphur is omitted, the resulting material is dark in color 
and dightly translucent. Rosin esters when treated in a similar manner show 
an even more pronounced lightening in color due to the presence of the sulphur. 
On the other hand, the addition of 0.1-1.0 per cent of rosin to molten sulphur 
makes the product less liable to dust explosion on grinding, and the powdered 
mixture does not cake on standing, making it useful as an insecticide.*' A mastic 
composition to be used in laying floor blocks has been prepared from a sulphur- 
rosin mixture containing 15-25 per cent of a lubricating oil.*® A mixture of cashew 
nut-shell oil and sulphur has been suggested also as a plastic.*® 

-- A rubber-like material may be prepared in the following manner:*®* Equal parts 
of hardened rosin and boiled oil are heated together until the rosin is melted and 
thoroughly incorporated with the oil. An equal weight of sulphur balsam (con¬ 
sisting of 3 parts of boiled oil and 2 parts of sulphur) is added and the resulting 
mixture heated to 300® F. On cooling, an elastic product is obtained which may be 
employed as a waterproofing agent. 

Myers*® made a tough and non-brittle cement by mixing 1 or 2 grains of arsenic 
per lb. of sulphur. The mixture was applied while it was fluid and was especially 
designed to anchor a vitreous facing to brick or similar materials. Hamor and 
Duecker prepared relatively stable plastic sulphur by rapidly cooling a solution 
of phosphorus sulphide in sulphur from above 200®C. More than 10 per cent 
of phosphorus sulphide was used.*^ Arsenic and thallium, or their oxides or sul¬ 
phides, also act as stabilizers.** Olefin polysulphides are said to exert a similar 
effect.*® 

The consideration of sulphur as a binding agent is a subject seemingly un¬ 
related to synthetic resins. However, its cheapness coupled with its other desir¬ 
able properties has led to its use in various ways where the cost of higher-priced, 
ftisible binders is prohibitive. The addition of a number of materials (particu¬ 
larly chlorinated compounds) has been shown to retard or to prevent the burning 
of sulphur.** 

The author has made various molded articles by hot pressing mixtures of 

wj. B. Payman and W. Qibson, British P. 292,057, 1927, to British Dyestuffs CoipM Ltd.; Chem, 
AbMu 1929, 23, 1229. 

»Carl^ EiUs, U. S. P. 1,315,015, July 21, 1981, tq Ellis-Foster Co.; Chem. Aba., 1981, 2S, 5520. 
Cf. W. L. Wright, U. S. P. 1,938,400. Oct. 81, 1938, to Oswego Falls Corp. 

W. Wiader, U. S. P. 1,908,019, Mar. 9, 1988, to San Francisco Sulphur Co.; Chem, Aba., 1988, 

27, 8772, 

>£ C. NMmo, TJ. a P. 1441,M7, Jni. 1», im, to Nat. Wood Produoti Oo.; Brit. Chtm. Abt. B, 
im. 104S. 

>M. T. Harvqr, U. a P. l,8n.071. Dm. 21. 1981, to Harvd Corp.; Brit. Chem. Abt. B, 1982, 992. 

•• A. K. KUmI, BritiA P. 4918, 1888; J.S.C.I., 1887. 6, 219. 

•C. Uyvn. IT. S. P. «24,{22, May 9, 1899, to M. 3. Murphy and H. HoMnbaum. 

«W. A. Hamor ahd W. W. DundcM', tT. a P. 1,989,028, May 18, 1984, to Texas Gulf Sulphur Co.; 
Chem. Abt., 1984, 38, .4842. 

*W. A. Hamor and W. W. Dueeker, U. S. P. .l,9S14n, Nov. 20, 1984, to Texas Gulf Sulphur Co.; 
CW Abt^ 1988, 39, 822. 

■W. w, Duwfcer, Chem. tfet. Xng., 1984, 11, 888. Fpr a diseussion of Thiokdl, sea Chapter 88, 

MC. Um. H. a P. 1,819487, Mar. 1, 1927, to Union Sulphur Co.; Chem. Abt., wf, 31. 1887- 
Chriaton O&i, U. 8. P. 1488,787, Dm. 8, 1981; Chem. Abe., im, 38, 1148.- W. H. Koblw, U. S. P. 
1488418, Aw 12, 1982; Chefh. aU, 1982, 38, 8842. 
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sulphur and fillers. Although these articles had neither the strength nor the sur> 
face finish common to resin-containing products, it was found that the compositions 
had little or no effect on steel molds. Prior to this investigation the criticism 
that sulphur would blacken the molds had been advanced. 

Darrin and others have made a study of what he has termed introfiers.or 
impregnation accelerators.*® According to him, when an introfier is added it 
changes the fluidity and the wetting properties of the impregnating material and 
so increases the penetration. Introfaction cannot be attributed solely to a thin¬ 
ning action, since the amount of introfier required is often very small, and its 
mechanism is not understood. Darrin states that different classes of substances 
require different types of introfiers; for instance, a sulphur introfier must have 
a molecular structure which contains at least two benzene rings. Naphthalene 
and its derivatives are good sulphur introfiers, and biphenyl, benzyl ether and 
carbazole are repbrted to have been used with satisfactory results. The Aroclors 
are also suggested as introfiers. One difficulty which might be encountered in 
using them is their ‘^chemical odor.’" 

Some method similar to those which have been discussed for maintaining sul¬ 
phur in the plastic form may lead to its more extensive use in molded articles 
as a binding agent where a certain degree of elasticity is required. Bleecker 
made an impervious, chemically-resistant material by using as a binder for 
inert fillers sulphur so finely crystalline as to be nearly amorphous. Artificial 
graphite, sand, coke and pulverized slate were some of the fillers employed.*® He 
prevented the growth of large sulphur crystals by rapidly cooling the molten 
sulphur-filler mixture under pressure, and also by adding such substances as 
coal-tar pitch or analogous hydrocarbons which react with the molten sulphur. 
This material could be used in making pipe linings, conduits and machine parts. 
The products were impervious to liquids and gases and were highly resistant to 
the action of acids and other chemicals. 

Wood has been preserved and strengthened by impregnation with a molten- 
sulphur solution of a toxic material, e.g., arsenic and phosphorus sulphides.*' The 
use of sulphur-soluble, organic arsenic compounds is also recommended. 

The art of molding sulphur goes back more than sixty years and from time 
to time has been commercially important. The cheapness and low melting point 
of this element, coupled with its hardness, resistance to corrosive action and water, 
and its electrical insulating value, have allowed it to occupy a not unimportant 
place in commerce. Brittleness coupled with a high coefficient of thermal expan¬ 
sion and its pronounced shrinkage on solidification have prevented its wider 
usefulness. 

The applications in which its shortcomings are partially overcome may be 
divided into two principal groups: the manufacture of casting compositions formed 
by dilution with suitable materials, insoluble in molten sulphur, to overcome the 
high shrinkage and to bind the brittle sulphur crystala together; and the im¬ 
pregnation of porous materials with molten sulphur to increase their strength 
and reduce their porosity. 

In casting or molding compositions containing sulphur, the more common 

«M. Darrin, U. S. P. 1,644,711, Oct. 11, 1617, and 1,963,008, June 5, J634, to F. N. Burt Co.; CA«m. 

1937, 21. 4086; 1984, 28, 4858. U. S. Reiamie 17.867, Nov. 11, 1910; Brit, Chem, Ab$, B, 1981. 
80. British A 291,500, 1927; Brit, Chem, Abt. B, 19», 687. Oman P. 559,202, 1927; (7hem. Abt„ 
ion, 27, 818. H. P. Muncer, M. Darrin and Q. Steg^ihan, /. Phv$, Chem,, IW, 84, 5tf; Chem, 

1980, 24, mt M. Darrin, Ind. Snff, Chem., 1928, 20, 801. M. Danin (U. S. P. 1.962,005. June 5, 
1984, to F. N. Burt Co., Ltd.; Cbm, Ab$,, 1984, 28, 485^ has described the Use of Introfiers ^th 
mixtures of sulphur and setenium. ^ ^ 

MW. F. Bleeeker. U. S. P. 1,1860J71, Feb. 28, 1928} Chm. Abt„ 1928, 22. 1447. U. S. P. 1,686,197, 
Oct. 2, 1938; Chem. Ab$,» 1928, 22,^4740. U. S, P. jmW. De^ 11, lftt8; 46t., 679. 

MD. B. Bradner, U. 8. P. IWBH, Dee, 18, 1117, to B. t du Pont de Nemours d Ob.; Chm. 
46f., 1928, 22^ 859. 
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addition is carbon in the form of anthracite coal * graphite** or coke,**' either 
ground or reduced to colloidal particles^ Numerous inorganic fillers have been 
proposed, such as powdered metals,** steatite,** bentonite,** asbestos,** silica,** and 
a mixture of pumice, sand, magnesium carbonate and asbestos.*^ Sawdust,** 
dried powdered peat,** wood flour,** cassava starch,** casein** and refined cellu¬ 
lose** have been suggested as organic fillers. 

As examples of the methods for preparing and casting sulphur compositions, 
mention may be made of those used by Kobbe** and Barnes.** The latter pul-. 
. verized both sulphur and anthracite coal to impalpable powders. Ten parts of 
the pulverized sulphur were mixed with fifty of powdered coal and the mixture 
heated until it was fluid enough to pour. Kobbe recommended melting the sul¬ 
phur and mechanically incorporating comminuted silica the grain size of which 
was not uniform, but varied as is shown by the following screen analysis (Table 
63). 

Table 63. —Screen Analysis of Silica. 

Per Cent 


Held on 80 mesh. 7.2 

Passing 80 mesh, held on 100. 5.6 

Passing 100 mesh, held on 200 . 25.0 

Passing 200 mesh, held on 320. 19 0 

Passing 320 mesh.'. 43 2 


He used approximately equal weights of silica and sulphur since this represented 
a good balance between too much silica with consequent lack of fluidity and too 
little silica with consequent lack of strength. The product was light in color 
and possessed a tensile strength of about 623 lbs. per square inch. The addition 
of alkali to the melt** and the use of aluminum molds" have been proposed as 
nieans of preventing the casting from sticking to the mold. These sulphur com¬ 
positions have been molded into a variety of shapes, used as luting or sealing 
cements,** and applied on concrete to form a protective coat against acids.*® 

“W. W. Barnes, U. S. P. 371,406, Oct, 11, 1887, to B. C. Kirk, T. T. Taber and W. A. Miller. 

•a Taman, U. 8. P. 1,281,702, Oct, 15, 1918, Chem. Ab$,, 1919, 13, 177. British P. 107,370, 1917; 

37, 188A. W. F. Singer, U. S, P. 1,291,207, Jan. 14, 1919, to W. P. Singer, A. V. Fager- 
•trom, F. Clasby and J. £. Fairbanks; Chem. Abe., 1919, 13. 836. 

"H. A. Noyes, U. S. P. 1,528,503, March 3, 1925, to Texas Gulf Sulphur Co.; Chem. Abe., 1925, 
19, 1477. W. H. Kobbe, U. S. P. 1,612,869, Jan. 4, 1927; Chem. Abe., 1927, 21, 631. 

«^W. EbOrlein, Bntish P. 227,097, 1924; J.8.C.I., 1925, 44, 850B. German P. 407,038, 1924; J.S.C.I., 
1926, 44, 819B. , 

^P. Hauptmeyer, British P. 307,011, 1929, to F. Krupp A.-G.; Brit. Chem. Abe. B, 1930, 617. 

«M. W. Samuel, British P. 12,765, 1887; J.S.C.I., 1888, 7, 631. 

MOarleton BlUs, U. 8. P. 1,690,694, Jan. 22, 1920, and 1,796,364, March 10, 1931, to ElUs-Foster Co.; 
Chem. Abe., 1929, 23, 1228; 1981, 25, 2581. 

A. Adanuki. U. S. P. 1,557,231, Oct. 13, 1025; Chem. Aba., 1926, 20, 98. 

M J. O. Lodi and C. di Battisto, U. 8. P. 1,438,840, Deo. 12, 1922. 

^W, H. S^bb^ U. a P. 1,M,714, Dec. 4, i928, to Fleuron, Inc.; Chem. Abe., 1929, 23, 942. R. F. 
Baoon and H. 8. Inivis (.Chem. Met. Eng., 1921, 24, 65) mention the use of sulphur-sand mixtures in 
making acid-proof tanks and joints in sewer lines. 

<*M. W. Samud, loe* dt. 

F. A. BOltsmann, German P. 116,981, 1900. 

•>H. A. Noyes, U, 8. P. 1,676,376, July 3, 1928, to Texas Gulf Sulphur Co.; Chem. A6«., 1928, 22, 
3879. Carleton Ellis, U. a P. 1,665,186, April 3, 1928; Chem. Abe., 1928, 22, 1832. 

6^Car)eioa EUiS| U. 8. P. 1,664,600, April 3, 1928; Chem. Abe., 1928, 22, 1832. 

• R. Zdlmaim fU. 8. P, 1,922,007, Aug. 8, 1683, to (%em. Fabrik von Heyden A.-G.; Chem. Abe., 
1933, iff 5160, Oennan P. 565,8^, 1980; Chem, Abe., 1982, 26, 5183) prepared k substance resembling 
ivory from a oOagel of colloidal solphur in casein. W. R. Willauer (U, 8. P. 1,883,209^ Got. 18, 1982, to 
MaratbM Paper MlMa Co*; Chem. Abe., 1933, 27, 819) used an emulsion of sulphur and casein in a 
water-akobol ^k^^sulpbonssd fiber board. See also P. D'yachenko, Plaet. Maemi, 1933, (2>, 

Ui Chem. Abe., 1934, 26» 4344. ^ 

M. Darrbl. Osoadiaii P. 2n,710, 1928; Chem. Abe., 1928, 22, 2840. 

^ 4*w#ri4, Dec. 4, 1928, to Fleuron, Inc.; Chem. Abe., 1929, 23, 942. 

W# c, a P, 1481,218, April 14, 1925, to Tessa Gulf Sulidiur Co.; I.BC.l, 1925, 44, 

' IlKuS, 

^ P, to laiiensnia Versin chem. Fabr. A.-0.; Chem. Abe., 1928, 22, 307. 

0 It' 227407, 1934; J.$.C.I., 1925, 44^ 719B. 
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The investigations of Duecker^ have shown that the strength of sulphur-sand 
cements de^^n^ mainly on two factors: the per cent voids in the aggregate, and 
the proportion of sulphur. The effect of the first factor is clearly illustrated by 
comparing two mixtures possessing the optimum amount of sulphur; the one 
with sand containing 32.5 per cent voids is 20 per cent stronger than the one with 
sand having 34.8 per cent voids. This difference in strength is to be expected in the 
light of data on concrete. Regardless of the grading of the sand, cements of 
greatest tensile strength are obtained by mixing 40 per cent of sulphur with 60 
per cent of sand, and an increase or decrease in amount of sulphur results in a 
marked loss of strength. Although this is true, more than 40 per cent sulphur 
is used commercially in order that the cement flow easily. One material that has 



Fig. 168. —Apparatus for Continuously Impregnating or Coating Various Materials. 
Paper or fabric (from the roll on the left) passes through a sealing fluid into a vacuum 
chamber, over a heating roll, thence through the impregnating solution and out via 
squeezer rolls to a drying chamber. The sealing liquid is usually mercury, and the 
central heating-roll is warmed by an internal circulation of steam under pressure. 
(0. Minton.) 


a marked influence on the workability is carbon black. It retards settling of 
the aggregate and increases the strength of the cement. The latter property is 
shown by the fact that a cement containing 70 per cent sulphur has its tensile 
strength increased from 405 to 670 pounds per sq. in. by replacing 5 per cent of 
the sand with carbon black. 

Sulphur has been used to impregnate articles made of porous material to in¬ 
crease their strength, to make them rigid,to alter their elpctrical properties,* to 
render them resistant to water and corrosives and, as in the case of wood, to 
preserve them. The fibrous liners that come in contact with rubber sheets have 
been impregnated with sulphur to prevent their adhesion to the rubber * The 


•»W. W. Duecker, 11, 688. 

«W. H. lCobb«, U. S. 1.743,146. 81, 1329, to Tosm Oulf Sulphur Co.; 1380, 24, 

1380. « 

«H. B. Todd, V. 8 . P. 8|t,303, May 3^ 1306. tt C. Uipphiar, V: 8 . P. 860,166, April 16, 1307, to 
Banmo Eiaotrie Co. B. Hoakiua. U. 8. P. t,681,m. Ium 7, 1187; €hm. Aha.. IW, 31, 1646. 

IMSt. A. Bndroa. V. 8. P. 1A0IA84* Ook 13. 1316. to Ooo£w Tiro A Ruhb«r Co.; Chm. Aba., 
1337, 31. 131. H. I Conroy and bJT Haywoi4, IT. $. pTm^, 0«I, 13, 1116, to Ooodyaar Tira A 
‘ OO,; 0Am. Aba, 1387, 31, 131. 
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favorite materials for impregnation may be divided into inorganic (portland 
cement,** plaster of paris,** gypsum plaster" and diatomaceous earth") and organic 
(paper," molded paper pulp" and wood"). 

The method in general consists in mere immersion of the article in molten 
sulphur held at the proper temperature to give the desired impregnation and 
viscosity " Various materials, such as turpentine," may be added to the sulphur to 
alter its viscosity and increase impregnation, and pressure and vacuum applied 
alternately have been suggested to increase the penetration. Ellis," however, 
sprayed fiber board with an emulsion of sulphur, dried and pressed at about 150®C. 
Another method, which has been proposed, for incorporating sulphur into fibrous 
materials is to saturate the material with sodium-polysulphide solution followed by 
acidifying. This precipitates the sulphur throughout the mass and the process is 
finished by hot pressing." 

The chewing gum named “Chex’' consists of sulphur mixed with a vinyl resin 
as base.” A paste of dextrin and selenium (notably the gray form of the element) 
has been used as a fire-proofing agent in electrical insulation.” A mixture of 
sulphur, selenium, and paper or cloth when pressed in molds and heated gives 
acid-resisting products.'” 

More extensive discussions of these applications of sulphur and the properties 
of the resulting materials are given by Kobbe,*” Wilkinson,” Bates" and Moll." 
The use of sulphur for impregnating wood to resist decay and insect attack is de¬ 
scribed by Bresser" and English." A colloidal dispersion of sulphur in a dextrin 
solution with a Ph of 7.6 has been reconunended as a therapeutic agent for in¬ 
travenous injection." 


** 8. D. CSMtle, U. 8. P. 343,944, June 15, 1886, to Charles E. Williams and E. W. Dewhirst. A. G. 
Betts, U. 8. P. 918,649, April 20, 1909; Chem. A6«., 1909, 3, 1727. R. F. Bacon, W. H. Kobbe and P. H. 
Bascom, U. 8. P. 1,561,767, Nov. 17, 1925, to Texas Gulf Sulphur Co.; Chem. Aba., 1926, 20, 272. W. H. 
Kobbe, U. 8. P. 1,594,417, Aug. 3. 1926, to Texas Gulf 8ulphur Co.; Chem. Aba, 1926, 20, 3224. 

•*W. H, Kobbe, U. 8. P. 1,689,394, Oct. 30, 1928, to Texas Gulf 8ulphur Co.; Chem. Aba., 1929, 23, 
258. 

••J. W. Emerson, U. 8. P. 1,470,260, Oct, 9, 1923; Chem. Aba., 1923, 17, 3913 W. H. Kobbe, U. 8. 

P. 1,693,715 and 1,693,716, Dec. 4, 1928, to Texas Gulf Sulphur Co.; Chem. Aba., 1929, 23, 949. 

•»W. H. Kobbe, U. 8. P. 1,551,573, Sept, 1, 1925, to Texas Gulf Sulphur Co.; Chem. Aba., 1925, 19, 
3355. 

«®C. F. Crehore, U. 8. P. 74,996, March 3, 1868. G. A. Richter, W. B. Van Arsdel and D. H. 
White, U. S. P. 1,396,060, Nov, 8, 1921, to Brown Co.; Chem. Aba., 1922, 16, 647. F. A. Burniugham, 
G. A. Richter, W. B. Van Arsdel and D. H. White (U. 8. P. 1,396,021, Nov. 8, 1922; Chem. Aba., 1922, 
16, 647) for the joint use of sulphur and phenol-aldehyde resms in waterproofing. J. W. Webb, U. 8. 

P. 1,512,729, Oct. 21, 1924 ; Chem. Aba., 1925, 19. 178. F. H. Coyne, U. 8. P. 1,537,752, May 12, 1925; 

Chem. Aba., 1925, 19, 2132. J. Knaggs (British P. 387,248, 1932, to Portals, Ltd.; Brit. Chem. Aba. B, 
1983, 302) treated paper, impregnated with casein and rubber lateg, with formaldehyde and sulphur to 
get a waterproof sheet. 

•» J. Gray and C. H, Case, U. 8. P. 589,256, Aug. 31. 1897. G. 8. Shailor and P. A. Cook, British P. 
240,038 and 240,039, 1924; Chem. Aba., 1926, 20, 2233. T. L. Allison and B. Brown, British P. 272,781, 
Dec. 16, 1926; Chem. Aba., 1928, 22. 1815. W. H. Kobbe, U. 8. P. 1,647,528, Nov. 1, 1927; Chem. Aba., 
1928, 22, 307. M. M. Frost, U. 8. P. 1,726,818, Sept. 8, 1929; Chem. Aba., 1929, 23v 5283. J. Camie 
(U. 8. P. 1,843,943, Feb. 9, 1932, to Mechanical Rubber Co.; Chem. Aba., 1932, 26, 2057) mixed fiber 
pulp with rosin sise and sulphur, and added alum. Boards made from this material were waterproof. 

wW. H. Kobbe, V. 8. P. 1,599,135, Sept. 7, 1925, to Texas Gulf Sulphur Co.; Chem. Aha., 1926, 20, 
3552. 

^1. L. Roberts (U. 8. P. 921,000, May 11, 1909; Chem. Aba., 1909, 3, 2220) has described an apparatus 
and procedure for unpregnatmg wood with sulphur. O. Minton (U. 8. P. 1,322,327, Nov. 18, 1919; 
/.8.C./., 1920, 39, 15A) has done the same for rolls of paper or felt. See Fig. 158. 

^J. W. Emerson, loc. cit. See also J. Crespo (U. 8. P. 1,401,524, Dec. 27, 1921; Chem. Aba., 1922, 
16, 1018) and the work of M. Darrin previously described. 

no, H. ElUs, U. 8. P. 1,889,666, Jan. 5, 1932, to Insulite Co.; Brit. Chem. Aba. B, 1932, 1025. 
na, Leuchs and 0. Leachs, German P. 244,818, 1910; J.8.C.I., 1912, 31, 532. 

Private communication from G. J. Manion. 

^•E, C. (docker, V. S. P. Dec. 12, 1932, to A. D. Little, Inc.; Brit. Chem. Aba. B, 1933, 

864. 


*^Hun|mrian P. 101,471, 1930, to K4belgy4r, Ltd.; Chem. Aba., 1931, 2S, 2527. 

’•W, ft, Kobbe, Ind, Bhff. Chem., 1W4, 16, 1026; Eng. Newa^Rec., 1926, 96, 940; Chem. Abi*., 1926, 
20, 3791. 

»H. H. Wilkinson, Chem. Age (N. K.), 1924, 32, 140; Chem. Aha., 1924, 18, 1368. W. N. Wilkinson, 
ihUl., 1923, 3L 97. 

K. Safes, Ind. Ettg. Chem., 1926, 18, 809. 

Moll, KomaUm, 1928. 3, Ml Chem. Aba., tm» 22, 3508. 

A. Bresser. KgrroSmt ifewieAttfs. I^r3, 2^; Chem. Aba., 1928, 22, 868, 

‘ .. * * ^ 87, 127f Chem. Aba., 1919, 23, 3787. 


4*K/Rj!ki«Usb, M. 
J, P. Toriiiaii, U* 


1I89. , _ . . , . _ 

W, 13, 1184, to Dmr Prod. Co.; Chem, Abe., 1836, 20, 296. 



Chapter 58 
Sulphur-Olefin Resins 

The reaction of the halogen addition products of the lower olefin hydrocarbons, 
especially ethylene dichloride, with sulphide of the alkali and alkahne earth metals 
has been found to give resinous bodies. Some of these resemble rubber in being 
elastic and resistant to wear. To an extent they are even superior to rubber since 
they are not affected by many solvents nor by ozone. However, such plastics 
have one disadvantage, they contain an impurity with an unpleasant odor, but for 
some uses this is not necessarily a serious handicap. 

Theoretical Researches 

The olefin sulphides attracted considerable attention during the last century 
and, by 1850, two different forms of ethylene sulphide had been isolated. The first 
was a white amorphous solid, insoluble in the common solvents, and was obtained 
by Lowig and Weidmann^ through the reaction of alcoholic potassium sulphide on 
ethylene dichloride. Crafts® found that this compound distilled at 200®C., yield¬ 
ing a crystalline distillate having a composition corresponding to C,H 4 S. The 
latter sulphide was soluble in carbon disulphide, ether, alcohol and benzene. 
Husemann* synthesized the same substance by heating ethylene dibromide with 
ethylene trithiocarbonate (CJH 4 CS 8 ) at 150®C. Based on vapor density determi¬ 
nations, the double formula, (C 2 H 4 )aSa, was assigned to the crystalline compound. 
Corresponding methylene and propylene sulphides were also prepared. In 1886, 
Masson* studied these two forms of ethylene sulphide and showed that both could 
be isolated by steam distillation from the reaction products of either method of 
preparation. 

Meyer® converted the amorphous sulphide into the crystalline by prolonged 
boiling with phenol. The latter was removed at the end of the reaction by ex¬ 
traction with alkali. A new and permanently amorphous form of ethylene sul¬ 
phide was also obtained by boiling ethylene dibromide with concentrated aqueous 
potassium sulphide. In appearance and solubility this product resembled the 
other amorphous sulphide, but it differed in that it could not be converted into 
the crystalline dimer by boiling with phenol. It is probable that this material 
was among the first synthetic plastics, although it was years before the commercial 
possibilities of such bodies were realized. 

Monomeric ethylene sulphide is a liquid (b.p., 55-56^C.) which polymerizes 
easily. It is prepared by the action of sodium sulphide on chloroethyl thiocyanate and 
not by the interaction of an olefin halide and an alkali sulphide * The homologous 
a,iS.thiopropane and a,iS-thiobutane^ are reported as being more stable, whereas 

^Uwig and Wddmatm, PoggendorfM Ann., im, 4S. 81; 1840. 49. 188. 

*J. M. Crafts, Ann.. 1888. 124. llOi 1888. 12S. 18S{ 1888. 128. 880. 

•Husemaiin, Ann.. 1888, 188. 880. 

«0. Masson. /.C.S.. 1888, 49. 888. 

Mayer, nar.. 1888, 19. 88% /.CS., 1887, 82. 888. 

•M. Dalapine, Compt. rmd„ im, 171. 88; 1«0. U9. 0). 888. 

^M. Mepina and P. Jaffaux. Compf. rand.. 1981. 171. 188; 1981. 120 (1), l88. 

im 
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trimethylene sulphide* and tetramethylethylene sulphide* are polymerized by strong 
acids. These monomeric compounds have all been formulated as containing ring 
structures. 


CHr- 


-CH, 




V 

ethylene evlphtde 


CHj-CH~-C2H6 



S 

a, ^ihiobutane 


CH« CH, 



tetramethylethylene aiUphide 


Compounds of structure similar to the dimeric ethyleae sulphide have been 
prepared by Tucker and Reid“ through the action of olefin dihalides on 1,2- 
edianedithiol. Both monomeric disulphides and polymeric amorphous materials, 
were isolated. The following formulas were assigned to the two types of com¬ 
pounds: 


H,C— 

diexdphids 


IliC—S—[—(CHj) n—S—(CHa)s—S—1,^ 

(CH,)„ 

HaC--S—H(CHa) U 

polymer 


Other investigators have also obtained related products. For example, penta- 
methylene tetrasulphide, 


in, 

^—CHi—CHs—9 

has been isolated by Chakravarti and Saha^ from the reaction product of 1,2- 
ethanedithiol on dichloroacetic acid. Thiols of the type, H8—(—CaHan—S—) 
—CnH«—SH, have been found as by-products in the synthesis of olefin dithiols from 
defin halides and alcoholic potassium acid sulphide.^ Oxidation of p-benzenedithiol 
with ferric chloride gives an amorphous polymer which, when heated with copper, 
yields the dimeric compound, (C«H 4 )*S,.“ Morgan and Burstall^ have prepared 
seleno compounds analogous to the olefin sulphides. 

As some of the commercial sulphur resins are polysulphides, Thomas and 
Riding’s work on the alkyl polysulphides should be considered. Ethyl bromide 
reacts with sodium tetrasulphide, yielding a mixture of diethyl disulphide and 
diethyl pentasulphide. Potassium pentasulphide, on the other hand, gives prac¬ 
tically pure diethyl pentasulphide, (CfHe)A, wWch is a nonvolatile oil.*® 


Preparation of Olefin-Sulphide Resins 


The defin-sulphide resins have been studied by Baer and by Patrick and 
Mnookin.** The former prepared tough, rubber-l^e masses by the action of 
sulphur and alkali sulphides on olefin halides ” These plastics can be molded and 


^ E. W* Uoft md M. W. Oomi. Ind. Sng, Chem,, 1983, 35, 585. 

•M. A. Yotttf and P. P. P«ri^, Jf.A.CJS., 1989, 51, 8558. 

B. tuokw and E. K. Raid, /.A.C.S., 1988, 55, h5. 

C. Chakravarti and il. M, Saha,, /. Indian Chem, 8oc*t 1998, 5, 458; Cham, Abt„ 

R. Maadow and B. B. Raid, /.A,CJS., 1984, 56, 8177. ' ^ 

» V. C. Parakh and P. C. Ouha, /, If^ian Chem. See., 1984, 11, 95 ; JSfrit. Chem. Abt. A, 1984,'558. 
14 0. T. MofSM a^ p. K. B«ataU, im 1497; 1981, 178. ' * ^ 


1989) 38. 97. 


»A a Hioisaa aad R. W. 

»Tlitircikol Patrick sod 

“ - - 

18M57 u . 

ParbaaiaiiA 


. ;.C.a, 1988, 128, 8871? 1984, 135, 8460. 
It taken up latar in Uia chapter^ 


Swlaa P. 187,540. 188A05, 118.509, 
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vulcanized by the same apparatus as is used with natural rubber. Employment 
of dilute ammonium sulphide as the sulphur-containing reagent resulted in wax¬ 
like bodies. Formaldehyde also could be included in the latter reaction, resulting 
in materials which were reported to be harder than beeswax.” According to 
Baer,” the proportion of olefin halide determines the elasticity of the product, 
whereas he finds that the solubility in carbon disulphide is determined by the 
sulphur compound used. 

Baer did not state whether the resins thus prepared were made through use 
of the mono- or the polysulphide. In the following cases, the polysulphides are 
reported to be useful. The rubber-like polymers formed from oleto halides and 
alkali polysulphides,” when heated with an equal weight of raw rapeseed oil, give 



Courietu Baer 

Fia. 160.—Crude Product from Ethylene Diehloride and Polysulphide. 


a factioe which is soluble in benzene, chloroform and ethylene chloride.** Not only 
the simple olefin halides, but also such compounds as isoprene dibromide can be 
used to form these rubber*like substances.** Thus, 6 parts of isoprene dibromide 
were heated with 150 parts of calcium polysulphide solution for 1 hour at 80*C. 
The product was tough, rich in sulphur and difficultly soluble in many orgamc sol¬ 
vents. Further, when the condensation product of ethylene chloride and an idkali 


MJ. Ba«r. U. S. P. June t, ISIS; Chem, Abt., ItU, 27, 4M7.- Britub F. 300aM, 1U8; 

Srit. Chmt. Ab$. B, inO, IM. Swin P. Ut,IU, in7; CAem. Abt.. »», 2S, SSM. Ckwmu P. tW,7M, 
1228; CKm. Ab$., mt. 2& 122. 

»J. Bmt, Britidt P. 802,222, 1227, eddn. to 272,400, 1228; Brit. Chem. Abe. B, 1220, 222. AiMtrdien 

' »i*. Bmt, Surin P. 182,108. 182,810, 182411. 182,812, 122412; 182,814 end 182411. 1288. sddne. to 127,840, 
1288; <W Abe.. 1280, 84,8*. _ 

^ BJ. V. 8. imMt, Oet. 20. 1281; Chm, Abe., tm, Brim P. 418.017, 1288; 

Chem. 4U, 1210, 24, 1240. Swiee P. 1*484, 1«488. M2488 and 142487, 1028. nddOe. to 187.477, 1228 
(Chem, Abe.., 1280,24, 4*2^ Chem. Abe., IW, 2L 28* . 

^"J. Beef, U. 8. P. nwA, Aua. 18. 188^; dtSTAbi. 1$H, 27. 8217. Wthh P- 

Mt. Chem. Abe. £ 1281, 1^StrSi P. 142488. 1888; Chem- 4b?. 1281, 28, 2812. OeonM P. 828,121. 

1828; OMoi. 4bt., itfl. 21. 4M8. 
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polysulphide is dissolved in carbon disulphide and the solution emulsified with 
latex, the resulting pasty mass can be vulcanized in the cold ” 

Baer has also produced resins by heating tall oil‘^ with alkali polysulphides. 
The products are soluble in carbon disulphide^ chloroform and benzene. They 
can be used as a substitute for colophony, for caulking ships and in rubber com¬ 
positions." 

Olefin-polysulphide resins have also been prepared by Patrick and Mnookin." 
For example, sodium sulphide (750 g. of Na*S*9H*0) is dissolved in water and the 
solution boiled with sulphur (300 g.). This produces a solution which contains 
principally sodium tetrasulphide. The solution is then diluted with water until 
its specific gravity at 70®C. is approximately that of ethylene dichloride. The 
latter (500 cc.) is added and the mixture heated under a reflux condenser at 
70®C. A yellow rubbery solid separates which, can be purified by repeated boiling 
with water. A solution of calcium tetrasulphide (prepared by saturating with 
sulphur a slurry of lime at its boiling point) can be reacted in similar manner with 
the halogen-addition products of the olefins derived from cracked petroleum gases. 
The resulting material was stated to resemble ethylene polysulphide and could 
be made tougher and less odorous by the incorporation of an insoluble metallic 
soap." 

These resins resembled soft rubber and could be worked, molded and rolled 
into sheets at 130-140®C. They were only slightly soluble in organic solvents 
with the possible exception of carbon disulphide, ^en halides of olefins higher 
in the series than ethylene are used the products are less solid and elastic. Em¬ 
ployment of metallic sulphides containing smaller proportions of sulphur results 
in harder bodies. With ethylene chloride, sodium acid sulphide yields a white, 
brittle, odorless material; polysulphides ranging from NaaSi.« to about NasSs-fs give 
what Patrick terms a '‘hard plastic” whereas a ‘^soft plastic” is formed by com¬ 
pounds with higher sulphur content. The resins harden with age but can be 
stabilized by heating at about 140®C. for an hour." Patrick" suggested that these 
bodies be mixed with fillers, pigments and accelerators and used in the vulcani¬ 
zation of rubber. A t 3 rpical mixture was: 


Soft ethylene-TOlysulphide plastic (83% sulphur).39.8 parts 

Pale crepe rubber.39.8 

Zinc oxide. 16.0 

Hardwood pitch. 4.0 

Isopropyl-xanthogenate tetrasulphide. 0.4 


Although no sulphur was included in the compositions mentioned above, it can 
be employed in admixture with equal weights of rubber and defin polysulphide to 
produce a body resembling soft vulcanized rubber. The latter does not show any 
sulphur bloom even though its content of this element is quite high." 


»J. Bmt, U. S. P. 1.369.734, Aug. 3, 1982; Chem, Ab«.. 1982, 26. 6458. British P. 345.175. 1929; 

Chem. Aha.. 1983. 27, 442. French P. 697,641. 1930; Chem. Aha.. 1981, 2S. 8199. Qerroan P. 598,017. 

1984; Chm. Aha.. 1984, 28. 8272. 

** For a dMoriptfiin of tall oil ate Chapter M. 

oj. Baer, U. S. P. l,W7,3aO, May i, IMS; Chmn: Ab$., 1W8, 27, 8e». Britlah P. 845,m, ItM; 

CAem. Abt., 1922, 26, 611. French P. 692,161, 1920; Chtm. Abt., 1921, 2S, 2502. Oennta P. 541,502, 

1929; Ch*m, Ab$., IW, 26, 2610. 

*J. a. Patrick, V. S. P. 1,890,191, Dae. 0, 1982; Chem. Abt., 1982, 27, 1724. J. a Patriik and K. 
H^Mboo^ Brittak P: MMJTO, 1927; Chetn. Abt., 1929, 22, 4807. French P. 659,114, 1928; CAem. Abt., 

***®ir^O^trlok, U. S. P. 1,996.426, Am, 2, 1925. 

■N. M., Mnookin, U. S. P. 1,2M,4», Aptfl 19, 1982, one-half to J. C. Patrick; Chtm. Mt., 1982, 
2^2212., N. M. Manoldn, Britiah P. 856,456, 1920; BrU. Chem, dh*. B, 1921, 769. Oeiuan P. 522dn, 
1922; Chtm. Abt,, 1924, 26, 271. 

«*2. a,PMrfek, V, 8. P. 1454422. A^) 19. 1912, one-hdf tb N. M. Mnookin; Chm. Abt., 1922, 
26. 2461 . J. C. PntyidL Britiab P. lM,m, iWs Chem. Abt., 1922, 27. 456. Fr«ioh P. 691,T«, 1910; 
Chm. 1681. 2$^ 1411 

era Wo Mnooki^tle 8c Pa 1, 886111, DgCe 6. 18881 Ohm 1881, 27, 1784. 

mom 18661 Chmt Aha., 18^, 37» 448. 4. O, Pnlrick, OmdiMi P. 886.^, lofa; Chem. 

Ah#., 1881^ S9r 8861, 
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Another product of a similar nature was prepared by producing the polymer 
in the presence of a dispersing agent. The procedure gave a latex which could 
be coag^ted in the presence of the constituents of the final compounded rubber^ 
or it could be used to impregnate fabrics. The dispersing agent recommended 
was precipitated magnesium hydroxide, but others such as gelatin, glue and pep¬ 
tized starch were mentioned as possibilities.*^ Thus, 60 cc. of a sodium hydroxide 
solution containing 290 g. of sodium hydroxide per 1. and 100 cc. of a solution 
of magnesium chloride containing 172 g. per 1. were added to 1000 cc. of calcium 
polysulphide solution. The latter contained a polysulphide of the empirical formula 
CaS 4 .T and had a specific gravity of 1.272. A semi-gelatinous dispersion of mag¬ 
nesium hydroxide resulted. Then 167 cc. of ethylene dichloride were added in 
small portions, keeping the temperature down to 66-80®C. until all of the halide 



was added. At the end of the reaction the temperature was raised to 80-88®C. 
until the odor of the halide had disappeared. The olefin-polysulphide plastic formed 
in this reaction mixture was a latex-like dispersion which settled to the bottom of 
the container. The supernatant liquid was decanted and the latex washed by 
decantation until soluble salts were removed. 

Olefin-polysulphide resins are improved by hot curing. Patrick* has reported 
that the hot cure can be controlled by adding chlorinated rubber (15 per cent 
chlorine), chloroprene or metallic halides so that the final product is more resistant 
to solvent action. It has been found by Ellis* that the defin sulphide resins are 
greatly improved by forming them in the presence of the substances produced by 
the action of sulphur monochloride on phenols. The dasticity was considerably 
increased and the mixed resin was less liable to crumble during milling. 


nj. 0. Patrick. U. 6. P. im744. Mar. IS. ISM; Chmu. itSi.. ISN. 
19.S07, June IS. ISM; CW 1S<4. 38, 4348. BriUrii F. Md 


1988. 36. 4981; CHm. A6t.. 19M, 37, 3899. CknaiUiii F. 119.4 
Frmh k 709439, 19|0, and 719 Jll, 1981; Chm, 1981, i 


8141. tr. s. 

999.997. 19M; Chm. aSc., 




Chm, Ab$., 1084. 38. UM. Saa alio Qaimaa P. 991.999, t9Ut ClUii. 48a. 1984, 3% 7444. 

^ f ;r. C. Patrick. U. a P. imooo. 4funa 13. 18N| Chm m. 38.^ U. 




Mm. (, imi Cl 
MCMeton BUk, 0. 


I Chum, Ah*.i lU., 
“ fl. P, 


M, list, to Od.; Chum. ito.. ItM, V, m. 
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Previous to reaction with an olefin halide, the alkali sulphide solution may 
be stabilized by refluxing for 15-20 hours. Further modifications include the 
employment of a water-miscible alcohol and freshly slaked lime. The former 
increases the solubility of the halide whereas the latter hardens the product. 
Thus, a hard thermoplastic material is formed by adding 40 g. of freshly slaked 
lime (in 200 cc. of water) to 177 g. of sodium polysulphide (NaaSa.®) in 1 1. of 
water. The mixture is thoroughly agitated, about 180 cc. of ethyl alcohol are 
added, followed by 180 cc. of ethylene dichloride at such a rate that the tem¬ 
perature does not rise above 63® C. The product is greenish blue and coarsely 
granular. It is washed with water and then with 0.5 N acid to remove inorganic 
salts. In washing, the material also loses its color. After drying to constant 
weight, it can be mixed with fillers and molded at 132-1B3®C.“ If one part of 
"hard plastic'' is heated with up to 10 parts of sulphur at 127-132®C. for 3-4 
days, a tough, strong, rubber-like material is produced. The color is greenish 
yellow and no tendency to become crystalline is exhibited.” 


Properties and Uses of the Olefin-Polybulphide Resins 

The olefin-polysulphide resins resemble rubber fairly closely in physical prop¬ 
erties and therefore have been suggested as substitutes for it.” It should be noted 
that such products are oil-resistant and this is the main incentive which has led 
to their study and use.” A typical formula for compounding Thiokol A is the 
following: 


Thiokol A .100 parts 

Diphenyl^anidine.. . 0.25 

Tetrametnylthiuram disulphide . . .». 0.10 

Rubber. 5. 

Zinc oxide. . 10. 

Carbon black. 25. 

Stearic acid. 0.50 


In this composition, the diphenylguanidine acts as a softener in the earlier part 
of the mixing, enabling the rest of the ingredients to be added without getting 
the material overheated. The latter condition is to be avoided as otherwise the odor 
will be unduly strong. As the other ingredients, especially the stearic acid, carbon 
black and zinc oxide, are added the mass becomes stiffer. To avoid too great 
a stiffening, the tetramethylthiuram disulphide is added. It does not act fast 
enough on Thiokol A to be used as an initial softener, but it differs from diphenyl¬ 
guanidine in that the presence of acids and carbon black does not interfere with 
its plasticizing action. The rubber is added to decrease the cold flow, to in- 


•♦J. C. Patrick, U. S. P. 1,928,302, Aug. 22. 1933, and 1,990,202, Feb. 5, 1935; Chem, Abs., 1933, 27. 
5160; 1985, 29. 1903 British P 354.310. 354,394, 360.890. 1930; Brit. Chem. Abs. B. 1031, 936; 1932, 236. 
Cbnadian P. 320,090 and 320,092. 1932; Chem. Abs., 1932, 26, 2621. German P. 554,112 and 554,897, 
1930; Chem. Abs.. 1932, 26, 5183, 6080. 

»J. C. Patrick, U. S. P. 1,990,203, Feb. 5. 1935: Chem. Abs., 1935, 29. 1908. 

••N. ZeUnskh, Y. Denisenko, M. Eventova and S. Khromov, /. Rubber Ind. (U. S. 8. R.), 1930, 10, 
45; Chem. Abs., 1983, 27, 6016. R. Pummerer, Angew. Chem., 1984, 47, 209; Chem. Abs., 1934, 28. 4267. 
The olefin polysuiphides are made under the two trade names “Ethanite" (Wilfred Smith, Ltd., London) 
and “Thiokol A,“ A booklet published by the Thiokol Corp., Yardville, N. J., and dated June, 1984, 
applies the name “Thiokol A“ to the olefin polysuiphides previously known simply as “Thiokol." For 
use of “Thiorubber'* in ipanufactunng see: E, Chemikov and A. Gstrerov, /. Rubber Ind. (U. 8. 8. R.), 
lOM, 11, 2W; Chem. Abs., 1985, 29, 2889. For other reviews see L. Borodulin. J. Rubber Ind. 
(U. 8. 8. R.), 1934, 11, 198; Chem. Abs., 1935, 29. 2779. M. Tartakovsldi, Kothev.-Obuv. Prom. 
V. 8. 8. R.; 1938, 12, 624; Chem. Abs., 1935, 29, 2779. 

•^W. J. 8. Naunton, M. Jones and W. F. Smith, Trans. Inst. Rubber Ind., 1933, 9, 169; Chem. Abs., 
1964, 28, 2569. Bntish Plastics, 1988, 4, 440; 1985. 6, 396. J.8.C.I., 1932, 51. 694; 1935, 54, 91T. A. H. 
Smith, Kautschuk, 1988, 9, 185; Chem. Abs., 1984, 28, 5713. Cf. J. Baer, ibid., 1934, 10, 55 and reply 
by A. H. Smith, ibid., 1934, 10, 55; Chem. Abs., 1984, 28, 4628, as to priority in the manufacture of 
these oil-resistant substances. 
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crease the flexibility at low temperatures and to improve the molding properties. 
The zinc oxide assists in the heat cure of the product after fashioning, whereas 
the carbon black increases the strength and further decreases the cold flow. 
Finally, the stearic acid is added as a mold lubricant. 

Such a mixture requires a cure of about 50 minutes at 142^]). to raise the 
tensile strength and to decrease the cold flow. It will then resist .the swelling 
action of most liquids encountered in industry. Thus, gasoline, motor oil, fuel oil, 
carbon tetrachloride, Duco Thinner and turpentine cause no dimensional increase 
after two years^ immersion. Dilute acids do not harm Thiokol A. Even strong 



Courtesy Thiokol Corporation 

Firj. 161.—Mixing Thiokol in Vats. 


acetic acid causes no degradation, but oxidizing acids (nitric and chromic) attack 
the olefin polysulphides.*® Caustic alkali, but not sodium carbonate, hardens Thiokol 
A so that it will break on bending. Oxygen and ozone do not attack Thiokol 
A; samples which were exposed to the weather showed no signs of cracking. 
Kartzev and Verbo** stated that up to 5 per cent Thiokol in rubber mixtures 
used in automobile tires increased the tensile strength and resistance to wear of 
the vulcanizates. 

The principal disadvantage of the olefin polysulphides is their marked odor."® 
However, as has been previously noted, this has not prevented their being em¬ 
ployed for some purposes. Thus, asbestos impregnated with Thiokol A has 
been used to seal the joint around the edge of the floating roofs of oil tanks,*^ The 
seal has shown its ability to stand up against sunlight, weathering and sour crude 

“ Chem. Met Eng., 1932 , 39, 318 . 654. 

••V. N. Kartaev and P. P. Verbo, /. Rubber Ind, (t7. 8, 8. R:), 1934, 11, 202; Chem. Abt., 1935. 
29, 2890. 

^The odor is du« prineipally to ethylene mercaptan. N. D. Zelinsky, Ya. I. Denisenko, M. S. 
Eventova and S. I. Khromov, /. Rubber Ind. (U. 8. 8. R), 1984. 11, 111; Chem. Abi., 1984, 28, 7590. 

J. P. Bushnell, Rubber Age (JV. Y.), 1988, S3, 107; Chem. Abe., 1988, 27, 4127 
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oils. A number of applications employ Thiokol A as a protective coating for 
natural rubber. The latter furnishes the required elasticity, partially neutralizing 
the cold flow of the polysulphide. In this way gaskets"® for oil lines, rubber hose for 
handling petroleum distillates,"* and printers’ rollers and blankets"* have been 
made. Again, the olefin polysulphides have been used in the manufacture of in¬ 
sulated cables."* Although Thiokol A can be bonded to metal, it is not especially 
recommended for this. However, Thompson"* has succeeded in attaching it and 
other rubber-like materials to rigid surfaces by an intermediate layer of a phenol- 
formaldehyde condensation product. The latter and other types of synthetic resins 
have been formed in admixture with olefin polysulphides by dissolving the sul¬ 
phide in one component of the resin and then adding the other. 


Resins Related to the Olefin Sulphides 

Resins made from the dichlorohydrins of glycerol form a group closely related 
to the olefin sulphides. /3-Dichlorohydrin (2,3-dichloro-l-propanol) is the chloride 
of allyl alcohol; therefore the sulphides formed from it might be regarded as olefin 
derivatives. However, the a-compound (l,3-dichloro-2-propanol) cannot be con¬ 
sidered a derivative of an unsaturated alcohol. Nevertheless, both a- and /3-di- 
chlorohydrin are discussed here since they exhibit some similarities. 

In 1873, Claus** reported that a review of the earlier work of Carius"* on the 
formation of glycerol dichlorohydrm had confirmed the formation of sulphur-con¬ 
taining by-products. The method which these investigators used involved the 
reaction of sulphur monochloride on glycerol. 

C3Hft(OH)3 + 2 S 2 CI 2 CsHftChOH + SO 2 + 2HC1 + 3S 

A 62 per cei(t yield of purified product was obtained by Claus. This product 
possibly contained some /3-dichlorohydrm although it consisted principally of the 
a-compound. The latter has also been prepared in 70 per cent yields by passing 
gaseous hydrogen chloride into glycerol containing a small amount of acetic acid." 

Carius“ prepared thioglycerols by the action of potassium hydrogen sulphide on 
the above-mentioned chlorohydrins. The thioglycerols were viscous substances 
with disagreeable odors. They dissolved in alcohol and lost hydrogen sulphide on 
heating. Lilienfeld*® has studied these compounds and especially those formed 

H 2 CCI H 2 C- 1 

H(l;OH + NajS nioH S + 2NaCl 

Hjici -! 

«W. B. Damsel and W. C. Damsel, U, S. P 1,931,922, Oct. 24, 1933; Chem. Abs., 1934 , 28, 593 

"J. P Bushnell, Rubber Age (N. Y.), 1933 , 34. 15 

W. H. Stevens, India-Rubber J., 1933, 86, 691; Bnt. Chem. Aba. B, 1933, 1018. R. R. Lewi.s and 
A. J. Weiss, U. S. P. 1,846,810, Feb. 23, 1932, to Vulcan Proofing Co ; Chem. Aba., 1932, 26, 2582 
Bntish P. 387,811, Feb. 16, 1933; Chem. Aba., 1933, 27, 6910. See also U S. P. 1,971,044, Aug. 21, 1934, 
Chem Aba., 1934 , 28. 6260. J. P. Bushnell, Rubber Age (N. Y.), 1933 , 34, 118. 

<'-J. C. Patrick, Bntish P. 370,741, 1932; Chem. Aba., 1933, 27, 3543 W C. Hayman, British P. 
385,422, 1932, to British Thomson-Houston Co., Ltd.; Chem. Aba., 1933, 27, 4441. See also Chem Ind , 
1934 , 34, 444. For a report on the diffusion of water through various insulating materials, including 
Thiokol A, see D. B. Hermann, Rubber Age (N. K.), 1934, 36, 73; Chem Aba , 1935, 29, 1174. 

^ O. A. Thompson, U S. P. 1,931,309, Oct, 17, 1933, to B. F. Goodiich Co ; Chem. Aba., 1934, 28, 

374. British P. 388,776, 1933; Chem. Aba., 1933 , 27, 6909. 

«D. F. Twiss and A. E. T. Neale, British P. 420,386, 1933. to Dunlop Rubber Co., Ltd.; Brd. 
Chem. Aba. t, 1935, 711; See also French P. 774,370, 1934, to Soc. anon, des pneumatiques Dunlop, 
Chem. Aba., 1935, 29, 2261. 

«A. Claus, Ann., 1873, 168, 42; J.C.S., 1873, 26. 1120. 

«L. Carius, Ann.. 1862, 122, 73; 1862, 124, 221. 

German P. 197,308 and 197,309, 1906, to C. F. Bohringer A Sohne. J.8.C.I.. 1908. 27. 713. See also 

J. B. Conant and 0. R. Quayle, “Organic Syntheses,** John Wiley 4 Sons, Inc., New York, 1922, II, 29. 

^L. Carius, loc. cit. 

«L. Liiienfeld, U. S P. 1,018.329, Feb. 20, 1912; J.S.C.I., 1912, 31, 302. British P. 26,928, 1910, and 
25,246, 1911; J.8.C.I., 1912, 31, 122, 786. French P. 426,088, 1911; J.S.C.I., 1912, 31, 329. 
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by the action of inorganic sulphides on glycerol dichlorohydrin. He believed the 
reaction to be as indicated in the preceding equation. The cyclic sulphide poly¬ 
merized with the formation of a disulphide, 

H2C-S-CH.> 

H(*:OH 

HsC-S-(^Hj 

The i3-dichlorohydrin of glycerol gave analogous products. The original material 
obtained from the reaction was a viscous fluid. Heat transformed this liquid 
into a solid, pliable, elastic mass, a conversion which could be carried out in situ 
after impregnating fabric with the thioglycerol. Prolonged heating resulted in 
a horny body. Lilienfeld intended to use these products as substitutes for rub¬ 
ber or horn and in the manufacture of threads and adhesives. 

In his earlier work Lilienfeld used at least stoichiometric amounts of alkali sul¬ 
phides. Later, resins formed by employing less than the equivalent amount of sul¬ 
phide (or the corresponding selenium or tellurium compound) were reported as 
being possible reagents in organic synthesis, and he contemplated using them for 
medical purposes.“ Molded articles were made by incorporating urea-aldehyde 
resins into the thioglycerol compound.*^ 


Ki(3. 162 

Comparison of Thiokol and Rubber. On the 
left IS a Thiokol-sheathed electrical cord 
(Oilproof Okocord) and on the right a rubber- 
sheathed cord Both were immersed in gaso¬ 
line for 30 days. 


Courtesy Okontte Company 



A rayon thread which resembled wool was produced by spinning rayon into a 
dispersion of kieselguhr or clay. To the coagulating bath there was added 1,2- 
epithio-3-hydroxypropane (3-hydroxy-l,2-propylene sulphide) which acted as an ad¬ 
hesive." Blumfeldt" obtained a liquid condensation product, which was insoluble in 
water but soluble in alcohol, by treating epichlorohydrin (3-chloro-1,2-epoxy propane) 
with a solution of sodium sulphide. 

Egloff*” combined sulphur directly with the pressure distillate produced by 
cracking Californian petroleum. Five to 10 parts of sulphur were added to 90-95 
parts by weight of the oil and the mixture was refluxed at about 250®C. under a 
pressure of 50 pounds per square inch. The oil reacted with the sulphur and 
the lighter vapors escaped through the throttled outlet of the still. The reaction 
was completed in 6 hours or more, depending on the oil. A resinous pitch and 

Lilienfeld, British P. 385,980, 1933; Chem. Abi„ 1933, 27, 4246. French P. 758,359, 1934; 
Chem. Aba., 1934, 28, 3079. 

»*L. Lilienfeld, British P. 368,772, 1930; Chem. Aba,, 1983, 27, 2320. Austrian P. 133,507: Chem. 
Aba., 1933, 27, 4112. 

^British P. 384,440, 1931, to Deutsche Bekleidungsind. G.m.b.H.; Brit. Chem. Aba. B, 1933, 108. 

«A. £. Bluxnfeldt, Swiss P. 137,478, 1928: Chem. Aba., 1930, 24. 4426. 

®^G. Egloff, U. 8. P. 1,896,227, Peb. 7, 1988, to Universal Oil Products Co.; Chem. Aba., 1933, 27, 
2571. 
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some oil, which could be decanted, were formed. Sulphuryl chloride brought 
about a similar resinihcation. 

Amino and hydroxy compounds are formed when polychlorinated paraffins are 
heated with solutions of ammonia or caustic alkali, respectively. If the prod¬ 
ucts still contain chlorine or if they are unsaturated, they will react with sul¬ 
phur or metallic sulphides to form oils. For example heating hexachlorinated 
hard paraffin with alcoholic ammonia furnished nitrogenous bodies. Forty parts 
of this material were mixed with 200 parts of a saturated solution of hydrogen 
sulphide in 10 per cent alcoholic potassium hydroxide. The mixture was heated 
at 130-140°C. for 3 hours. The nitrogen-containing product possessed an average 
of one thiol group per molecule. It was free from chlorine and was more un¬ 
saturated than previous to sulphurization." Oxidation of the sulphidic bodies 
thus obtained yielded sulphonic acids which were said to be applicable in the 
textile and pharmaceutical industries.” 

Other Olefin-Sulphur Resins 

Sulphur dioxide adds to olefin hydrocarbons to form sulphones. The formulas 
that have been assigned by De Bruin and Staudinger” in the case of butadiene 
hydrocarbons are cyclic sulphones of the general type, 

—C=C— 

4 i- 

\ / 



Staudinger obtained these monomeric products by using such anticatalysts as 
pyrogallol and hydroquinone in order to prevent polymerization. Eigenbergpr® 
reported that he had obtained two isoprene sulphones of which the less soluble 
may have been a polymer. 

When the simple olefins are placed in a sealed tube with liquid sulphur dioxide, 
the oxide adds to the double bond, and a white, glassy solid results. The reaction 
does not take place in the dark, but is complete in a few days if the tube is ex¬ 
posed to sunlight. The products are soluble in chloroform and acetylene tetra¬ 
chloride. Matthews and Elder” stated that these resins may be employed as 
substitutes for celluloid or may be mixed with the latter material to reduce its 
inflammability. The heteropolymers of cyclohexene and cyclohexadiene with sul¬ 
phur dioxide have been prepared by Seyer and King.” The reaction with cyclo- 
hexene, but not with cyclohexadiene, occurred only in the presence of oxygen. 
Frederick, Cogan and Marvel” studied the condensation product of cyclohexene and 
sulphur dioxide. They demonstrated that it was a long chain of cyclohexylene 
radicals separated by sulphone groups. Acetylation showed that there was a 
hydroxyl group at the end of the chain. From the analysis of the chloroacetate 
and the cryoscopic determination of the molecular weights of the acetyl and 

"K. Keller, U. 8. P. 1,960,850, M»r. 18, 1934, to General Aniline Works, Inc.; Chem, Abs., 1984, 28, 
3430. British P. 360,993 and 361,356, 1930, to I. G. Farbenmd. A.-G ; Chem. Abt., 1983, 27, 1890. 

British P. 361,357, 1930, addn. to 360,993, 1930, to I. G. Farbenmd. A.-G.; Chem. Abt., 1933, 27, 
1890. French P. 704.691. 1930; Chem. Abi, 1931, 2S, 4555. 

•®G. de Bruin, Ver$lag Akad. WeteiiBckappen, 1914, 23, 445; Chem. Abs.. 1916, 9, 623. H. Staud¬ 
inger, French P. 698,857, 1930; Chem. Abs., 1931, 25, 3360. German P. 506,889, 1929; Chem. Abs., 1931, 
25, 522. £. Sauter, (Z. KHst., 1932, 83. 840; Chem. Abs., 1933, 27 , 2362) has studied the x-ray 

diffraction diagrams of the monomeric sulphones. 

«E. Eigenberger, J. prakt. Chem., 1980, 127, 807; 1931, 129, 312; Chem. Abs., 1931, 25, 276, 2969. 

^F. E. Matthews and H M. Elder, British P. 11,685, 1914; J.8C.I., 1915, 34, 670. 

••W. F. Seyer and E. G. King, J.A.C.S., 1938, 55, 8140. 

•* D. S. Fr^erick, H. D. Cogan and O. 8. Marvel, J.A.C.8., 1934, 56, 1815. 
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chloroacetyl derivativps in dioxane, tne molecular weight was couhidcred to be ap- 
projdmately 6000. That would correspond to a value of about 39 for “n” in 
the formula, 



The reaction between sulphur monochlonde and olefins*^ is strongly exothermic 
and often yields resinous materials. The addition of sulphur monochlonde to 
2,3-dimethylbutadiene, both in carbon disulphide, gave an oil after evaporation 
of the solvent in vacuo.^ Distillation of this oil yielded a solid polymer or de¬ 
composition product. Below 1(X)°C., bis(2-chloropropyl) sulphide can be obtained 
from propylene*^ and a similar compound has been prepared from commercial 
amylene. The formula, (CnHioClS)*, was assigned to the latter substance since, 
on reduction, it formed diamyl disulphide, C«Hi,—S—S—CsH,,* Above 100°C., 
both butylene and propylene are converted into black resms by sulphur chloride. 
l-Bromo-2,2'-dichlorodiethyl sulphide,*® bis(3-iodopropyl) sulphide"” and bis (chloro¬ 
acetyl) sulphide” all decompose on standing. In an attempt to compare the 
electronegativities of the two propyl radicals, von Braun and Murjahn” treated 
n-propyl-isopropyl sulphide with cyanogen bromide. Instead of the desired splitting 
into bromide and thiocyanate, the mass resinified. 

Twiss and Neale” refluxed ethylene dichloride with a solution of sodium thio¬ 
sulphate in aqueous alcohol. The product was acidified with acetic acid and heated 
with hydrogen peroxide, furnishing a rubber-like material. The latter was re¬ 
ported to increase the oil-resistance of rubber compositions. 


Aldehyde-Sulphur Resins 

The thioaldehydes are simply related to the normal aldehydes. In the thio 
compound, the oxygen atom of the aldehyde group is replaced by a sulphur atom, 
giving substances of the general formula, RCHS. A polymer of the simplest mem¬ 
ber of the series, thioformaldehyde, was described by Fromm and Soffner.” This 
compound (m.p., 216®C.) was furnished by the reaction of hydrogen sulphide 

•*Thi8 reaction may be applied to the deteinunatum of olefui hydi-ocarbons. W. F. Faragher, 
J. C. Morrell and 1. M Levine, Ind E/ip Chem , Anal. Ed , 1930, 2. 18 

A. D. Macallutn and G. S. Whitby, Trans. Roy.. Soc. Can., 1928, 22, 33, Chem. Abs , 1928, 22, 

2079 

«TW. J. Pope and J. L B. Smith, JCS, 1921, 119. 397. See nl.^o S Cotfey, J.CS, 1921. 119, 94 
Difficulty has been encounteied in piepaimg the I’^omenc bis(3-chloi(>piopvl) sulphide by replacement 
of hydroxyl groups in bi8(3-hydroxypropvl) sulphnle Noiicr\stallme masses ueie fonned by phos¬ 
phorus trichloride and the other u^uttl reagents. G. M Bennett and A. L. Hock, J C.S, 1925, 127, 
2673 

Guthrie, Ann., 1860, 113, 270; 1862, 121, 115; F. Beilstein, "Handbuch der organischen Cliemie,” 
3rd Ed., L. Voss, Hamburg, 1893, I. 118, 365. 

«®W. E. Lawson and T. P. Dawson, J A C.S., 1927, 49, 3119. 

WE. V. BeU, G. M. Bennett and A. L. Hock, J.C.S,, 1927, 1803. Cf. E. Wedekind, Ber.. 1925, 58, 

2510; Brit. Chem. Abs. A. 1926, 146 

^F. Arndt and N Bekir. Ber, 1930, 63 , 2390; Chem. Abs , 1931, 25, 914. 

w J. V. Braun and R. Murjahn, Brr., 1026, 59, 1202; Bnt. Chem. Abs. A, 1926, 829 
^ WD. P. Twiss and A E. T. Neale, British P. 412,849, 1934, to Dunlop Rubber Co Ltd.; Chem. 

Abs., 1934 , 28, 7595. See also French P. 768,979, 1934, to Soc. anon, des pneumatiqura Dunlop; Chem 

Abs., 1935, 29. 522. 

w E. Fromm and M. Soffner, Ber., 1924, 57, 371; Chem. Abs., 1924, 18, 1983. Thioformaldehyde 
has been observed to condense with phenol to form a resinous body. G. Brunn, Austrian P. 100,564, 
1021; Brit. Chem. Abs. B, 1926, 890. 
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with formaldehyde and was probably a dithiol, HS—CHs—S—(CHa—S—)»— 
CHaSH. On treatment with hydrogen chloride, it gave another material which 
melted at 247®C. and which was believed to be polythioformaldehyde, (CH 2 S)„. 
The molecular weight of neither of the compounds was determined. Fromm and 
Soffner believed, however, that it was doubtful that the number of carbon atoms was 
equal to three.” 

Borgeson and Wilkinson” made a study of the reactions which take place 
when aldehydes are dissolved in liquid hydrogen sulphide. Benzaldehyde,^ p-tolu- 
aldehyde and cinnamaldehyde all yielded gelatinous products, the general reac¬ 
tion ^ing 


O 

R--C—H + H2S 


OH 

I 


s 

II 

R—O—H 4- H 2 O 


H 


A crystalline substance, on the other hand, was isolated in the case of furfural,” 
Further, it has been found that acetaldehyde with hydrogen sulphide in the 
presence of dilute hydrochloric acid forms monothioparaldehyde. This is con¬ 
verted into a-trithioacetaldehyde by 2N hydrochloric acid.” There are two 
trithioacetaldehydes, both of which are crystalline compounds. They are repre¬ 
sented by the following cis and trans formulas:” 


CH3 CHa 

I I 

HC-S-CH 


CHa CHa 

I I 

HC-S- CH 



and 


CH., 

I 


H 

1 


S-C- 

H 


S- C -S 

I 

CH3 


The thioaldehydes polymerize rather easily with the formation of resins. In 
fact, the monomeric thioaldehydes are relatively rare.®^ Renard®* prepared dithio- 
trioxymethylene as a hard, wax-like solid melting at 80-82°C. Delepine,” in 1888, 
observed the formation of a resinous substance m the reaction of ammonium sul¬ 
phide with formaldehyde. This material was assigned the formula, (CHa)BS8N!„ 
and the name pentamethylenediaminedisulphme. It is resistant to alkalies and 
has been employed in chloroform solution as a coating and impregnant.** It can also 
be used in molding compositions both as a binder and as a plasticizer for other 
resins.” Further, this sulphine and the related selenium compound” are stated to 
be vulcanization accelerators. 

C/. O. Hinsberg, J. vrakt. Chem,, 1933, 138, 207; Chem. Aba., 1934 , 28, 96. 

w R. W. Borgeson and J. A. Wilkinson, J.A.C.S., 1929 , 51, 1453. 

^ Polymeric selenobenzaldehydes have been obtained from the action of hydrogen selenide on 
benzuldehyde. L. Vanino and A. Schinner, /. prakt. Chem, 1915, 91, 116, Chem Aba., 1915, 9, 1609. 
L. Szperl and V. Viorogorsky, Roczniki Chem., 1932, 1,2, 270; Chem. Aba., 1933, 27 , 278. 

™R. E. Meints and J. A. Wilkinson, /.A.C.S , 1929, 51, 803. See also G. M. Quam, J.A.C 8., 1925, 
47, 103. 

T»E. Muller and G. Schiller, /. prakt. Chem., 1927, 116, 175; Chem. Aha., 1927, 21, 2872. 

«>E. Fromm and L. Engler, Ber., 1925, 58, 1916; Chem. Aba., 1926, 20, 578. E. V. Bell, G. M. 
Bennett and F. G. Mann, J.C.8., 1929, 1462. See also S. V. Lebedev and M. Platonov, Ber., 1926, 
59, 762; Chem. Aba., 1926, 20, 2657. 

^ A. Schonberg (Ber., 1929, 62, 195; Chem. Aha., 1929, 23, 2708) reports that, m the thioketone series, 
the same changes in constitution which increase the tendency of free methyls to polymerize also increase 
the tendency of the thioketones to do the same. Cf the dimeric oxides and sulphides obtained in the 
autoxidation of thiobenzophenone, H. Staudinger and H. Freudenberger, Ber., 1928, 61, 1836; Chem. Aba., 
1929 23 130. ' 

«a’. Reiiard, Ann. chim. phya., 1879 (5), 17, 307. Compt. rend., 1876, 82, 562; J.C.S., 1876, 30, 64. 

*»M. Delepine, Ann. chim. phya., 1898 (7), 15, 570; J.C.8., 1899, 76 (1), 410. 

M German P. 246,038, 1910, to S. Diesser; J.8.C.J., 1912, 31, 595. 

**M. Landecker, U. S. P. 1,991,398, Feb. 19, 1935, to American Ovanamid Co.; Chem. Aha., 1935, 
29, 2263. British P. 358,089, to Thomas A Co., G.m.b.H.; Chem. Aba., 1932, 26, 6184. See also A. 
Machado, Rev. chim. pura appltcado, 1928, 3, 129; Chem. Aba., 1931, 25, 5140. 

»P. Scholts. Gennan P. 540.631, 1927, to Metallgesellschaft A.-G.; Chem. Aba., 1932, 26, 2348. 
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Products similar to that produced by Delepine have been studied by Levi.*^ 
Substituted thialdines were obtained by the reactions of amine sulphides with 
formaldehyde. For example, aniline” condensed with formaldehyde and hydrogen 
sulphide in the following manner: 

CeHs 

I 

H2C— 

2CeH6NH2 + 3 CH 2 O + HiS I I -fSHtO 

C«Hs—N—CH2S 

The same investigator also isolated substituted ammonium salts of thioacids” 
and polysulphides of substituted thiurams” and of aryl isothiocyanates®^ as non¬ 
crystalline pitches. 

Rubber-like materials have been made by the condensation of formaldehyde 
with solutions of alkali polysulphides. The resins formed could be milled, com¬ 
pounded, molded and vulcanized in the same manner as rubber.®* The olefin- 
sulphide resins mentioned earlier in this chapter were also suggested as possible 
ingredients in aldehyde-polysulphide compositions. Patrick^ replaced the alde¬ 
hyde used in making the latter type of resin with hexamethylenetetramine or 
polymerized formaldehyde. The mixed aldehydes produced by oxidation of the 
gases formed in petroleum cracking have also been proposed.®* In one example, 
the aldehydic mixture contained approximately 27 per cent formaldehyde, 3 per 
cent acetaldehyde and a considerable proportion of methanol and small quanti¬ 
ties of higher aldehydes and acids. A sodium polysulphide solution was prepared 
by heating 40 g. of sodium hydroxide with 96 g. of sulphur and 150 g. of water. 
One hundred seventy g. of the mixed aldehydes were added to the polysulphide 
solution, and heat was applied to raise the temperature to the bubbling point. 
The mass was kept at incipient boiling for 4 hours and was then allowed to 
stand over night. The product after drying was a clear, soft, brownish resin. A 
variation of the procedure was to add an olefin halide to the aldehyde before re¬ 
acting it with the polysulphide. A further modification of thioaldehyde resins 
is to incorporate a sulphur-phenol resin into polymethylene sulphide.®® 

Bruins” has prepared polythiofurfural in the following manner: A 3 per cent 
solution of furfural in water was treated with hydrogen sulphide for 3 hours at 
50°C. The emulsion that resulted was coagulated by adding a small amount of 
hydrochloric acid, producing a rubber-like mass. When furfural is boiled with 
a solution of sodium polysulphide, a sticky material is formed which becomes 
firmer and more elastic on washing.*" A further resinification of furfural is that 
which is effected by sulphur chloride. However, the resulting body is probably 
not a true thioaldehyde, since sulphuric and phosphoric acids are also said to 
produce the same substance.®* 

Dithiofuroic acid and its salts are said to be vulcanization accelerators. The 
acid has been prepared through the reaction of furfural and sulphuric acid on 

«T. Q. Levi, Atti, accad, Lincet, 1929, 9, 799; Chei». Ab«.. 1929, 23, 5170. 

Methyl amine, hydrogen sulphide and fonnaldehyde react to form 3>niethyl-l,3<thiacetauine, 
CH8-N< (CHa )2 >S. C. G. LeFevre and R. J. LeFevre, /.C.S., 1932, 1142. 

G. Levi, Q<u 2 . chtm. ttal, 1931, 61, 665, 803; Chem, Abs., 1932, 26, 1250, 1902. 

•T. G. Levi, Omz. chim. xtal, 1931, 61, 873; Chew. Abt„ 1932, 26, 116. 

«T. G. Levi, Qazt. chim. ttal., 1931, 61, 619; Chem. Abe., 1932, 26, 702. 

MJ. Baer, British P. 298,889, 1928; Brit. Chem. Abs. B, 1929, 652. Swiss P. 132,322, 1927; Chem. 
Abs., 1929, 23. 5062. German P. 530,163, 1928; Chem. Ab*., 1931, 25, 5311. 

“J. C. Patrick, Canadian P. 336,p70, 1933; Chem.'Aba., 1934, 28, 1823. 

•^Carleton Ellis, U. S. P. 1,964,725, July 8, 1934, to EUis-Foster Co.; Chem. Aba., 1934, 28, 5264. 

•“Carleton Ellis, U, S. P. 1,927,930, Sept. 26, 1933, to Elhs-Foster Co.; Chem. Aba., 1938, 27, 5907. 

“P. F. Bruins, /.A.C.S., 1929, 51, 1270. 

«J. C. Patrick, U. S. P. 1,996,487, Apr. 2, 1935. 

** L. T. Richardson, U. S. P. 1,682,984, Sept. 4, 1928, to 'Cutler-Hammer Mfg. Co.; Chem. Aba,, 
1928, 22, 8999. 
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aqueous sodium sulphide and suli)hurT Staudinger and Reichstein'"® allowed an 
alcoholic solution of furfural and ammonium acid sulphide to stand for several 
hours. When the initially formed bis (furylinethyl) disulphide was reduced, a 
■small amount of resin was produced along with furylmethylthiol. 

A viscous material results when rubber latex to which soluble sulphides or col¬ 
loidal sulphur have been added is treated with aldehydes. The latter may either 
l>e m solution or in the vapor form. The product i.‘>' vulcanized after shaping.^®^ 
\ similar comjiosition, containing rubber latex, starch, .sodiinri carbonate, a soluble 
metallic polysuliiliide and formaldehyde, has been iiseil to lender j)ai)er water- and 
grease-proof.'*'- 

A tanning agent has been made by condensing sulphonated cresol with the 
reaction product of urea, formaldehyde and ammonium sulphide. The final mate¬ 
rial had a Ph of about Urea condenses with thioaldehydes to form an “arti¬ 
ficial albumin” from which molded objects have been made. Thus, an aqueous 
solution of ammonium sulphide (containing 20 g. of the dry salt) was poured 
on 1(X) g. of urea. The latter rapidly dissolved and 250 cc. of 40 per cent formal¬ 
dehyde were added. A quiet reaction took place on heating, resulting in a syrup 
which, if the water was further evaporated, solidified on cooling to a glass-clear 
jellyIn this case the sulphine syrup was soluble in water, but if larger 
proportions of formaldehyde were used the products were insoluble.'*'® The latter 
bodies were liquids and did not solidify on standing. However, they were con¬ 
verted by acid anhydrides into clear, highly refractive solids which were further 
hardened by contact with warm air. The .soluble type of product was rendered 
insoluble by evaporation or hy coagulation with acids and alkalies. It was 
also produced in the cold by allowing the mixture to stand until a crystalline 
paste resulted. Contact with metals, especially aluminum, facilitated this con¬ 
version. In place of urea, its derivatives and analogues, e.g., guanidine and di- 
cyanodiamide were also used.'*'® Related plastic bodies have been made by con¬ 
densing urea in alkaline solution with an aldehyde and a polysiilphide, thiosulphate 
or polythionate.'®^ 

Hantzsch'*** reports that partial resinificatioii of acetonyl thiocyanate'** takes 
place when this substance is reacted with ammonia. An attempt has been made to 
determine the halogen in chloro- and bromoacetone by decomposing them with 
sodium sulphide and titrating the halogen. The method failed, the chief product 
being a resinous mass from which a little diacetonyl sulphide was isolated."® 

»G. J. Leuck, U. S. P. 1,756,158, April 29. 1930, to Quaker Oats Co , Chem. Abs., 1930, 24, 3022. 
Cf. the preparation of clithiobenzoic acid by the action of hyditigen peisulphide on benzaldehyde in the 
presence of zinc chloride, I Bloch, F. Hohn and G. Dugge, /. prakt. Chem., 1910, (2) 82, 473; 

1911, 100 (1), 46 1. Bloch and G Bugge, ibid , 1910, (2) 82, 512, J C S., 1911, 100 (1), 60. 

H. Staudinger and T. Reichstein, U. S P 1,715,795, June 4, 1929, to Int. Nahrung.s-<fe Genussmittel 
A.-G.; Chem. Abe., 1929 , 23, 3715. Canadian P. 283,765, 1928; Chem Abs., 1928, 22. 4537. 

Reitz, German P 453,899, 1923; Bnt. Chem. Abn. B, 1929, 566. 

10* A. Rudermnn, U. S. P 1,723,581, Aug. 6, 1929; Bnt. Chem. Abs. B, 1929, 811. 

German P. 562,826, 1930, to Soc anon. Progil; Chem. Abs., 1933, 27, 1231. 

British P 313,455, 1928, to Pfenning-Schumaoher-Werke GmbH.; Chem. Abs., 1930, 24, 1189. 
See also Fiench P. 767,899, 1934, to DuPont Viscoloid Co.; Chem. Abs., 1935, 29, 524. 

^08 British P. 366,009, 1929, addn. to 313,455, 1928, to Pfenning-Schumacher-Werke G.m.b H.; Chem. 
Abs., 1933. 27, 2002 

British P. 366,065, 1929, addn. to 313,455, 1928, to Pfenning-Schumacher-Werke G.m.b.H.; Chem. 
Abs., 1933, 27, 2002. 

*0^1. Kreidl, British P. 416,661, 1932; Brit Chem. Abs. B, 1934, 1022. 

^ A. Hantzsch and H. Schwaneberg, Ber , 1928, 61, 1776; Chem. Abs., 1929, 23, 101. See also A. 
Hantzsch, H. Schjjyedler and H. Schwaneberg, ibid, 1927, 60, 2537; Brit. Chem. Abs. A, 1928, 187. 

^00 See Chapter 31 for resins from ammomum thiocyanate and formaldehyde. 

^A J. P. Hoogeveen and M. P. J. M. Jansen, Rec. trav. chim., 1932, 51, 260; Chem. Abs., 1932, 
26. 2416. 



Chapter 59 

Sulphur-Phenol and Sulphur-Aniline Resins 

Sulphur and reagents furnishing it react with a wide variety of organic com¬ 
pounds. In the case of aromatic hydrocarbons many of the sulphur derivatives 
so obtained are dyes possessing high molecular weights and non-crystalline struc¬ 
tures.^ On the other hand, phenol forms resinous products not exhibiting the prop¬ 
erties of dyestuffs when treated with sulphur or its compounds.* Some of the 
phenol-sulphur bodies have been adapted for molding while others serve as 
mordants and tanning agents. In spite of their complexity, an insight as to the 
constitution of these resins may be gained by a consideration of the simpler com¬ 
pounds isolated during the course of the sulphur-phenol reaction. 

Phenol-Sulphur Halide Resins 

In 1887, Tassinari* reported that the violence of the reaction between phenol 
and sulphur dichlonde made it necessary to dilute the reactants with carbon disul¬ 
phide and to admix them slowly while cooling. After each addition of sulphur 
dichloride, the mixture became black but decolorized on standing. A compound, 
proved to be bis(p-hydroxyphenyl) sulphide, and a resin were isolated from the 
reaction products. The sulphide was accounted for by representing (empirically) 
the course of interaction as: 

2C«H60H-f SCI, —> S(CeH40H), + 2HC1 

Tassinari concluded that hydrogen was not eliminated from the benzene nucleus 
inasmuch as acetylated phenol would not react with sulphur dichloride. Hence, he 
postulated the formation and rearrangement of an unstable intennediate, (C«H*0),S. 
Tassinari also believed the resin to be of the general structure: 


OH OH 



for on reduction with hydrogen, it was converted to the corresponding hydroxy 
thioether, 

OH OH 

' A. Wahl, “The Manufacture of Ornnic Dyeatuffs/’ Transl. by F. W. Atack, G Bell A Sons, Ltd., 
London, 1914. O. Lange, “Die 8chwemfarb6toffe,“ 2nd. Ed., Leipsig, 1925. For the preparation of 
dyes from hydrocarbons and sulphur, see D. O. Palmer and S. J. Lloyd, J.A,C.S., 1930. 52, 3388. A 
review of the action of sulphur on different types of hydrocarbons is given by Carleton Ellis, “The 
Chemistry of Petroleum Denvatives/' Ohemichl Catalog Go., New York, 1934, 430. 

* German P. 108,897, 1896, to Farbenfabr. vorm. F. Bayer A Co.; Ch^ Zentr,, 1899, 2, 352. 

*G. Tasainari, Gom. ehim, M,, 1887, 17. 88, 90; 1887. 52. 807. 
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with the liberation of hydrogen sulphide. Resins were produced with other phenols 
(p-bromophenol, trichlorophenol and the cresols). /3-Naphthol showed more vio¬ 
lence in its reaction than a-naphthol. 

In view of the isolated intermediates, it is possible to consider the struc¬ 
ture of the phenol-sulphur halide resins as a union of hydroxypheny) radicals con¬ 
nected through sulphur atoms in the following manner: 


OH OH OH OH 



Union of phenol nuclei, through sulphur atoms, entirely at ortho positions is not 
precluded, however. Furthermore, as each of the phenol nuclei has unsubstituted 
positions (ortho or para), molecular enlargement may also occur by replacing 
further hydrogen atoms.* 

Preparation of Phenol-Sulphur Chloride Resins. Kuhn,® working in 
the author^s laboratory, prepared an alcohol-soluble sulphur resin from “meta- 
paracresor' (commercial cresol) and sulphur chloride. As this product may be 
regarded as typical of the general class of phenol-sulphur chloride resins, its 
preparation will be described in rather full detail. 

A good quality of ''metaparacresor' (1 part by weight) is diluted with an 
equal volume of toluene and stirred while 1.5 parts of sulphur chloride are added 
slowly. Hydrogen chloride is given off copiously, and the operation should there¬ 
fore be carried on under a hood or in an apparatus equipped with absorption 
media. Heat is evolved during the course of the reaction, and at the end the hot 
product is blown with air at about 150°C. This treatment removes the solvent 
(which can be recovered) and also tends to deodorize the resin. 

Removal of the odor is usually necessary, since the products contain traces 
of chlorophenols and other bodies possessing what would popularly be termed 
a ^'chemical smeir^ distasteful to non-chemists. At 150®C. the time required for 
the air-blowing is 15-30 minutes. A variant of this procedure involves blowing 
with steam at 120®C. and then baking in thin layers at 125®C. for several hours." 
The resin is thus hardened somewhat and thoroughly dried. The latter condition 
is desirable since otherwise solutions of the resin in alcohol and other organic 
solvents are prepared with difficulty. 

As the required initial materials when obtained commercially are not water- 
white, the resin produced by the action of sulphur chloride on phenols is likely 
to be colored. Moreover, more or less highly colored by-products are formed. 
Removal and avoidance of discoloration may be attained by the use of pure 
reagents, diluents and bleaching compounds. As a further precaution, the reac¬ 
tion vessels should be made of glass, enamelled iron or other substance incapable 
of contaminating the resin with a colored sulphide. Ellis and Meigs’ purified 
their reactants by redistillation and then decolorized with fuller's earth or bone 
black. Since some color always results even with refined phenol and sulphur 
chloride, a limited amount of diluent is added to moderate the reaction. Large 
proportions of diluent tend to decrease the hardness of the resin. Specifically, 300 
parts of phenol crystals are dissolved in 250 parts of benzene and a solution of 
sulphur monochloride (250 parts in 350 parts of benzene) is added slowly with 

«R. Lemer and O. Gad (Bar., 1928. 56. 968; Chem. Ahs., 1923. 17. 8181) observed that when the 
para position in a phenol is fiUM and one of the ortho positions has a negative substituent, no reaction 
takes place with tufphur mono- or dichloride. 

•X. E. Kuhn. U. S. P. 1,664.002. Dec. 1. 1926, to Carleton Ellis; Chem. Abt.. 1926. 20. 518. 

•Carleton EUis, U. 8. P. 1,557.619, Oct. IX 1925; Chem. Abi.» 1926. 20. 118. 

^Carleton Ellis and J. V. Meigs, U. 8. r. 1,756,818, Apr. 20, 19w, to Carleton Ellis; Chem. Ahu., 
1930, 24. 8092. 
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stirring. A creamy-white, bulky precipitate formed which yields, when dried 
and pressed, a white, waxy material soluble in alcohol, aqueous sodium hydroxide 
and hot sodium carbonate solutions. 

Water was found to be a satisfactory diluent by Ellis and Meigs.® It pre¬ 
vents excessive temperature rises, absorbs the hydrogen chloride formed (thus 
eliminating the necessity for external absorption apparatus) and seems to produce 
tougher resins than those given with other diluents. Sulphur monochloride (675 
g.) is slowly run into an emulsion of 500 g. of cresol (97 per cent tar acids) in 
2500 cc. of water and 300 g. of crushed ice. The resin precipitates as a yellow 
mass leaving a solution of hydrochloric acid as a by-product. After kneading with 
hot water, cooling, powdering and drying at 70-80°C., the solid material is largely 
soluble in alcohol, partly soluble in benzene or cold aqueous sodium hydroxide 
but dissolves completely in hot caustic soda solution. The resin, however, is un¬ 
stable to heat, and the acid (which tends to discolor the product) must be re¬ 
moved. Strong bases are not satisfactory, but repeated extractions with a 3 
per cent sodium carbonate solution give a stable resin. Calcium carbonate, freed 
from sodium hydroxide and other strong alkalies, may be employed. Zinc oxide 
also may serve as an antacid since in this case no undesirable by-products are 
formed. Iron oxide gives rise to highly colored areas which impair the appear¬ 
ance of the resin. Zinc oxide may be added while the crude resin (immediately 
after formation) is being kneaded with water or it may be added to an alcohol solu¬ 
tion of the partially acid-free and dried material. 

If the cheaper grades of phenols, i.e., the commercial types of cresol contain¬ 
ing about 25 per cent of tar acids, are to be used, a reducing agent is incorporated 
in the reaction mixture. Ellis and Meigs employed stannous chloride, sodium hyjx)- 
sulphite and zinc dust, the latter being especially effective. During treatment 
with finely-divided zinc, hydrogen was evolved and the resin separated was light- 
yellow in color. 

The hardness of the bodies obtained in the phenol-sulphur chloride reaction 
depends on several variables. Harder resins are prepared by replacing phenol 
with cresol, using water as a diluent, and by employing higher proportions of 
sulphur chloride.® With organic diluents, softer materials result. It has been 
found that increase in hardness decreases the solubility, as is shown in Table 64. 

Table 64 . —Properties of Certain PhenotrSidphur Chloride Resins. 

Parts of S 2 CI 2 per 


100 of Phenol Appearance Solubility 

100 .Viscous liquid Easily soluble in alcohols, acetone, ethyl and 

methyl acetate, benzene and its homologues. 

150 .Sticky solid As above. 

200.Solid Less soluble in alcohol, still fairly soluble in 

esters. 

250-300.Hard resins Progressively less soluble. 

300.Hard resin Not readily soluble in denatured alcohol, 

soluble in alcohol-benzene, ethyl acetato- 
chlorobenzene and acetone-toluene mixtures. 

350.Hard resin As above. 

400. Not as hard as 

with 350 parts 


The particular resins described in this table were made by running sulphur 

•Otrleton Ellis and J. V. Meigs, U. S. P. 1,756,819, Apr. 29, 1980, to Carieton Ellis; Chem. AbM, 
1930, 24, See also K. Daimler (German P. 889,360, 1921, to Farbw. vorm. Meister, Lucius & 

Brilning; 1924, 43, 800B) who used the products as tanning agents. 

•P. E. Layman, L. T. Richardson and O. A. Cherry (U. S. P. 1,682,914, Sept. 4, 1928, to Cutlw- 
Hammer Mfg. Co.; Chem. Aht., 1928, 22, 8999) have hardened sulphur chloride-phenol resins by treatuig 
them iHth additional quantities of sulphur chloride. 
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chloride into molten phenol and were hght-yellow to light-brown in color “ The 
softer members of the senes have been suggested for use in the preparation of 
fly paper. Some of the products find application as tanning agents. In varnish- 
making, the resin derived from 1.33-1.50 parts of sulphur chloride per part of 
any of the lower phenols is recommended. For the latter purpose, a fairly light- 
colored and chemically inactive resin is required. A difficulty presents itself here, 
for the sulphur resms usually contain small quantities of hydrochloric acid which 
eventually lead to the corrosion of metallic surfaces. Neutralization with bases 
does not solve the problem since discoloration of the product ensues. Ellis” 
obviated these difficulties by replacing the hydrochloric acid with acetic acid 
through the addition of sodium acetate. The relatively weak organic acid vola¬ 
tilizes m use leaving the film sufficiently acid to remain light in color, but not 
enough to be objectionably corrosive. If pigments are to be used in the resin, zinc 
oxides, lithopone and barytes are preferable to lead compounds, since the latter 
become blackened through reaction with residual traces of sulphur. 

Phenol-sulphur chloride resins have been applied to other purposes than in 
varnishes and as tanning agents. Ellis”* employed this ^ype of synthetic product 
to minimize the crystallizing tendency of sulphur. To achieve this end, crude 
xylenol is dissolved in benzene and reacted with an equal weight of sulphur 
chloride. The resulting material, after being neutralized and deodorized as de¬ 
scribed previously, is added to three times its weight of melted sulphur. No 
indication of the crystalline structure common to sulphur is shown by the com¬ 
position (which IS also ignited with greater difficulty). The sulphur composition 
may be used to impregnate fiber board and also for molding.’® A phenol-sulphur 
dichloride resin can be mixed with cellulose esters and ethers in the manufacture 
of lacquers, adhesives and yarn.’* Phenol-sulphur chloride resins incorporated with 
equal parts of urea-formaldehyde condensation products yield a mixture which is 
readily fusible and gives a sharp imprint in a mold.’® This type of composition 
can also be used as a binder for mica powder and other fillers. Guanidines and 
other urea derivatives may be substituted for urea in the blend. Inter-resinification, 
or reaction between the two types of resin, is considered to take place during the 
molding operation. This is probably due to condensation of phenol with formalde¬ 
hyde from the urea resin. 

Alone, sulphur resins may be employed as flotation reagents,’® fungicides, tan¬ 
ning agents and rubber preservatives.” As the products retain their phenolic 
groups, they form metallic salts. The calcium, magnesium, zinc and copper salts 
are only slightly soluble in water and are described as particularly active in the 
destruction of the fungi Oidium and Peronospera Hilbert and Johnson’* pre¬ 
pared hydroxyphenyl sulphides possessing germicidal properties. The method con¬ 
sists of diazotizing an aromatic amine and condensing with, e.g., the sodium salt of 
p-methoxythiophenol. On heating, the reaction product decomposes forming p- 
methoxydiphenyl sulphide which on hydrolysis gives p-hydroxydiphenyl sulphide: 

wCarleton Ellis, U. S P. 1,063,180, Mar. 20. 1928; Chem ^6«., 1928, 22, 1696. 

^ CarletOM Ellis, lor. rit 

«Carleton Ellis, U. S P 1.835.786 and 1,835.767, Dec. 8, 1931; Chem. Ab^., 1932, 26, 1123 U. S P. 
1,690,335, Nov. 6, 1928; Chrm Abn , 1929, 23. 533 

Scse Chapter 67 for a further (hscuauuii of the uses to which plastic sulphur is applied. 

British P. 417,944, 1933, to Bnt^h Odanese. Ltd ; Brit Chem. Aba. B, 1935, 34. 

«Carleton Ellis, U. S. P. 1,897,978, Feb 14. 1933, to Ellis-Foster Co,; Chem. Aba, 1933 , 27 . 2831 
See al«^ C^aptei 32. 

^F. Q. Moses and E J. Canavan, U. S P. 1,912,588, .lune 6, 1933, to Barrett Co.*, Chem. Aba., 
1933, 27, 4204. 

” British P. 359,045, 1930; to 1 G. Faibemnd. Chem. Abtt., 1933, 27, 445. 

German P. 364,848 and 364,849. 1920, to Fail>w. vorin. Meister, Lucius & Biiluing; J.S.C.I., 1923, 
42, 280A. 

'•G. E. Hilbert and T. B. Johnson. J A C.B . 1929, 51, 1528. See also T. B. Johnson, V. S. P. 
1,976,732, Oct'. 16. 1934, to Sharp Jk Dohnit*, Inc., Chem. Abe., 1984, 28, 7432. 
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The phenol coefficient (amount of dilution necessary to give the same bactencidal 
activity as phenol) of p-hydroxydiphenyl sulphide was 115. Tests on rabbits in¬ 
dicated the compound was relatively non-toxic. 

Kartaschoff" prepared metal derivatives by treating intermediates of the sulphur 
chloride-phenol reaction with salts of tin, chromium^ antimony, zinc, molybdenum, 
aluminum, manganese or nickel. Tin chloride, however, is the principal reagent. 
The condensation products possess tanning properties. 

Modifications of the Phenol-Sulphur Halide Resins. Daimlei^ em¬ 
ployed a phenol sulphonic acid in the reaction with sulphur chloride. A solution of 
the product can be used as a tanning agent. Phenol-sulphur halide resins were sul- 
phonated by Virck” in conjunction with an excess of a phenol. The sulphur 
chloride-phenol resin is treated with concentrated sulphuric acid at 100®C., the 
temperature is raised to 220®C. and a further proportion of a phenol is incor¬ 
porated. Excess phenol is expelled in vacuo at 240®C. The product is soluble 
m aqueous sodium carbonate and is precipitated as colorless flakes by acids. Resins 
of this type may be utilized in the manufacture of lakes with basic dyestuffs. In 
an earlier method, Virck” omitted the addition of phenol during sulphonation. A 
procedure analogous to the treatment with sulphuric acid is acylation of the resin 
(during its formation) with acetic anhydride or benzoyl chloride." 

Sulphur halides other than the mono- and dichloride also give resins on reaction 
with phenols. As an example, 2 mols of thionyl chloride are added at 0°C. to a 
solution of 1 mol of technical cresol in an equal weight of concentrated sulphuric 
acid.* The mixture is poured on ice, and the precipitate formed is separated and 
heated giving a high-melting, ruby-colored resin soluble in alcohol and aqueous 
sodium carbonate. McMaster and Ahmann* obtained glassy solids of indefinite 
composition by the action of thionyl chloride with m-hydroxybenzoic acid or 
with 0 - and m-cresotinic acids. 

»V. Kartaschoff, U S. P. 1,989,889, Feb. 5, 1935, to Chem. Fabr vomi. Sandoa, Chem. Abs , 1935 
29, 1999. Biitish P. 382,333, 1932, addn. to 365,534; Chem, Abs,, 1933, 27. 4244. 

K, Daiinlei, German P. 389,360, 1921, to Farbw. vorm. Meister, Lucius <k Brunuig; J S C I., 1924, 
43, 800B. 

“P. Virck, U. S. P. 1,736,063, Nov. 19, 1929, to General Aniline Works; Chem, Abs., 1980, 24, 698. 
British P. 242,974, 1925, addn. to 232,958, 1925, to A -G. f. Anihn-Fabr ; Bnt Chem, Abe, B, 1926, 596 

«P. Virck, U. S. P. 1,553,014, Sept. 8, 1925, to A.-G. fiir Anilin-Fabr.; Chem, Aba, 1925, 19, 3599. 
British P. 232.958, 1925; J.S.C.I., 1925, 44, 956B 

** German P. 425,798, 1924, addn. to 418,498, 1923, to Soc. anon. i>our I’lnd. chmi A B&le ; Bnt, 
Chem. Abe. B, 1926, 596. 

German P. 362,3^, 1920, to Farbw. vorm. Meister, Lucius <k Briining; J,S Cl., 1928, 42, 613A. See 
also Carleton Ellis and J. V. Meigs, U. 8. P. 1,756,818, Apr. 29, 1930, to Caileton Ellis; Chem. Abe,, 
1930 2 4 3092 

» l! McMaster and F. F. Ahmann, I.A.C.8., 1928, 50. 145. 
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According to the work of Hirwe, Jadhav and Chakradeo,^ hydroxybenzoic acids 
do not condense readily with thionyl chloride. The presence of a carboxyl group 
introduces the possibility of forming different anhydro compounds and inhibits the 
reaction. The difficulties are avoided by employing an ester (such as methyl 
salicylate) and finely divided copper. The reactions involved in the condensation 
of methyl salicylate are reported to be as follows: 

4SOd2 *4" 3C/U —^ SCuCl-i -f- 2 SO 2 -h S 2 CI 2 

2C6H4(0H)C00CH3 + SaCb —[C«H3(0H)C00CH8]2S -f- 2HC1 -h S 
2CUCI2 + SO2 —>■ CU2CI.2 + SO2CI2 
2 SOCI 2 -h CU 2 CI 2 CuCh 4-SO, 4 -SCI 2 

2C6H4(0H)C00CH3 + SCI, —y [C6H3(OH)COOCH3l2S + 2HC1 

It is interesting to note that the thmnyl chloride is reduced to sulphur monochloride 
and dichloride before taking part in the reaction. The mam reaction product, 
bis(3-carbomethoxy••4-hydroxy-phenyl) thioether is analogous to the phenol-sulphur 
halide intermediates. 

The properties of sulphur-halide resins may be modified by the addition of vari¬ 
ous substances in the preparation of compositions to fit particular needs. Vota- 
pek“ mixed the resin with stearin pitch and asbestos to form a molding composi¬ 
tion. To 100 parts of a mixture including stearin pitch, coal-tar pitch, gilsomte, 
castor oil and benzene as modifiers, Cherry and Chosa"® added 1 part of phenol 
and 1 part of sulphur chloride. Mordants and wool-resists used in dyeing can be 
made by incorporating a mixture of sulphur moiiochloride (5 parts) and stannous 
chloride (2 parts) with phenol (5.4 parts) at 50-100°C.®® A 35 per cent solution 
of sodium hydroxide (10 parts) is stirred 111 at the end of the reaction Layman 
and Richardson^^ prepared sound records from a composition made by heating 10 
parts of phenol-sulphur chloride resin and 1 part of white lead at 150°C 

Use of Formaldehyde as a Modifier. Modification of phenol-sulphur hal¬ 
ide resins with formaldehyde follows two general courses The aldehyde may be 
added to the final resin, mainly as a hardening agent; or the phenol used m the ini¬ 
tial reaction may be partially condensed with formaldehyde and subsequently 
treated with sulphur chloride. McCoy®^ found that the resinous substance formed by 
the action of sulphur chloride on a phenol m carbon tetrachloride solution is 
solidified when dissolved m phenol and heated with formaldehyde. Phenol may be 
mixed with fatty oils and then treated with sulphur chloride and formaldehydeIn 
a related procedure, the sulphur halide resin is incorporated with formaldehyde, 
cyclohexylamine and beeswax to prepare a shellac substitute.®^ 

Ellis®® observed that the addition of 3 per cent of paraform, hexamethylenetetra¬ 
mine or formaldehyde was sufficient to raise the softening point of a phenol-sulphur 
chloride resin about 28°C. and that further amounts conferred no beneficial effects. 
The compositions containing paraform are lighter in color than those with hexa¬ 
methylenetetramine. In preparing molding materials, the filler may be impreg¬ 
nated with a resin solution, the solvent removed by evaporation and the product 

^ N. W. Hirwe, G. V. Jadhav and Y. M. Chakradeo, J.A C S., 1935, 57, 101. 

2«G. J. Votapek, U. S. P. 1,674,771, Mar. 2, 1926, to Cutler-Hammer Mfg. Co.; Cfiem. Abs , 1926, 
20. 1600. 

® O. A. Cherry and C. F. Chosa, U. S. P. 1,678,635, July 31, 1928, to Cutler-Hammer Mfg. Co.; 
Chem. Abs., 1928, 22. 3747. 

wfintish P. 393,011, 1932, to I. G. Farbenind. A.-G.; Brit. Chem. Abe. B, 1933, 778. 

F. E. Layman and L. T. Richardson, U. 8. P. 1,682,913, Sept. 4, 1928, to Cutler-Hammer Mfg 
Co.; Chem. Abe., 1928, 22, 3966. 

»J. P. A. McCoy, U. S. P. 1,194,201, Aug 8, 1916; Chem. Abe., 1916, 10, 2534. British P. 13,657, 
1913; J.8.C.L, 1914, 33, 653. See also J. J. Buser, French P. 458,904, 1913; J.S.C.I., 1913 , 32, 1163. 

® For the reaction of sulphur chloride on fatty oils to form factice, see Chapter 60. 

^British P. 221,206, 1924, to Soc. anon, pour Find. chim. k Bale; Bnt. Chem. Abe. B, 1926, 67. See 
also Farbe u. Lack, 1927, 21, 286: Chem. Abe., 1928, 22, 3066. 

•sCarleton Ellis, U. S. P. 1.787,618, Jan. 6, 1931; Chem. Abs., 1931, 25, 836. 
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powdered. To illustrate, a resin (100 parts) derived from ''metaparacresol” and 
sulphur chloride is dissolved in 200 parts of denatured alcohol with 3 parts of 
stearic acid (serving as a mold lubricant). A solution of 6 parts of hexamethylene¬ 
tetramine in 100 parts of denatured alcohol is mixed with 100 parts of wood flour 
and evaporated. The resultipg material is incorporated with the resin solution 
forming a paste that is dried for about 3 hours at 100®C. and powdered for mold¬ 
ing. As the formaldehyde does not make the resins infusible but merely raises 
their softening points, the finished article may be broken up if defective and 
molded again. 

The action of sulphur chloride on phenol-formaldehyde resins has been espe¬ 
cially studied by Samuel*® who was interested in the production of heat- and 
electrical-insulators. This investigator prepared a partially condensed product from 
cresol and formaldehyde which was still soluble in alcohol and acetone. To the 
condensate was then added as much sulphur monochloride as would continue to 
react. The evolved hydrogen chloride had to be neutralized to prevent further 
polymerization of the phenol-formaldehyde resin. The final product contained 
about 12 per cent of sulphur and was soluble in alcohol, acetone, hydrocarbon 
solvents and pyridine When heated to 80°C. the resin softened, and at 150°C. 
it polymerized rapidly to a hard, infusible mass insoluble in all the ordinary solvents. 
The hardened resin possessed a high dielectric constant, its resistance being given 
as 300 X 10® megohms per centimeter. Samuel named the resin ‘‘Thiolite” and 
used the unpolymerized form in thermosetting molding compositions.*^ Solutions 
of the partially condensed product have also been used as coating and impregnat¬ 
ing agents.** The resin is heated, after the solvent evaporates, to convert it into 
a hard and infusible mass. 


Phenol-Sulphur Resins 

Phenol and sulphur form, under certain conditions, resins having diverse appli¬ 
cations as in molding, tanmng and in the dyeing industry. In general, though 
differing in preparation the phenol-sulphur resins closely resemble the phenol- 
sulphur halide products previously described. 

In the initial interaction of sulphur and phenol, o-hydroxybenzenethiol is prob¬ 
ably first formed and oxidized by the excess sulphur to o,o'-dihydroxydiphenyl 
sulphide.*® 



As in the sulphur-halide reaction, the phenol nucleus retains unreplaced hydrogen 
atoms in the ortho and para positions. Hence, the molecule may branch out on 
these positions also: 


OH ua-? 

- < 


“A. A Samuel, Compt. rend., 1926. 182, 207: Pla»txc8, 1927, 3, 13; Chem. Ab«., 1926, 20, 2712. 

Ind. Eng. Chem., News Ed., 1926, 4 (6), 7. U. S. P. 1,704,629, Mar. 5, 1929, and 1,770,663, July 15, 1930; 

Chem. Abs., 1929, 23, 1971; 1930, 24, 4563. French P. 549,811, and 693,739, 1929; Chem. Abs., 1931, 25, 

1692. French P. 692,912, 1929, to Soc. Levy, Samuel 4 Levy; Chem. Abs., 1931, 25, 1692. 

”Cf. R. A. L. Volet, French P. 633,537, 1927; Chem. Abs., 1928, 22, 3500. 

»L. Levy, British P. 273,756. 1926; Chem. Abs., 1928, 22. 2071. 

“R. Mdhlau, Chem.-Ztg., 1907, 31. 936. B. Holmbera, Ber., 1910, 43, 220; J.C.S., 1910, 98 (1), 
150. L. Haitinger, Monatsh., 1883, 4. 165; J.C.S., 1883, 44, 988. F. Krafft and R. £. Lyons, Ber., 
1896, 29. 435: J.C.S.7i896. 70 (1), 297. 
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It is possible, moreover, for each of the sulphur linkages to take up more sulphur 
giving polysulphides of greater complexity than the products of the phenol-sulphur 
halide reaction. 

More complex phenols give analogous reactions with sulphur. Thus, Lefevre 
and Desgrez*^ obtained 2,4,2'-trihydroxybenzophenone-5,5'-disulphide from 2,4,2'- 
trihydroxybenzophenone and sulphur. In a similar manner, the disulphides of 
2,4,2'-trihydroxybenzosulphone, 3-hydroxy-3'-aminobenzo,siilphone and 2,2'-dihy- 
droxydiphenylamine can be prepared. 

Preparation of Phenol-Sulphur Resins. A relatively simple procedure 
for the. preparation of phenol-sulphur resins was developed by Canavan.'*^ Tar 
acids (crude mixture of phenols) are heated in an autoclave with sulphur. Part of 
the hydrogen sulphide evolved during the reaction is allowed to escape, maintain¬ 
ing a pressure of 50 lbs. per square inch. The most efficient temperature for the 
process is stated to be 230°C. The resin may be used as a flotation reagent accord¬ 
ing to Cana van. 

The majority of investigators in the phenol-sulphur resin field have employed 
catalysts (usually bases) to hasten production. Ellis^ heated 60 parts of phenol 
with 80 parts of sulphur and 1-10 parts of potassium carbonate for 4 hours at a 
temperature of 135-140°C. The temperature was then raised to 160°C. for an¬ 
other 4-hour period, resulting in the formation of a hard resin that liquefied slowly 
it 130-140'’C. Higher proportions of sulphur increased the melting point of the 
product. Since the resin was intended for use in molding compositions, retention 
of the base employed as catalyst was undesirable, for subsequent decomposition 
with;the liberation of hydrogen sulphide would occur. To remove the carbonate, 
the pulverized resin was washed or dissolved in alkali and precipitated with acid. 

A non-dyeing sulphur-phenol composition, described by Downing, Clarkson 
and Hannum,^ was prepared by employing a limited proportion of sulphur insuf¬ 
ficient to react with all the phenol. Sodium phenolate is first formed by heating 
376 g. of phenol and 40 g. of powdered sodium hydroxide at 180°C. To the molten 
mass, 160 g, of sulphur are added, and the mixture is heated at 182°C. until the 
evolution of hydrogen sulphide ceases. Unreacted phenol is removed by steam 
distillation, and the resin is cooled and powdered. Dissolved in water with the 
aid of sodium carbonate, the resin gives a greenish-brown solution that confers 
on cloth great affinity for basic dyes. 

Like the phenol-sulphur halide products described earlier in this chapter, the 
phenol-sulphur resins decrease in solubility as the sulphur content increases. Blum- 
feldt^* obtained resins soluble in alcohol, acetone and alkalies by restricting the 
amount of alkali to less than 0.2 the equivalent of the phenol and using only 2-r3 
mols of sulphur per mol of phenol. On molding, these resins become hard and 
insoluble, and they are suggested as substitutes for the more expensive Bakelite 
types. The phenol-sulphur resins may be hardened by the addition of formalde¬ 
hyde or hexamethylenetetramine. 

Resins, derived from phenol and sulphur, with large proportions of alkali have 
been used as mordants*® for dyes and as coloring matters by themselves.** One 

C. Lefevre and C. Desgrez, Compt. rend,, 1034, 199, 800; Chem. Abe., 1934 , 28, 6709 

«E. J. Canavan, U. S. P. 1,828,173, Oct. 20, 1931, to Barrett Co.; Chem. Abs.. 1932, 26, 682. 

"Carleton Elba, U. S. P. 1,636,596, July 19, 1927; Chem. Abs., 1927 , 21, 2993. U. S. P, 1,690,160, 
Nov. 6, 1928; Chem. Abs., 1929, 23, 533. 

** F. B, Downing, R. G. Clarkson and C. W. Hannum, U. S. P. 1,985,602, Dec. 25, 1934, to E. I. 

du Pont de Nemours Co.j Chem. Abs., 1935, 29, 1101. 

**A. E. Blumfeidt, U. 8. P. 1,485,801, Nov. 14, 1922; Chem. Abs., 1923, 17, ATT. Bntish P. 186,107, 

1921, to Soc. anon, pour I'ind. chim. k B&le; Chem. Abs., 1923, 17, 345. Swiss P. 92,408, 105,855, 

105,856, 105,857 and 105,858, 1922; Brit. Chem. Abs. B, 1926, 208. Swiss P. 95,186, 1922, addn. to 92,408. 

Dutch P. 19,068, to N. V. Fabri^ van Chemisohe Producten; Chem. Abs., 1929, 23, 1758. 

^ A. Weinberg, U. 8. P. 596,559, Jan. 4, 1898, to L. Oassella & Co. R. Demuth, U. 8. P. 608,755, 
May 10, 1898, to Farbenfabr. vorm. F. Bayer A Co. 
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method for the preparation of mordants employs only 0.6 per cent of sodium hy¬ 
droxide in a melt of phenol and sulphur, but the resulting mass is cooled, ground 
with a further 25 per cent of sodium hydroxide and fused before use." 

A modification of the general procedure consists in refluxing a solution of phenol 
in caustic alkali with sulphur." Instead of using sodium or potassium hydroxide, 
Bergdolt and Ballauf" catalyzed the reaction with a solution of an alkali-metal 
carbonate. Thauss” recommends substituting sodium formate for sodium hydrox¬ 
ide as the catalyst. 


Fig. 163. 

Cupboard in One of the Author’s Labora¬ 
tories. This was varnished with a sulphur- 
phenol resin composition over 15 years 
ago. Finish is still in good condition. 



Battegay” stated that alkali hydroxides tended to give poor yields of phenol- 
sulphur resins which, furthermore, were lacking in uniformity. This observer 
suggested that a small amount of iodine be utilized in place of alkali. The initial 
interaction with iodine as catalyst is reported to form iodophenol which on dis¬ 
sociation facilitates the resin-forming reaction. Compounds of aluminum and 
antimony together with hydrogen fluoride have also found use in the preparation 
of resins from phenols and sulphur." 

Besides their application in molding and in dyeing cotton, the sulphur-phenol 
resins have been utilized to protect animal fibers from the action of alkaline 


"M. L. Crosrfey and M. L. Dolt, U. S. P. 1,882,777, and 1,882,778, Oct. 18, 1932, to Oalco Chem. 
Co., Inc.; Chem. Aba., 1988, 27. 851. v « « ^ ^ 

«A. Thauss and A. Giinther, U. S. P. 1,450,463, Apr. S, 1923, to Farbenfabr. vonn F. Bayer * Co ; 
Chem. Aba., 1923, 17, 1898. British P. 173.313, 1920; J.S.C.I., 1922, 41. 139A U. S. Reissue 17,940, 
Jan. 27. 1931, to General Aniline Works; Chem. Aba., 1931 25, 1552 . See also N. V. 

P. 12.094. 1924, to Ptavlenie Ivanovo-Vosneaenskogo Tekstilnogo Tresta; Chem. Aba., 1938, 27, 3832. S. 
E. Karats and P. V. Khudyakov, Russian P. 28.199, 1927, addn. to 12,094, 1924; Chem. Aba., 1938, 27, 
3833. 

«A. Bergdolt and F. Ballauf, U. S. P. 1,922.467, Aug. 15, 1983, to General Aniline Works; Chem. 

iJ^Tha^uss,'^. 8 . P. 1,757,400, Mav 6 , 1930, to General Aniline Works; Chem. Aba., 1980, 24, 8381. 
British P. 298.280, 1927, addn. to 173,813. to I. G. Fart>«jind. A-rO.; Rnt. Chm. “ 6 . 

«M. Battegay, U. S: P. 1,528,840, Jan. 18, 1925: Chem. Aba., 1925, 19. 899. C/. U. S. P. 1,686,224, 

Oct. 2. 1928, to Chico Chem. Co.; Chem. Aba., 19^, 22, 4838. ^ ^ 

"Flench P. 650,614, 1988, to Soc. anon, pour Find. chim. k Saint-Denis; Chem. Aba., 1929, 23, 3850 
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liquids," to diminish the tendency of hydrated cellulose to swell" and in the dyeing 
of rubber." 

Modified Sulphur-Phenol Resins. During discussion of the phenol- 
sulphur chloride resins, the preparation of mordants by the addition of tin com¬ 
pounds was noted. Muth" similarly treated bodies obtained from phenols and 
sulphur. Thus, the sulphur-phenol compositions are dissolved in aqueous alkali 
and heated with stannous chloride, potassium hexachlorostannate or sodium stan- 
nate. After heating, the resin-tin complex is isolated by acidifying or by evapora¬ 
tion. Some of the products possessed not only mordanting properties but were 
found to serve as wool-resists in dyeing mixed fabrics.. Wool-reserving sub¬ 
stances of the same general nature have been made by fusing sulphur-treated 
phenol with a phenol and sodium stannate.®' 

Leeman and Kartaschoff" prepared related mordanting, tanning and wool¬ 
reserving bodies by the action of sulphur on phenol in a water solution of an 
alkali hydroxide or carbonate together with ammonium molybdate, chromium 
acetate, tin chloride or aluminum sulphate. The alkali could be replaced by iodine 
or an alkali salt of a weak acid (e.g., sodium formate, mentioned previously).®® 
Materials also proposed as tanning agents were developed by Kraus'” using sul¬ 
phur, phenols (especially naphthols), sodium sulphite and formaldehyde. As an 
example, 144 kg. of i9-naphthol, 100 1. of water, 20 kg. of sodium hydroxide and 
80 kg. of powdered sulphur are refluxed for 40-80 hours and then diluted with 
250 1. of water. On cooling, 250 kg. of crystallized sodium sulphite and 80 kg. of 
40 per cent formalin are incorporated with the solution. The final liquid becomes 
entirely clear after standing for some time at 70-80°C., and subsequent to neu¬ 
tralization is ready for use as a tanning reagent. Schiitte"^ varied the procedure 
by reacting the phenol first with formaldehyde and sodium sulphite and then 
treating the resulting product with sulphur and alkali. The tanning reagents can 
be mixed in the dry state with solid acids so that their solutions will have the 
requisite acidity.®* 

Daimler*® proposed the reaction of sulphur and alkali with phenolic resins. 
The products, in the form of alkali salts, are soluble but precipitate on the addition 
of acids. The material formed by heating an aldehyde-phenol condensate with 
iodine and sulphur may be employed as a rubber anti-oxidant." 

Resins, soluble in alcohol and acetone, produced by the reaction of phenol and 
sulphur in the presence of limited amounts of alkali w’-ere modified by Blumfeldf'® 
with acetic anhydride. The resin is heated with the acetylating agent at 150- 
180°C. until no longer soluble in alcohol. After distilling off excess acetic anhy- 

“ British P. 238,857, 1925, to A.-G. f. Anilm-Fabnk.; 1925, 44, 879B. 

“British P. 278,684, 1927, to I. G. Farbenind. A.-G.; Brit, Chem. Abs. B, 1929, 242. French P 
653,817, 1928; Chem. Ab$., 1929. 23. 3807. 

“8. A. Blinkov. S. 1. Apevalkin and A. G. Menga, Russian P. 23,342, 1931; Chem. Abs , 1932, 26. 
1829. 

»F. Muth, U. 8. P. 1,911,709, May 30, 1933, to I. G. Farbenind. A.-G.; Chem. Abs., 1933, 27, 5197. 
British P. 360,378, 1930; Chem. Abs., 1933, 27, 1204. 

r British P. 370,458, 1931, to I. G. Farbenind. A -G.; Bnt. Chem. Abs. B, 1932, 763. 

®®H. Leeihan and V. Kartaschoff, U. 8. P. 1,928,257, Sept. 26, 1933, to Chem. Fabr. vorm. Sandoz; 
Chem. Abs., 1933, 27, 5753. French P. 704,635, 1930, 39.838 and 40,616, 1931; Chem. Abs., 1931, 25, 4721, 
1933, 27, 732, 1361 

“French P. 40,088, 1931, addn. to 704,635, to Chem. Fabr. vorm Sandoz; Chem. Abs., 1933, 27 , 732. 

“E. I^us, U. 8. P. 1,690,640 and 1,690,641, Nov. 6, 1928, to Fabriek van Chemische Producten; 
Chem. Abs., 1929, 23, 395, 526. British P. 269,970 and 269,971, 1926; Chem. Abs., 1928, 22, 1481. 

“H. Schtitte, U. 8. P. 1,727,135, Sept. 13, 1929. to I. G. Farbenind. A.-O.; Chem. Abs., 1929, 23, 
5349. French P. 640,224, 1927; Chem. Abs., 1929, 23, 1008. 

«*P. Virck and G. Matzdorf^ German P. 495,338, 1927, to I. G. Farbenind. A.-G.; Chem. Abs., 1930, 
24, 3394. French P. 658,874, 1928; Chem. Abs., 1929, 23, 5349. 

^K. Daimler, German P. 409,783, 1921, addn. to 400,242, to Farbenfabr. vorm. F. Bayer A Co.; 

1925, 44, 461B. 

“W. Scott, U. 8. P. 1,773.379, Aug. 19. 1930, to Rubber Service Labs.; Chem. Abs., 1930, 24, 5182. 

“A. Blumfeldt, U. 8. P. 1,588,439, June 15, 1926, to Soe. anon, pour Tind. chim k B&le; Chem. 
Ab8.» 1926, 20, 2589. British P. 203,310, 1923; Chem. Abs., 1924, 18, 594. 
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dride and the acetic acid formed in the reaction, the product is a light-yellow to 
brown powder soluble in acetone, cyclohexane, chloroform and ethylene chloride, 
but insoluble in alcohol and alkalies. Benzoyl, acetyl or p-toiuenesulphonyl chlo¬ 
ride may also be employed. The modified resins were said to resemble closely the 
natural resinotannol“ esters and hence could be used in lacquers and as impreg- 
nants. 

Miscellaneous Sulphur-Phenol Resins. Cherry®^ prepared resins by 
combining the action of sulphur and sulphur chloride on phenols. Specifically, 50 
parts of sulphur are dissolved in 200 parts of sulphur monochloride and the solu¬ 
tion added slowly to 100 parts of phenol. The resulting composition is said to be 
satisfactory when used in molding. Analogous products in which sulphur is re¬ 
placed by selenium were also investigated by Cherry. Selenium oxychloride and 
its reaction with phenols have been studied by Morgan and Burstall.* With phenol 
Itself, there are produced initially two isomeric selenonium chlorides of the type 
[(HO-CaH 4 ) 3 Se] Cl. The more soluble of the two is obtained as a gum setting 
to a glassy mass when kept over sulphuric acid. Cresol gives, in addition to the 
selenonium chloride derivative, a small amount of bis(4-hydroxy-3-methylphenyl) 
selenide and gummy by-products. According to Meyer and Wagner,* selenic acid 
when poured on well-cooled phenol and diluted'with water gives a light-brown 
precipitate that cannot be crystallized. In contrast with the reaction of sulphuric 
acid and phenol, no phenolselenonic acid can be isolated. 

Condensation products of formaldehyde and naphthalene sulphonic acids (de¬ 
scribed in Chapter 12) react with hydroxyaromatic alcohols to give tanning agents 
and resists used in the dyeing of animal fibers.’® Resinous substances are ob¬ 
tained by the action of aluminum sulphide’' and chlorosulphonic acid’® on phenol 
at temperatures below the latter’s boiling point. 

Aromatk’ a minks and Sulphur C'hloride 

The mechanism of the action of sulphur halides on aromatic amines differs 
only slightly from that of phenols and sulphur halides (described earlier in this 
chapter). Hydrogen chloride splits out, but m some cases at least part of the 
hydrogen removed comes from the ammo group. Herz,’* employing a considerable 
excess of sulphur chloride with aniline hydrochloride, prepared a yellow crystalline 
substance to which the formula 



was assigned. Other aromatic amines, their salts and acyl derivatives gave similar 
products (both in the dry state and in the presence of diluents) serving as dye 
intermediates. A related material from o-toluidine was jiroposed by Christmann’* 
as a pickling inhibitor. 

Acyl derivatives of resin alcohol.s eontaiiiinfc hvdrowl gioups. 

«^0. A. Cherry, U. S. P 1,616,741, Feb, 8, 1927, to Cutler-Hammer Mfg. Co , Chem. Abs,, 1927 , 21, 
996. 

«G. T. Morgan and F H Burstall, J.C.S , 1928, 8260 Cf. G. T. Morgan and H Burgess (JCS, 
1929, 2214) for the reaction of basic tellurium chloride with the cresols. Other selenium resins are 
discussed m Chapter 62. 

«»J. Meyer and W. Wagner, Ber., 1922, 55. 1216; 1922, 122 (1), 620. 

British P. 251,294. 1925, to I. G. Farbenind. A.-G.; Chem. Abs., 1927, 21, 1371. 

^G. R. Levy, Atti Congr. Noz. Chim. Ind., 1924. 373; 1925, 44, 263B. 

"^J. Poliak, E. Qebauer-FUlnegg, E. Blumenstock-Halward and E. Petertil, Monatah., 1928, 49, 
187; Chem. Aba., 1928, 22, 3652. 

WR. Hers, U. S. P. 1.687,023, July 26. 1927 and 1,699,432. Jan. 15. 1929, to Grasselli Dyestuff Corp.; 
Chem. Aba., 1928, 22, 1365; 1929, 23, 1140. See also W. Konig with P. Seidel and G. Stiihmer, Ber., 
1928, 61, 2065; ‘C/iem. Aba., 1929, 23. 889. 

J. Christmann, U. S. P. 1,734,561, Nov. 5, 1929, to American Cyanamid Co ; Chem. Aba., 1980, 

24. 330. 
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Coffej^” found that with dilute solutions and low temperatures an excess of 
aniline reacts in the following manner: 

SCeHiNH* + S 2 CI 2 CeHfiNSa + 2 C 6 H 6 NH 2 HCl 

The product (CeHsNS*) was a thick orange-red oil which Colfey named N-dithio- 
phenylamine. On standing the molecular weight of this compound increased indi¬ 
cating polymerization. The substance may be used as a vulcanizer for rubber, 
according to Whittelsey and Bradley.’® 

Merz^ and Schmidt” studied the action of several sulphur halides on aniline. 
With sulphur iodide at 160-170°C., thioamline (bisaminophenyl sulphide) and a 
considerable quantity of a dark resmous body assumed to contain dithioaniline 
(bisaminophenyl disulphide) were obtained. Aniline and sulphur bromide with 
benzene as a diluent gave a resinous mass from which small quantities of dithioani- 
line and thioamline could be extracted with acid. From sulphur chloride and 
aniline, a resin containing dithioaniline and thioamline formed. 

The preparation of resins by the action of sulphur chloride on primary aromatic 
amines was investigated by Meigs’® who noted that higher temperatures tended to 
produce substances soluble in hydrocarbon solvents and to some extent in alcohol, 
whereas reaction at lower temperatures generally yielded masses having greater 
solubility in water. Products ranged from a pasty mass, part of which dissolved 
in oils and the rest in alcohol, to a resin (prepared with larger proportions of sul¬ 
phur chloride) 60 per cent of which was insoluble in acids. 

A secondary amine (diphenylamine) was treated by Ingram’® with sulphur 
dichloride at 10°C. in carbon tetrachloride. The reaction was believed to proceed 
as follows: 


2 (C 6 Hd 2 NH -h SCI 2 —>• (CeH6)2N--vS-~N(C6H6)2 + 2HCI 

The compound obtained was employed as an anti-oxidant in rubber mixes. Other 
secondary amines,** aniline®^ and amides*’ have been reported as giving a similar 
reaction with sulphur dichloride. Holzmann** and Kym,** however, postulated 
formulas for the products obtained from diphenylamine and di-jS-naphthylamine 
in which hydrogen was removed from the ring. The structure of the compound 
from diphenylamine was represented by 


CeH4 

S'^ ^NH 

^c,h/ 


Considering tertiary amines, apparently the only reaction possible is the removal 
of nuclear hydrogen, forming such compounds as bis(dimethylaminophenyl) sul¬ 
phide*" and disulphide.*® 


^8. Coffpy, Hec. trav. chim., 1921, 40, 747; Abit, 1922, 16, 1225. 

T Whittelsey and C. £. Biadley, U. S. F. 1,559.393, Oct. 27, 1925, to Naugatuck Chem. Co.; 
Chtm. Abs., 1926. 20, 126. 

77 V. Mei» and E. Schmidt, Ber., 1876, 9, 1050. h. B. Schmidt, ibid., 1878, 11, 1168; 1878, 34, 

974. 

7*J. V. Meigs, U. 8. P. 1,631,280, June 7, 1927, to Carleton Ellis; Chem. Abu., 1927, 21, 2478. 

7*J. R. Ingram, U. S. P. 1,896,544, Feb. 7, 1983, to Rubber Service baboratoricM Cu ; Chem. Abu., 
1938, 27, 2845. Cf. E. I. Orlov, Z. Farben-Ind., 1928, 20, 121; Chem. Abx., 1928, 22. 2929. 

»A. Michaehs and K. Lusembourg. Ber, 1895, 28, 165; /.C.S., 1895, 68 (1), 200. 

A. R. Smit, Ber., 1875, ^8, 1442; Chein. Zentr., 1875. 805. 

«K. G. Naik, J.C.8., 1921, 119, 1166. 

»E, Holimann, Ber.^ 1887, 20. 1640; 1888. 21, 2056; J.C.S., 1887, 52. 723; 1888, 54. 1080. 

•*0. Kym, Ber., 1888, 21. 2807; 1800, 23. 2458; J.C.S., 1889, 56, 51; 1890, 58. 1306. 

^E. Holsmann, loc. cit. 

IXannimaiiu, Ber,, 1876, 10. 48; Chem, Zentr., 1877. 310, 
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Sulphur-Aniline Resins 


Sulphur acts upon aniline in a manner similar to its behavior with phenol. 
Several substances were isolated by Hodgson*" from the tarxy mass obtained on 
refluxing sulphur and aniline for 6-14 hours. The course of reaction was repre¬ 
sented by the scheme: 






H H 



sulphur XU excess 

After heating for several weeks, a green, amorphous substance was formed; this 
had a high melting point and was insoluble in acids, sodium sulphide and the usual 
organic solvents. Although no study was made of the resin structure, it is prob¬ 
able that the types of linkage present on prolonged heating of aniline and sulphur 
are the same as those found in the intermediates. 

A compound having the same type of nucleus as the final compound obtained 
in the reaction of sulphur and aniline (the latter in excess) was prepared by 
Beretta” through the fusion of alkaline polysulphides with 4'-benzeneazo-2,4- 
dinitrodiphenylamine. The azo derivative was first reduced to 2,4,4'-triaminodi- 
phenylamine which then formed 



a dye that colors cotton grayish-green to black. 

When p-tolukline is fused with sulphur, and heated to 200®C., hydrogen sul- 

«H. H. Hodgwn, J,CS., 1924, 125, 1855. /. Soc. Dyers and Col., 1924, 40, 830; 1924, 126 

(1), 1188. Ibid., 1926, 42, 76; Brit. Chem. Abt. A. 1926, 511, Cf. G. Schult* and H. Be>8chlag, Ber., 
1909, 42. 743; 1909, 96 (1), 269. ^ ^ _ 

* A. Baretta, Oiorn. Chitn, Ind. AppL, 1926, 8, 121; Brit. Chem. Abs. B, 1926, 865. 
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phide is liberated and two substances are isolated.®® One is dehydrothiotoluidine 
(or p-aminophenyltoluthiazol) and the second is called Primuline. 



H3C 




dehydrothiotoluidine 


H3C 



/\/®\ 


NH2 + 3H2S 


pnmuline 

The latter is a dye and, since it is insoluble, is used in the form of a sulphonated 
derivative. In all probability the molecule is larger than the formula indicates 
and is formed by a number of such condensations. Bogert and his co-workers® 
studied the reaction of p-loluidine and sulphur at lower temperatures (140-145°C.) 
in the presence of litharge. They postulate the initial reaction to be the forma¬ 
tion of a mercaptan which is converted by the simultaneous oxidizing action of 
sulphur and litharge to thio-p-toluidine and a disulphide. 



mercaptan thio-p^toluidine disulphide 


The disulphide formed in this reaction and that obtained from aniline have been 
found to improve the strength of cured rubber.®^ Resin formation has been re¬ 
ported to result on fusing the pure benzal derivative of o-amino-m-cresol (3- 
hydroxy-6-benzalaminotoluene) with sulphur.®* 

The previously mentioned researches on amines and sulphur apparently have 
not had as an objective the preparation of resins for molding or other commer¬ 
cial purposes, although resinous by-products are mentioned several times. Blum- 
feldt and Kaegi** found that brownish resins could be obtained by the action of 


A. Wahl, “The Manufacture of Organic Dyestuffs," transl. by F. W. Atack, G. Bell A Sons, 
London, 1914, 299. C/. T. G. Levi, Attx Ccmgr. Nat. Chim. Ind., 1924, 400; 1925, 128 (1), 440. 

R. F. Hunter, J.S.C.L, 1923, 42, 802T. 

^M. T. Bogert and M. R. Mandelbaum, J.A.C.8., 1923, 45, 3045. M. T. Bogert and L. Smidth, 
ibid., 192€, 50, 428. 

®iT. Kimishuna, Mem. Coll. Eng. Kyuthu Imp. Vniiy. {Japan), 1927, 4, 193; Chem. Abs., 1928, 22, 
1496. 


« M. T. Bogert and O. H. Oonnitt, J.A.C.S., 1929, 51, 904. 

^A. Blumfeldt and H. Kaegi, U. S. P. 1,654,856, Jan. 8, 1928, to Soe. anon, pour Find, ohim ^ 
B&le; Chem. Abt., 1928. 22, 1051. British P. 214,242, 1923; Chem. Abt., 1924, 18, 2612. Qennan P 
401,168, 1923; J.S.C.L, 1925, 44, 216B. 
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sulphur on primary and secondary amines with the exceptions of p-toluidine and 
N-alkylanilines. A transparent, yellowish-brown resin remains after heating 93 
parts of aniline and 96 parts of sulphur, first at 185°C. and then for 21 hours at 
250®C. The product softened above 100®C. and became insoluble and infusible 
when heated for a longer period, 

Bly®* reported that nickel, iodine and tungstic acid accelerated the interaction 
of sulphur and aniline at the latter's boiling point. Molded products fabricated 
from these resins were said to be good electrical insulators and to have smooth 
glossy surfaces. Aside from moldings, such products have been employed in anti¬ 
corrosive paints* and as binding agents in attaching abrasives to rubber.* 

As with phenol-sulphur resins, several investigators have studied the modifica¬ 
tion of sulphur-amine compositions with formaldehyde. Application to the mount¬ 
ing of microscopic objects has been suggested for a condensation product of sul¬ 
phur, aniline and formaldehyde.*" Bedford* synthesized rubber-vulcanization ac¬ 
celerators by heating sulphur with an amine-formaldehyde condensate. Methylene 
diphenylamine (N,N'-diphenyl methylenediamine), anhydroformaldehydeaniline* 
and hexamethylenetetramine could be used. 

Miscellaneous Amine-Sulphur Resins. Carbon disulphide was found by 
Lommel, Goost and Friedrich'* to react with secondary alicyclic bases giving 
products of an oily or resinous nature which could be used in rubber vulcanizing. 
These were soluble with difficulty in ether or benzene, but some dissolved in 
chloroform, alcoliol or water. For example, 76 parts of carbon disulphide were 
run gradually into a stirred and cooled mixture of 127 parts of hexahydroethyl- 
anihne, 99 parts of hexahydroaniline and 400 parts of ice water. The oily product 
(the hexahydroaniline salt of ethylhexahydrophenyldithiocarbamic acid) crystal¬ 
lized after some time. Carbon disulphide, primary amines (aniline, methyl- or 
butylamine) and aldehydes (butylaldehyde or acetaldehyde) also condense to form 
vulcanization accelerators.'®' The ratios of reactants were 2 mols of aldehyde, 1 
or 2 mols of amine, and 1 mol of carbon disulphide. 

Bigelow'* studied the reaction taking place between benzalaniline and carbon 
disulphide in an autoclave at 170°C. The pure products isolated from the resulting 
tar were phenyl mustard oil, stilbene, thiobenzanilide and tetraphenylthiophene. 
Claus and Krall'* found that the carbon disulphide which they used as a diluent 
for the reaction of sulphur chloride and aniline entered into the composition. The 
initial products were aniline hydrochloride, sulphur and thiocarbanilide. The last 
then reacted with the sulphur chloride to give triphenylguanidine and phenyl mus¬ 
tard oil. Carbon disulphide combines, as is well known, with alkali cellulose to 
form viscose. Harrison'* reported that, when viscose is dissolved in water with 
an amine and oxidized, stable products are obtained which can be employed in 
making films and threads. 

On refluxing sulphur with nitrobenzene, sulphur dioxide is given off and the 
mixture gradually thickens. Depending on the proportion of sulphur and length 


R. S. Ely U. S P. 1,761,291, June 3, 19^, to Cutler-Hammer, Inc.; Chem. Abs , 1930 , 24, 3662 
German P. 397,824, 1923, to C. F. Beer Sbhne; J S.C.1, 1924, 43, 879B. 
w British P. 389,238, 1933. to Azo A -G.; Chem, Aba., 1933, 27, 6021. 

^Science 1927, 65, 42. C/. G. D, Hanna, /. Roy. Microacopical Soc., 1931, 50, 424, Chem Ahs , 

1931, 25, 1868. See also Chapter 33. 

®®C. W Bedford, U. S. P. 1,510,074, Sept. 30, 1924, to Goodyear Tire A Rubber Co.; Chem. Aba., 
1924, 18, 3740. 

^ See Chapter 33. 

Lommel, T. Goost and H. Friedrich, U. S. P. 1,863,572, June 21, 1932, to I. G. Farbemnd. 
A.-G.; Chem. Aba., 1932 , 26, 4346. Canadian P. 284,056, 1928; Chem. Aba , 1929, 23, 608 

British P 276,435, 1926, to E. I. du Pont de Nemours A Co.; Brit. Chem. Abs. B, 1927, 824. 

^L. A. Bigelow, J.A.C.8., 1925, 47, 193. ^ 

A. Claus and W. Krall, Ber., 1871, 4, 99; J.C.8., 1871, 24, 264. 

W. Harrison, U. S. P. 1,684,732, Sept. 18, 1928; Chem. Aba., 1928, 22, 4536. 
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of heating, Wilson^" obtained resins of differing softening points. The mass formed 
by heating 369 parts of nitrobenzene and 160 parts of sulphur for 5-7 hours was 
mixed with fillers and cold molded. A stronger resin could be made by adding 
furfural to the mass before shaping the product. In this case the excess nitro¬ 
benzene was driven off first. The same was true of the hot-molding compositions 
made with higher proportions of sulphur. 

A number of other products more or less related to the preceding ones have 
been reported. Thus, Binapfl and Strohmenger'" prepared a vat dye by heating 
at 210®C. a mixture of azobenzene, o-cresol, sulphur and zinc chloride. Ishikawa^®' 
in studying the reaction of sulphur chloride on thioamides obtained a-naphthimino- 
a-isothionaphthamide as a resinous substance. At 200°C., nitrobenzene, o,o'- 
dithioaniline and litharge react to form a black tar.^®* Matzurevich^®® refluxed aniline 
with thiosemicarbazide and hydrazinedithiocarboxamide and stated that in every 
case resinous by-products were formed. Thionylaniline condenses with malonic 
acid to form a resin.^® As an anti-oxidant in rubber compositions, Scott'^ used 
a hard black resin made by heating an acetone-a-naphthil (obtained from acetone 
and a-naphthylamine in the presence of iodine) with sulphur. 

1<»W. C. Wilson, U. S. P. 1,732,453, Oct. 22, 1929, to Cutler-Hammer, Inc.; Chvm .Aba., 1930, 24, 
258. 

Binapfl and L. Strohmenger, Geiman P 427,970, 1923, to I. G. Farbenmd. A.-G ; Brit. Chem. 
Aba. B. 1926 781. 

Ishikawa, Set. Papera Inat. Phya. Chem Reaearch, 1925 3, 147; Chem Aba , 1925, 19, 3087. 

K«H. H. Hodgson, 7. Soc. Dyera and Col, 1925, 41, 99; J CS, 1925, 128 (1), 596. 

I Matzurevich. Bull. aoc. chtm., 1927, 41, 637. Chem. Aba., 1927, 21, 2901. 

“®P. Carre and D, Libermann. Compt rend, 1932, 194, 2218; Chem Aba, 1932, 26, 5925. 

^W. Scott, U. S. P. 1,792,042, Feb. 10, 1931, to Rubber Service Lab. Co.; Brxt. Chem. Aba. B, 
1921, 1063. 
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Various Sulphur-Treated (Vulcanized) Products 

Sulphur and sulphur halides react with a great variety of compounds. Aro¬ 
matic amines, phenols,^ fatty oils and various hydrocarbons all give sulphurized 
products. In certain cases, reaction occurs easily on simple mixing of the two 
reagents. This is true of the action of sulphur chloride on phenols, amines and 
unsaturated hydrocarbons.* However, when sulphur is employed, the tempera¬ 
ture usually has to be raised before reaction takes place. Saturated hydrocarbons 
both of the aromatic and aliphatic series require the presence of a catalyst before 
any reaction with sulphur chloride starts. 

The best-known vulcanizable hydrocarbon is rubber. Although a detailed de¬ 
scription of the vulcanization of this substance is beyond the scope of the chapter, 
there are certain characteristics of hard rubber which relate it to synthetic resins. 
It is a good dielectric, and when mixed with softening agents and fillers it can 
be molded. It is also chemically resistant and, therefore, has been used both by 
itself and as a lining for steel in the manufacture of chemical apparatus. In the 
latter case, a layer of soft rubber is interposed between the hard rubber and the 
metal. Such an intervening layer makes the bond between the ebonite and the 
metal stronger and more elastic.® (See Figs. 164 and 165.) 

Reaction of Sulphur Compounds with Terpenes 

The primary action of sulphur on terpenes appears to consist in the formation 
of a monosulphide which then combines with more sulphur to form poly sulphides.* 
A resin produced by the sulphunzation of turpentine was obtained by Pratt* and 
is known as “Toron.’' This material was the result of work on a solvent (for re¬ 
claimed rubber) in which turpentine was the base. During the experimentation, 
sulphur was introduced and, on heating, it was observed that sulphur and turpen¬ 
tine formed a black viscous material. The hardness and viscosity of the resulting 
body depended on the time and temperature of the operation. Long heating at 
an elevated temperature gave a hard substance similar to mineral rubber. The 
product was readily soluble in benzene, toluene, xylene, gasoline and other hydro¬ 
carbon solvents and was partially soluble in acetone and alcohol. Solutions of 
Toron were thought to be non-colloidal since they penetrated the fibers of cloth 

1 See Chapter 59. 

® See Chapter 54 for the discussion of the action of sulphur halides on rubber. In Chapter 10, 
various products are mentioned which aie obtained from the reaction of sulphur and its halides on 
petroleum distillates. For a further discussion of the latter topic see Carleton Ellis, “Chemistry of 
Petroleum Derivatives,” Chemical Catalog Co , Inc., New York, 1934. 

® A review on hard rubber has been contributed by A. R. Kemp and R. S. Malon, Ind. Bng. Chem,, 
1935, 27. 141. See also D. F. Twiss, Trans. Inst. Rubber Ind., 1928 . 3, 380; Chem. Abt., 1928, 22. 2491. 
D. W. Kitchin, Rubber Age (N. Y.), 1929. 24, 671; Chem. Abs., 1929, 23, 2602 A. A. Perks, /.S.C.7., 
1926, 45, 142T. H. Dannenberg, Kautschuk, 1927, 104, 128; Chem. Abs., 1927, 21. 3764. I. Minatani 
and I. Aoe, J. Rubber 8oc. Japan, 1930, 2, 235; Chem. Abs., 1931, 25, 4144. 

^ P. P. Budnikov and £. A. Schilow, Per., 1922, 55, 38^; Chem. Abs., 1923, 17, 1005. Note also 
A. Nakatsuchl, JS C.I., (.Japan), 1930, 33, Suppl. binding 408; 1932, 35, Suppl. btndmg 376; 19^, 36, 
Suppl. binding 254; Chem. Abs., 1931, 25, 938; 1932, 26, 5558; 1933, 27. 3927. 

sW. D. Pratt. U. S. P. 1.349,909, Aug. 17, 1920; Chem. Abs., 1920, 14, 8338. Britiah P. 165,662, 1921. 
Cf. B. S. Rao, V. P. Shintre and J. L. Bimonsen, /.S.CJ., 1928, 47, 171T. 
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readily. Analyses and molecular-weight determinations indicated that sulphur 
had added to the olefinic linkages of the terpene and also that several terpene 
nuclei had been linked together. Since hydrogen sulphide was evolved it would 
further appear that some substitution had taken place.* 

Toron is prepared by heating sulphur and turpentine together under a reflux 
condenser. At 150°C., the reaction progresses readily and the temperature is 
gradually raised to 200° C. The material can also be formed by digesting the two 
reactants together at 140°C.'" The principal use for which Toron was intended was 
the impregnation of fabrics employed in the manufacture of rubber goods. Solu¬ 
tions of Toron, as was mentioned above,* penetrate the fibers and facilitate the 
formation of a firm bond between the fabric and the rubber.® Cloth impregnated 
with solutions of these sulphur-terpene resins is reported to be waterproof.® Not 
only solutions of Toron but also aqueous emulsions can be used for such purposes.'® 

Gardner and Hart" prepared a similar material by heating turpentine and sul¬ 
phur for about 12 hours at 120-130°C. Their product was used as a rubber accel¬ 
erator and as an ingredient in a carbon-black pigment." 

Kobbe" heated 2 parts of pine oil with 1 part of sulphur at 190°C. for about 
30 minutes. The resulting composition was then mixed at 120-140°C. with 25 
parts of lubricating oil and the mixture employed as a cutting oil.'* The reaction 
of various sulphurizing agents (sulphur, alkali sulphides and nitrogen sulphide) on 
pinene is stated by Budnikov" to produce a terpene sulphide of the formula, 
CjoHieS. With gold chloride this sulphide formed a compound which could be 
used in gilding porcelain. Gray'* thickened turpentine with sulphur chloride and 
utilized the product for bonding rubber to metal. Another material, an ingredient 
for rubber compositions, was obtained by blowing pine-tar oil with air at an ele¬ 
vated temperature and m the presence of a small proportion of sulphur." Lubs, 
Fox and Smith'® report that the action of sulphur chloride (75 g.) on pine oil 
(100 g.) at below room temperature (cooled with ice and then, after mixing, al¬ 
lowed to warm up to room temperature) followed by refluxing with alcoholic 
sodium sulphide (285 g. in 1000 cc.) produced an effective flotation agent. Other 
hydrocarbons and certain of their derivatives were also mentioned as forming 
similar products. Benzene and dichlorobenzene required catalysts before the reac¬ 
tion would take place. Aluminum chloride and aluminum amalgam were used for 
this purpose. 

A number of varnishes have been made by heating sulphur with solutions of 
rubber. Such varnishes were used for impregnating fabrics to make them water- 


•W. B. Pratt, Ind. Eng. Chem., 1923, 15, 178. 

TW. B. Pratt. U. S P. 1 349,911, 1,349,912, 1,349,913 and 1,349,914, Aug 17, 1920, to E. H. Clapp 
Rubber Co.; Chem. Abs., 1920, 14, 3338. British P. 169,031, 169,513 and 169,514, 1920; Chem. Abi , 
1922, 16, 502, 856. 

« C/. J. B. Tuttle, India Rubber World, 1923, 67, 291; Chem. Abs., 1923, 17, 1350. 

•W. B. Pratt, U. S P. 1,349,910, Aug. 17, 1920, to E. H. Clapp Rubber Co.; J.S C.I., 1921, 40, 154A 

British P. 169,777, 1920, Chem. Abs, 1922, 16, 802 

W. B. Pratt, British P. 208,382, 1922; Chem. Aba., 1924, 18, 1554. 

^ H. A. Gardner and L. P. Hart, U. S. P. 1,963,084, June 19, 1934, to Henry A. Gardner Laboratory, 

Inc.; Chem. Abs., 1934 , 28, 4939 

“H. A. Gardner, U. S. P. 1,963,896, June 19, 1934; Chem. Aba.. 1934, 28, 5261. 

“W. H. Kobbe, U. S. P. 1,844,400, Feb. 9, 1932; Chem. Aba., 1932, 26, 1892. 

w Two other sulphur-containing cutting oils may be mentioned. W. H. Oldacre (U. S. P. 1,804,068, 
Oct. 19, 1926, to IL ^uart & Co.', Chem. Aba., 1927, 21, 173) heated mineral oils with sulphur 
chlonde at SO-C. O. E. Cushman and T. W. Doell (U. S. P. 1,806.933, May 26, 1931, to Standard Oil 
Chem. Aba., 1931, 25, 3954) caused sulphur to react with the unsaturated by-products of 
the Edeleanu process of oil renning. 

2, 891. Compt. rand., 

27*’2773*’ ****' “ P- M0,758, 1932; Chem. Ab»., 

MO *'• Goodrich Co.; Chem. Abe., 1929 , 23, 1309. 

Ibf ?982^’2^'"a2™*""’ Philadelphia Rubber Worka Co.; Chem. 

M i £ ‘ioJ'”'"*’ **• >.^5,092, Aug. 30, 1932, to E. I. du Pont de 

Nemours « Cu : Chem. Abs , 1932, 26, 5897 ' 
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proof and electrically insulating.^® As a solvent in this reaction, Pratt“ employed 
turpentine winch had previously been treated with oxalic acid. He states that 
the product was not a colloidal solution since it would pass through parchment. 
Another vulcanized terpene-rubber combination has been prepared by Gray*' 
through heating 50 parts of pine oil, 100 parts of rubber, 80 parts of sulphur, 40 
parts of clay and 2 parts of accelerator at 149°C. for 1 hour. When this com¬ 
position was pulverized, it could be remolded at 177°C. in 2-5 minutes. 

Action of Sulphur and Sulphur Halides on Aromatic Hydrocarbons 

The reaction of sulphur on benzene in the presence of a catalyst has been 
studied by Glass and Reid** and by Dougherty and Hammond.** The former in¬ 
vestigators heated benzene and sulphur together in a bomb at 350°C. for 24 hours. 
The products isolated were thiophenol, diphenyl sulphide, diphenyl disulphide, 
thianthrene and hydrogen sulphide. 



thianthrene 


Dougherty and Hammond used aluminum chloride as catalyst and were able to 
isolate only thianthrene, diphenyl sulphide** and hydrogen sulphide. The mecha¬ 
nism suggested was: 


S2 AICI3 + C6H6 AICI3 
CflHft—8--S—HAlCh + CeHoAlCl, 
2 CflH 5 —S—C6H5 AICI3 + S., 



CeHs —S—S— H'AlCh -{- AICI3 
CeHs—S—C6H5 AICI3 4 - AICI3 + H2S 
2C5H6-45—S—CeHs AICI3 


2C6H6~S—S—CflHfi-AlCh -f S 2 



Others have obtained thianthrene from benzene and sulphur chloride in the presence 
of metallic chlorides.*® If the reaction is made to go further by using more sulphur 
chloride and by increasing the time and temperature, resinous substances are pro¬ 
duced. Although the composition of these bodies is not known it is possible that 
they are in the form of chains containing sulphur-linkages similar to those present 
in thianthrene and diphenyl disulphide. Stegemann*® observed that heating sul- 
jihiir (1 per cent) with crude benzene at 250°C. for 2 hours formed a small amount 
of pitch, a reaction which Uloth*' applied to the purification of benzene. Apparently 
the unsaturated comiiounds present in the crude distillate are the first to react and 
so are removed. 


British P. 243,966, 1925, to Mechanical Rubber Ck).; Chein. Abs., 1927, 21, 195. See also H. 
Pluiihon, British P. 326,216, 1928; Bnt, Chein Abs, B, 1930, 520. 

^W. B. Pratt, U. S P. 1,451,711, April 17. 1923; Chem. Aba.. 1923, 17, 2064. 

H. Gray, U. S. P. 1,769.506. July 1, 1930, to B. F. Goodrich Co ; Chem. Abs., 1930, 24, 4666. 

“ H. B. Glass and E. E. Reid, J A.C.S , 1929. 51. 3428. 

2® G. Dougherty and P. D. Hammond, J.A.C.S., 1935, 57, 117. See also J, Boeseken, Rec. trav. 

(Jiim., 1905 , 24, 221; J.C S., 1905, 88 (1), 583. 

2* Diphenyl sulphide forms an amorphous perchlorate, C«H6S(0C108)=CJ<(CH=CH)s>CHa. O. Hins- 
berg, Ber., 1929 , 62. 127; Chem. Aba.. 1929, 23, 2703. 

2® German P. 372,664, 1916, to Dubois & Kaufmann Chem. Fabi.; J.S.C.I., 1923, 42, 1141A. 

“ W Stegemann, Z. angew. Chem., 1928, 41, 626. 

^R. Uloth, Brennatoff-Chem. 1929, 10, 297; Bnt. Chem. Aba. B, 1929 , 767. F. Hofmann and R. 
Uloth, British P. 306,421, 1929; Chem. Zentr., 1929, 2. 963. 
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Hassler” obtained tanning agents*" and varnishes*" by fusing naphthalene,®^ 
sulphuric acid and sulphur together at 160-180°C. In place of the naphthalene 
and sulphuric acid a naphthalenesulphonic acid*“ could be used. The products were 
bluish-black before neutralization of the acid, but afterwards they were yellowish 
brown. Some of these resins were water-soluble whereas those produced usii>g 
more sulphur and less sulphuric acid were insoluble. Experiments in the author s 
laboratory have given more information as to these relationships. When the fol¬ 
lowing proportions were employed the product was soluble in water and fusible: 


Naphthalene . . .50 parts 

Sulphur . 15 

Sulphuric acid . . 126 

Raising the sulphur to 24 parts and reducing the sulphuric acid to GO yielded a 
material only part of which was water-soluble. The water-insoluble portion could 
be mixed with filler and hot molded to give an article having a hard glossy sur¬ 
face. Raising the sulphur to 30 parts resulted in an insoluble and infusible black 
solid. 


Delaney and Richardson® heated ecpial parts of naphthalene and sulphur mono- 
chloride together in the presence of a catalyst, e.g., tin, aluminum or ferrous sul¬ 
phides, and obtained a ream suggested for use in making phonograph records. The 
temperature was held at around 95‘"C. at which point the reaction goes rather 
rapidly. The product on hot molding became substantially insoluble and infusible 
Cherry"* reported that wear-resistant phonograph records can be made of a com¬ 
position containing naphthalene-sulphur resin, ozokerite and an appropriate filler. 

Anthracene and suliihur chloride yield 9-anthryl dithiochloride, (Ct^HgSgCl), a 
yellowish-red crystalline compound melting at 117-118°C. and reacting with am¬ 
monia and aromatic bases to form resinous bodies.® It has also been observed that 
sodium disulphide reacts with dibromoanlhracene, when heated in an autoclave, to 
form a yellow, insoluble and amorphous compound.® Frey*’ reported that anthra¬ 
cene (25 per cent) and sulphur (2.5 per cent) heated with coal-tar pitch resulted 
m a product similar in chemical and physicah properties to the original pitch. Fur¬ 
ther, the sulphurized products made by heating cuprene® with benzene and sulphur 
or sulphur chloride have been stated to be of use in the rubber industry.® 

A chemically resistant material has been obtained by Balle and Daimler*" by 
incorporating a sulphurized aromatic hydrocarbon resin with a fusible phenol- 
formaldehyde condensation product. Thus, 400 parts of technical xylol were 


«8F. Hosaler, U 8. P. 1,533.594, April 14, 1925; 
1918, and 409,713, 1920; J S.C.I., 1925, 44, 517B, 842B. 
2257. 


Chem Abu , 1025, 19, 1791. 
Genrnin P 466,269, 1926, 


German P 407,994, 
Chem. Ab8 , 1929, 23, 


» Using sulphur chloride in a similar reaction between naphthalene and sulphuric acid, a resist for 
use m dyeing animal fibers has been obtained (Faibw voini Meister Lucius & Bnimuff Rr.tish P 
2«,007, 1926, to I G. Farbenmd A.-G.; BrU Chem. Ab,. B. 1927/6M) See 
other resists made from sulphur chloride and phenols 

IS reported as being » catalyst for the preparation of varnishes from naphthalene 
28^ 3605)^^**^ chloride (A. Ya. Savitzkii and P. G. Novak, Russian P. 33,299, 1933; Chem. Abt, 1934, 

A m mounting micioscopic objects is said to be 

18M) Microacopical Soc., 1931, 50, 424; Chem. Aba., 1931, 25, 

2,7.7iuIpLmc‘acid at heatmg naphthalene- 

Co wj’’’ S- P- 1.655,942, Jan. 10, J928, to Cutler-Hammer Mf*. 

^^’•*0. A. Cherry, U. S. P. 1,871,228, May 29, 1928, to Cutler-Hammer Mfg. Co.; Chem. Aba., 1928, 22, 

*®P. Friedlfinder end A. Simon, Ber.. 1922, 55, 3969; JCS 1923 1 24 ri'l lOO 
«W. H. Cooke. I. M. Heilbron and G H. Walker, /c /' 1925 127 2250 
Sfl • ti. Teer, 1933, 33. 26, Brit. Chem. Aba. B. 19^, 903 ‘ 

" bee Chapter 8. ' 

••Geirow P. 40^4^ 1922, to Elektrisitatswerk Lonza; J.8.C.I., 1925, 44, 879B. 

^G. Balle and K. jDaimler, German P 476,478, 1922. to I. G Farh^md A 7n • rh^ laoa 

la Owrman P. 471.835. 1924, addn. to 455,551* 1923, to Smit A.’-G*; CAm! ^ba.\ iwj; 
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reacted with 500 parts of sulphur monochloride and 8 parts of zinc chloride. 
One hundred parts of the resulting resin were fused with 30-50 parts of a con¬ 
densation product from cresol and formaldehyde. The mixture was a black mass 
possessing a high melting point. 

Vulcanized Bituminous Materials 

Numerous investigators have suggested that useful materials can be prepared 
by the action of sulphur or sulphur chloride on bituminous substances. Since in 
most, if not all, of these cases the initial substance is a complex mixture, very 
little can be said about the structures of the resulting products. However, the 
principal reaction is probably with any unsaturates present, since Lorand*^ has 
shown that it is the olefinic constituents of petroleum distillates which interact 
primarily with sulphur chloride. The saturated hydrocarbons were found to react 
much more slowly giving chlorinated (not sulphurized) materials. Two suggested 
applications for the bodies obtained by treating tar oils with suljihur and sulphur 
chloride are the preparation of black printing colors*^ and ingredients for paints." 
Hessle" obtained sulphurized products by heating a hydrocarbon oil with sulphur 
in the presence of catalysts such as the oxides and hydroxides of chromium, man¬ 
ganese, iron, cobalt and nickel. Hessle also stated that resinous and heavy poly¬ 
merized masses resulted when the metallic catalyst was omitted. 

Kurath'’ described the use of stearin pitch m a cold-molding composition pre¬ 
pared by melting together 1050 parts of stearin pitch, 945 parts of coal-tar pitch 
and 105 parts of gilsonite at 260''C. The mixture was cooled to 246®C. and 168 
jiarts of fish oil were added. An emulsion of 40 parts of this binder and 9 parts 
of sulphur in 6 parts of water was then added to 150 parts of asbestos. The result¬ 
ing mass was disintegrated and molded. Pungs" heated stearin pitch with sulphur, 
wood oil, whale oil and an extract of tar and obtained an adhesive and impregnat¬ 
ing composition to be used in treating textiles. A related body formed by vul¬ 
canizing a mixture of linseed oil and stearin pitch has been employed as an insulat¬ 
ing compound." 

Asphalt and similar bituminous materials have been heated with sulphur to 
make a vulcanized impregnant for stone," a briquet binder" and a product for use 
in road-making.'’® Bolgar“ heated asphalt and sulphuric acid together until the 
mixture was homogeneous, allowed the mass to cool and then stirred in sand. 
In this way he obtained a plastic composition. Sulphonation of sulphurized coal- 
tar is said to produce a tanning agent.®* 

As was noted previously, benzene is relatively inert to sulphur. An anti-corro¬ 
sive paint has been prepared by mixing in a benzene vehicle asphalt, rubber and 
gum elemi, followed by heating with sulphur, sulphur cliloride or arsenic sulphide.” 

E. Lorand, Ind. Eng Chem , 1927. 19, 733 

« German P. 364,830, 1920, to Rutgersvverke A.-G ; J S CJ., 1923, 42, 614A. 

German P. 577,116, 1933, to Lackfabnk B'wald Dorken: Chnn Ab^ , 1933, 27, 4107 
' T. Hessle, U S P. 1,996,334, Apr 2, 1935, to Thiophene Pirnlurts Co 

Kurath, U. S. P. 1,732,478, Oct. 22, 1929, to Cutler-Hammer Mf«. Co.; Chem. Abs.. 1930, 24. 

212 . 

«W. Pungs, U. S P. 1,916,584, July 4. 1933, to I G Farbenind A.-G.; Che7n. Ahs., 1983, 27. 4693 
Canadian P. 282,877, 1928; Chem Abs , 1928, 22, 4214. British P 302,710, 1927; Chem Abs.. 1929 . 23. 
4308. French P. 644,965, 1927; Chem. Abu, 1929, 23. 2000 

L. Baarnhielrn and A. Jernandei, British P. 3,045. 1894: J.SC.L, 1894, 13, 531. 

^►•L. Cohen. British P. 271,722, 1926; Chem. Abs.. 1928, 22. 1665. 

E. Willard, U. S. P. 1,869,083, July 26. 1932, to Briquet Engineedng Co.; Chem. Ab^., 1932, 

26, 540i 

^A. F. Campbell, British P. 239 264, 1924, to Hai'dman and Holden, Ltd.; J.SC.I., 1925, 44. 883B. 
In this cose the sulphur Is driven off as hydrogen sulphide. 

5»L. Bolgar, Swiss P. 129.809, 1927; Chem. Abn., 1929, 23, 2793. 

«W. Moeller. British P. 193.722. 1922; J S.C.J., 1923, 42. 367A. 

«C. H. Ivinson and G. R. Roberts, British P. 161.201, 1919; 1921, 40. 399A, 
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Titzel®* mixed gilsonite, vulcanized rubber, manganated linseed oil, turpentine, 
petroleum naphtha and sulphur. The solution was applied to surfaces and baked 
like a japan. 

Castor oil and petroleum pitch have been vulcanized together with sulphur 
to make an impregnating agent.“ Alley” used a mixture of raw linseed oil, 
bituminous coal, asbestos and sulphur in making a friction material for brakes. 
Rubber and gutta-percha substitutes have been prepared by melting together 
pitch, tung oil and sulphur chloride. Free sulphur was added to the fused mass.*” 
In case a more rubbery product was desired a certain amount of rubber itself 
could be added, whereas the addition of paraffin wax furnished a product more 
like gutta-percha. 

Attempts to improve the residues from the refining of petroleum,” anthracene,®* 
oils,” fats®" and fatty acids” include heating them with sulphur chloride or sul¬ 
phur. Wood may be reconditioned by filling abrased spike holes and similar im- 



Fig. 164. 

Hard-Rubber Lining Bonded to Metal Pipe. 


Courtesy American Hard Rubber Company 


perfections with a vulcanized composition of rubber, castor oil and sulphurized 
asphalt,®* Vulcanized rubber dissolved in a mixture of water-gas tar and coke-oven 
tar and heated with sulphur gave a product which could be used in electrical in¬ 
sulation and in road building.®^ 

Reif®® developed a procedure for making plastic compositions from fibrous 
materials and sulphurized tars. The loose fibers were saturated with ammonia or 
dusted with a powdered base (calcium hydroxide or sodium carbonate) and then 
sprayed with tar. Each fiber was thus coated with a thin layer which was then 
vulcanized by a spray of sulphur chloride. The hydrogen chloride liberated from 
the reaction was neutralized by the base present. The final product could be 
molded when hot. 

MJ. A. Titael, U. S. P 391,927, Oct. 30, 1888. 

British P. 239,500, 1925, to Norsk Hydio-Elektnsk Kvaelstofaktie.selskab.; Brit. Chem. Abs. B, 
1928, 501. See also C. Horbye, Canadian P. 260,711, 1926; Chem. Abn , 1926, 20, 3564. 

“J. D. Alley, U. S. P. 1,882,702, Oct. 18, 1932, to Amcricaii Hiake Materials Corp.; Chem. Abs , 
1933 , 27, 820. German P 583,464, 1933; Chem. Abs, 1934, 28, 272 

Kunatstoffe, 1925, 15, 56 

»G. A. Le Roy, Bull. Soc. Ind. Mtdhouse, 1907, 77, 147; J.8 C.l , 1907, 26, 754. 

“•German P. 332,888, 1919, addri. to 330,970, 1919, to Verkaufsveiein. f. Teererzeugnisse G.m.b.H.; 
J S.C.I., 1921, 40, 427A. 

«>G. Balle, German P. 410,012, 1923, to Farbw. vorm. Meister, Lucius & Briining; J.S.C.I., 1925, 
44, 493B. 

M. Melamid, German P. 386,062, 1921, addn. to 335,323, 1919; J.S.C.L, 1924, 43, 302B. See also 

German F. 434,143, 1923; Bnt. Chem. Aba. B, 1927, 495. W. Griacom, Jr., TJ. S. P. 529,905, Nov. 27, 

1894, to Standard Paint Co. British P. 22,966, 1894 ; J 8.C.I., 1895, 14, 285. 

«W. Savage, U. S. P. 1,669,490 and 1,669,491, May 15, 1928, to Savage-Rubber Corp.; Chem. Aba., 
1928 2494. 

“S.* Krishna, British P. 882,557,' 1932; Brit. Chem. Aba. B, 1933, 21 

“E. 0. and F. D. Hager, U. S. P. 1,884,240, Oet. 25, 1082, to Amer. Tar Products Oo.; 

Chem. Ab$., 1933, 27. 1067. 

•®N. Reif, U. S. P. 895,197, Aug. 4, 1908; Chem. Aba., 1908, 2, 8290. German P. 882,941, 1920; 
J.S.CJ., 1921, 40, 427A. 
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SULPHURIZATION OF INaTURAL AND SYNTHETIC Res/NS 

When rosin, abietic acid, abietene or abietane is heated with sulphur and 
then distilled, retene is obtained.” Under milder treatment than distillation, less 
thorough changes in the molecule take place and various sulphurized bodies have 
been obtained. Thus, Moltke-Huitfeldt®^ heated rosin (500 g.) and sulphur (125 
g.) for 1 hour at 155-160°C. The powdered mass after cooling was dissolved in 
sodium carbonate solution at 100°C. A transparent, yellow, gelatinous soap was 
obtained. Valenta* added sulphur to melted rosin and secured a black product 
closely resembling Syrian asphalt in properties. It did not dissolve in alcohol 
but was soluble in benzene and chloroform. On evaporation, a benzene solution 
left a solid film which became insoluble when exposed to light. 

Rosin and a number of other natural resins are too soft to make good var¬ 
nishes.” Low™ reports that they can be hardened by heating under pressure with 
an aqueous suspension of sulphur. Prager^ states that the addition of 5-10 per 
cent of sulphur at 140-150°C, produces a dark green, stable material. .Various non- 
metallic inorganic sulphur compounds (sulphur chloride, chlorosulphonic acid, sul¬ 
phuric acid and thionyl chloride) have been used also to modify rosin.™ - 

Nielsen™ heated 50 parts of rosin with 25 parts of mineral oil ('^medium” auto¬ 
mobile oil) to 102°C. A thin stream of melted sulphur (at 123°C.) was poured 
in with agitation. When cold, 10 parts of rice flour were incorporated and the 
product was suggested as a mastic composition in laying wood blocks. An arti¬ 
ficial gutta-percha has been prepared by Zingler™ from a mixture of copal, sulphur 
flowers and petroleum or turpentine. After cooling, the mass was mixed with an 
ammoniacal solution of casein and heated to 126-150°C. until it had the consistency 
of a thin fluid. It was then boiled with 15-25 per cent of tannic acid and finally 
washed with water and dried. 

Ohta™ made an electrical insulating varnish by heating tung oil and rosin with 
sodium sulphide or selenide. Aluminum was used as a catalyst and the tem¬ 
perature was held between 240° and 300°C. Selenium (0.1 per cent) added to a 
mixture of a drying oil and a natural resin is said to prevent the mixture from 
burning during the heating required to produce a varnish.™ Papier-mache or wood 
has been impregnated with a composition made from resin, lime, boiled linseed 
oil and sulphur. This product, according to Faure,” is acid-'proof and applicable 
for making storage batteries. A fiberboard has been made by coagulating a sus¬ 
pension of fibers, sulphur and rosin size with alum followed by forming into sheets." 

Urushiol is one of the principal constituents of the juice obtained from the 
Japanese varnish tree, Rhus vernicijera?^ This juice (Japanese lacquer) is 
poisonous to the skin but, according to Satow,” is rendered nonpoisonous when 

••German P. 43^802, 1887, to A.-G. f. chem. Ind.; Chem. Zentr., 1888, 1372. T. H. Easterfield and 
G. Bagley, /.C.3., 1004, 85. 1247. A. Vesterberg, Ber., 1903 , 36, 4200; / C.S.. 1904, 86 (1), 151. W. 
Schultse, Ann.. 1008, 359, 131, 138; 1908, 94 (1). 356. 

•^ L. de Moltke-Huitfeldt, French P. 629.214, 1927; Bnt, Chem. Aba. B, 1929, 254. 

••E. Valenta, Central^Org. /. Warenkunde u. Technol, 1891, 1, 19; Chem. Zentr., 1891, 2, 687. 

•• See Chapter 37. 

«»F. S. Low, U. S. P. 1,243,312, Oct. 16, 1917; Chem. Aba., 1918, 12, 233. 

^O. Prager, Seifensteder~Ztg., 1915, 42, 705; Chem. Aba., 1915, 9, 3369. 

^L. Auer British P. 337,750, 1929; Chem. Abg., 1931, 25, 2312. 

™H. C. Nieteen, U. 8. P. 1,841,M7, Jan. lO', 1932, to National Wood Products Co.; Chem. Aba., 
1932, 26, 1811. 

M. Zingler, German P. 20,989, 1882; J.S.C.I., 1883, 2, 287. 

Ohta, U. S. P. 1,801,364, April 21, 1931, to Asaki Garasu K. K.; Chem. Aba., 1931, 25, 3502. 
Fmnch P. 638,197, 1927; Chem. Aba., 1929, 23, 293. British P. 301,341, 1927; Chem. Aba., 1929, 23. 4089. 

~ Y. Inada, Japanese P. 100,206, 1933, to Tokyo £. C. Kogyo K. K.; Chtm. Aba., 1934, 28. 2554. 

^C. A. Faure, U. S. P. 366,717, July 19, 1887, to Electrical Accumulator Co. 

»J. Camie, U. S. P. 1,843,948, Feb. 9, 1982, to Meclianical Rubber Co.; Chem. Aba., 1932, 26. 2057. 

^ See Chapter 2. 

••T, Satow, U. 8. P. 1,754,243, April 15. 1980: Chem. Aba., 1980, 24, 2903. 
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heated with 40-60 parts of sulphur at 120-160® C. The product was conveited by 
treatment with formaldehyde or acetaldehyde to a rapidly hardening material, 
which could be mixed with fillers and molded or used as an impregnating or coating 
agent when dissolved in benzine, benzene or acetone. The coatings were insula¬ 
tors for electricity. They could also be utilized as glues in veneering. A similar 
protective layer has been made by pasting a sheet of asbestos paper to a surface, 
followed by painting with vulcanized urushiol and heating to 150-200®C. This 
layer was said to be resistant to hydrochloric and other acidsA mixture of 
vulcanized Japanese lacquer, hard rubber and a polymerized mixture of a drying 
oil and manganese or cobalt resinate have also provided an electrical insulation.** 

Venugopalan** studied the effect of sulphur and sulphur chloride on shellac. 
He reports that the mechanical properties and water resistance of the varnishes 
and molded products made from vulcanized shellac were both improved. Treat¬ 
ment with sulphur was carried out by heating the shellac with 3-4 per cent of 
sulphur at 180®C. until the product after cooling was green in color. When sul¬ 
phur chloride is added in chloroform solution to a varnish made of shellac, it is 
stated that not only is the water resistance increased, but also the color is im¬ 
proved. These changes, according to Aldis,** are due to the hydrochloric acid 
liberated. 

Resin-like substances have been obtained by treating salts of resinic, humic or 
lignoceric acids with chlorides of aromatic sulphonic acids.*® For example, 100 kg. 
of a- or /9-naphthalenesulphonyl chloride were added to a solution of 120 kg. of 
sodium colophonate in 100-200 kg. of water. The solution was heated at 30°C. 
for 12 hours and then allowed to cool. The precipitate formed (separated by 
decantation or filtration) was then dissolved in benzene for the purpose of puri¬ 
fication. The organic acid salts could be replaced by soft coal-tar pitch or an¬ 
thracene-oil distillates. The products were used as varnishes. 

A number of synthetic resins*® have been vulcanized. Arsem®^ heated the re¬ 
action product of glycerol, phthahc anhydride and oleic acid with 10-30 per cent 
of sulphur. The product was an elastic rubber-like material. Ellis* treated solu¬ 
tions of alkyd resins with sulphur chloride'. He found that a restricted amount of 
the halide (1-2 per cent) was desirable since otherwise the product was darker 
in color. For example, a resin was prepared from 80 parts of phthahc anhydride, 
60 parts of glycerol and 40 parts of distilled cottonseed fatty acids. One thousand 
parts of this resin were then dissolved in 1500 parts of a mixture of benzene and 
ethyl acetate (equal parts). To the solution were added 10 parts of sulphur mono¬ 
chloride, the mixture stirred thoroughly and allowed to stand for 2 hours. Mag¬ 
nesium oxide (5 parts) was incorporated to neutralize the acid and the solution 
was filtered. Such a resin solution gave coatings which were less tacky than those 
formed using the unvulcanized alkyd. On heating, the films became substantially 
infusible and insoluble. Nitrocellulose could be added to these compositions. Resins 
to be used in varnishes have also been obtained by Ott, Steinmeyer and Frick** 


"K. Ikeda, Japanese P. 96,559, 1932; Chem. Abts., 1933, 27, 3301. 

*»T. Mori, Japanese P. 100,994, 1933, to T. Sawafuji; Chem. Ab»., 1934, 28, 4938 
1934*28* Indian Lac Research Inst., Research Notes, 1933, 10, 12; 19W, 18; Chem. Aba., 

W. Aldis, Indian Lac Research Inst., Research Notes, 1934, 18; Brit Chem Abs B 1935 33 
-M. Brit»h P. 133.71* .nd 133,713 1W»; 7 S.c’./.. mt. 40. 3MA C/ the diSoSion 

of benxyl and allyl bemenesulphomtos to amorphou, hydrocarbons, Z. Fdldi Ber I»S7 60 OM- Bnt 
Chem. Abe. A, 1W7, 483 

••I. Kreidl (Frrach P. 747jW, IWS: Chem. Abe.. 1933, 27. 5203) uses thiosulphates and polythionstes 
as yutonii^ Wts for synthetic r^. whe^s sulphur itself is used m German P. 535.007, 1*28. to 
Fmna Ewald Dfirken; Chem. Aha., 1932, 25, 1144. ’ 

. - 8. P. 1,082,100. Dec. 28, 1*13, to Gen. Electric Co. ; Chem. Abe., 1914, 8, 830. 

/ Bnt. ThOTown-Houston Co., Ud.; J.a.C.I., 1*18, 32, 1023. For a dise^on of 

modified alkyd resins oontammg drying oil acids see Chapter 44. 

••Garleton Ellis, U. S. P. 1311.115, June 23, 1931; Chem. Aba., 1931, 3s, 5049 

•K. Ott, H, Steinmeyer and F. Frick, German P. 526,802, 1929, to I. Q. Farbenind. A.-G.- Chem 
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by vulcanizing alkyd resins (modified by drying oil acids) with less than 5 per 
cent of sulphur. 

According to Herrmann and Haehnel,'" polyvinyl alcohol and its derivatives 
give products resembling rubbei when treated with sulphur or sulphur chloride. 
Thus, they heated polyvinyl alcohol at 150°C. for 5 hours with 1 per cent of 
sulphur. The resulting material was black, hard and rubber-like. It could be 
worked by cutting or sawing. The use of a 10 per cent solution of sulphur mono- 
chloride in carbon disulphide produced a plastic material resembling soft rubber. 

Lender”^ states that coatings of polymerized cumarone and indene become fis¬ 
sured and brittle in time. This he rejiorts is largely prevented if the resin is 
heated with sulphur or sulphur chloride before using it in a varnish. It has already 
been noted that the insolubility of phenol-formaldehyde resins in the final stage 
of condensation hindered their application to oil varnishes.®* In one of the meth¬ 
ods for avoiding this difficulty, a fusible phenolic resin is vulcanized at 332°C. 
with sulphur or with a sulphurized organic compound (turpentine or chlorinated 
biphenyl). Tung-oil solutions of the product can be bodied by heating to 315°C. 
without formation of insoluble complexes.®* 

Vulcanized Fatty Oils as Coatings 

The vulcanization of drying and non-drying fatty oils produces, first, \dscou8 
liquid compositions and, second, solid rubber-like bodies.** The former are used 
as coatings and it should be noted that the films from the treated oils are more 
waterproof and do not penetrate various porous materials. Also, the vulcanized 
drying oils are said to jiermit of a more rapid application of successive coats, 
a property which will be considered more fully later in the chapter in connection 
with the Frenkel process. 

According to Whitby and Chataway,** linseed oil reacts with sulphur in three 
successive steps. The sulphur first combines chemically with the oil. This re¬ 
action is relatively rapid, 45 minutes at 160°C. being required for the combina¬ 
tion of up to 16.5 per cent of sulphur. Following this, an acetone-insoluble 
polymer begins to accumulate. This substance is richer in sulphur than the re¬ 
maining liquid. The mass becomes progressively more viscous and eventually 
sets to a gel. Concentrated sulphuric acid converts the thick acetone-insoluble 
oil instantly to a solid polymer, and a similar result is obtained by continuing the 
heating after the oil has set or by using a larger proportion of sulphur. 

The material formed by the action of sulphur chloride on blown linseed oil 
has been employed by Frenkel and Brust®® to replace the colloidally dispersed 
glass, kaolin or diatomaceous earth commonly used in priming coats. Thus, 30 
parts of blown linseed oil were treated with 1-2 parts of sulphur chloride and 
40 parts of linseed oil were added before the reaction was complete. Driers 
were then incorporated and the consistency was adjusted by thinning with ben- 

Ab«., 193L 25, 4984. British P. 338.604, 1929; Chem, A&x.. 1931, 25, 2531. See also J. Scheiber, Gennaii 
P. 560,371, 1932, addn. to 543,287, 1930; Chem Aba, 1933, 27, 1220. 

W. O. Herniiann and W. Haehnel, 1). S, P. 1,672,157, June 5, 1928, to Consort, f. elektrochem. Ind 
G.mb.H ; Chem. Aba., 1928, 22, 2686. See also British P. 294,474, 1927, to I. G. Farbemnd. A.-G.; 
Chem. Aba., 1929, 23, 2072. French P. 696,300, 1930, Chem. Aba, 1931, 25, 2878. See also Chapters 
51 and 52. 

»iR. Lender, German P. 277,605, 1913; Chem. Aba., 1916, 9, 1127. 

See Chapter 19 for the prepamtioii of oil-soluble phenolic resins. 

•»H. A. Gardner, U. S. P. 1,992,570, Feb. 26, 1935 

•* See the section on factice below. A rubber substitute has also been obtained bv vulcanising an, 
alkaline extract of seaweed (C. A. Houques-Fourcade, U. S. P. 1,772,218, Aug. 5, 1930; Chem. Aba., 1930, 
24, 4906). 

«G. S. Whitby and H. D. Chataway, J.8.C.I., 1926, 45, 115T. See also J. S, Long, C. A. Knauss 
and J. G. Smull, Ind. Bng. Chem., 1927, 19, 62. 

••B W. Frenkel and A. Brust, U. S. P. 1,936,230, Nov. 21, 1933, to Pittsburgh Plate Glass Co.; 
Chem. Aha., 1984 . 28, 917. Austrian P. 118,585, 1930, addn. to 115,209, 1929, to Firma H. Frenkel; 
Chem. Zentr., 1930, 2, 4835. 
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zene.” A somewhat similar product has been prei)ared by Branscombe and Ever- 
leigh” 

Coatings produced by sulphurized oils are relatively impervious. Hollander®* 
found that the sulphur treatment of linseed oil reduced its swelling tendency to a 
degree comparable with that of stand oil, and under certain conditions the water 
resistance of tung oil was reached. Rydberg'®* made leather impervious to water 
by soaking it in a drying oil and then treating with sulphur monochloride. The 
material obtained by the action of sulphur chloride on tung, oil has been proposed 
by Atkins'®' as a protective coating to render concrete resistant to oil, water, and 
weather influences. Balloons have also been varnished with a preparation of oils 
and sulphur chloride.'®* Brandenberger and Riedemann'®® reported that a solution 
of an oil sulphurized with sulphur chloride was useful in making paints for ship 
bottoms. Further, this coating was stated to be a good rust preventive. However, 
Brendel'®* has disputed this, saying that such varnishes may even be corrosive due 
to the residual hydrochloric acid which they contain. 



Fig. 165. 

Tank Lined with Hard 
Rubber. 


CouTtety American Hard Rubber 
Company 


Osnos and Golovistikov'®® studied the reaction of sulphur monochloride and 
linseed oil in the attempt to prepare varnishes involving the use of smaller quanti¬ 
ties of halide. They found that the oxidized oil permitted the desired decrease in 
the amount of reagent and that the resulting varnish was better than those con¬ 
taining 14-16 per cent of sulphur monochloride. Heublyum'®* reviewed their work 
and also came to the conclusion that the amount of sulphur chloride should be 
kept as low as possible. Others who have investigated the use of sulphur- and 
sulphur chloride-treated oils have reported that a sulphur-treated tung oil has 
not only an increased alkali resistance, but also an increased tendency to blister 
on plaster.'"" The latter property is probably due to its impermeability to mois¬ 
ture. Sulphur chloride-treated linseed oil, on the other hand, did not show in¬ 
creased alkali resistance. 


•^O. Naumann (German P. 597,209, 1934; Chem. Abs., 1934, 28, 5261) suggests the addition of 
magnesium oleate to factice oil which is intended as a pamt vehicle. 

•8W. T. Branscombe and R. C. L. Everleigh, Canadian P, 281,837, 1928, to Pmchin Johnson & Co.. 
Ltd.; Chem. Aba., 1928, 22. 4261. British P. 283,998, 1926; Brit. Chem. Aba. B, 1928 275 
••A. Hollander, Farben-Ztg., 1950. 35, 998; Bnt. Chem. Aba. B, 1930, 382. ’ 

103 E, T. Rydberg, German P. 565,983, 1930; Chem. Aba., 1933 , 27 , 2599. 

C. Atkins, U. S. P. 1,575,521, March 2, 1926; Chem. Aba., 1926, 20. 1508. See also J. W 
Phillips, U. 8. P. 1,395,242, Oct. 25, 1921; J.8.C.I., 1921, 40, 897A. . , see aiso 

^CSerman P. 321,264. 1918, to BallonhUllen-G m.b.H ; Chem. Aba., 1921, 15, 1083. 

^ O. Brandenberger and A. Riedemann, German P. 596,400, 1934; Chem. Aba 1934 28. 4613 
Brendel, Farben-Ztg., 1925, 30, 2734; Chem. Aba., 1925, 19, 3603. ' 

J. Osnos and J. Golovistikov, Maaloboino-Zhxrovoe Delo, 1932, 23. 54 60* Chem Aba 1932 26 
6161. See also S. Vedenkin, Malyamoe Delo, 1931, 3, 26; Chem. Aba., 1932, 26 6219 - * 

MSR. Heublyum, Farben-Chem., 1933, 4, 211; Chem. Aba., 1933, 27, 4112. ’ 

^Circ., Amer. Paint, Vamiah Mfra.’ Aaaoc., 1933, 445, 425; Chem. Aba., 1984, 28, 846. See also G. 
Fearnley, A. W. Guthrie and J. R. Macauley, Am. Paint J., 1982, 16 (53A), 12, 23, 26: Chem. Aba. 1933. 
27, 432. 
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Besides being used in the preparation of resistant coatings, sulphurized oils 
are also said to permit of more rapid application of successive coatsThe prod¬ 
ucts from the reaction of sulphur chloride on drying oils set throughout the mass 
and do not depend on the diffusion of oxygen from the surface. Several layers 
can be applied in quick succession, i.e., three coats m the course of one day or 
less. The addition of sulphur to drying oils has also been reported to decrease 
the destruction of their films by atmospheric oxidation.^"” Related to this is the 
process of Bermger and Zimmer^® who prevent the congealing of tung oil during 
heat treatment by the addition of 0.6-1.2 per cent of sulphur or selenium. Even 
though only a small amount of sulphur is used, heating at 250-300°C. produces a 
light yellow, nondrying, viscous liquid. 

Perry*“ found that films made from sulphur chloride-treated fish oils were 
unsatisfactory. The unsaturated hydrocarbon squalene, CsoHm, which is one of 
the constituents of shark-liver oil has also been shown to be not suited for use 
in paints and, in any event, vulcanization does not improve it.'“ Synthetic drying 
oils have been prepared by dehydrating crude tall oiP“ with calcined calcium sul¬ 
phate followed by treating with 5-10 per cent of sulphur monochloride^* and 
by esterifying sorbitol with oleic acid.”® In the latter instance, polymerization of 
the oil can be effected by heating with sulphur. 

Various uses of vulcanized drying oils other than for the preparation of paints 
and varnishes for the protection of wood, plaster and metal have also been pro¬ 
posed. Thus, Nanfeldt”® impregnated a brake lining containing asbestos with a 
sulphur-treated linseed oil. Rubber footwear covered with a soft, tacky, vulcanized 
varnish have been given a hard finish by treatment with a sulphur halide, sul- 
phuryl chloride or thionyl chloride.'” Fritz”** prepared a coating composition for 
the manufacture of oilcloth by dissolving 4-8 parts of sulphur monochloride in 
15 parts of benzine, adding slowly 100 parts of bodied linseed oil followed im¬ 
mediately by 20-30 parts of stand oil. The product was used in linseed- or tung- 
oil solution. 

As early as 1864, Parkes"" reported that castor oil treated with 2-10 per cent 
of sulphur chloride could be used as a plasticizer for nitrocellulose. Crane'®^ heated 
cottonseed, olive and castor oils with sulphur (0.11-0.20 of the weight of the oil) 
at 210°C. The syrupy product was employed in nitrocellulose lacquers. The 
following formula was stated to give good results as a coating for fabrics and 
leather: 


Butyl acetate . 7 gallons 

Petroleum naphtha. 3 gallons 

Pyroxylin.16 pounds 

Vulcamzed oil. 30-40 pounds 

Pigment.,. 1-2 pounds 

108 British P. 288,624, 1927, to Firma Hermann Frenkel; Chem. Abs., 1929, 23, 721. German P. 
504,868, 1930; Chem. Zentr., 1930 , 2, 2065. C/. German P. 581,229, 1933, to A.-G. Johannes Jeserich; 
Chem. Aba., 1933, 27. 5207. 

10® H. A. Gardner and G. G. Sward, Circ., Am. Paint, Vamiah Mfra.' Aasoc., 1932, 4 1 0, 129; Bnt. 
Chem. Aba, B, 1933, 77. See also H. A. Gardner, G, G. Sward and S. A. Levy, tbid., 193i, 388, 218, 
Chem. Aba., 1931, 25. 4418. 

110 E. Beringer and W. Zinuner, U. S. P. 1,103,473, July 14, 1914, to Reichhold, Fliigger 4 Boecking; 
Chem. Aba., 1914, 8, 3127. 

mE. Perry, Paint, Vamiah Prod. Mgr., 1933, 9 (10), 28; Chem. Aba., 1933, 27, 5557. 

11* P. Slansky, Fettchem. Umachau, 1933, 40, 77; Chem. Aba., 1933, 27, 3091. 

11* See Chapter 36. 

ii*B. F6hre, German P. 576,262, 1933; Chem. Aba., 1933, 27, 3835. 

11® British P. 350,992, 1929, to I. G. Farbenmd. A.-G.; Brit. Chem. Aba. B, 1931, 819. 

i« W. Nanfeldt, U. S. P. 1,959,686, May 22, 1934, to World Bestos Cbrp.; Chem. Aba., 1934 , 28. 4551. 

11*1 British P. 274,357, 1927, to L. Candee 4 Oo.; Chem. Aba., 1928, 22, 2082. 

lisp. Frits, Paint, Vamiah Prod. Mgr., 1934, 10 (4), 28; Bnt. Chem. Aba. B, 1934, 463. 

11® A. Parkes, British P. 2675, 1864. Castor oil vulcanised by heating at 200-800*C. with 0.1 per 
cent of selenium has been suggested for the same purpose. W. M. Stanley, U. S. P. 1,955,348, April 
17, 1934, to E. I. du Pont de Nemours 4 Co.; Chem. Aba., 1934, 28, 3921. 

^F. Crane, British P. 3345, 1891; J.S.C.I., 1892. 11, 446. 
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The addition of ammonia to nitrocellulose lacquers lowers the viscosity but yields 
a brittle film. According to Morozov,this brittleness can he partially eliminated 
if vulcanized oils are used (in admixture with low viscosity nitrocellulose). 

Auer and his co-w’orkers^” have employed sulphurized resins, oils and naphthenic 
acids in aqueous emulsion as varnishes and impregnating agents. A similar product 
has been obtained by emulsifying linseed oil and heating at 160-170°C. with 
colloidal sulphur,^* The addition of tannic acid to the oil before or after vnil- 
canizing is said to make the sulphurized body more easily emulsifiedGuerry“® 
treated a solution of a salt of an unsaturated fatty acid with a solution of sul¬ 
phur in carbon disulphide and obtained substances which he assumed to have the 
typical atomic grouping 

n H 

-('- C~ 

! i 

s s 

\ 

I! 

s 

Aqueous solutions of these products possessed the ])roperty of dissolving animal 
and vegetable fats, oils, waxes and aromatic hydrocarbons. They were used in 
degumming silk and for leather dressings. 

Not only sulphur and sulphur chloride, but also sulphur dioxide, has been 
employed in the preparation of varnishes and lacquers from drying oils.“® For 
example, oxidized drying oils such as linoxyn or oxidized tung oil are treated with 
sulphur dioxide, or salts derived from it. The products are soluble in water but 
may be rendered insoluble by heating. 


Factice 


One of the principal uses to which vulcanized oils have been put is the prepara¬ 
tion of rubber substitutes. Those made from sulphur monochloride are white to 
yellow in color and are, therefore, called ^Vhite factice.^’ They are formed by 
mixing the two components in the cold. As reaction is rather violent and the 
mass tends to heat up spontaneously, it is usually carried out with limited quanti¬ 
ties of material lest charring take place. At the end of the reaction the hot mass 
is poured out on a smooth plate from which it can be easily peeled when cold.^^ 
Since both sulphur and chlorine are found in the product, Henriques“® presumed 
that the white factices were addition products of the oils and sulphur chloride. 
Considerably larger proportions of sulphur chloride are used in making factice 

^ I R. Morozov, Zhur. Pnklad. Khimu, 1931, 4, 117; Ckem. Abs., 1931, 25, 5779. 

Auer and P. Stamberger, British P 321,693, 1928; Chem. Abs , 1930 , 24, 2W4. Austrian P. 
20,047, 1030; Chem. Zentr., 1930 , 2, 3350 French P 686,321, 1920; Chem Abe, 1931, 25, 618. British 
P. 321,004; Chem. Abu., 1930, 24, 2904. Austrian P 20,048, 1930, Chem. Zentr , 1930, 2, 3350 L. Auer 
and N. Strachovsky, British P. 321,699, 1928, Chem. Abs, 1930, 24, 2904. French P. 686,316, 1929, 
Chem. Abg., 1931, 25, 618. See also P. Stamberger, British P. 361,025, 1930; Chem. Abs., 1933, 27, 
1120. Hungarian P 105,074, 1933; Chem. Abs., 1933, 27, 4100. 

W. J. S. Naunton, British P. 313,252, 1928, to Imp Chem. Ind., Ltd.; Bril. Chem. Abs. B, 1929, 
650. 

^H. M. Bunbuiy and R. B. F. F. Clarke, British P. 343,533, 1929, to Imp. Chem. Ind., Ltd ; 
Bnt. Chem. Abs. B, 1931, 501, 

>*C. Guerry, French P 563,214, 1922; Bnt. Chem. Abs. B, 1926, 141. 

“•French P. 738,075, 1932, to 1. G. Farbenind A.-G.; Chem. Abs., 1933 , 27, 1773. The products 
of this reaction can be used also in making linoleum. 

Seeligmann, G L Tomlhon and H Faloonnet, “Indiarubber and Gutta Percha,” trans. by 
J, S. McIntosh; Scott, Greenwood'and Son, London, 1910, 261. 

R. Henriques, Chem.~Ztg., 1893, 17, 634; J.8.C.I., 1894, 13, 47. The proportions of sulphur and 
chlorine are not identical with those in sulphur chloride since some hydrogen chloride is lost in the 
reaction. See E. A. Harvey and H. A. Schuette, Trans. Wisconsin Acad. 8ci., 1931, 2$, 225. 231, 233; 
Chem. Abs., 1931, 25. 4726. 
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than are employed in the case of vulcanized varnishes. Thus, Henriques states 
that the following amounts of sulphur monochloride give satisfactory results with 
100 parts of each of the oils listed: 


Table Qisi.—Proportions of Sulphur Chloride used mth Various (hU. 


Oils 

1(X) Parts 


Sulphur Chloride 
Parts Used 


Linseed 
Poppyseed. 
Colza’**.. . 
(Cottonseed 
Olive. ... 
Castor.... 


.30 

36 

26 

45 

25 

20 


He points out that there is no relationship between the drying power of the oil 
and the amount of halide required. Similar observations have been made by 
Harvey and Schuette.^ These investigators attempted to develop a method of 
evaluating oils by treatment with sulphur chloride but found that both the vis¬ 
cosity of the final product and the heat of the reaction were unrelated to the drying 
power. 

The action of sulphur on fatty oils is much slower than that of its chloride. 
The mixture must be heated before combination takes place. The use of sul¬ 
phur therefore avoids the accidents which sometimes take place due to the 
violent action of chloride. The products are dark brown to black in color and 
are used like the white factices as rubber substitutes and as ingredients in 
rubber compositions.^" The preparation of a brown substitute from maize (corn) 
oil takes place in the following manner:““ Maize oil (5 parts) is heated to 243®C. 
and held there for .30 minutes with constant stirring. Melted sulphur (2 parts) is 
then poured in and when the mass is thoroughly mixed it is run out into a cooling 
box where it may be stirred. 

Knight and Stamberger“* have studied the interaction of sulphur and triolein. 
They believed that the course of the reaction was very similar to that observed 
by Whitby and Chataway^' in the case of linseed oil. The first product was the 
result of the simple addition of sulphur and was soluble in acetone. Then the 
sulphurized molecules condensed with more sulphur to produce an insoluble elas¬ 
tic body. The sulphurized oleic acids formed on hydrolysis were not elastic. 

As indicated above, one of the uses to which such products have been applied 
is the compounding of rubber.^ Ditmar*'^ added soya-bean oil to rubber solutions 
which were to be vulcanized with sulphur monochloride. The sulphur halide re¬ 
acted with the oil to form a factice in situ. The elongation and suppleness of the 
vulcanizate was increased. There was, however, a tendency to age poorly and com¬ 
positions containing more than 20 per cent of oil became worthless in a few 

»«R. Girard and .T Leiroiite (French P. 700.867, 1920; Chem. Abtt., 1931. 25, 3876) used lead tetroxide 
at) a catalyst in the pieparation of rubber substitutes from colsa oil and sulphur chlorides. 

^E. A. Harvey and H. A. Schuette, Ind. Eng. Chem. Anal. Ed., 1930, 2, 42; Ind. Eng. Chem., 
1931, 23, 675. Tram. Wieconnn Acad. 8ci.» 1931, 26. 225. 231, 333; Chem. Abe., 1931, 25, 4736. 

^ R. Henriques iloc, cit.) bases his analysis of rubber compositions for white and brown factice on 
the fact that the latter contains sulphur but no chlorine. For the analysis and examination of factice 
see Qrandel and Co., Kautechuk 1931, 7, 48; Chem. Abe., 1931, 25. 4441. 

Seeligmann, Q. L. Tomlhon and H. Falconnet, loc. ctt. See also J. Lewkowitsch, **Cheraical 
Technology and Analysis of Oils, Fats and Waxes," Macmillan and Co., Ltd., London, 1915, III. 100. 

^ B. C. J. G. ibiight and P. Staroberger, J.C.S., 1926, 3791. See also P. Stamberger, Rec. trav. 
thim., 1937, 46, 837; 1938, 47, 973; Brit. Chem. Abe. B, 1928, 23; 1939, 26. 

^ G. S. Whitby and H. D. Cliataway, J.S.C.I., 1936, 45, 115T. 

““See W. Alexander (Kaettechuk, 1934, 10. 18; Chem. Abe., 1934, 28, 4628) for a review of the 
preparation and use in rubber of white and brown factices. 

>»R. Ditmar, Gummi-Zig., 1936, 41, 535; Chem. Abe., 1927. 21, 671. H. A. Gardner (II. S. P. 
1,446,030, Feb. 20, 1923; Chem. Abe., 1923, 17, 1560) vulcuiiised a mixture of rubb^, bcnsenc and 
decblorinated oil with sulphur. (See Chapter 56.) 
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months. Another way of incorporating the factice is to add it in the form of an 
emulsion to an aqueous dispersion of rubber. 

Some other uses for factice have been suggested. One of these is the prepara¬ 
tion of linoleum. A mixture of factice, quartz and the product of sulphur dichloride 
on linseed oil was recommended for this purpose.'” Kaufmann'” replaced the linoxyn 
ordinarily employed in the manufacture of linoleum with factice, and the cus¬ 
tomary resin with a synthetic one resulting from the action of sulphur mono- 
chloride on naphthalene. It has even been suggested that factice can be used 
as the intermediate layer in safety glassSnellmg'*' mixed cottonseed oil, carbon 
disulphide and sulphur chloride and poured the solution on a metallic surface where 
it was left until hard. The mass was then ground and sulphur chloride mixed with 
a small quantity of methyl alcohol was added. Liquefaction occurred and the 
liquid was stirred into an excess of water. A solid separated and this was milled 
with an equal weight of rosin and the mixture boiled 3 hours in water. The 
product was used as a gutta-percha substitute. An insecticide has .been prepared 
by heating dichlorobenzene with a vulcanizable oil and sulphur chloride until the 
mixture sets to a hard mass which is powdered.'" McCoy'" considered that factice 
was a desirable addition to phenol-formaldehyde condensation products. The 
resulting resins were mi.xed with plasticizers and fillers and then molded. 

A large number of the fatty oils can be used in the preparation of these rubber¬ 
like products. Several such substances have already been named. To this list 
should be added sandal-seed oil'" and various modified oils. De Waele'" pro¬ 
duced elastic masses by vulcanizing acetylated castor oil or acetylated blown oil 
with sulphur chloride, sulphur thiocyanate or dithiocyanogen. Hagedorn'" reports 
that the moldable material formed by heating the mixed ester of cellulose and 
phenylacetic, oleic and lauric acids with sulphur at 140°C. is resistant to acids, 
alkalies and atmospheric oxygen. 

Mineral oils are not usually considered vulcanizable. However, Snelling'" found 
that rubber-like bodies could be produced from them. He added 20 cc. of methyl 
alcohol and 50 cc. of carbon disulphide to 100 g. of lubricating oil. One hundred 
cc. of sulphur chloride were added and the mixture allowed to stand 5 days in 
a sealed container. The methyl alcohol accelerated the reaction so that at the 
end of this time a considerable change had taken place in the oil. The liquid 
was then thoroughly mixed with 500 cc. of water and left in contact with it for 
6 days. The excess water and oil were removed by running the resulting mass 
through rolls. A solid product resulted which was tough and elastic. Oleic acid 
when treated similarly produced a substitute for lanolin. 

German P. 563,164, 1931, to Soc. italiana Pirelli; Chem, Abs., 1933, 27, 1236. 

^German P. 649,324, 1930, addn. to 484,983, to Deutsche Oelfabnk Grandel & Co ; Chem Abs , 
1932, 26, 4932. 

Kaufmann, British P. 393,141, 1933; Chem. Abs., 1933, 27, 5995. German P. 591,158, 1934, to 
Dubois u. Kaufmann G.m.b.H.; Chem. Abs., 1934 , 28, 2555. 

1"German P. 563,046, 1931, to Deutsche Oelfabrik Grandel & Co.; Chem. Abs., 1933, 27, 1128. 
Nonshatterable glass requires a very tough intermediate film such as celluloid to provide satisfactory 
shock resistance. 

W. O. Snelling, U. S. P. 1,479.330, Jan. 1, 1924; Chem. Abs., 1924, 18, 768. See also U. S. P. 
1,376,172, April 26, 1921; Chem. Abs., 1921, 15, 2749. 

i«J. Savage, F. Holt and R. Thomas, British P. 361,421, 1930, to Imperial Chem. Ind., Ltd ; 
Brit. Chem. Abs. B, 1932, 125. 

i«J. P. A. McCoy, U. S. P. 1,194,201, Aug. 8, 1916; Chem. Abs., 1916, 10, 2534. 

w*M. Sreenivasaya and N. Narayana, Proc. 15th Indian Sci. Congr., 1928, 160; Chem. Abs., 1931, 
25, 2868. 

>"A. de Waele, U. S. P. 1,910,005, May 23, 1933, to D. Gestetner; Chem. Abs., 1933, 27, 4113. A. 
de Waele, British P. 284,415, 1926; Chem. Abs., 1928, 22, 4878. 

i*«M. Hagedom, U. S. P. 1,877,854, Sept. 20, 1932, to I. G. Farbenind. A.-G.; Chem. Abs., 1933, 
27, 449. 

i«W. O. Snelling, U. S. P. 1,535,740, Apnl 28, 1925; Chem. Abs., 1925, 19, 1968. 
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Niith'*® prepared factice by the action of sulphur dichloride^*® on solutions of 
various oils in benzene and toluene. When heated with an amine, the factice 
slowly mixes, with the evolution of hydrogen chloride. Thus, samples of factice 
were prepared using the proportions shown in Table 65. 


Series 

Table 65.— 

Oil 

-Factice Preparations. 

Sulphur Bichloride 

A 

Linseed 

10 parts 

3 

B 

China wood 

10 

3 

C 

Poppyseed 

10 

4 

D 

Castor 

75 

6 

E 

Cod liver 

4 

1 


The resulting bodies were heated at 125-140°r\ with the proportions of amines 
given in Table 66. 


Factice 

Table 66. 

—A mine-Faciice Com positions. 

Amine 

Linseed 

A 

1 part 

1 

Aniline 

Linseed 

A 

p-Chloraniline 

Linseed 

A 

10 

m-Nitraniline 

China wood 

B 

1 

p-Toluidine 

China wood 

B 

1 

Monoethyl p-toluidine 

China wood 

B 

1 

Dimethyl aniline 

Castor 

D 

1 

Aniline 

Cod liver 

K 

1 

Aniline 


3 parts 
1 

7 

1 

4 
2 

5 
4 


When the factice was in solution, a quantity of toluene was added and the amine- 
hydrochloride precipitate was filtered off. The toluene solution could be used 
directly as a varnish, or the reaction product could be separated and purified 
by precipitation and washing with alcohol. If harder materials were desired 
than those prepared as just described, the latter could l)e vulcanized by heating 
with sulphur. . 

Linseed, cottonseed, castor and other oils react with zinc oxide or hydrated lime 
when heated to 200°C^ to form a product which is hard, but porous and disin¬ 
tegrated by water. Barringer^'* found that the addition of sulphur yields an im¬ 
pervious mass which is not attacked by water. One composition which he used 
consisted of 20 parts of zinc oxide, 8 parts of sulphur, 40 parts of ground flmt, 
12 parts of })owdered talc, 20 jiarts of asbestos and 15-20 parts of linseed oil. 
After thorough mixing, the composition was fashioned into the desired shapes 
and baked for 4-8 hours at a temperature ranging from 150 to 220°C. Sa]>oni- 
hcation and vulcanization were best carried out at 200-220®C. Although articles 
made by Barringer's process had a slightly grayish tone instead of the bluish black 
])referred by molders, they were resistant to water and could be soaked in the 
latter for weeks with no apparent deterioration. 

An earlier composition which consisted of lime, boiled linseed oil, resin and 
sulphur has previously been mentionedIevlev''*^ also described the production 
of plastic bodies. Wood pulp was ground with a drying oil and powdered chalk. 
Separately, a lime-sulphur was prepared by adding sulphur to lime during the 


i«G. Nuth, U. S. P. 1,159,267 and 1,159,258. Nov. 2, 1916; Chem. Abs., 1916, 10. 296 

Plauson and J. A. Vielle (Bntish P. 156,143 and 156,144, 1920, Chem. Aba., 1931, IS, 1831, 
1832) have vulcanized a factice prepaied using sulphur dichlondc and obtained an artiticia.1 ebonite. 
The same type of factice was combined by N. Braibant (British P. 374,656, 1932; Chem. Aba., 1933, 
27, 3795) with rubber and an abrasive to form a honing composition. 

iwL. E. Barringer, U. S. P. 1,085,102, Jan. 27, 1914, and 1,111,430, Sept, 22, 1914, to General Electric 
Co.; Chem. Aba., 1914, 8, 1063, 8536. 

^ C. A. Faure, U. S. P. 866,717, July 19, 1887, to Electrical Accumulator Co. 
i®*A. I. Ievlev, Russian P. 3429, 1927; Chem. Aha., 1928, 22, 4740. 



1214 


THE CHEMISTRY OF SYNTHETIC RESINS 


course of hydration. The two intermediate compositions were mixed and treated 
with a solution of sodium silicate. 

Auer^s preparation of varnishes from the action of sulphur and sulphur halides 
on oils and resins has been mentioned previously. He has also made plastic bodies'" 
by similar methods. For example, castor oil was boiled under reduced pressure 
with metallic calcium until the latter was dissolved and the evolution of hydrogen 
had ceased. After cooling, the reaction mass was heated to 140®C., mixed with 
iron oxide, aniline and sulphur, and further heated to 160°C. This product 
could be molded under pressure. 

Auer, U. S P. 1,957.437, Mav 8. 1934, 1.9S5.230 and 1 985.231, Doc 25. 1934, to J R Newman; 
ChpTf' Abx , 1934 , 28, 4272. British P. 289,414 uml 289,415, 1927; Chevi A/>« . 1929, 23, 727, 722 



Chapter 6i 

Resin-Like Materials from Fatty Oils and Miscellaneous 

Vegetable Oils 

Although the polymerization products of the fatty oils arc not resins and do 
not compare in importance with many of the types of resinous products which 
have been discussed in previous chapters, nevertheless they do comprise a group 
containing a very wide variety of materials with a correspondingly broad field of 
applications. No consideration will be afforded here to the numerous compositions 
which contain heat-treated oils in mere admixture, for the discussion will be con¬ 
fined to those products which fall somewhat vaguely within the category of syn¬ 
thetic resins. The drying and semi-drying oils' are notably polymerizable, espe¬ 
cially under the influence of catalysts. Chlorination of various fats and oils yields 
rubber-like polymers, and insulating compositions result from the polymerization 
of castor oil. A novel and very interesting development has been the introduce 
tioii of the use of cashew-shell oil for the preparation of resinous materials. 

Tung or China Wood Oil 

Reference* has already been made to the employment of tung oil (China wood 
oil) with rosin, ester gums and other like materials. Substances resulting from 
the utilization of tung oil itself are now to be discussed. 

The gelatinization of tung oil on strong heating is a familiar change, the 
chemistry of which has been investigated to some extent. Marcusson* studied 
the nature of the coagulation phenomenon, and, from solubility tests of heated 
tung oil, concluded that gelatinized oil contains 3 constituents besides oxidation 
products and anhydrides: (1) unchanged oil, (2) an oily polymerization product 
and (3) a solid polymerization product, the amounts of each varying according to 
the conditions of heating.* 

Tung oil contains chiefly the glyceride of eleostearic acid with a small propor¬ 
tion of oleic and stearic glycerides.® The first of these acids is triply unsaturated, 
and is responsible for the characteristic properties of the oil. The polymerization 
of tung oil is assumed® to involve the eleostearic radical. The more highly 
pol>merized molecules are less soluble in acetone, and consequently the matter in¬ 
soluble in acetone increases rapidly with the temperature of heating. Accordinj;ly, 
tung oil treated at relatively low temperature has greater ease of flow, can be 
thinned out to a larger extent, and produces a more elastic film. In contrast with 

^ For further information regarding the chemistry of him formation of drying and semi-drying oils, 
particularly linseed oil, see J. R. Long, A. E. Rheineck and O. L. Ball, Ind, Eng. Chtm., 1988, 25, 
1086. Q. W. Plis, 1925, 44, 401T. F. Ohl, Farbt u. Lack, 1934, 554; Chem. Aht., 1985, 29, 

945. 

* See Chapters 1^ 87, 89 and 44. 

*J. Marcusson, Z. deut. Oel.-Fett-Ind., 1928, 43, 162; Chem. Abe., 1928, 17, 2198. 

«The difference in refractive ipdicea of tung oil and its unpolymerisable fraction, being a constant, 
is the basis of a test for adulterants (vegetable tallow, rape or poppy-seed oil and rosin). F. Cheng, 
Trane. Set. 8oe. China, 1984, 8, 97; Science (China). 1984, 18, 758; Chem. Abe., 1985. 29, 861 

*For a discussion of the characteristic acids oi drying oils see J. Bdeseken, Cnem. We^blad, 1984, 
31, 418; Chem. Ab$., 1935, 29. 2002. 

• L. A. Jordan, J.8.C.I., 1984, 53, IT. 
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this, oil treated at a higher temperature does not have such good brushing quali¬ 
ties, but the film, when prepared, is more durable. 

Tung oil contains 80-85 per cent of a-eleostearic glyceride, and this is com¬ 
pletely converted into the /3-isomer in the presence of catalysts. Each form 
can be readily isolated."^ It has been stated that stand oils made from a-tung 
oil do not differ perceptibly from those from the /3-oil.* Maleic anhydride 
adds to the conjugated unsaturation of each isomer but, according to Morrell, 
Marks and Samuels,® only the addition product with jS-eleostearin produces films 
which can be hardened by heat. Thus, in this instance, the thermal-hardening 
property is taken to be related to the stereo-isomeric structure. Rossmann^® be¬ 
lieved that a cyclization phenomenon accompanies tung oil polymerization, and 
the product is a mixture of monomeric and dimeric 5-butyl-l,3-cyclohexadien-6- 
caprylic acid. 

K6hler“ has studied the cooking of tung oil at 280° and 320°C. The product 
obtained at 280°C. was the more satisfactory for use with resins in lacquers. 
The less viscous oils, prepared at lower temperatures, are best used, according 
to Kohler, with linseed stand oil. Friction blocks may be made by saturating 
asbestos pulp or woven fabric with an oil binder such as tung oil and subjecting the 
product to heat and pressure.^® 

Condensation products are formed when tung oil is treated with phenols in 
the presence of sulphuric acid.^* Baekelanir* devised a iirocess whereby tung oil 
IS heated at 205-210°C., without solidification, mixed with a filler (wood flour, 
asbestos or silex), and the mixture molded and baked. The molded articles are 
given a coat of asphalt or phenolic condensation products. Electrical insulators 
may be made in this manner. Tung oil can also be polymerized in the presence 
of hydrocarbon oils.” 

For the jiroduction of satisfactory varnishes it is often desirable that the 
gelatinization be < retarded, and this is accomplished by the addition of va^lou^ 
substances. Rhodes and Potts” lound the following order of efficacy in this re¬ 
spect: glycerol, oleic acid, rosin, ester gum, cumarone resin and linseed oil. The 
I>reseiice of only 6 jier cent of glycerol prevented gelatinization of the oil. This 
mixture with the addition of lead linoleate, heated to 280°C. until sufficiently 
bodied and then thinned with turjientine gave rapid drying, smooth, tough, trans¬ 
parent films. The addition of rosin, naphthenic acids or linseed oil to tung oil to 
avoid its coagulation during heating does not, according to Marcusson,'^ stop 
polymerization, but merely hinders gel formation. The gelatinization of tung oil 
may be delayed by heating it with glycerol to a point short of gelatinization and 
cooling by adding cold rosin oil. The composition is made quick-baking by the 
addition of a metal soap, such as manganese linoleate, or of a polymerized 
but ungelatimzed resin glyceride, which may be produced by heating a mix¬ 
ture of glycerol and a resin (Congo cojial) with rosm oil. The composition 
after application to a metallic article is hardened by the action of heat, which 

A. W. Thomas and J. C Thomson, J A.C.S, 1934, 56, 898 A. Dingwall and J. C. Thomson, 
%hid., 899. 

«H. Ulnch, Farben-Ztg., 1934 , 39, 704; Bnt, Chem. Aba. B, 1934 , 769. 

»R. S. Morrell, S Marks and H Samuels, J.S.C.1 , 1933, 52, 130T. 

E. Rossmann, Fettchem. Umachau, 1933, 40, 96. See also R. L. Houck, Paint, Oil, Chem. Rev 

1928, 86 (21), 10; Chem. Aba, 1929, 23, 5336. J van Loon, Chem. Weekblad, 1934, 31, 419; Chem. 
Aba., 1935. 29, 2002. 

u F. Kohler, Farbc u. Jxick, 1933, 67. Bnt. Chem. Aba. B, 1933, 275. 

»I. J. Novak, British P. 354.889, 1930; Chem. Aba., 1932, 26, 4144. 

« British P. 310,562, 1928, to I.' G. Farbenind. A.-G.; Bnt. Chem Aba. B, 1929, 636. See Chapter 19. 

H. Baekeland, U. S. P. 1.312,093, Aug. 5, 1919, and 1,372,114, March 22, 1921; Chem. Aba., 
1919, 13, 2579; 1921, IS, 1975. 

J«P. A. McCoy, U. S. P. 1,894,626, Jan. 17, 1933; Chem. Aha., 1933, 27, 2591. 

“F. H. Rhodes and T. J. Potts, Chem. Met. Eng., 1923, 29, 533; Chem. Aba., 1923, 17, 3796. 

n J. Marcusson, loc. cit. 



Cil. RESIN-LIKE MATERIALS FROM FATTY OILS 1217 

drives off the rosin oil from the polymerized material.’’* The addition of thymol 
and /a-naphthol to timg and linseed oil was found by Ililpert and Niehaus’** to 
retard i)olymerization. 

When exposed to ultraviolet light or treated with small quantities of iodine, sul¬ 
phur chloride, sulphur or ozone, tung oil changes to a solid, the /3-form. The 
latter can be heated at 260°C. to secure a gasoline- or naphtha-soluble resin 
adaptable for varnishes.®® 

Burstenbinder®^ considered that the action of the majority of the retarding sub¬ 
stances is purely mechanical. The effect of sulphur on the heated oil is, however, 
an exception. Even as little as 0.01 per cent of sulphur has a decided retarding 
action on the drying of the oil. 

Gardner’^ reduced the iodine number of tung oil, and hence its tendency to 
dry ra])ully with the formation of brittle, “frosted^^ films, by heating to 290°C. 
with a small amount of sulphur (0.05 per cent) or an organic sulphur compound. 
Addition of a heavy metal or metal oxide (lead, copper or zinc) effects desulphuri¬ 
zation of the oil when hot, leaving a product of less unsaturation than the original 
substance but with improved coating properties. Selenium is reported to be re¬ 
lated to sulphur in its action. 

When tung oil is heated very rapidly, as can be accomplished by passing it 
through a heated coil, it may be brought to a temperature exceeding 3CK)°C. 
without gelatinization taking place, and such ^Thermolyzed^^ oil is used com¬ 
mercially as a constituent of varnishes and nitrocellulose lacquers 

Thauss and Mauthe®* found that tung oil and phenol react m the presence of 
dilute sulphuric acid, and that on treating the product with concentrated sul¬ 
phuric acid (which acted as a sulphonating agent), a resinous substance was 
formed soluble in alkalies and suitable for treating textile materials. The oil 
may also be heated with 2-naphthol-6-sulphonic acid and dilute sulphuric, to 
yield a thick condensation product.®® Marcusson found that treatment of tung 
oil with nitric or sulphuric acid causes polymerization to a solid substance. Lin¬ 
seed and other fatty oils give no separation of solid with nitric acid, and the re¬ 
action is therefore adapted for distinguishing tung from other oils.®® A similar 
test with a drop of sulphuric acid (concentrated) serves to detect 10 per cent or 
more of tung oil in raw, boiled or blown linseed oil.®^ A thickening oil for lacquers 
is made by heating tung oil to 300° C. with acetic acid and nitrosodiphenylamine in 
the absence of oxygen.*® The use of tung oil in aqueous colloidal solution has been 
suggested.®® 

Hydrogenated tung oil was used by Seigle®® to impregnate asbestos brake shoes 
or linings, which were later exposed to a temperature at which polymerization of 
the oil occurs. Tung oil, hydrogenated until its iodine number has fallen to 
120-130, is used with or without the addition of a small percentage of gilsonite 

MC. D. Hocker, U. 8. P. 1,634,859, July 6, 1917; C/iem. Aha,, 1927, 21, 2993 British P. 238,696, 
1924, to Western Electric Co., Ltd.; J.S.CI., 1925, 44, 890. 

^R. S. Hilpert and C. Niehaus, Z. angew. Chem., 1934, 47, 86; Chem. Aba., 1934, 28, 3549. 

Q. Gauerke, British P. 312,052, 1928, to £. I. du Pont de Nemours A Co.; Chem. Aba., 1930, 
24, 980. See Chapter 44. 

»R. BUrstenbinder, Farben-Ztg., 1917, 23, 243; Chem. Aha., 1919, 13, 2139. 

••H. A. Gardner, U. S. P. 1,986,671, Jan. 1, 1935; Chem. Aba., 1985, 29, 1270. 

»F. M. Reece, U. S. P. 1,903,656 and 1,903,686, Apr. 11, 1983, to O’Brien Varnish Co.; Chem. Aba., 
1988, 27, 3350. 

“A. Thauss and G. Mauthe, U. S. P. 1,779,345, Oct. 21, 1930, to I. G. Farbenind. A.-G.; Chem. 
Aba., 1981, 25, 224. German P. 536,550, 1927; Chem. Aba., 1982, 26, 1137. 

**A. lliauss and H. Keppler, German P. 538,762, 1929, to I. G. Farbenind. A.-G.; Chem. Aba., 
1982, 26, 3200. Bee also British P. 846,425, 1930; Brtt. Chem. Aba. B, 1931, 684. 

» J. Marcusson, Farben-Ztg., 1932, 37, 1854; Chem. Aba., 1933, 26, 4725. 

^Z. Lebpert and Z. Majewska, Pnemyal Chem., 1934, 18, 4h; Brit. Chem. Abs. B, 1985, 159. 

»P. Pillnay, German P. 560,702, 1929; Chem. Aba., 1933, 27, 1217. 

**French P. 753,222, 1938, to Elc^troohemische Werke Miinchen A.-G.; Chem. Aba., 1984, 28, 917. 

»>W. R. Seigle, U. S. P. 1,486362, Nov. 21, 1932; Chem. Aba., 1928, 17. 618. 
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for impregnation, the temperature of the impregnated material being raised to 
240®C. to effect polymerization. 

Tung Oil and Metallic Chlorides 

Scobel“ made use of the reaction between tung oil and anhydrous chlorides. 
On grinding anhydrous ferric chloride or its hydrates with the oil, a solid is pro¬ 
duced which is non-coherent, yellow in color, and which gradually darkens. 
When the ferric chloride is ground in an indifferent oil (such as rosin oil or lin¬ 
seed oil) and then quickly mixed with tung oil, a homogeneous mass is formed. 
If allowed to solidify in molds, these products retain the shape of the container. 
The solidification is accompanied by a perceptible increase of temperature and 
volume. The molded articles are very glossy and jet black in appearance. They 
are opaque except when in thin sections. \^en first removed from the mold or 
container, the solid substance is slightly tacky, but soon loses this property on 
exposure to the atmosphere, or when kept at a temperature of 90-100®C. for a few 
hours. Prolonged exposure to elevated temperatures has a hardening effect on 
the mass. The outer portions, which are in contact with the atmosphere, become 
very much firmer than the interior. With zinc chloride the solid products are 
brown to deep red and sometimes they are translucent. Aluminum chloride gives 
a very deep brown to black color. 

In the polymerization of tung oil by metallic chlorides, rosin and ester gum 
or other oil-soluble resins*® can be employed up to 40 per cent by weight of the 
tung oil used. When quantities in excess of 40 per cent are employed the product 
IS deficient in resiliency, is quite brittle and softens at somewhat above room tem¬ 
perature. 

Tung oil fatty acids can be solidified by active chlorides in anhydrous sol¬ 
vents, but preferably in conjunction with the raw or blown oil itself. Specimens 
of oil which have been partially polymerized are unsuitable because products solidi¬ 
fied from these oils soften and grow sticky at comparatively low temperatures. 
Tung oil which has been heated above the polymerization point with small amounts 
of sulphur can be solidified in the usual manner. 

One kilogram of tung oil alone requires 25 cc. of a 20 per cent solution of ferric 
chloride in anhydrous acetone to cause solidification. As much as 150 cc. can be 
used on that quantity of oil to make a firmer product.** Tung oil containing rosin 
or ester gum requires somewhat larger amounts of ferric chloride in solution. 
Usually most additions such as rosin, wood flour, cork and other fillers and pig¬ 
ments exercise a retarding influence on solidification, and it is found desirable to use 
larger amounts of ferric chloride solution or stronger solutions in such compositions. 

A formula suggested for making slabs for tile or flooring is: 8 kg. of tune oil and 
2 kg. of rosin are dissolved by warming and ground with 1% kg. each of infusorial 
earth, wood or cork flour and oxide of iron (red), to which is added 1 kg. of a solu¬ 
tion of ferric chloride in acetone (made from equal parts by weight of hydrated ferric 
chloride and anhydrous acetone). Another formula is: 1 kg. of tung oil containing 
40 per cent rosin, 0.5 kg. of tung oil containing 10 per cent ester gum, 60 g. cork 
meal, 50 g. wood flour, 100 g. Indian red, 200 g. magnesium silicate or other mineral 
filler and 100 cc. of a solution made from 1 kg. of ferric chloride and 1/3 kg. of 
anhydrous acetone. 

Hoobel, U. S. P. 1,388,864, July 6. 1931; Chem. Abt., 1981, 15. 8758. 

**£. Lichtenttem (U. S. P.' 1,730.487, July 9, 1939*,.. CAem. Ab«., 1929. 23, 4831) found that on 
heating aephalt (containing not more than 10 per cent of a condensing agent such as ferric diloride, 
tine chloride or aluminum chloride) to 370-380*0. and mixing with a quantity of tung oil not exc^ing 
that of the asphalt used, an infusible mass is formed on further heating which may be used on roads, 
floors or for treating pasteboard. 

** Twenty cubic oentimeters of a saturated solution of ferric chloride in ether when stirred into 1 
gallon of raw tung oil will cause it to gel in 80 minutes. Ctre., Am, Paint Vamith Mfr», Assoc., 1939, 
342, 60, 56. 
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Stannic chloride (anhydrous) in cooled anhydrous acetone also produces an 
active solidifying solution. The pure fuming anhydrous chlorides of tin or antimony 
cannot be used without such a solvent, for their action on the oil is too energetic, 
causing clotting or non-uniform solidification. 

According to Marcusson,** anhydrous stannic chloride is a catalyst for the poly¬ 
merization of tung, linseed and fish-liver oils. The polymerized fatty acids from 
tung oil could be separated into (1) solid acids (acid value 186, saponification 
value 199.5, iodine value 81), yielding sodium salts soluble in water but insoluble 
in alcohol, and (2) pale, ummolecular, semi-liquid acids soluble in light petroleum 
ether and forming sodium salts soluble m alcohol. Oleic acid treated with alumi¬ 
num chloride in the cold is also converted into a solid mass, slightly elastic when 
broken.®® 

Tung oil, and other unsaturated oils, may be made water-soluble by treating 
their oxyns with sulphur dioxide and alkali. Such water solutions yield resinous 
products upon treatment with inorganic chlorides.” It has been suggested that 
inorganic halides catalyze rearrangement of the double bonds in unsaturated 
glycerides.” Polymerization of tung oil occurs in the presence of zinc chloride 
and acetone peroxide.*® Adulterants delay the time required for catalytic solidifica¬ 
tion.* 


Tung Oil and Akomatic Amines 

Lilienfeld"* has made resinous compositions by heating tung oil with toluidine 
and a condensing agent. A hardening effect may be obtained by treatment with 
formaldehyde. A product of a resinous nature is obtained by heating one kg. 
each of o-toluidine and tung oil with 150-200 g. of zinc chloride in 60-100 g. water. 
The temperature is maintained between 200"^ and 300°C. until a satisfactory de¬ 
gree of resinification is reached. When employing formaldehyde the following 
l^rocedure is recommended: 1 kg. tung oil mixed with 1 or 2 kg. of o-toluidine is 
heated to 80°C. and 110 g. of zinc chloride dissolved in an equal weight of water 
added. The temperature is slowly raised while agitating the mixture and the 
excess of toluidine which distils is collected. The temperature of the heating bath 
IS gradually raised to 260-290°C. and is maintained in this neighborhood until the 
ma.ss becomes hard and resin-like on cooling. The resin died material is washed 
liy kneading with water and is heated gradually with 20-200 g. of aiiueons formal¬ 
dehyde or an equivalent amount of tnoxymethylene. A modification of the proces.s 
involves adding the formaldehyde with the toluidine. 

Auer^‘ found that resins were formed when linseed, tung, or castor oils were 
heated above 200°C. with primary aromatic diamines. These producl-s were sug¬ 
gested for use as varnishes. By the incorporation of an alkali, followed by vul¬ 
canization, rubber substitutes are formed. Resins are also prepared by condens¬ 
ing tung oil with polynuclear methylenic compounds of aromatic amines.*® 
Solvents and condensing agents could be employed and hardening attained by 
aldehyde treatment. For example, a thick oil was formed from tung oil, aniline 

**J. Marcusson, Chem. Vmnehau, -1929 , 36, 53; Brit, Chem. Abu B, 1929, 292. See also H. A. 
Bruson and H. Staudinger, Jnd. Eng. Cfhem., 1928, 18, 381 

D. Zelinskii and K. P. Lavrovski, Bet, 1928, 61, 1054; Chem, Aba,, 1928, 22, 2920. 

w British P. 402,759, 1983, to I. G. Farhenmd. A.-G.; Chem, Aha., 1933, 27, 3254. 

R. Zschunke, Diu., Leipzig, 1931; Chem, Ahv, 1934 , 28, 1777. 

” W. 3. Stoddard, T. H. Geiger and L. M. Burgess, U. S. P. 1,024,524, Aug 29, 1933, to Tung Oil 
Products Co.; Brit. Chem. Aba. B, 1934 , 545. 

M. Th. Francois, BvU. art. pharmaroi., 1934 , 41, 269; Chem. Aba., 1934 , 28, 4921. 

Lilienfeld, U. S. P. 1,037.158, Aug. 27, 1912, and 1.090,730, Mar. 17, 1914; Chem. Aha., 1912. 6, 
33.33; 1914. 8, 1680. Brilisli P. 15,657, 1912; Chem. Aba., 1914, 8, 265. Frenrli P. 417,392, 1910; J.S.C./., 
1911. 30. 36. 

Auer, British P. 3371732, 1929; Brit. Chem. Aha, B, 1931. 238. 

^5 French P. 770,400, 1934, to Soc. pour I’ind. chim. k Bile; Chem, Aba., 1935, 29, 524. See Qiaptor 33. 
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and aniline hydrochloride. This was heated with anhydroformaldehydeaniline for 
1-2 hours at 200®C., then treated with formaldehyde. 

Tests have been carried out in the author’s laboratory on the production of resins 
from tung oil, and aniline, p-toluidine or xylidene. Thus, 50 parts of oil and 50 parts 
of aniline were placed in a round bottom flask with 10 parts of zinc chloride dissolved 
in 5 parts of water. The flask was connected with a condenser and gradually heated. 
Vigorous frothing occurred between 100° and 120°C. and a small amount of water 
was distilled out. On further heating to 200°C. the liquid boiled quietly and was of 
a light yellow color. A slight quantity of oily substance was di.stilled off during 
this period. At 210°C., a second frothing took place and the substance began to 
darken, while water and a small amount of oil distilled. At 280°C., the substance 
was still liquid and could be easily poured out of the flask. On cooling it gave a red¬ 
dish-brown resin, but on further heating, the mass solidified inside the flask forming 
a spongy, sticky, resinous body, less fusible than the resin obtained from the solution 
heated only to ^0°C. The yield of resin amounted to 70 per cent of the total weight 
of material taken. The product obtained at 280°C. is of good transparency and brittle, 
but slightly tough, when cold. It does not harden even on heating for several hours. 
Some of its properties, together with those of similar resins from p-toluidine and 
xylidene, are shown in Table 67. 

. Table 67 .—Properties of Tung Oil-Amine Resins. 


Properties Resin from Tung Oil and 

Aniline p-Toluidine Xylidene 

Melting point.115-120°C. 66-70*^0. 41-43°C. 

Test on hot plate. . . . Gummy Tarry Thick liquid 

Heating with 20% of paraform Hardened in 3 Gummy in 4 No effect 

minutes hours 

Solubilities 

Alcohol. . Insoluble Soluble warm Soluble 

Benzene.Insoluble Slightly soluble Partly soluble 

warm 

Acetone.... .Slightly soluble Soluble Soluble 

warm 

Ether.Insoluble Insoluble Difficultly soluble 

Alcohol-Benzene . Partly soluble Soluble warm Easily soluble 

warm 

Alcohol-Acetone.Partly soluble Soluble warm Soluble 

warm 


Chlorinated Oils and Fats 

A general procedure for preparing resin substitutes by exhaustive chlorination 
of various organic substances, proposed by Boehringer," involves dissolving the 
substance (an oil, fat, wax or rosin) in carbon tetrachloride and treating the solu¬ 
tion with chlorine gas. An increase in temperature accompanies the first stage of 
chlorination, but later a drop in temperature occurs. Chlorination is continued 
far beyond this point, exposure to actinic light serving to reduce the time required 
for the reaction. Chlorinated paraffin and ceresin wax show a notable resistance 
to the action of strong acids.** Colorless oils or sticky, plastic solids, useful as 
dyeing assistants, are formed in the chlorination or bromination of fatty acids 
(above Cs).*® The free halogen or a mixture of chlorate and hydrochloric acid 
may be employed. Ricinoleic acid gives products containing 3, 6, 7 or 16 atoms 
of chlorine; oleic acid takes up 3 or 4; stearic acid, 6; and dihydroxystearic acid, 
5 atoms of chlorine. Treatment of these chlorinated derivatives with strong alkalies 
yields alkali-soluble products, proposed as cleansing and emulsifying agents. On 
boiling with sodium hydroxide, rubber-like polymers are obtained.*® 

« German P. 256,866, 1910 and 258,156, 1911, to C. F. Boehringer k Sohne; 1913, 32, 499, 613. 

** For particulars of the chlorination of waxes and oils see Chapter 56. 

♦■British P. 336,623, 1929, to I. G. Farbcnind. A.-G.; Brit. Chem. Abs. B, 1931, 149. 

♦■British P. 340,011, 1929, to I. G. Farbcnind. A.-G.; Cficm. Ahs., 1931, 25, 2737. See also British P. 
343,761, 1929; Brit. Chem. Aba. B, 1981, 450. 
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When tung oil is treated with chlorine until the reaction has somewhat abated 
and the temperature begins to fall, a body containing about 28 per cent of chlorine 
is obtained. This product is a thick, dark liquid and splits off hydrochloric acid 
continuously on standing at room temperature.*^ Further chlorination in carbon 
tetrachloride solution yields a solid, transparent substance.** 

The drying power of tung or soya-bean oil is improved by mixing the oil 
with about 20 per cent dry calcium hypochlorite and heating at 60-70®C.** 
Another procedure which may be used is to heat the drying oil (tung, etc.) with a 
chlorine-containing organic compound or with a so-called “dechlonnated mineral 
oil.” Thus, fatty oils were heated with chlorinated fats or with p-toluene sul¬ 
phonyl chloride and were converted into products of the stand-oil type.” Gard¬ 
ner®^ has found that ^^dechlorinated oils” (mineral oil, chlorinated, and then treated 
for the elimination of chlorine) facilitate the gelatinization of tung oil. The 
product is extremely resistant to most chemical reagents. 


Castor Oil.—^Estolide Formation 

Castor oil,” as is well known, consists essentially of the glyceryl ester of ricin- 
oleic acid.” Hydrolysis of the oil yields ricinoleic acid of the structure 
CH,—(CHi) 6—CHOH—CH2--CH=-CH-~(CH2) 7—COOH 
By the hydrogenation of castor oil 12-hydroxystearin is formed. Hydrolytic 
cleavage of this stearin does not set free the simple 12-hydroxystearic acid but, 
rather, these molecules re-esterify intermolecularly. The carboxyl group of one 
molecule condenses with a hydroxyl group of another and the reaction leads to 
the formation of compounds of higher molecular weight. 

CH3—(CH,),—CHOH -rCH2),o—C -=0 


0 !H 


O 


qiij 

in—(CH,),—CHj 

i|H: 

C^H 3 ~(CH 2 ) 6 —ChIoH: ™(CH2),o--C==C> 

I 


CH3-(CH,)5—CHOH—((^H.),u—C-H> 

A 

o^c--CHj 


o 


CH,—(Ch,)s—in—(CIU),o—c=o 

ill 


C. F. Boehringer & Sohne, loc. cit. 

Linseed oil behaves in the same manner. Cotton oil is more heavily chlorinated by exposure to 
light during the process. See also French P. 433,415, 1911, and 459,261, 1912; 1912, 31, 290A; 

1913, 32, 1120A. 

«L. D. Taylor, U. S. P. 1,861,514, June 7, 1932, to Mathieson AlkaU Works; Brit. Chem. Abs. B, 
1933, 477. 

“Geiman P. 585,187, 1933, to Firma L. Blumer; Chem. Abs., 1934, 28, 1562. 

01 H. A. Gardner, U. S. P. 1,463,883 and 1,463,884, Aug. 7, 1933; Chem. Aba., 1923, 17, 3260. 

See also Chapter 43. 

0* According to A. Heiduachka and Q. Kirsten iPharm. Zentralhalle, 1980, 71. 81; Chem. Abt\, 
1930, 24, 1933) the other acids are oleic, a-linoleio, stearic and dihydrox 3 r 8 tearic. See also E. Eibner 
and E. MUnsing, Chem. Vmachau, 1925, 32, 166; Chem. Aba, 1925, 19, 3027. 
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These long ester chains are termed estoUdes and may iJi turn be re-esterihed with 
glycerol yielding polyester fatty acid glycerides of very high molecular weight; com¬ 
plexes of 12,000 and over have been prepared. These are viscous at room tempera¬ 
ture, salve-like in the cold and liquid at elevated temperatures.®* They have valu¬ 
able technical properties as lubricants and as flexibihzing agents in the textile and 
leather industry.®® Saturation of the oil, as by hydrogenation, is not essential to 
the formation of estolides. 

Dihydroxystearic acid according to Bauer and Eberle"® condenses at 200°C. 
to an estolide which, from its acid number, must represent at least a 5-fold con¬ 
densate. At 300°C. the estolide breaks down again into dihydroxystearic acid 
and ketostearic acid; the latter is formed by ketolyzation of the 10-hydroxy- 
oleic acid (lO-hydroxy-9-octadecenoic-l-acid). By the action of zinc chloride on 
oleic acid in acetic acid solution, iso-oleic (10-octadecenoic acid) and dihydroxy¬ 
stearic acid were obtained. The latter could be distilled in a vacuum but at 
200°C. reverted to an estolide.®^ 

Estolides derived fiom saturated hydroxy acids, and their esters with mono- 
or polyhydric alcohols find application for oiling artificial fibers of cellulose de¬ 
rivatives.®* By treating cellulose, or cellulose derivatives containing at least one 
reactive hydroxyl group with the chloride of an estolidic acid, and a fatty acid 
chloride, there result products resembling cork.®" Thus, cellulose, lauryl chloride, 
chlorobenzene, polyricinyl chloride and pyridine are heated at 125-130°C. for 90 
minutes. The product can be molded under pressure when hot. 

Wittka*® found that by heating ricinoleic acid to 180°C. in the presence of 
naphthene-siilphonic acid with addition of castor oil until saturation is reached, a 
thick viscous oil is obtained which is the glycerol ester of poly ricinoleic acid. 

Estolide formation probably underlies the production of lubricants by heating 
castor oil to 200°C., and introducing glycerol under pressure®' and the preparation 
of esters of high viscosity from castor oil by the method of Del-Turco.®® Castor 
oil is partially hydrolyzed until the acid number is 80-120, and the washed acid 
heated to 250°C. in vacuum, with or without a catalyst, to effect auto-condensation. 
Raw castor oil is then added to reduce the acid number below 6, yielding a product 
soluble in mineral oils. 

The mutual solubility of castor oil and gasoline is found to vary considerably 
with the composition of the latter. Olefinic, aromatic or naphthenic hydrocarbons 
are miscible in all proportions whereas the solubility of the paraffins is limited.®* 
By heating castor oil with higher fatty acids m vacuo (to 230°C. with oleic or to 
220°C. with stearic), oils are produced which are soluble in petroleum hydro¬ 
carbons.®* Estolides, in conjunction with drying and semi-drying oils, may be used 
to prepare sizing for textiles.®® Castor oil may also be heated with hydrocarbon 
derivatives whose boiling point is near the polymerization temperature so that 
they distil off during the process®® 

“A. Griln, Chem. Umacfum Fette Oeln Wachse, Harze, 1925, 32, 225; ('hem Abn., 1926 , 20, 303. 
See also CarJeton Ellis, “The Qhemistry of Petroleum Denvalives,'’ (Iu'imichI Catalog Co., New Yuik, 
19S4, 945 Also L. Light, Paint, Varnish Prod. Mgr., 1934, 11 (3), 14. Chem Abx., 1934 , 28. 6578. 

»C/. Chem. Age (London), 1928, 18, 262. 

®®K. H. Bauer and A. Eberle, Z. angew Chem, 1930, 43, 902; Chew Abs , 1931, 25, 489 

K H, Bauer and P Panagoulas, Chem. Umschau, 1930, 37, 189; Hnt Chem Abn A, 1930, 1162 

“German P. 525,299, to Aceta G.m.b.H.; Chem Abs., 1931, 25, 4136 

•British P. 300,207, to I. G. Farbenind. A.-G.; Chem. Abs, 1929, 23, 3573 

“F. Wittka, Swiss P. 151,817, 1930; Chem, Abs., 1932, 26, 4825. 

«G. Komada, Japanese P. 91,871, to Sakae Katura; Chem Abn., 1032, 26, 1771. 

“ O. R. IJel-Turoo, U. S. P. 1,936,831, Nov. 28, 1938, to Fn'iu'h Society Legendre Vin & Quetet; 
Chem Abs., 1934 , 28, 1048. German P. 559,756, 1931; Chem. Abs, 1933, 27, 836 Bntish P. 385,021, 
1931; Chem. Abs., 1938, 27. 4484. 

“Q, H. Taber and D. R. Stevens, Ind. Eng. Chem., 1928, 20, 1185. 

“Germ^ P. 482.034, 1935, to Chem. Fabr. Ildrsheim H. Noerdlinger; Chem. Abs,, 1930, 24. 519. 

“Britm P. 871,6m, 1981, to Aceta Q.m.b.H.; Brit. Chem. Abs. B, 1932, 597. 

“German P. 548,716, 1927, to J. Simon A Dilikheim; Chem. Abs., 1932, 26, 4195. 
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The polymerization of castor oil in the presence of metallic oxides yields a 
composition for coating wire which, according to Harris,*^ can be solidified in 
contact with the wire by heating to about 300®C. for 3 minutes or less. Copper, 
ferric or aluminum oxide or alkaline earth o^des are heated with castor oil at 
240-310®C. until 5-15 per cent of the castor oil has distilled. Metallic resinates and 
fossil resins also may be employed.” Boiled castor oil has found use as a protective 
coating for metals.” A composition that remains flexible comprises oxidized and 
polymerized castor oil, 60, aluminum oxide, 5, mica, 15, and asbestos 15 parts. 
The temperature should be above 150®C. during the incorporation of aluminum 
oxide.^® Castor oil is rendered more viscous, as well as soluble in mineral oils, 
by heating with tin oxide at 200-250®C. for 8-12 hours.*^ 

Substances resembling tung oil are obtained by heating castor oil at 270- 
280®C. while it is stirred in air, toluene sulphonyl chloride being employed as a 
catalyst. The products may be used for making lacquer.’* Also, the oil may be 
heated at 200-250°C. in the presence of a substance which retards thickening 
(rosin, synthetic resin, sulphur, etc.) until the acid number reaches 30 or less. 
The liquid now somewhat resembles tung oil, and is useful in the manufacture of 
paints.’* Heated at 200-260°C. with a small amount of phosphoric acid or of 
an organic phosphate, castor oil becomes soluble in mineral oil, and on prolonged 
treatment acquires drying properties resembling those of linseed and tung oil. 
It may be used as a lubricant or in paints.’* 

(-'astor oil heated at 1(X)°C. for 1 to 3 hours with concentrated selenious acid 
yields a rubber-hke mass which is insoluble in alcohol, ether, benzene and pyridine. 
This material is saponifiable with alcoholic potash. When treated with alcohol or 
ether it swells to a jelly which dries to a solid that can be pulverized.’' Polymeriza¬ 
tion can also be accomplished by means of nitric acid: if castor oil at 47.5°C. 
IS treated with 1/80 of its weight of concentrated nitric acid, and the tempera¬ 
ture is raised to 116°C., solidification occurs.’® Nitrated castor oil has been 
used with nitrocellulose under the trade name of “Velvril.” Such mixtures arc 
homogeneous in all projicrtions and have been used as artificial rubber.” Similar 
jiroducts have been proposed as constituents of explosives.’* A binding material 
has been prepared by Cadoref" from saponified oils by oxidation with nitric acid 
and subsequent further saponification. The soap is acidified and the liberated 
resinoid substance is purified. Cadoret named the product “resoline.’' In gen¬ 
eral, drying oils give a vigorous reaction with nitnc acid, and serai- or non-drying 
oils do not. Castor and cedar-nut oils are exceptions to this generalization.” With 
fish oil considerable heat is evolved, but the reaction is not especially violent. 

Substitutes for India rubber have been made by heating a solution of amber 
resin in castor oil with sulphur at 180°C., then cooling the mass and ozonizing. 

•TJ. H. HarriR, U. S. P. 1.249,566, Sept. 18, 1917; Chem. 1917, 11, 3180. 

^.I. W. HarriB, U. S. P. 1,240,567, Sept. 18, 1917; Chem. Abu., 1917, 11, 3180. 

♦"•H. L. Brownback, French P. 740,913, 1932; Chem Abi*., 19.33 , 27 , 2773. 

R. R. Grant, U. S. P. 1,906,749, May 2, 1983, to Blue Rock Chem. Corp. of Va.; Brit, Chem. 
Abti. B. 1934, 1211. 

^L. £ Qontard, French P. 760.788, 1934; Chem. Ab$., 1934, 28, 4260. 

German P. 559,848, 1980, to Firma L. Blumer; Chem. Abs., 1983, 27, 878. M. G. Thomson, A. C. 
Hetheiuigton, S. A. Sim, British P. 403,648, 1932, to Imperial Chem. Ind., Ltd.; Brit. Chem. Abi. B, 
1934, 209. 

«.l. Scheiber, German P. 555,496, 1929; Chem. Abe., 1932, 26, 5223. 

7iBritiflh P. 354,783, 1930, to I. Q. Farbenind. A.-O ; Chem. Abe., 1982, 26, 3016. See aleo A. 
Kibner and E. Mtlnsing, Chem. Umechau, 1925, 32, 158, 166; Chem. Abe., 1925, 19, 3027. 

TBS. A. Fokin,/. Ruee. Phye.-Chem. Boe., 1918, 45, 285; J.C.S., 1913, 104 (1), 442. 

TOM. Morgan, British P. 349,684, 1980; BrU, Chem. Abe. B, 1931, 728. 

TT W. F. Rpid, J.8.C.I., 1899, 18, 972T. 

wc. H. Keck, U. S. P. 1,651,459, Dec. 6, 1927; Chem. Abe., 1928, 22, 870. 

»£. Cadoret, Britwh P. 12,451, 1896; J.a.C.I., 1897, 16. 449. 

MA. S. Koes, Preemyel Chem., 1920, 4, 161; Chem. Abe., 1928, 17. 3618. 
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After this the product was treated with sulphur chloride in the presence of ben¬ 
zene and calcium carbonate.” 

Under the influence of heat, light or proper catalysts (boric acid, stannic 
chloride or piperidine) ricinoleic acid was found to condense with itself to form 
diricinoleic acid.” This is a thick, yellowish oil, soluble in alcohol, ether, benzene 
and acetic acid, and reacts with sulphuric acid to yield an unsaturated ester. 

Distillation of Castor Oil and Derivatives 

Panyutin,” in distilling the methyl ester of ricinoleic acid over pumice and 
borax (in order to prevent polymerization) found that a cleavage in the molecule 
took place. Heptaldehyde and the methyl ester of undecylic acid (CH 3 (CHa)o- 
COOCH») were obtained. No evidence was available for the shifting of the double 
bond preliminary to the rupture. 

Distillation of castor oil m a vacuum or in a stream of inert gas also yields cleav¬ 
age products, viz., heptaldehyde and undecylenic acid (CH 2 =CH(CH 3 ) 8 COOH). 
The residue is an oil which may be used to make baking lacquers for metals when 
mixed with unsaturated acids (oleic) together with metal oxides or soaps and 
plasticizers (benzyl citrate or phthalate). Inasmuch as copper articles are Erectly 
oxidized under these conditions, the metal oxide in this instance is omitted.” The 
free acids of castor oil, however, behave differently in that a cleavage does not 
take place at the carbon containing the hydroxyl group. 

According to Heiduschka and Kirsten” the distillation of ricinoleic acid yields 
a product (b.p. 233-4°C. at 14 mm.) which has a percentage composition indica¬ 
tive of the formula C, 8 H 3208 but which is a mixture and not a single compound. 

When the distillation of ricinoleic or elaidoricinoleic acid is carried out in a 
vacuum, 70-80 per cent distils over as octadecadienoic acid. By combining the 
distillate and the residue and esterifying with glycerol, Scheiber” obtained a prod¬ 
uct similar to boiled wood oil. 

Esterification of the distillation residues of ricinoleic acid with polyhydroxy 
alcohols has been used by Scheiber for the preparation of lacs” wherein oils and 
resins are also incorporated. They may be used as vehicles for odorless printing 
inks* in which cellulose esters or ethers are added.* 

The spongy residue left on distillation of castor oil has been found by Barbot* 
to contain a variety of fatty acids. Esterification with ethyl alcohol gave the 
heptoate, nonate, undecoate, palmitate, ncinoleate, oleate, stearate and 74 per cent 
of an unknown acid of molecular weight approximately 700, which appears to 
be formed from the auto-condensation of linoleic acid. 

Boeseken and Hoevers” investigated the dehydration product of ricinoleic acid 
by forming adducts of maleic anhydride” and determined that 75 per cent was 
linoleic acid and 15 per cent 9,12-octadecadienoic-l-acid. 

"H. Tiehsen, British P. 17,579, 1904; J.SCL, 1904, 23, 1154. H. Spat*, U S. P. 786,527, Apr 4, 
1904; J.8.CJ., 1905 , 24, 507. H. Spat* and H Tiehson, German P. 180,120, 1904. H. Tiehsen, French 
P. 346,349, 1904; J 8.C.I., 1905, 24, 143. Other rubber substitutes containing fatty oils are discussed by 
.1. Lewkowitsch, “Chemical Technology of Oils, Fats and Waxe.s,“ Macmillan & Co., Ltd., London, 
1915, 191. 

“A. Zlatarov and V. Bieliavski, Ann. univ. 8ofia, Faevite phys.-math., 1932, 28 (2), 21, 39. 

**P. S. Panyutin, J. Russ. Phys.-Chem. 8oc , 1928, 60, 1; Chem. Abs., 1928, 22, 3392. 

•*A. j. Ducampe and M. E. A. Baule, British P. 383,856, 1932; Chem. Abs., 1933, 27, 4427. 

^A. Heiduschka and Q. Kirsten, Pharm. Leutralhalle, 1930, 71, 81; Chem. Abs., 1930, 24, 1933. 

“ J. Scheiber, British P. 316,538, 1929; Brit. Chem. Abs. B, 1930, 827, See Chapter 43. 

^ J. Scheiber, German P. 512,822 and 512,895, 1931; Chem. Abs., 1931, 25, 1400. 

“J. Scheiber, German P. 522,486, 1928; Chem. Abs., 1931, 25, 3184. 

»J. Scheiber, German P 544,697, 1930; Chem. Abs., 1932, 26, 3686. 

®®A. Barbot, Compt. rend., 1033, 197, 65; Brit. Chem. Abs. A, 1933, 935. 

“ J. Bdeseken and R. Hoevers, Rec. trav. chim., 1930, 49, 1165; Brit. Chem. Abs. A, 1931, 198. 

••See Chapter 40, Diene Synthesis. 
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Conversion of Non-Drying to Drying Oils 

Scheiber” has classified the fatty oils into (1) those containing conjugated 
double bonds (tung oil) and (2) those containing several double bonds, non- 
conjugated (linseed and semi-drying oils). Inasmuch as drying is partially the 
result of the polymerization of the double bonds, tung oil requires but little 
outside influence. With other oils it is first necessary to oxidize the methylene 
group between the two double bonds 

—OH==CH—CH2—CH===CH— —y --CJH==CH---<:-~CH===CH-- 

D 

l)efore a conjugated system results. By shifting the double bonds of the semi- 
drying oils, however, compounds are obtained which resemble tung oil in drying 
properties.”* By treating the fatty oils of the linseed, poppy seed and train od 
types at 200°C. with air or carbon dioxide, this shift in the double bonds takes 
place and a product similar to tung oil is obtained.” Other catalysts include 
sulphuric acid, antimony pientachloride, aluminum oxide and mercuric oxide.” 

Linseed oil may also be isomerized to yield a system of conjugated double bonds 
by treatment with chlorine until the chlorine content is about 20-25 per cent and 
then dehalogenated with a metal. A clear liquid results which may be used for 
paint.” Gardner” has applied this same method to obtain a drying oil from soya¬ 
bean oil glyceride. Addition of 0.03 per cent of cobalt in the form of a drier to 
dehydrated ricinoleic acid glycerol ester yields a clear film in 3 to 4 hours.” 

Synthetic drying oils are also formed by heating castor oil with glycerol and 
subsequent esterification with unsaturated fat or resin acids.“® Hydroxylated 
fats may be prepared artificially by chlorinating fish oils and hydrolyzing the 
resulting products.^” 

The dehydration product of castor oil obtained by vacuum and chemical de¬ 
hydration may be heated with excess glycerol to form the glyceryl ester of 9,11- 
octadecadienoic-l-acid. The films of linseed, and tung oiP” and the triglyceride 
of 9,11-octadecadienoic-l-acid, containing cobalt and lead-manganese driers, did 
not yellow within two years in a desiccator but did so within a few months in 
ordinary air. The coloration is ascribed to oxidation promoted by water as a 
carrier. The subsequent bleaching in strong light appears to be a reduction 
process.^®* 


Polymerized Products from Other Fatty Oils 

The first stage^” in the hardening of a film of linseed oil or similar unsaturated 
fatty oil in the presence of air is the absorption of oxygen by the fatty acid mole- 

**J. Scheiber, Farbe u. Lack, 1930, 51. 63; Chem. Abs., 1930, 24, 3314. For the classification of 
fatty oils on the basis of drying properties see the International Critical Tables, McGraw-Hill Book Co , 
Inc., New York, 1927, II, 201. 

^See J. Scheiber, Z, angew. Chem., 1933, 46, 643; Brit. Chem. Abs. B. 1934, 26. 

«J. Scheiber, U. S. P. 1,896,467, Feb. 7, 1933; Chem. Abs.. 1933, 27, 2833. British P. 316,872, 1938; 
Chem. Abs., 1930, 24, 2315. French P. 678,415, 1929; Chem. Abs., 1930, 24, 1753. 

»J. Scheiber, British P. 338,932, 1929; Chem. Abs., 1981, 25. 2580. 

^J. Scheiber, German P. 520,955, 1928; Chem. Abs., 1931, 25, 3502. British P. 316,872, 1928; Chem, 
Abs., 1930, 24, 2315. 

»H. A. Gardner, U. S. P. 1,452,553, Apr. 24, 1923; Chem. Abs., 1933, 17, 2197. 

••G. G. Sward, Circ. Amer. Paint, Varnish Mfrs. Assoc., 1931, 377, 126. 

Ott and B. Breyer, German P. 572,359, 1929, to I. G. Farbenind. A.-Q.; Chem. Abs., 4932. 27, 
3627. ^ 

^C. Stiopel, British P. 272,198, 1926; Chem. Abs., 1928, 22, 1608. 

10*4. Scheiber, U. S. P. 1,942,778. Jan. 9, 1934; Chem. Abs., 1934, 28, 1870. See J. Scheiber, British 

P. 306,452, 1928; Chem. Abs., 1929, 23, 5051. 

»«J. Scheiber, Farbe und Lack, 1931. 511; Chem. Abs., 1932, 26, 3684. 

J. 8. Long, A. E. Rheineck and Q. L. Ball. Jr.. Ind. Eng, Chem,, 1933. 25. 1086. 
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cule in sufficient quantity to provide one peroxide grouping for each ethylenic 
linkage. When the molecules have grown to a certain degree of complexity or 
polarity, they associate and form a solid gel. Further oxidation now becomes un¬ 
important, as the polar liquid phase gradually undergoes transition into a solid 
phase of substantially the same ultimate analysis. Small amounts of ozone accel¬ 
erate the rate at which these changes occur 

In the preparation of stand oils from linseed and perilla oils, it was found 
that the gelatinization was a result of the gradual increase in the proportion of 
polymerized molecules. These are soluble in the remainder of the oil to a limited 
extent, and when this limit is exceeded they separate in che form of a gel, and 
cause the whole mass to set.'" Similarly, the gelation of tung oil is the result of 
a gradual polymerization.'" It is true that large amounts of oxygen introduced 
into linseed oil will cause complete solidification, but the product in this case is a 
somewhat soluble oxygenated substance, rather than a relatively insoluble poly¬ 
mer.'" Extraction of oxidized linseed oil with petroleum ether removes the most 
soluble constituent, namely the unreacted linseed oil.'" The soluble portion is 
found to be in the unimolecular state, while the insoluble material is definitely 
colloidal."® Rapid polymerization of linseed oil in the presence of oxygen is said 
to lead to the formation of undesired hydrophilic compounds. These can be avoided 
by the use of stand oils prepared in the absence of air.'" 

An interesting study of the role of oxygen in the polymerization of oils was 
reported by Scheiber.He noted a supenority in the film-forming properties of 
oils containing conjugated double bonds. The rate of drying of tung oil, which 
contains a conjugated system, is not markedly decreased by the addition of anti¬ 
oxidants. He therefore reasoned that the autoxidation of linseed oil is accompanied 
by a rearrangement of double bonds to form a conjugated system. The effect is 
absent when oxygen is excluded, but the amount required is very small, and its 
influence is definitely catalytic."® 

While these polymerizations usually occur in the presence of oxygen, by certain 
special procedures they may be carried out in the atmosphere of an inert gas. 
A novel method for the thickening of fatty and mineral oils is the "voltolization” 
process, which consists in subjecting the oil to the effects of an electric glow dis¬ 
charge of about 4000 v. at 600 cycles."* The voltage and frequency may be varied 
within rather wide limits. 

Vehicles for lacquers and paints may be obtained by heating drying oils until 
they reach an iodine number"® of 110 to 95 and treating the product with a hot 
alcoholic or ester solvent. Upon cooling the solution, an oil useful for lacquers 
and paints separates. Linseed oil, for example, which has been heated at 800°CL 
in the absence of air, is stirred with malonic ester."* This treatment extracts the 

Densler, Hdv. Chim, Acta, 1983. 16. 807; Chem, Abt., 1933, 27 , 4696. 

^ A. Steger and J. van Loon, Rec, trav, chim., 1984 , 53, 769; Chem. Abu., 1934 , 28. 5259. 

F. T. Walker, J.8.C.I., 1M4, 53, 104. A. Steger and J. van l..uon, Hec. tmv. dum., 1934, 53, 
860; Brit. Chem. Abs. B. 1934, 847. 

^H. Ender, German P. 599,841, 1934; Chem. Abu., 1934, 28, 7562. 

>"W. S. And R. D. Bouney, U. S. P. 1,968,244, July 31, 1934, to Conguleuni-NHini, Inc.; 

Chem. Ahi., 1984, 28, 6003. 

u^K. Lina, Z. angeuf. Chem., 1934, 47, 564; Chem. Abe., 1934, 28. 6578. 

«1P. Ohl, Farbe u. Lack, 1934, 868; Chem. Abe., 1934 , 28, 6325. J. Scheiber, Z. avqew Chem., 

1983, 46, 648; Bnt. Chem. Abe. B. 1984, 26. 

^J. Sclieiber, Farbe u. Lack, 1934. 826, 889; Brit. Chem. Abe. B, 1934 , 803. 

has been reported that ^-naphthol cauaee an actual acceleration of the drying rote of tung oil. 
C. A. Thomas and P. E. Marling, Ind. Eng. Chem., 1982, 24, 871. 

“•B. O. liom. Oil and Oae J., 1925, 24, 156; Chem. Aba., 1926, 20, 281. For a more detailed dis¬ 
cussion of voltolised oils see Carieton Ellis, **The Chemistry of Petroleum Derivatives,'* Chemicul Catalog 
Co., New York, 1934, Chap. 9. See also A. W. Nash, J. L. Howard and F. C. Hall, J. Inat. Fet. Tech., 

1984, 20, 1027. 

^ See Vaubel, Farben-Ztg., 1932, 37, 1482; Chem. Aba., 1982, 26, 5437 (use of bromine numbers for 
controUing^oooking of oils). 

^ A. rabner and M. Miller, German P. 546,679, 1929; Chem. Aba., 1932, 26, 3685. See also A. Eibner, 
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unpolymerized portion of the oiJ. Media for oil varnishes and enamels, which 
have been given the trade name, ''Tekaols,” consist of linseed stand oils from 
which the low-polymerized, highly dispersed portion has been removed. They do 
not oxidize on exposure, but polymerization is pronounced. Tekaol films dry more 
rapidly than stand-oil films and are more durable; also, it is said that zinc white 
and titanium white settle much less rapidly in Tekaols than in stand oils of the 
same viscosity. ^'Olovine'^ varnish is prepared by heating Tekaol with a polyvinyl 
ester (acetate).Olovine in butyl acetate can be used in conjunction with nitro- 
cellulose.“* Heating linseed oil at about 300®C. until an iodine value of approxi¬ 
mately 180 is reached, followed by air-blowing, results in products for paints and 
varnishes.^'* Mixtures of castor and linseed oils may be treated in the same man¬ 
ner at 75-150®C. 

A molecular still which has been suggested*" for the separation of constituents 
of polymerized drying oil consists of concentric tubes placed close together. The 
oil is caused to evaporate from the inner tube, which is heated, to the outer tube, 
which is cooled. The process is carried out at a pressure as low as the vacuum of 
a cathode tube. 

Auer“^ noted that “isocolloid” materials containing unsaturated high-molecular 
fatty acids undergo a physical or physico-chemical change on heating with so- 
called “electrolytes” (salts, metallic organic derivatives and lower organic acids). 
The effect is to convert liquid materials into solids, or, conversely, to develop thin 
or pasty liquids from resinous substances. A variety of glyceride oils may be so 
modified, e.g., castor, olive, sunflower, tung, linseed and fish oils, by treatment with 
2-10 per cent of a wide range of reagents.*” Included are inorganic substances, 
e.g., silica gel, fuller’s earth, sodium bisulphite and a considerably longer list of 
organic substances, e.g., formaldehyde, phenol, a-naphthol, pyrogallol, thiocar- 
banilide, benzidine, 2,3-hydroxy naphthoic acid, benzene and glycerol. Use of an 
electric current during heating aids in bringing about modification. 

Water-insoluble “modifiers” are used to prepare waterproof varnish bases, and 
gas-generating materials (carbonates, sulphites) are utilized for production of rub¬ 
ber substitutes.”* 

Substances applicable for the manufacture-of soaps, varnishes and linoleum are 
secured by heating unsaturated fatty acids with peroxides, oxides or hydroxides of 
alkali metals.”* Products of desired solubility and viscosity are obtained by addi¬ 
tion of o-nitro phenol, p-cresol or benzoic acid.”® 

By oxidizing oils containing glycerides of unsaturated acids, and condensing 
the product with a polyhydric alcohol, condensation products are formed.”* Treat¬ 
ment of a mixture of linseed and tung oils with zinc oxide and adding sufficient 

U. S. P. 1,870,614, Aug. 9, 1932: Chem. Abu,, 1932, 26. 5777. Gennan P. 548,152, 1930 and 567,138, 1929; 
Chem. Aht., 1982, 26, 4190; 1983, 27. 1529. Britwh P. 370,614, 1981: Bnt. Chem. Abn. B, 1982, 612. 
Fiench P. 708,465, 1930; Chem. Ab»., 1932 , 26. 1142. Sec aleo T. Kotlhofr, Qeinmn P. 575,780, 1933, 
588,231, 1933 and 598,725, 1934; Chem. Abe., 1983, 27, 4942; 1934 , 28. 2554, 6002. 

See Chapter M. 

u«T. H. Barry and L. Light, Brit. Plantice, 1982 . 3, 28; Brit. Chem. Abt. B. 1932, 806. 

Sohwaroman, U. 8. P. 1,958,372 to 1,958,374, May 8, 1934, to 8t>eiicer Kellogg A Sons, Inr. ; 
Chem. Abi., 1934, 28, 4255. 

““French P. 765,889, 1984, to Imperial Cliem. Ind., Ltd.; Chem. AHk., 1934 , 28, 7042. 

Auer. British P. 287,943, 1926; Brit. Chem. Abe. B, 1928, 898. Froiioh P. 652,796, 1926; Chem. 
Abe., 1929. 23, 8805. Swiss P. 130,485, 1926; Chem. Abe., 1929. 23, 3713. Aleo L. Auer, Chem. Umnchau 
Fette, Oele Wachae, Harte, 1928, 35, 9. 27; Chem. Abe., 1928, 22. 1695. 

“«L. Auer, British P. 821,089, 1929; Brit. Chem. Aba. B. 1930, 652. See also Himgarion P. 104,941, 
1938; Chem. Aba., 1988, 27. 4133. 

“•L. Auer, British P. 321,724 to 321,727, 1928; Brit. Chem. Aba. B. 1080, 652. 

“«L. Auer, 17. 8. P. 1,980,366, Nov. IS, 1934, to J. R. Newman; Chem. Aba, 1935. 29, 254. British 

P. 821,690, 821.722 and 321,723. 1928; Brit. Chem. Aba. B. 1930, 67; Chem. Aba., 1930. 24, 2918. 2911. 
Freneh P. 674,703, 1929; Chem. Aba., 1980, 24, 2846. See alno British P. 841,453, 1929; Brit. Chem. 

Aba. B, 1931, 450. Also L. Auer and L. Susxtek, U. 8. P. 1,963,065, June 19, 1934; Chem. Aba., 1984, 

23. 4924. 

“«L. Auer, British P. 887,786, 1929; Chem. Aba., 1981, 25, 2811. 

'"•German P. 395,569, 1934, to Degea A.-O.; Chem, Aba., 1984, 28, 5263 
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benzoic or cinnamic acid to combine with all the zinc yields lustrous plastic 
masses.'"' Poppyseed or other drying oils may replace the linseed or tung oil/*" 
For use in printing inks and artists colors, the addition of hexamethylenetetramine 
is recommended 

A number of catalysts other than oxygen or alkaline materials have been used 
to assist the piolymerization of drying oils. Finely divided metals, platinum, cop¬ 
per, palladium, iron, nickel or cobalt, accomplish the result at elevated tempera¬ 
tures.^** Unsaturated oils heated at 250-300°C., in the presence of sulphur dioxide, 
hydrogen sulphide, carbon dioxide or hydrogen, under a reduced pressure of 15 
to 145 mm., give polymerized oils,^^' which, when heated with a soap and vulcanized, 
are converted into rubber substitutes. These, in turn, are incorporated with sol¬ 
vents, tillers, cellulose esters and plasticizers to serve as varnishes. 

Diolefins are also said to be polymerizable in mixture with glyceride oils (linseed, 
tung, castor or train oil) in the jiresence of aluminum chloride at ordinary or 
higher temperatures. The rubber-like product is extracted with solvents.^** 

Ott and SchiissleP” treated unsaturated fatty acids or their esters or amides 
simultaneously with a sulphite and an oxidizing agent without the addition of 
acid. Compounds of cobalt, lead, manganese or iron may be added. Thus linseed 
oil heated at 100°C. for 16 hours with a 38 per cent solution of sodium bisulphite 
in the presence of air and lead-manganese naphthenate gave products soluble m 
water, and useful for dressing natural or artificial silk, and as wetting or greasing 
agents. 

Stubner^®' employed an unsaturated fatty acid derived from tung oil (or from 
linseed oil) as a solvent for shellac or other gums, obtaining in this way a plastic 
insulating material, suitable for covering cables. 

Reactions between fatty acids and various amino compounds have yielded sub¬ 
stances useful in shoe polishes, floor dressings and similar products. Thus, p-amino- 
phenol and oleic acid combine to form a black, waxy substance, soluble in most 
organic solvents.'” Linseed oil or tung oil heated at 200-250°C. with 2 to 10 per 
cent of a primary aromatic amine yields a product which may be vulcanized, and 
finds use in varnishes and in rubber substitute manufacture.'” Phenols may be 
condensed with the higher unsaturated fatty acids or glycerides in the presence of 
sulphuric acid.'*" 

Treating linseed oil so that it dries essentially by the evaporation of a stabiliz¬ 
ing solvent, ethanol, results in a product which can be incorporated in nitrocellulose 
lacquers to eliminate many of the weaknesses of ordinary blown or beat-treated 
oils.'” Halovinyl compounds, vinyl acetylene'** or vinylnaphthylene, in combination 

Rogler, German P. 445,799, 1925; Bnt. Chem. Abs. B, 1929, 138. See also German P. 491,728, 
1927; Chem. Abs., 1930 , 24. 2558. 

A. Rogler, German F. 549,762, 1928; Chem. Ab$., 1932, 26, 4925. 

'2»H. Vollmann, German P. 568,693, 1927; Chem, Abti., 1933, 27, 2829. 

»'■» British P. 366,520, 1929, to Oelwerke Noury 4 van der Lande, Gm.b.H.; Chem. Abt.. 1933, 27, 
2050. 

H. M Bunbury, British P. 343,099, 1929, to Imperial Chem. Ind., Ltd.; Chem. Abe., 1931, 25, 
4428. German P. 582,287, 1933; Chem. Abe., 1933, 27, 5217. German P. 600,647, 1934; Chem. Abe., 
1934, 28, 7594. 

Plauson, German P. 361,429, 1917; J.S.C.I., 1928, 42, 366A. 

“•K. Ott and H. Schnssler, German P. 551,424, 1930, to I. G. Farbenind. A.-G.; Chem. Abe., 1932, 26, 
4494. See also British P. 402,759, 1932, to I. G. Farbenind. A.-Q.; Bnt. Chem. Abe. B, 1934, 209. 

“*E. de Stubner, U. 8. P. 1,494,063, May 13, 1924; Chem. Abe., 1924, 18, 2258. 

“»Carleton Ellis, U. S. P. 1,475,477, Nov. 27, 1923; Chem. Abe., 1924, 18, 761. 

Auer, British P. 337,732, 1929; Chem. Abe., 1931, 25, 2312. I^e also A. Bowles, Paint, Oil, 
Chem. Rev., 1928, 86, 10; Chem. Abe., 1929. 23. 1291. 

“^British P. 310,562, 1928, to I. G. Farbenind. A.-G.; Brit. Chem. Abe. B, 1929, 636. See Chapter 19. 

“•S. R. Grovenstein and O. P. Beal, OjBficial Digeet Fed. Paint Vamieh Prod. Clube, 1933, 125, 
137; Chem. Abe., 1983, 27, 4105. T. H. Barry and L. Light, Paint, Vamieh Prod. Mgr., 1933, 9 (10), 

“•See Chapter 8. 
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with stand oils, give polymerized products^" from which lacquers can be manu¬ 
factured. 

Paints and leather preservatives based on the treatment of linseed oil with a 
solution of chromyl chloride followed by the removal of .the latter by distillation 
in vacuOy are stated^*^ to be unsatisfactory. Other chlorides which have been used 
with linseed oil to produce vehicles for paints are titanium tetrachloride and silicon 
tetrachloride.^^* 

The unsaturated fatty acids from Japanese sardine oil are polymerized by heat¬ 
ing at 240-320°C., with the formation of resinous substances. Evidence suggests 
that an extramolecular polymerization is preceded by some type of intramolecular 
change such as ring formation.^** 


Cashew-Shell Oil Resins 

The oil extracted from the shell of the cashew nut contains anacardic acid 
(HO—CaiHan—COOH) and cardol (C 83 HB 3 O 4 ) which is probably a phenolic com¬ 
pound.The commercial fluid is heat-treated, a process which destroys the 
anacardic acid. The chief constituent of the heated liquid has been named cardanol 
and assigned, tentatively, the formula 

OH 

(CHjj,—CH=CH—(CH,).—CHa 

Formerly the oil was a waste product, but Harvey'*® has developed its use as a 
raw material for the manufacture of varnishes and impregnating materials known 
as **Harvel,” “Oil Stop” and “Cardolite,” and it now has a considerable commer¬ 
cial significance. 

The principal source of crude cashew-shell fluid is India, but Portuguese East 
Africa, Cuba, Guatemala and Brazil are potential suppliers. The raw oil has a 
high iodine value (270-290), but despite this it is non-drying. This may be due 
to the anti-catalytic action of the phenolic constituents.'*® The iodine value of the 
commercial fluid is about 260. Although thin films of the oil remain unchanged 
when exposed to air for some time, oxygen absorption occurs rapidly once it has 
been initiated.'*' 

The application of the oil is based on two important characteristics. It poly¬ 
merizes on heating at 100-2(X)®C. with an acid or alkaline catalyst; and it forms 
condensation products with aldehydes, probably because of its phenolic com¬ 
ponents. Harvey’s view of the polymerization of cashew fluid in the presence of 
sulphuric acid postulates addition of the latter to the double bond of cardanol 
and subsequent elimination of sulphuric acid between two molecules as follows: 

1 * 00 . Jordan, H. Hopff and E. Kuhn, German P. 580,234, 1933 and 588,306, 1933, to I. G. Farbenind 
A.-G.; Chem. Abs., 1933 , 27 . 4943; 1934, 28, 1558. 

i«R. Kuhn, Chevi,-Ztg., 1924 , 48, 942; J.S.C.L, 1925, 44, 106B. 

Tencer, German P. 597,266, 1934, to Przetwornia Olejow Roslinnych Spolka Akcyjna; Chem. 
Abs., 1934, 28, 5261. 

^<•1. Y. Toyama and T. Tauchiya, Chem. Umschau, 1929, 36, 45; Bnt. Chem. Aba. B, 1929, 291. 
Bull. Tokyo Inat. Ind. Research, 1928, 23 (5), 15; Chem. Abs., 1929, 23, 1873. 

Ruhemann and S. Skinner, Ber., 1887, 20, 1861. I. Joseph and J. J. Sudborough, J. Ind. 
Inst. 8ci., 1923, 5, 133; Chem. Abs., 1923, 17, 1897. 

M«M. T. Harvey, U. S. P. 1,725,791 to 1,725,797, Aug. 27, 1929, to Harvel Corp.; Chem. Abs., 1929, 
23, 5051. German P. 538,870 and 562,646, 1928; Chem. Abs., 1932, 26, 861; 1938, 27, 1217. British P. 
288,803, 1026; Bnt. Chem. Abs. B, 1928, 237. See also 0. E. Peexemk and F. Schamberger, Britisli P. 
283,233: Bnt. Chem. Abs. B. 1928, 275. 

w«H. A. Gardner, Circ., U. 8. Paint MIrs. Assoc., 1923, 180, 241; Chetn. Abs., 1923, 17. 2512. 

M. T. Harvey, toe. cU. 
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OH 

^ I _^1_ 

H OSOaH 
OH_ 

(^^(ch2),---ch-=ch—((;Hs)5--c:h, 

If equal volumes of the oil and 40 per cent formalin are heated at 100-200°C. 
with 16 per cent of the total volume of hydrochloric acid, a liquid is formed which 
can be separated and heated at 80"140®C. under pressure to give a hard, molded 
body. In another method, a compact article is produced by impregnating layers 
of textile material with a varnish made from the formaldehyde-cashew fluid con¬ 
densate. For this purpose, the varnish may include 25-35.5 per cent tung oil 
and 12.5-25 per cent rosin 

Prior to the preparation of a molding composition, the cashew-shell liquid 
may be heated to about 300°C. and then cooled to room temperature. A mixture 
of the treated oil with 0.1 of its weight of para form and about 0.9 of its weight 
of wood flour is molded and then cured at 140"C. for 5 hours. Instead of mold¬ 
ing this composition, it may be employed with paper in the preparation of rolled 
laminated tubing, which is cured for 16 hours at 140°C. A similar procedure is 
applicable with hexamethylenetetramine substituted for the paraform. Only about 
one-third as much tetramine as paraform is required. In the case of hexameth¬ 
ylenetetramine, the reaction product is liquid, and dippings or coatings may be 
made prior to the cure.^" For some purposes it is desirable to add pitch or casein 
to the compositionHardwood pitch and heat-treated cashew fluid form a 
Iietroleum-insoluble composition that can be utilized for coating or impregnating.’'"' 

A substitute for shellac is obtained by heating cashew-shell oil to 140-200°('. 
with copper, aluminum or lead or the oxide.s, hydroxides and carbonates of these 
metals. A hquid product is separated from the metallic compound, dissolved 
in alcohol or naphtha and used as a varnish.''® The liquid material also has drying 
properties and may be employed for coating and impregnating.^* 

The non-drying characteristic of the oil may be eliminated, as noted above, by 
heating with metals or metallic compounds, and the rate of drying of the product 
is found to be controlled by (1) the temperature and time of the reaction and 
(2) the metal or salt employed. A drier, such as manganese resinate, may be 
incorporated with the cashew-shell fluid.*** Chopper can be coated with an insol¬ 
uble insulating material by covering it with heat-modified cashew-shell liquid 
(drying oils and resins may be included) through the medium of a varnish solvent. 
Formaldehyde, hexamethylenetetramine or urea can be added to assist in the set¬ 
ting of the coat.** Cashew-shell oil, when heated and air-blown in the presence 

I. Abrahams, British P. 401,474, 1088; Chem. Abu., 1084, 28, 2864. 

^M. T. Harvey, U. S. P. 1,021,292, Aug. 8, 1083, to Harvol Corp ; Chem. Abu., 1038, 27, 5208. 

E. D. Crammond and W. A. Hughes, U. S. P. 1,921,809, Aug. 8, 1033; Chem. Abe., 1088, 27, 4961. 

MOM. T. Harvey, U. S. P. 1,052.818. March 27, 1084, to Harvel Corp.; Chem. Aba., 1034, 28, 8541. 

F. M. Damits, U. S. P. 1,912,435, June 6, 1033, to Harvel Oorp.; Chem. Abe., 1938, 27, 4865. 

m*M. T. Harvey, U. 8. P. 1,725,708, Aug. 27, 1029, to Harvel Corp.; Chem. Aba., 1029, 23, 5051. 
British P. 272.510; Brit. Chem. Abe. B, 1028, 902. 

m»M. T. Harvey, U. 8. P. 1,725,704 and 1,725,795, Aug. 27, 1929, to Harvel Corp.; Chem. Aba., 

1029, 23, 5061. U.,8. P. 1,888,078, Deo. 22, 1981; Brit. Chem. Aba. B, 1082, 804. British P. 275,574, 

1027; Brit. Chem. Abe. B, 1920, 170.^ 

M* M. T. Harvey, U. 8. P. 1,725,707, Aug. 27, 1029, to Harvel Corp.; Chem. Aba., 1920, 23. 5051. 
Bee als6 V. A. Ryan, U. 8. P. 1,8^,072, Dee 22, 1081, to Harvel Corp.; Brit. Chem. Aba. B, 1932 , 900. 
M. T. Harvey, U. 8. P. 1,888,OH, Dec. 22, 1081, to Harvel Corp.; Brit. Chem. Abe. B, 1932, 900. 

>»M. T. Harvey, U. 8. P. 1,821,095, Sept. 7. 1981 and 1,989,801, Dec. 12, 1988, to Harvel Corp.; 
Chem. Aba., 1031, 25. 5950; Bril. Chem. Abe. B, 1084, 1067. 
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of copper, lead, manganese, lead oxide, copper carbonate or copper oleate, com¬ 
bines with aldehydes to give resins that find use in varnishes. Materials including 
waxes and resins are added to vary the characteristics of the product.^* A water¬ 
proofing composition for walls was reported to have been secured by treating 
cashew-shell oil with sufficient alkaline material (barium hydroxide, cement) to re¬ 
act with free acid and glycerides 

The action of nitric acid on cashew fluid converts the latter into a quick- 
drying coating material which is soluble in amyl acetate, turjientine or alcohol."* 
To carry out this reaction, 1 part by volume of cashew-shell oil, 1 part of nitric 
acid (sp. gr. 1.42) and 1 part of water are mixed. The reaction is strongly exother¬ 
mic and is complete in a few minutes. The resinous product formed has an 
iodine value of zero.^“ 

Artificial rubber compositions are formed when cashew fluid is heated with 
glycerol at 240®C. The jirodncts may be vulcanized with sulphur, giving an 



Courlofy Louiisville Drying Machinery Co. 

Fig. 166. —Air Dryer for Plastic Materials. 


elastic material soluble in the usual rubber solvents.'*® A composition applicable 
in electrical insulation is prepared by mixing rubber with vulcanized ca.shew-shell 
oil and continuing the vulcanization.Cashew-shell oil has been proposed also as 
a plasticizer for cellulose products, sulphur, resins, rubber and wa.xes.'** Tung oil 
containing 25 per cent of cashew-shell liquid may be heated to 315°C. without 
risk of gelation, yielding a varnish ba.se with copper oleate. The shell liquid can 
also be employed to reclaim overheated gelled tung oil,‘** for it redisperses the gel, 
forming compositions utilized as varnisli bases.^*^ A substance having germicidal 
liroperties may be obtained from cashew-shell oil. Thus, Harvey'*® distilled the 

T. littrvey, Britmli P. 300,644, 1927, to Harvel C5orp.; Chem, Ah$., 1929, 23, 3998. Fienih P. 
635,579, 1927, Chtrn. Abtt., 1928, 22. 4844 

M. T. Harvey, U. S. P. 1,977,826, Oct. 23, 1934, to Hai-v»*l Corp.; Chem. Abs., 1935, 29. 258 
'«‘M. T. Harvey, U. S. P. 1,725,792, Aug. 27, 1929, to Harvel Corp.; Chem. Abs., 1929, 23, 5051. 
“"M. T. HaiArey, Canadian P. 285,183, 1928; Chem. Abn., 1929, 23, 1000. German P. 538,784, 1926; 
Chem. Aba., 1932, 25. 2334. British P. 259.959, 1926; Hnt. Chem. Aba. B. 1928, 376. 

M. T. Harvey, U. S. P. 1,771,785 and 1.771.786. Jiilv 29, 1930, to Harvel Corp.; Bnt. Chem Aha. B, 
1930, 918; 1931, m. British P. 262,134, 1926; Hrit. Chem. Aba. B, 1928, 420. Kieiich P 632,454, 
1926. Chem. Aba., 1928, 22, 3552. 

M r Harvey, U. S. P. 1,819,416, Aug, 18, 1931, to Harvel Corp. ; Chem. Aba., 1931, 25, 5720. 

i‘«M. T. Harvey, U. 8. P. 1,888,071, Dec. 22, 1981, to Harvel Corp.; Bru. Chem. Aba. B. 1932, 900. 

W8M. T. Harvey, U. 8. P. 1,838,076, Dec. 22, 1931, to Harvel Corp.; Bnt. Chem. Aba. B. 1982 , 900. 

A. Hvun, U. 8. P. 1,927,220, Sept. 19. 1988, to Harvel Corp.; Chem. Aba., 1938, 27. 5995 

1'. Hafvey, U. 8 P. 1,950,085, Mat. 6, 1934. to Harvel Corp.; Chem Aba., 1934, 28. 3188. 
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liquid (b.p. 305-400®C.) and heated the distillate with 0.2 per cent sodium hydrox¬ 
ide at After redistillation, the water-soluble portion of the residue (a 

sodium salt of a high-molecular-weight phenol) serves as a germicide. 

A series of coloring materials ranging from deep red to violet can be prepared 
by the interaction of cashew-shell oil with ammonium hydroxide or carbonate. 
The colored product is thickened by hydrochloric acid or formaldehyde, and can 
then be used for coloring oils or dyeing oilcloth.^®* 

The importance of cashew-shell fluid is illustrated by the diversity of its appli¬ 
cations. Washers for bottles or jars containing foodstuffs, cosmetics, mayonnaise, 
etc. are prepared by running paper through the cashew-shell liquid and then 
through a heated tower. Two or .more coats are applied in this manner, and 
the paper is backed with paper-pulp board and punched into disc form. Com¬ 
positions containing cashew-shell oil are also used to impregnate cloth or paper 
ior electrical insulation, as baking-type varnishes and as acid-resistant paints. 

A slowly iiolymenzing composition is applied in airplane magneto insulation. 
Cashew fluid is first partially polymerized by treatment with sulphuric acid, giv¬ 
ing a thickened oil which hardens spontaneously to a resinous mass on the addition 
of paraformaldehyde. The time of the spontaneous cure can be regulated by the 
acidity of the composition. The partially polymerized cashew liquid is mixed with 
paraform immediately before use and pumped under pressure into the magneto 
where it is allowed to harden at room temperature. A somewhat similar material is 
applied as a lining for electrolytic tanks employed in copper and silver refining. 
Semi-solid masses with additions of asbestos may be troweled upon the surface and 
allowed to harden. The cure takes place without the application of heat. 

One advantage found in the cashew-shell liquids is the oil-resistance of their 
]K)lymers and formaldehyde reaction products. Oil Stop, a black, viscous liquid 
developed from cashew oil, is extensively used with paraform in cable splices. 
The paraform is incorporated with the liquid and coated over a lead splicing- 
.sleeve. Alternate layers of cotton tape and Oil Stop are built up forming an 
ojl-tight, waterproof seal. The seal can be applied to rubber, metal or paper. 

Highly polymerized cashew-shell liquid (Cardolite) may be compounded with 
rubber and is used in typewriter rolls, brake linings and as a protection against 
corona discharge on rubber insulation. Brake linings can be manufactured by 
laminating thin sheets of partially hardened rubber with Cardolite and sheets of 
asbestos. In another method, a composition consisting of partially polymerized 
C^ardolite, rubber cement and asbestos fiber is forced out of an extrusion ap¬ 
paratus. 


M IHOKLLAN ROUS CoM POSITION S 

Many oils other than those which have just been considered also have polymeriz¬ 
ing properties. For instance, Gardner*®^ found that the oil from oiticica seeds 
bodies rapidly on heating, although less rapidly than tung oil. The fatty acids of 
oiticica oil are more soluble in turpentine, butyl alcohol and ethyl acetate than 
the acids from tung oil, but less soluble in ethyl alcohol and mineral spirits. The 
heat-treated oil has been recommended for making linoleum, factice and airplane 
finishes.*®* The potential use of oiticica oil in varnishes is more or less dependent 
on its availability. The oil from the seeds of Stercvlia Joetida (Bangor nut) can 

M«M. T. Harvey, British P. 272,509, 1926, to Harve! Corp.; Chem. Ab*.. 1928, 22. 1882. 

H. A. Gardner. Circ., U. 8. Paint Mfrs. Assoc.. 1923, 177, 220; Circ., National Paint, Vamiish 
and Lacquer A»$oc., 1934, 470. 213; Chem. Abs.. 1^5, 29. 362. 

Lttde, Fettrhem. Umachau, 1935, 42. 4; Chem. Aba., 1935, 29. 2002; Brit. Chem. Aha. B, 1985. 
364. 
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be heat-treated to form a composition for coating metals.^ A different type of 
resinifiable substance is that which was obtained by Lifschutz'™ from the un- 
saponifiable matter of wool-fat. Loeschigk'” utilized the foots obtained in refining 
cottonseed oil and similar products (consisting of soaps, neutral fats, resins and 
albuminous substances) by oxidizing with peroxide. After the addition of acid 
the fatty matter is recovered by means of solvents, and the remainder is an 
amorphous, resinous mass. Cotton oil also finds use in the manufacture of a 
plastic material for molding accumulator vats.*” A composition is made which 
consists of cotton-oil residues (40 per cent), petroleum tar (20 per cent), kiesel- 
guhr (30 per cent) and asbestos or jute (10 per cent). 

The fatty acids of drying oils can be esterified with quebrachitol, using a solvent 
and a catalyst, to procure modified products capable of thickening by heat or 
blowing with air.'"^* These are said to be adaptable for paints and varnishes. A 
coating composition was developed by Albrecht*” by heating triethanolamine with 
a fatty acid until esterification was complete, then adding phosphoric acid. An 
ester-phosphate compound is formed, which is reported to of value in paints 
and varnishes for metal, in that it introduces the phosphate in soluble form. 

Sandal seed oil thickens to a resinous mass on exposure to light. At 130-140®C., 
sulphur IS absorbed and plastic rubber-like compounds are formed.*” 

A number of resinous materials can be made by treating fatty substances with 
higher alcohols. Thus, Brosel*” treated fatty acids and esters with carnaubyl, cetyl 
or melissyl alcohol in the presence of litharge (which saponified a portion of the 
fatty acids to form lead soaps which acted as driers) to obtain rubber-like masses 
which could be dissolved in solvents to form varnishes. The catalytic oxidation 
of hydrocarbons*” produces hydroxy acids which can be dehydrated to form un¬ 
saturated acids. These, in turn, are esterified with glycerine and may be oxidized 
to products resembling linoxyn.*” 

A ^‘reinforced'' oil*” is made by heating a vegetable drying oil at 200°C. until 
it is substantially “deglycerolated," and then treating the residue with a quantity 
of glycerol in excess of that removed. The mixture is now heated with'an acidic 
resin until the product has the desired degree of clarity and consistency. 

Esterification of unsaturated fatty acids with polyvalent phenols (in the pres¬ 
ence of zinc or aluminum chloride) yields products resembling oriental lacquers.*" 
These compositions can be modified by condensation with formaldehyde.*®* Under 
the influence of boron fluoride unsaturated fatty acids react with phenols to form 
viscous compositions which may be drawn into threads.*" Linseed oil with resor¬ 
cinol and catalytic quantities of hydrogen chloride gives viscous condensation prod- 

w»M. T. Harvey, U. S. P. 1,939,773, Dec. 19, 1933, to Harvel Corp.; Chem. Abs., 1934 , 28, 1557. 

iTOI. Lifschutz, U. S. P. 1,252,591, Jan. 8, 1918; Chem, Abs,, 1918, 12, 773. 

H. Loeschigk, German P. 220,582, 1909; /.S.C./., 1910 , 29, 640. 

”2 French P. 692,565, 1930, to Corapagnie francaise d’accumulateurs electnques; Chem. Abs., 1931, 25, 
1645. 

A. Hill and E. E. Walker, British P. 406,738, 1934, to Imperial Chem. Ind., Ltd.; Chem. A6«., 
1934 2 8 4922 

hili. O. Albrecht, U. S. P. 1,936,534, Nov. 21, 1933, to E. I. du Pont de Nemours & Co.; Chem. 
Abs., 1934, 28, 917. 

M. Screenivasaya and N. Narayana, Proc. 16th Indian Set. Congr., 1928, 160; Chem. Abs., 1931, 
25 2868. 

i7e F. Brosel, German P. 597,467, 1933, to Vereinigte Farben-und Lackfabriken; Chem. Abs., 1933, 
27, 4609. 

See Carleton Ellis, “The Chemistry of Petroleum Derivatives,’' Chemical Catalog Co., 1934, 971. 

i7«M. Luther and H. Beller, U. S. P. 1,901,374, March 14, 1933, to I. G. Farbenuid. A.-G.; Chem. 
Abs., 1938, 27, 8004. 

V. Hunn, Canadian P. 334,928, 1933, to Hemingway d Co., Inc.; Chem. Abs., 1933, 27, 6560. 

iwj. Scheiber, German P. 557,339, 1930; Chem. Abs., 1933, 27, 434. French P. 755,422, 1933, to Soc 
des laques et matieres plastiques; Chem. Abs., 1934 , 28, 1557. British P. 415,582, 1933, to Soc. des 
laques et matieres plastiques; Brit. Chem. Abs. B, 1934 , 972. 

German P. 576,714, 1933, to I. G. Faibenind. A.-G.; Chem. Abs., 1934, 28, 352. 

i^Freiicli P. 757,841, 1934, to I. G. Farbenind. A.-G.; Chem. Abs,, 1934, 28, 8196. British P. 401,237, 
1933; Brit. Chem. Abs. B, 1934, 454. 



1234 


THE CHEMISTRY OF SYNTHETIC RESINS 


uct« of intense red color/" For the preparation of sizing materials it is suggested 
that the hnseed oil be sulphonated during condensation with resorcinol.^ 

Ferrous linoleate is soluble in turpentine and in dichlorobenzene, and this solu¬ 
tion has been used as the basis of a paint mediumWhen linseed oil is heated 
at J80-200®G. with acid sludge or acid resins from the refining of mineral oils 
it forms linoleum-like plastic masses,*" 

Diesser*" prepared a resinous body by heating cellulose with fatly oils. 
Scholz*" found that a plastic composition is obtained when a mixture of linoxyn 
(free from solvents) and nitrocellulose (swelled in a volatile solvent such as ethyl 
acetate) is stirred until homogeneous and then molded under pressure. 

Resinous substances are obtained by dissolving old varnish or resin coatings 
in solutions of sodium or ammonium carbonate or hydroxide, sodium borate, etc., 
and treating the solution with sodium hypochlorite or free chlorine. The resin is 
precipitated by sulphuric acid or sulphur dioxide, and the dried precipitate is used 
in the preparation of varnishes.*" Horn scrap is reported to be soluble in linseed 
oil at 300°C., and the solution has been proposed for use as a paint vehicle and 
as a varnish.*" 

^A. Barreto, Rev. chim. tnd. (Rio dc Janeiro), 1933, 2, 337; Chem Abs., 1934, 28, 3917. 

Swiss P. 1M,789, 1934, to Soc. pour I’lnd. chim h. B&le; Chem. Abu , 1934, 28, 5611. 

German P. 339,574, 1919, to A.-G. fiir Anilm-Fabr.; J 8 C 1., 1921, 40, 742A See Chaptci 37. 

'“L. Bolgar, U. 8. P. 1,842,857, Jan. 26, 1932, to Laslo d’Antal, Chem. Abn , 1932, 26, 1812. Geiman 
P. 585,766 and 538,800, 1933; Chem. Abs , 1934, 28, 1558. 

“’G. Diesser, British P. 11,166, 1909; J 8.C.I., 1909, 28, 945 

V. Scholz, U. S. P. 1,889,702, Nov. 29, 1932, to Atlas Ago Chemische Fabnk A -G ; Chem Abs , 
1933, 27, 1724. 

’"C. Littleton, U. S P 1,398.438, Nov 29, 1921; Chem Abs, 1922, 16, 842. 

^ G. Diesser, Kunststoffe, 1924, 14, 46. 



Chapter 62 
Inorganic Resins 

Although almost all re«inous materials are natural or synthetic carbon com- 
j^ouiids, containing no other elements than oxygen, hydrogen and perhaps nitrogen 
or sulphur, there is a small group of inorganic resins. For example, silicic acid 
gels, as well as glass, exhibit some of the properties of organic plastics. (See 
Chapter 3.) However, the present chapter deals, in the main, with organic 
compounds of silicon which, although exhibiting many of the characteristics of 
silicates, are definitely resinous in character. Some of them are soluble in organic 
solvents. In reviewing the most important inorganic resins, including compounds 
of silicon, germanium, phosphorus, boron and thallium, it should be borne in mind 
that they have, despite their rarity, potential commercial significance.' 

Silica 

Diatomite and coal when heated together give a product called silica black. 
Jacobson^ heated a mixtiire of silicon dioxide and finely ground coal in a ]-quart 
iron retort at 600-700°C. for 4 hours. Of the black pulverulent material left in 
the retort, 43 per cent was fine enough to pass a 200-mesh, and most of the re¬ 
mainder a lOO-mesh sieve. The product was not a mechanical mixture but was 
amorphous and had a composition of 18 per cent carbon, 75.5 per cent silicon 
dioxide and 6.6 per cent oxides and sulphides. Silica black is insoluble in water 
and the usual organic solvents. It acts as a clarifier and decolorizer and may 
be used in ink, stove polish and as a carrier for insecticides. 

When silicic acid is dehydrated with heat, a colloidal mass of silicon dioxide 
known as silica gel is formed. The elasticity and plasticity of acid, neutral and 
alkaline types of this substance can be measured by bending t^sts.® For samples 
of the same age, the elastic properties are similar; but the plasticity and shrinl^ge 
increase continuously from the acid to the alkaline gels. The freezing-point depres¬ 
sion, viscosity, and electrical conductivity of purified sols of silicon dioxide have 
been determined.* From the results it appears that gelatinization begins with 
j)olymerization of simple molecules, accompanied by a decrease in the number of 
free hydrogen ions, the polymerized molecules afterwards coagulating to form a 
network which imbibes the whole of the liquid. Similarly, other investigators,® 
lifter a study of viscosities of silicic acid solutions, report that solutions from more 
highly polymerized esters gel more quickly. 

The alkyl silicates are important because of their application in silicon-ester 
paints. The method of preparing ethyl orthosilicate, which was discovered by 

> SlAool, an inorganic renin manufactured by Glyco Producta, Brooklyn, was put on the market in 
1983 {PloBtici, 1988, 9. 878). 

aC. A. Jacobson, Ind. Eng. Chern,, 1934, 26, 798. U. S. P. 1.940,852. Dec. 19, 1938; Chem. Abn., 
1984, 28, 1555. 

a M. Kr6ger and K. Fischer, Kolloid-Z„ 1929, 47. 10; Chem. Aht., 1929, 23, 1798. 

* W. D. Treadwell and W. Kdntg, Helv. Cktm, Acta, 1988, 16, 54; Brit. Ch§m. Abe. A, 1983, 348. 

aR. Si^er and H. Gross, Ann^ lOM, 499, 158; Brit. Cfmtn. Ab«. A, 1988, 28. See L. A. Joidan and 
J. O. Cutter, 1985, 54. 89T. 
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Ebelmen,* has been improved by Dearing and Reid’ Silicon tetrachloride, free 
from higher-boiling compounds, is added dropwise to anhydrous alcohol cooled m a 
freezing mixture and present in 10 per cent excess to insure the reaction of all the 
chlorine. 

SiCb + 4C2H5OH —(€211,0)481 + 4HC1 

The ester is then fractionated in a vacuum, water being carefully excluded, to give 
a 70 per cent yield. Other alkyl orthosilicates have been prepared in the same 
way.® 

A shallow layer of ethyl orthosilicate reacts readily wiih water vapor, or water 
diluted with alcohol, to yield silica gel. A non-aqueous gel is prepared by reflux¬ 
ing a mixture of 4 parts of acetic acid to 1 part of the ester for an hour and allow¬ 
ing it to stand overnight. Excess acetic acid is removed by immersion in dry 
benzene. 

In the alkyl orthosilicate formation from silicon tetrachloride and alcohol, vari¬ 
able quantities of high-boiling, viscous substances are also obtained.* Treatment 
of 1 mol of methyl orthosilicate with 0.5 mol of water leads almost exclusively I 0 
the formation of* the disilicic ester 

OCH3 OCH3 

CH 3 O—.4—O—.4— OCHj 

(')CH, (*)CH, 

An increase in the ratio of water to ester results in a compound of the type 



in which x is a function of the ratio. Using 1 mol of watec to 4 , mol of alcohol, 
a product having an approximate molecular weight of 10,000 is obtained. 

Inasmuch as alcoholic solutions of silicon esters react with water to form col¬ 
loidally dispersed silicon dioxide, silicon-ester paints are feasible. Hydrolyzed 
silicon esters, which contain about 9 per cent silicon dioxide, penetrate stone yield¬ 
ing a hard protective silica gel.'° The paint medium is prepared by stirring 351 1. of 
a solvent ester into 50.7 1. of water in 135 1. of 94 per cent alcohol until solu¬ 
tion is obtained and then adding 250 1. of the silicon ester Titanium dioxide, 
earth colors or other non-basic pigments are incorporated, and the solution can 
then be preserved in sealed containers. The essential feature of the paint is its 
property of hydrolysis, resulting in a coating of silica.“ The advantages, it has 
been stated, are that it is compatible with wet plaster, heat resistant, does not 
blister, is easy to clean, porous (pennits breathing of the surface), easy to work 
and economical. The disadvantages are that it does not adhere to distempers and 
oil paints and is difficult to store. 

The best method of applying a silicon-ester coating is by means of a spray, 


• Ebelmen, Ann., 1846, 57. 334. 

TA. W. Deanng and E. £. Reid. J.A.C.S., 1928, 50. 3058. 

*J. Weiler Phyt. Acta, 1932, 5. 302; Br%t. Chem. Abs. A, 1933, 1102) has determined the 

Raman spectra for silicic acid esters. 

*E. Konrad, O. BKchle and R. Signer, Ann., 1929, 474, 276; Brit. Chem. Ab8. A. 1930, 461. 
v>Q. King, /. Oil and Colour Chem. A$ 80 C., 1930, 13. 28; Chem. Abs., 1930, 24, 2313. See also W. 
Qraulich, Nitrocelluloce, 1933, 4, 61; Chem. Abt., 1933, 27, 3002. 

u See also G. King and R. Threlfall, British P. 290,717, 1927; Chem. Abs., 1929, 23. 942. German P. 
558,514, 1927; Chem. Abt., 1932, 26. 5712. French P. 649,782, 1928; Chem. Abt., 1929, 23, 3063. 
alM W. Graulich, Tonind.-Ztg., 1933, 57. 677; Chem. Aba., 1984, 28, 1552. 
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althoug^i spreading with a brush is satisfactoryInitial setting, depending on 
the amount of diluents and atmospheric moisture, takes place in approximately 
an hour; final setting, which is the completion of the hydrolysis, requires a longer 
period. 

Esters have also been employed in solution as binders in the preparation of 
porous objects made by mixing powdered silica with calcium carbonate^ and in 
the manufacture of insulators from small pieces of mica.“ In the latter case, 
methyl orthosilicate in alcoholic solution is hydrolyzed to give an adhesive mate¬ 
rial which is incorporated with the mica, and the whole is heated under pressure, 
forming a solid mass. 

Oily and viscous silicyl compounds have been prepared" by reaction between 
hydroxycarboxylic acid esters and silicic acid alkyl esters. For example, 10 parts 
of ethyl ricinoleate are heated with 2 parts of ethyl orthosilicate in a closed con¬ 
tainer at 150°C. The resulting alcohol and excess ethyl orthosilicate are distilled 
off in vacuo ] the product is taken up in ether, washed with water, dried with 
anhydrous sodium sulphate and the solvent evaporated. The reaction may be 
written as follows: 

si(OC2H6)4 + 4rHO— ch-<:;h2~ch=<:;h— 

L 

4 C 2 H 501 f + Sir—O—CH—CHj—CI1=CH—(CH»),—COOCjHi 

L CH, 

Silicon tetrachloride reacts with cyclohexanol to form trichloro-cyclohexanoxy-, 
(lichloro-di(cyclohexanoxy)-and monochloro-tri(cyclohexanoxy)-silicon.” The poly¬ 
meric esters were prepared by shaking the monomolecular esters in absolute ether 
with dry silver carbonate. The trichloride gave a product of the formula 

SiioCOCeHiOioOii or (Si(OC6Hii)Oi.:,)j|, 
as a white ainoriihous mass. The dichloride yielded a solid 

lSi(0C«Hu)20], 

and an oil 



lSi(OCeH„)2()|, 


The inonochlondc formed a compound with the formula 

Kipping and his co-workers in their work on silicon have discovered a numlxjr 
of comjilex compounds, some of which arc amor])hous or gluc-like. These will be 
discussed without any attempt to outline their chemistry in detail. 

The action" of sodium on diphenylsilicon dichloride in toluene solution gives 
sparingly soluble compounds of the formula [Si(CeH 5 )i]». In addition a glue¬ 
like, readily soluble material is formed. It is believed to be amorphous octaphenyl- 
cyclosilicotetrane," the crystalline form of which is only slightly soluble in cold 
acetone. The sparingly soluble silicohydrocarbon is converted by diphenylsilicon 

WW. Grauhch, Nitrocellulose, 1933, 4, 61; Chem. Abs,, 1933, 27, 3092. 

MQ. King, French P. 731,429, to Albright and Wilson, Ltd.; Chem. Ab$., 1933, 27. 383. 

Qerman P. 593,072, 1934, to .Taroslaw’s Erste Gltmmerwaren-Fabrik; Chem. Ab»., 1934, 28, 3152. 

MH. Kaufmann, U. S. P. 1,918,338, July 18, 1933; Chem. Abs., 1933, 27, 4879. 

iTR. Signer and H. Gross, Ann., 1931, 488, 56; Chem. Ab$., 1931, 25. 5138. 

isF. S. Kipping and J. E. Sands, J.C.S., 1921, 119, 830. 

F. S. Kipping, J.C.8., 1927, 2719. 
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dichioride into glue-like products* This action takes place only with the reagent 
itself and does not occur in a diluent, e.g., toluene. The amorphous form of 
octaphenylcyclosilicotetrane, dissolved in acetone and treated with alcohol, forms a 
white plastic precipitate which can be pulled out into long silk-like threads, but 
these become brittle when the solvent evaporates. The residue from the destruc¬ 
tive distillation of the amorphous material, when cold, i^ a brittle honey-colored 
resin, insoluble in all the common solvents.*' If treated with cold chloroform, a 
small proportion separates in the form of 3 t 11 ow flakes. 

Bi-p^tolylsilicanediol in 5 per cent sodium hydroxide solution precipitates a 
gluey condensation product.*® Similarly, when diphenyltclylsilicanediol is treated 
with hot potassium hydroxide, complex amorphous condensation products arc 
obtained.* 

Dibenzyisiliron dichioride yields, on heating with sodium in toluene, a small 
amount of tribenzylsilicyl oxide and tetrabenzylsilicane, and a large amount of 
octabenzylsilicotetrane oxide, fSifCHaCeHftlsbO, a resinous mass.** The latter, 
when precipitated as an oil from its acetone solution with alcohol, hardens to a 
solid resin. From chloroform, it separates as a blood-red resin, which on treat¬ 
ment with acetic acid forms a colorless, glue-hke mass. Octabenzylsilicotetrane 
oxide IS also obtained as a highly lustrous, flaky solid by frothing its ethereal solu¬ 
tion. 

Phenylsilicon trichloride, dissolved in xylene, reacted in a sealed tube at 150°C. 
with sodium to give a .small amount of insoluble and some soluble material. The 
latter was a pale yellow resin, fractionation of which gave a senes of colorless 
powders and gelatinous substances.* They either charred or liquefied over a wide 
temperature range. Further examination showed that an increase in oxygen con¬ 
tent of the compound decreased its solubility in organic solvents. Molecular weight 
determinations on the xylene-soluble resins gave values between 900 and 9000, 
corresponding to 6 and up to about 50 silicon atoms in the molecule. 

The formation of a similar series of products by the action of sodium in boiling 
toluene on di-p-tolylsilicon dichioride has also been studied.* Another illustration 
of a reaction giving amorphous materials is that occurring between cyclohexyl 
magnesium bromide and silicon tetrachloride. When the reagent^i are heated to¬ 
gether in ether and distilled at 3-4 mm., cyclohexylsihcon trichloride and dicyclo- 
hexylsilicon dichioride are collected. The residue is very viscous and dissolves in 
ether. On continued heating, frothing occurs and the contents of the flask gradu¬ 
ally become solid. 

Kipping and Blackburn* studied the nitration of tetraphenylsilicane in carbon 
tetrachloride solution in the absence of sulphuric acid. Ten per cent of the prod¬ 
uct isolated was a tetranitro derivative which appeared to be tetra-m-nitrotetra- 
phenylsilicane, melting at 255®C. The remainder of the crude nitration product, 
was readily soluble in acetone, from which it separated in a glue-like form. From 
aqueous methyl, ethyl and isopropyl alcohols, however, a colorless powder melting 
at 90-110®C. was obtained. This, under high magnification, seemed to be com¬ 
posed of globular transparent particles. Their composition approximated that of 
the tetranitro derivative. 

» F. S. Kipping. J.C.8., 1923, 123, 3590. 

^ F. S. Kipping and A. G. Murray. 1929, 305. 

»H. S. Pink and F. 8. Kipping, /.C.5., 1933, 123, 2830. 

« F. S. Kipping and A. O. Murray, /.C.S., 1928, 1437. 

M A. R. Siaele and F. S. Kipping, J.C,a., 1928, 1431. 

F. S. Kipping, A. Q. Murray and J. 6. Maltby, /.C.8., 1929, 1180. 

» A. R. StMle and F. 8. Kipping, /.C.S., 1929, 3545. 

^K. Palmer and F. 8. Kipping, /.(?.&, 1930, 1030. See aleo N. W. Cuea und F. S. Kipping, y.C.S., 
1932, 2205. 

^ F. 8. Kipping and J. C. Blackburn, J,C,8., 1932, 3200. 
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When diphenyl- and dil)enzyldichIorosilicane were treated with mercuric oxide, 
diphenyl- or dibenzylsilicone were not formed but rather thick glue-like sub¬ 
stances, soluble in many organic solvents, resultedThese compounds correspond 
most closely to the following molecular formulas: 

[Si(CeHB).0]a and [Si(C.HBCH.)»0]. 

Reviewing the compounds of silicon as a group, two reasons for the occurrence 
of resinous products may be advanced: The first is the tendency of silicon atoms 
to form chain-like molecules. The second and perhaps the main reason is the 
presence of organic radicals in the molecule. The further development of the 
organic chemistry of silicon may lead to the production of cheap and readily pre- 
pared derivatives which can be applied as resins or binding agents.*^ 

Titanium Compounds 

A number of titanium esters have been prepared, corresponding to the silicon 
esters already described. Gardner and Bielouss*^ prepared ethyl titanate by the 
dropwise addition of titanium tetrachloride to a cold solution of sodium ethoxide, 
with subsequent refluxing. The product was soluble in alcohol, benzene and 
toluene. Titanium compounds of glycerol and glycol of varying composition were 
also obtained by the slow addition of titanium tetrachloride to an excess of the 
corresponding polyhydric alcohol at 80-145°C. The products were soluble in 
water and alcohol, but not in toluene. 

Films of ethyl titanate applied to various surfaces and hydrolyzed in situ were 
unsatisfactory, because they lacked adhesion and continuity. A white-pigmented 
lacquer was formed on adding titanium glycolate in alcohol (1:4) to a solution 
of nitrocellulose in butyl acetate. The titanium compound is hydrolyzed under 
these conditions, forming titanium dioxide. 

Germanium Compounds 

Schwarz and Lewinsohn“ have made a number of compounds, which suggest 
the possibility of forming amorphous substances. from germanium, among which 
is the germanium-phenyl ring compound similar to benzene, 

Ge—CeHs 

HftC, -Crt* Oe-'iWU 
(Je—C'tflib 

\ / 

This compound was made by the action of metallic sodium on phenylgermanium 
trichloride in xylene. Monophenyl germanium (CJlsGe) was formed, which in 
turn readily polymerized to form the ring already shown. Germanium tetra¬ 
chloride reacts with 4 mols of aniline to yield aniline hydrochloride and germanium 
dv])henyldiimide dihydrochloride, Ge(NCJlc HCI)a, a glassy non-crystalline solid.*” 

»h. R. Vyle and F. S. Kipping, J,C.S., 1924, 12$. 2616. 

N. Heaton (/. Roy. 8or^ Art«, 1932, 80, 411; Brit. Chem. Ab«. B. 1932 , 392) haA pointed out the 
desirability of eilicon-ester puinta for artiai.i, inasmuch inmitunic are thought to he more durable than 
Of game materials. 

^ H. A. Gardner and E. Bieloiiss, Circ., Am. Paint atui VanunU Mfm. Amoc., 1930, 366, 327; Chem. 
Abs., 1931, 25, 2971. 

»R. Sohwars and M. I^winsohn, Ber., 1981, 64. 2352; Chem. Aba., 1932, 26. 704. 

»J. S. Thomas and W. W. Southwood, J.C.B., 1931, 2083. 
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Phosphorus Compounds 

Among the more important resins containing phosphorus are those derived 
from phosphorus nitrile chloride, PNCl*. Stokes"^ found that when the latter 
was heated, it polymerized to give rubber-like material. Crude phosphorus nitrile 
chloride is a buttery mass made up of the primary crystalline bodies, (PNCls)8 and 
(PNCla)*, together with oily polymers. The latter, when heated at 200°C., 
rapidly yield elastic masses. The crystalline bodies, however, polymerize slowly at 
255®C.; and when the melt is heated for 4 hours at this temperature, it becomes 
turbid and viscous. On cooling it is amorphous and kneadable like paraffin. The 
resultant mass melts at 200°C. After 6 hours heating, polymerization is complete 
and an inorganic rubber is obtained as an elastic mass. It will no longer melt; 
and if it is heated to redness, it becomes hard and brittle on cooling. The elastic 
product, in the pure state, is colorless, transparent, and insoluble in common 
solvents. In benzene it swells, with the formation of a reversible sol. When it is 
allowed to stand in the air for a long time, it is transformed into a brittle sub¬ 
stance.® In his study of the effect of varying degrees of heating on phosphorus 
nitrile chloride, Renaud“ reported that some of the polymers have real and others 
apparent melting points. In the latter case there is a transition from a crystalline 
form to a clear gel. All of the forms of phosphorus nitrile chloride are brittle at 
~- 47 "C.' 

Light amber-colored inorganic resins for use in varnishes and insulations have 
been made by Runyan.®’ One mol of tricresyl phosphate®® is heated to 315-340®C 
under reflux. At this temperature 3 mols of calcium oxide are added, the heating 
being temporarily suspended. As the vigor of the resulting reaction subsides, 
the temperature declines. When it falls to 245-2G0®C., heating is resumed and 
continued until the reaction product, on cooling, solidifies to form a resin hard 
at ordinary temperatures. Trioxymethylene is added during resinification, in 
amounts corresponding to the phenol released. The addition of linseed oil (5-10 
per cent of the weight of the resulting resin) confers toughness. The resin, it lias 
been stated, may be used to impregnate fiber, which is subsequently molded under 
heat and jiressure; or it may be employed in a varnish. 

In an attempt to form homophthalyl chloride, homophthalic acid (1 mol) was 
heated with phosphorus pentachloride (10 per cent in excess of 2 mols) in phos- 
jihorus oxychloride as a solvent. The product obtained was 3-chloroisocoumarin. 
On the other hand, when homophthalic anhydride was substituted for the acid in 
the reaction, a tarry mass resulted.* 

Cholesterol, in some of its reactions with phosphorus pentachloride, yields 
resinous products." When the two substances are mixed in anhydrous benzene, 
there is an exothermic reaction with a slow steady evolution of hydrochloric acid, 
the solution meanwhile becoming reddish brown. After 24 hours, the product is 
washed with water, dried, the benzene evaporated and the residue recrystallized 
from acetone. There are obtained trichlorocholestane and an unidentified resin. 
With cholesterol and phosphorus pentachloride in a solid state, cholesteryl chlo- 

**H. N. Stokes, Am. Chem. Jour., 1895, 17, 275; 1898, 18, 629; 1897, 19, 782. 

Schenk and Q. Romer, Ber., 1924 , 57. 1343; Chem. Abe., 1924, 18, 3565. 

»P. Renaud, Compt. rend., 1932. 194, 2054; Chem. Abe., 1932, 26. 4780. 

A. Runyan, U. 8. P. 1,938.642, Dec. 12, 1938, to Sinclair Refining Co.; Chem. Abe., 1934, 28. 1559. 

*^Triphenyi phosphate (solid) and tricresyl phosphate (liquid) are high-boiling substances used as 
plasticiiers in making celluloid and in formulating li^uers. Tricresyl phosphate tends to retard coni- 
biMtion, and in this respect resembles some of the hignly chlorinated compounds. 

•• W. Davies and H. Q. Poole, 1928. 1018. 

^F. Pirrone, Qwtz. chim ital., 1932, 62, 63; Chem. Aht., 1982, 26. 8260. 



62 . INORGANIC RESINS 


1241 


ride, 4-(lichlorocholestene and another unidentified resin were obtained after allow¬ 
ing the reaction to proceed for 15 minutes. 

Other phosphorus-containing resins have been made by the condensation of 
thiophasphoryl amide with an aldehyde,*^ or the aldehyde may be mixed with 
phosphoryl chloride and ammonia added subsequently. For example, concentrated 
aqueous ammonia (6 mols) is added to formaldehyde (3 mols), the reaction taking 
place vigorously with the evolution of heat. While the solution is still hot, thio- 
phosphoryl chloride (1 mol) is added slowly. The solution becomes milky; but 
after stirring, the milkiness disappears, and a curd is formed. The resin which 
separates on cooling is a white taffy-like mass, insoluble in water but slightly sol¬ 
uble in hot ethyleneglycol monobutyl ether. It has been stated that this product 
possesses good rust-proofing qualities. 

Resin-like masses were prepared from tertiary phosphines according to Davies 
and Jones.** On mixing alcoholic solutions of tri-n-butylphosphine and mercuric 
chloride, an addition compound was obtained as a plastic mass which was difficult 
to purify. 


Other Inorganic Resins 


Selenium compounds sometimes are noncrystalline. 4-Acetamidodiphenyl 
selenide dihydroxide 


NHCOCH,—CeHi OH 

Se 

^OH 


dissolves in 0.5 N hydrochloric acid. If this solution is heated on a steam bath for 
an hour, 4-acetamidodiphenyl selenide separates in leaflets and the dihydroxide 
reappears as a tarry material. When this compound is heated over a small flame 
until there is no further loss of moisture, a horny mass results." Similarly, other 
non-crystalline derivatives were prepared by Leicester and Bergstrom." Diphenyl- 
p-tolylselenonium chloride. 


C«H 5 C6H4CH3 

\ / 

Se 

/ 

CeH, Cl 


exists as an oil; heating at 100°C. for 15 minutes did not cause solidification but the 
mass, after cooling, proved to be a hygroscopic glass. Selenium tetrachloride 
forms resinous products on reaction with ethyl malonate." Tarry substances are 
obtained by condensing tellurium tetrachloride and ethyl acetoacetate in chloro¬ 
form free from alcohol." 

Krause" prepared a series of addition compounds from boron triphenyl and 
amines. The majority of these have definite melting points, but the compounds 
with ethyl aniline and dimethyl aniline were reported as not crystallizing well. 
The hydrolysis of ethylbutenetetracarboxylate with alcoholic potassium hydroxide. 


*iH. H. Woodstock, U. S. P. 1,940,383, Dec. 19, 1933, to Victor Chemical Works; Chem. Abt., 1934, 
28. 1558. 

« W. C. Davies and W. J. Jones, 1929, 33. 

« W. R. Oaythwaite, J. Kenyon and H. Phillips, /.C.S., 1928, 2290. 

M. Leicester and F. W. Bergstrom, J.A.C.S., 1981, 53, 4428. 

«K. G. Naik and R, K. Trivedi, J. Indian Chem. Soc., 1930, 7, 239; Brit. Chem. Aba. A. 1930, 938. 
" G. T. Morgan, H. D. K. Drew and I. Ackerman, J.C.8., 1924, 125, 752. 

Kiause, Ber., 1924, 57. 813; Chem. Aba., 1924, 18, 2876. 
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and subsequent addition of lead acetate forms a lead salt, CieHioOiePb*, which is a 
brittle, colorless mass." Glassy masses have also been obtained from the potassium 
salt derived from allenetetracarboxylic ester." 

Thallium ethoxide in benzene, added to a hot solution of tetra-acetylpropane, 
yields a yellow-colored mass which rapidly turns red.*” A brown substance pre¬ 
cipitates which, on filtration, becomes resinous. Evai)oration of the benzene like¬ 
wise causes resinification of the residue. 

*»K. Benary and R. Schinkopf, Bar., 1928 , 56. 354- JC S, 1923. 124. 179. 

*^V. Falfi^ and J. Pir^rh. Ber., 1027, 60. 1621; rhf>nu 1928, 22 , 223. 

» R. C. Menzies and E. R. Wiltshire, J.C.8., 1931, 2239. 



Chapter 63 
Miscellaneous Resins 


This chapter has two purposes. First, it describes some of the applications of 
synthetic resins in which no particular resin has been specified or where there is 
presumed to be a latitude of choice. Second, it groups a number of resins which 
have not come under the scheme of classification adopted in the text. Resinous 
bodies have resulted in the course of reactions carried out in many researches with 
organic compounds. Such bodies generally are not the result of an effort to pro¬ 
duce them but are none the less interesting to investigators working in the field 
of synthetic resins. At the time of discovery, it may not be practicable to pre¬ 
pare the substance in quantity by the reaction under investigation and yet under 
later economic conditions this reaction may be applied to commercial advantage. 
This chapter, therefore, represents so wide a range that but little attempt has 
been made at classification, and the reader will find it as heterogeneous as are the 
resins. 


Technical Applications 

Various Applications of Resins with Cellulose Derivatives. Syn¬ 
thetic resins have found a number of applications in conjunction with cellulose de¬ 
rivatives, usually in the production of films. 

A liquid- and moisture-proof, transparent and flexible material is formed by 
coating transparent foils of regenerated cellulose with a cellulose ester lacquer. 
With the latter is incorporated a solution of a sohd or liquid wax or grease, and 
a natural or synthetic resin in a solvent which is miscible with the cellulose ester 
lacquer. The applied film is then exposed for a time to a temperature above the 
softening point of the waxes.' An insulating material can be prepared from min¬ 
eral wool mixed with a binder made of nitrocellulose, cumarone resin, and a 
solvent.” Waterproofing substances, such as natural or synthetic resins, asphalts, 
jiaraffins or waxes may also be added to impermeable and insulating compositions 
made from nitrocellulose varnishes and triaryl phosphates.* An insulator resistant 
to heat, moisture and electricity is likewise obtained by applying a liquid insulating 
resin to a solid carrier of transparent regenerated cellulose obtained from viscose. 
The coating can be dried and solidified at any desired temperature.* 

Surfaces made from insoluble and infusible resins have been suggested as bases 
for depositing cellulose acetate solutions in film manufacture.® Cellulose deriva¬ 
tives may be used similarly for coating spools used in the textile industries, the 
metal spools being first coated with a natural or synthetic resin.® Fibrous mate¬ 
rial and synthetic resin liave also been employed for coating wooden shuttles.’ 

1 R. Weingand and F. W. Spiecker, British P. 309,017, 1928, to WolfT and Co., Kommandit-Qes. auf 
Akt.; Bnt, Chem, Abs. B. 1930, 11. British P. 318,106, 1929; Brit. Chem B, 1930, 318. 

2 French P. 641,487, 1927, to I. G. Farbemnd. A.-G.; Plaf^tics, 1929, 332 

» French P. 645,621, 1927, to I. Q. Farbenmd. A.-G.; Chem. Abe., 1929 23. 1971. 

« British P. 293,293, 1928, to Eldctra-Lack-Werke G.in.b.H.; Brit. Chem. Ahi. B. 1929, 404. 

»BntiBh P. 359.390. 1930, to British Oelanese, Ltd.; CW. Ahe., 1933. 27 . 41.3 

«British P. 311,287, 1929, in 1 O. Farbenind. A.-G.; Brit. Chem AHm B. 1930, 899. 

^A. Christoph. U. B. P. 1,861,593, Juno 7, 1932; Chem. Abe., 1932, 26, 4190. 
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Iron, glass or wood surfaces may be covered with a synthetic resin modified by 
the addition of a cellulose derivative. Further applications of a cellulose ester 
can be made,* Coating compositions are prejiared by dissolving cellulose acetate 
m a lovv-boihng vehicle consisting of ethyl alcohol, benzene, and ethylene dichlo- 
ride. Resins, high-boilmg solvents, plasticizers, pigments ainl fillers may (hen be 
incorporated.* Solutions containing methyl or benzyl cellulose, synthetic resins, 
plasticizers and stabilizers have been suggested also.^® The addition of resins to a 
lacquer containing cellulose acetate, dibutyl tartrate and triphenyl phosphate dis¬ 
solved in acetone is said to improve its strength and adhesive power.“ 

Synthetic resins of various types may be added in amounts between 1 and 25 
per cent to cellulose ethers and esters to increase the tensile strength of artificial 
filaments, plastic compositions, and adhesives made therefromThus, simulated 
horse-hair, bristles or straw are prepared by extruding a solution of cellulose ester, 
resin and plasticizer into an evaporative atmosphere or a coagulating bath.“ The 
addition of natural or synthetic resins, which melt above 250®C., to cellulose de¬ 
rivatives reduces the luster of the threads formed by spinning.^* In the manu¬ 
facture of artificial silk by the wet-spinning process, soluble synthetic resins are 
among the materials which may be added to the precipitating bath.“ 

Plinatus“ employed natural or synthetic resins in conjunction with cellulose 
esters in the preparation of binders and adhesives. A fusible or soluble synthetic 
resin may be used also to secure adhesion between a plastic sheet of a cellulose 
derivative mixed with an organic tartrate, such as dibutyl tartrate, and two 
sheets of glass.” Synthetic resms in a reactive state may be applied to a porous 
carrier such as paper or fabric, or mixed with film-forming solutions (viscose or 
cellulose ester solution) to provide films or sheets for adhesive purposesA bind¬ 
ing agent consisting of a solution containing 8-15 per cent of a cellulose derivative 
and a natural or synthetic resin can be employed in making a moisture-proof, 
match-igniting composition." 

By dissolving higher fatty acid esters of cellulose (such as cellulose distearate) 
in xylene, with the addition of fatty or mineral oils, waxes and artificial resins 
Lant and Koreska" have prepared varnishes for tennis-racket strings. 

The flexibility of synthetic resins capable of being hardened is found to be pre¬ 
served by incorporating alkyl celluloses.*^ Normally light-sensitive synthetic resins, 
or coatings containing them, can be darkened by exposure to ultraviolet light. 
Alternatively, the resin may be darkened during manufacture in the presence 
of benzoic or salicylic acid as catalyst. Coatings which contain such darkened 
resins together with cellulose derivatives, especially the acetate, do not change 
color on further exposure to light.** 

»w. H. Moss, British P. 298,610, 1927, to British Celanese, Ltd.; Chem. Abs., 1929, 23, 3115. 

Canadian P. 304,295, 1930, to C. Dreyfus; Chem. Abe., 1930, 24, 5516. 

* British P. 299,782, 1928, to British Celanese, Ltd.; Brit. Chem. Aha. B, 1930, 076. 

i®C. Dreyfus, British P. 309,951, 1928, to British Celanese, Ltd.; Chem. Aba., 1930, 24, 739. 

H. Moss, U. S. P. 1,982,227, Nov. 27, 1934, to Celanese Corp.; Chem. Aba., 1935, 29, 530. 

“W. H. Moss and B. B. White, British P. 817,457, 1928, to British Celanese, Ltd.; Chem. Aba., 

1980, 24, 2291. 

^ C. Dreyfus, British P. 342,340, 1929, to British Celanese, Ltd.; Chem. Aba., 1931, 25, 5029. 

Dreyfus, British P. 346,793, 1929; Brit. Chem. Aha. B, 1981, 799. 

^ British P. 810,842, 1928, to Aceta Oes.; Chem. Aba., 1930, 24, 724. 

^W. PlinatuB, British P. 308,855, 1928, to Compagnie fran^aise d’e.xploitatiun des proc^^s Plinatus; 
Chem. Aba., 1929, 23, 4542. 

British P. 840,927, 1929, to British Celanese, Ltd.; Chem. Aba., 1931, 25, 4997. 

UR. Arnot, British P. 833,194, 1929; Brit. Chem. Aba. B, 1930, 1062. 

US. H. Ledin, British P. 355,901, 1980; Brit. Chem. Aba. B, 1931, 1028. 

UR. Lant and W. Koreska, British P. 848,117, 1929; Chem. Aba., 1981, 25, 4421. 

French P. 678,206, 1929, to I. Q. Farbenind. A.-G.; Chem. Aba., 1930, 24, 3063. See also French 
Patent 681,984, 1929, to Compagnie francaise pour Texploitation des proc5d6s Thomson-Houston; Chem. 
Aba., 1980, 24, 4409. 

British P. 808,169, 1928, to British Celanese, Ltd.; Brit. Chem. Aba. B, 1980, 779. 
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Impregnation of Cellulosic Material with Synthetic Resins, The 
treatment of vegetable fiber with synthetic resins offers considerable scope for 
the fabrication of artificial wood and molded insulating material. For example, 
a resin-coated board can be obtained by applying a layer of synthetic fusible 
resin, mixed with fillers, to a fibrous spongy base containing a fusible binder with 
a low coefficient of expansion (e.g., asphalt). The whole is compacted, and the 
resin rendered infusible by heat and pressure.** In another case, saponified or 
emulsified hard waxes, such as Montan wax, either alone or mixed with other 
hard waxes or natural or synthetic resins, can be added to fibrous pulp in quanti¬ 
ties up to 35-50 per cent of the weight of dry pulp. The material is then pre¬ 
cipitated by the addition of alum, and the pulp-wax mixture is formed into sheets 
and molded." 

Samsonov* prepared artificial wood from vegetable materials such as reeds or 
cane trash with the fibers arranged in one direction, by immersing in a natural 
or artificial resin and then compressing. Fungicides were incorporated. The steps 
of solvent-extraction and resin-polymerization in synthetic resin varnish-impregna¬ 
tion processes for wood, tissue paper and cardboard may be conveniently carried 
out in dry steam. The latter carries away solvents which can subsequently be 
recovered.* 

Vulcanized fiber may be impregnated with solutions of substances capable of 
forming synthetic resins. The development of the latter is thus effected within 
the material.*^ Regal" hydrolyzed paper with sulphuric acid and then treated it 
with an alkaline solution of a synthetic resin. Precipitation of the resin in situ 
gave an imitation parchment. If glassine paper, made from highly-beaten pulp, 
IS impregnated with a solution of castor oil in benzene, dried, treated with a solu¬ 
tion of resin, and dried again, it is rendered transparent, according to Chamberlain 
and Periam." Flexible sheet material which can be used as a substitute for glass 
is made by coating gauze or netting with a homogeneous mixture of synthetic resin 
and cellulose acetate." A paper for cigarette mouthpieces is made by treating thin 
tissue paper with a synthetic resin." 

Impregnation of cellulosic material with synthetic resins may be effected in 
the following manner: Wood shavings, leaves or woven fabrics, for example, are 
subjected successively to 1 per cent sodium hydroxide solution at 100®C. and to 
an aqueous solution of an oxidizing agent, e.g., 5 per cent sulphuric acid and nitric 
acid. The product is washed and dried after each operation, being finally neu¬ 
tralized with ammonia. It is then impregnated with a synthetic resin solution 
(or ingredients which will form resins), heated, and pressed to render the resin 
insoluble." Another instance is the treatment of the fibrous material which is fed 
to the final presses in the manufacture of pressboard. The wet mass is soaked 
in alcohol, removed and immediately immersed in a synthetic resin. After drying 
it is then molded under heat and pressure." 

A process developed by Geyer** for the production of molded ornamental panels 

* British P. 291,633, 1927, to Agasote Millboard Co.; Brit. Chem, Abs. B, 1928, 638. See also 
British P. 319,901, 1928; Chem Abs., 1930, 24. 2624. 

s«H. Friedlander, British P. 262,828, 1926; Brit. Chem Abe. B. 1928, 638. 

“A. de Samsonov, British P. 353,186, 1930; Bnt. Chem. Abe. B, 1931, 885. French P. 679,708, 
1929; Chem. Aba., 1930, 24, 3877. 

*®D. A. Texier, British P. 329,066, 1929, to Manuf. de machines aux. pour Telectr. et Tind.; Brit. 
Cheni. Aba. B, 1930, 726. 

« British P. 316,700, 1928, to I. G. Farbenind A.-G. ; Chem. Aba., 1980, 24. 1996. 

»A. Regal, U. S. P. 1,843,783, Feb. 2, 1932; Chem Aba., 1932, 26. 1787. 

soj. Chamberlain and H. Periam, British P. 323,302. 1928; Chem. Aba., 1930. 24. 3114. 

British P. 307,462, 1929, to Brit. Celanese, Ltd.; Brit. Chem. Aba. B. 1930, 205. 

n British P. 294,492, 1927, to Wickel A Co., Kommandit-Qes.; Chem. Aba., 1929, 23. 2035. 

»British P. 331,851, 1929, to Magnasco, Roggero A Co.; Chem. Aba., 1931. 2S. 224. 

**H. W. H. Warren, C. Q. Garton and A. E. Smith, British P. 329,273. 1929, to British Thomson- 
Houston Co., Ltd.; Brit. Chem. Aba. B. 1930, 780. 

MH. D. Oeyer, U. S. P. 1,760.102. Mar. 11, 1930, to Inlaid Mfg. Go.; Chem. Aba., 1980. 24, 2250. 
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employs a thin coating of transparent synthetic resin to cover a sheet of paper, 
on which are colored ornamentations. This is applied to a main body portion of 
bituminous material. Furniture, boxes and similar articles made of wood, metal, 
paper-like or ceramic materials may be coated or lined with synthetic resin plates, 
carrying on the back an intermediate veneer which may be attached by cold casein 
glue or liquid resin.” Panels or backings for oil paintings can be made by im¬ 
pregnating a fibrous base, such as pulp board or superimposed sheets of paper or 
fabric, with a reactive synthetic resin, and subjecting the product to heat and 
pressure.” Keller” suggested synthetic resm compositions for backing advertising 
sheets and posters. In the painting of wood, use may be made of certain tar 
oils mixed with a cellulose ester solution and a solution of a natural or synthetic 
resin, with or without a pigment. The tar oil constitutes 30-50 per cent of the 
total mixture.” 

One method of producing carbon paper is by spreading a solution of a syn¬ 
thetic resin on paper, evaporating the solvent and adding a color layer. Softening 
agents (oils or fats, ethyl phthalate or tricresyl phosphate) may be added to the 
resin layer.” Analogous compositions for transfer purposes comprise coloring 
substances together with synthetic resins or soluble cellulose products.” Horii*' 
employed a similar process for the manufacture of stencil sheets. A base of 
fibrous material, such as yoshino paper, carries an impregnating composition con¬ 
taining a synthetic resin and a softening agent, e.g., stearin and castor oil. 

Applications of Synthetic Resins with Rubber. Blankets for im¬ 
pression cylinders used in printing may be made of one or several layers of fabric 
impregnated with rubber, a thick coating of rubber and an outer ink-resisting 
coating of synthetic resin.^* Quittner” developed a method for producing elastic, 
waterproof, adherent coatings by treating fibrous material with rubber latex and 
solutions or emulsions of synthetic resins. The latex and resin dispersions may 
Ije applied either jointly or successively. 

Sheets made from synthetic rubber, synthetic resin and fillers may be used 
as substitutes for linoleum, celluloid or horn. Factice, natural nibber, cellulose 
esters and ethers and dyes may be included in the compositions.” A flexible 
material for making pipes, has the following composition: rubber, 40 part.s, sul- 
])hur, 3 parts, synthetic resin, 25 parts, graphite, 20 parts, and fillers, 12 parts."' 
Lefebure” prepared a hose, resistant to gasoline and other organic solvents, by 
impregnating outer and inner plies of canvas with a resin, using an intermediate 
layer of rubber. He also made a rubber flooring by vulcanizing rubber sheets or 
tiles directly on an intermediate layer of wood, cement or stone which can be 
secured to a floor base. Synthetic resin binder i.s ])laced between the contacting 
surfaces of the materials.” Synthetic or natural rubber mixed with a re.siii and 

»F. Oehring, British P. 831.870, 1029; Chem. Abn,, 1931, 25. 223 

» British P 357,204, 1930. to Hakelite Coip.; Bftt. Chem Abu. B, 1931, 1090 
V. Keller, British P 825.476, 1928; Chem Abn., 1980 , 24, 4176. 

F. K. Jahn, German P 536.429, 1928, to Bvk-Gulilenweike Chejii Fab A.-U,; Chem Ab»., 1932, 
26. 1092. 

» German P. 520,036, 1928 (addn. U) 518,272), 518.273, 518,274 and 516,975, to Firma Gliiitlier Wagner; 
Chem. Abi., 1931, 25. 8837, 3484. See also British P. 307,435, 1927; Chem. Abn., 1930, 24, 3903. Biitish 
P.'824.859, 1928; Chem. Ab»., 1929, 23. 5285. 

^R. D. Bain and E. Q. Nixon, British P. 295,118, 1927, to T.,nmflon Paragon tSupply Co., Ltd.; 
Cfiem. Abe., 1929, 23, 2001. 

«S. Horii, U. S. P. 1,698,705, Jan. 8, 1929; Chem. Abe., 1929, 23, 1229. See alw U Sunon, Britiali 
P. 286.466, 1027; Chem. Abe., 1929, 33, 249. 

**S. A. Bratier and F. W. Warren, British P. 858,947, 1930, to Dunlop Rubbei C^o., Ltd.; Chem. 
Abe., 1982, 26. 4145. 

*»H. Quittner, Austrian P. 104,398, 1925; Brit. Chem. Abe. B, 1927, 420 

«« British P. 804,612, 1928. to 1. G. Farbenind. A -G.; Chem. Abe, 1929, 23. 4848. 

J. H. Jalbert, Fi«nch P. 683,008, 1929; Chem. Abe., 1930, 24, 4597. 

«V, Lafsbure, U. S. P. 1,763.973, June 17. 1930; Chem. Abe., 1030. 24, 3869. 

«V. Lefebure, Bntiah P. 217,981, 1924; Chem. A6«., 1926, 20, 1922. 
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fillers may be employed as an elastic filling composition for cracks or joints in 
concrete or wood paving and flooring." 

The application of synthetic resin globules with a diameter of less than 1 mm. 
imparts a frosted appearance or sheen to textile fabrics or rubberized goods." 
A film of protein (treated to render it resistant to water) is utilized for the at¬ 
tachment of rubber to synthetic resins in the lining of vats, or for cementing tires 
to wheels.®® Pratt“ succeeded in developing a material having rubbery qualities 
by dispersing a terpene (dipentene, isoprene or their polymers) in water in the 
presence of a protective colloid. The t^erpene particles should be about the size 

of latex particles. The coating of protective colloid is then tanned to prevent 

rupture of the globules during milling. The product when coagulated forms a 

rubber-like mass capable of vulcanization. Natural or synthetic resin may be 

added to give an acetone-soluble constituent. 

A coating of synthetic or natural resins may be precipitated on a metallic 
mold as follows: Dispersions of the substance to be deposited are stabilized by an 
inorganic acid, base or salt. The latter should be capable of reacting with some 
constituent in the mold in order to cause deposition of a layer of the agglomerated 
substance on the surface of the mold. Thus, a mold made of zinc or aluminiun may 
be dipped into such a dispersion, and reaction of the alkali with the metal causes 
a deposit on the surface of the mold." 

Various Coating Compositions and Impregnated Products. A method 
of decorating sheet metal is carried out in the following manner:" The sheet 
IS first treated with a coat of resins ground in oil and pigmented with colors. A 
printed or lithographed design secured to a gum coating on a paper backing is 
dipped in a liquid composed of ethyl lactate, ethylene chlorhydrin, ethyl alcohol 
and water. The design is then laid face down on the ground coat, pressed on 
it, the backing is removed and the decorated sheet is baked. It may then be formed 
into the desired shape. A suspension in tar oil of synthetic resins capable of being 
hardened also may be used for coating metals." 

The surface hardness of light construction materials, e.g., porous cement, can 
be increased by a coating of synthetic resin." 

Mixtures consisting of synthetic resins and liquid softening agents, such as 
triaryl phosphates, can be utilized in the preparation of electrical insulating com¬ 
positions." The coating of layers of paper or woven fabrics with synthetic resins 
offers a further way of building up such materials." For example, electrical in¬ 
sulating sheets and tubing can be made from fabrics composed of '^threads’’ of 
spun paper by impregnating with a varnish containing resins." Tubes employed 
m spinning, or other articles made from fibrous material, may also be impreg¬ 
nated with synthetic resins," 

Envelopes for gas cells can be constructed from a material composed of one 
or more layers of an organic cellulose derivative soluble in organic solvents, and 

»H. P. Stevens, British P. 340,440, 1080; Chem. Abe., 1032, 26, 2844. 

Thompson, British P. 848,160. 1030; Brit, Chem. Abn. B, 1081, 781. 

”°W. B. Wescott, British P. 800,168, 1028, to Rubber Latex Research Corp.; Chen. Abe,, 1030, 24, 
528. 

<^W. B. Pratt, U. S. P. 1,671,814, May 20, 1028, to Dispersions Process, Ine.; Brit. Ch$m, Abe, B, 
1028, 616. 

»P. Klein and F. Qabor, British P. 200,787, 1027, to Dunlop Rubber Co.; Chem. Abe., 1020, 23, 
3500. 

O. Johnson, U. S. P. 1,866,110, July 5, 1032, to Meyercord Co.; Chem. Abe.. 1032, 26, 4208. 

M French P. 714,184, 1081, to Vereinigte Stahlwerke A.-O.; Chem. Abe., 1082, 26, 1568, 

n French P. 700.157, 1031, to I. Q. Farbenind. A.-Q.; Chem. Abe.. 1082, 26. 1412. 

^C. Thode and A. Benischek, Qeexnen P. 550,120, 1025, to I. O. Farbenind. A.-0.; Chem. Abe., 
1032, 26, 4115. 

^British P. 803,125, 1027, to Micafll A.-G.; Chem. Abe., 1020, 29, 4515. 

«• British P. 841,585 and 342,200. 1020, to Intemat. Oen. Electric Co.; Brit. Chem. Abe. B, 1081, 805. 

**British P. 215,726, 1028, to Manuf. de machines aux. pour TeMr. et Find.; Chem. Abe., 1024, 
18. 8477. 
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one or more layers of a protein, e.g., casein, glue or gelatine. Softening agents, 
natural and synthetic resins and fillers may be incorporatedCellulose fibers, 
rendered moisture-proof by a varnish of synthetic resin containing a plasticizer, 
are employed in making dust-bags for vacuum cleaners 

Varnish and lacquer coatings which are said to be resistant to shocks and 
blows can be produced by incorporating with synthetic resin solutions a hard 
material such as silicon carbide of grain size between 40 and 100 micronsBy 
dispersing a finely divided insoluble and infusible resin in a ketone or ketonic 
alcohol solution of a hardenable synthetic resin an enamel can be prepared which 
may be applied in the cold.” An interesting development in this connection is 
the production of. waterproof sandpaper, since the ordinary product usually disin¬ 
tegrates when it becomes wet. A cement is used consisting of rosin (250 parts), 
glue (60 parts), 87 per cent phenol (75 parts), 56 per cent acetic acid (100 parts), 
water (100 parts) and benzene (5 parts). This, applied to a backing material, will 
hold abrasives and is flexible and waterproof. The composition is given a final 
treatment with formaldehyde solution, dried and coated with linseed oil.” 

A mixture of fish scales with synthetic resins is recommended as a coating for 
preserving paint on ships or other articles coming into contact with sea water.” 
Guillemin” suggested compositions made by heating together natural or syn¬ 
thetic gums or resins, vegetable oil and added materials (e.g., turpentine, “white 
spirit” and lead oxide) as waterproofing agents for leather. 

Mixtures which contain cellulose esters, graphite or mica, finely ground wood or 
cork, with additions of resin and pigment have been described as knifing com¬ 
positions.” 

Objects of acid-proof material can be constructed of wide-mesh fabric im¬ 
pregnated with liquid synthetic resins, and subsequently hardened by heat.” A 
fire extinguisher consists of a liquid which is a poor conductor of electricity (e.g., 
carbon tetrachloride, tetrachloroethane) together with aluminum sulphate, var¬ 
nishes, lacquers and the like which will form a resisting insulating layer on the 
surface over which it is sprinkled.” 

Various Molded Materials. The baskets or pots of centrifugal apparatus 
may be made by molding and vulcanizing a mixture of natural or synthetic rub¬ 
ber, sulphur and synthetic resins, with or without filling materials.’” Another 
type of basket is constructed of annularly disposed cords, provided with a steel 
wire core, and bound together with synthetic resin Resins have also been used 
for making cages or retaining rings for ball and roller bearings."^* 

Panel plates of pressed synthetic resins, joined by grooved strips, pegs and 
screws of the same material may be used to build up vessels for holding acids 
and other liquids.'” Boorne^* made articles such as tiles and slabs by molding 
with heat and pressure a mixture of resin, clay, a basic material (lime), a filler 
(sand), and water. The process was adapted to give products with colored facings 
or with decorative “crazed” effects. 

British P. 871,«04» 1931, to I. Q. Farbenind. A.<G.; Brit. Chem. Abs. B, 1932, 673. 

« C. W. Studer, U. S. P. 1,829,618, Oct. 27, 1931, to Hoover Co.; Brit. Chem. Abs. B, 1932, 662. 

** British P. 362,728, 1931, to *'Herold’' A.-G.; Brit. Chem. Abe. B, 1932, 197. 

^H. Plauson, German P. 678,067, 1933; Chem. Abe., 1933, 27, 4429. 

**F. J. Crupi, U. S. P. 1,4M,739, Feb. 26, 1924, to Herman Behr A Co.; Chem. Abe., 1924, 18, 1370. 

“French P. 701,213, 1930, to Soc. union France; Chem. Abe., 1931, 25, 3853. 

“ J. J. J. GuiUemin, Bntish P. 272,197, 1926; Chem. Abe., 1928, 22, 1701. 

^British P. 302,613 and 302,616, 1927, to I. G. Farbenind. A.-G.; Brit. Chem. Abe. B, 1929, 242. 

“British P. 276,697, 1927, to I. G. Farbenind. A.-Q.; Brxt. Chem. Abe. B, 1929, 320. 

“French P. 646,137, \9Tt, tb ^i3t6 Bo« IMon fibres; Ch^. Abe., 1929. 23, 1484. 

“British P. U0,8lUi, 1929, to Compagnie j^nerale d'electricite; Chevi. Abe., 1932, 26, 2624. 

n British P. 663,963, 1961, to Internet. Gen. Elec. Co.; Brit. Chem. Abe. B, 1932, 417. 

“British P. 282,719, 1926, to Compagnie d'applications mecaniqueH; Chem. Abe., 1928, 22, 4000. 

“British P. 657,627, 1930, to H. Rbmmler A.-Q.; Brit. Chem. Abe. B, 1931, 1079. 

“W. H. Boorne, British P. 829,382, 1929; Chem. Abe., 1930, 24, 3444. 
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A magnetic insulating material can he prodnced by impregnating textile sheets 
with a mixture of synthetic or natural resin and filings or fine powder of mag¬ 
netic material. The sheets are piled and then consolidated under heat and pres¬ 
sure.^* Powdered magnetic material can also be molded under pressure with 
magnesium hydroxide and a small quantity of natural or synthetic resin. Magnetic 
cores for loading coils and transformers are obtained in this way."^* 

Agglomerated horn products may be prepared by hydrating small pieces of 
horn with hot or cold water, drying superficially in 7mcuo at 15°C. or in an air 
current at 40-45°C., mixing with a synthetic resin, and then heating at 130-150®C. 



Courtesy I'urrel-Btrmingham Co., Inr. 


Fig. 167. —Size 3A Banbury Internal Mixer, Especially Designed for Mixing 

Plastics. 

in a mold under high pressure.” Oexmann” made disk records from finely 
]>owdered horn to which was added a binder such as a natural or artificial resin 
or casein, and a filler. In order to secure acoustic disks of synthetic resin or cellu¬ 
lose compositions entirely free from solvent, old or newly formed disks are ground 
up and freed from volatile matter in a vacuum. After this, synthetic resin 
(or other plasticizing agent) is added and the disks re-formed.” 

Molded clay, before drying and firing, may be coated with a suspension of 
colophony (2.5 parts), turpentine (2.5-5 parts) and water (100 parts) with syn- 

British P. 308,224. 1929, to British Thomson-Houston Co., Ltd.; Brit. Chem. Abi. B, 1980, 728. 

^ T. Beckinsale and H. J. Allcock, British P. 889,933, 1930, to Callender’s Cable A Construction Co., 
Ltd.; Chem. A6s., 1932, 26. 4144. 

^Q. Bonnard, British P. 362,188, 1936; Brit. Chem. Abs. B. 1932, 238. 

«H. Oexmann, British P. 297,388, 1927; Chem. Abs., 1929, 23. 2794. 

w French P. 633,790, 1927, to Polyphonwerke A.-O, ; Chem. Abs., 1928, 22, 8748. 
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tlu tic resin as a binder to secure articles of uniform color.*® The last stage of firing 
should be carried out under reducing conditions. So-called ^‘artificial masses’" 
are obtained by treating mud or slime from fresh or salt water (either in its 
natural moist state or dried in the absence of air) with organic colloidal materials 
such as natural or synthetic resins.” The product is then subjected to the action 
of hardening or vulcanizing agents. Synthetic resins can also be used as binding 
agents in the manufacture of refractory articles.** Thus, for example, in form¬ 
ing crucibles or muffles, magnesium oxide and crystalline graphite are mixed with 
a resin (as a binder) and glazing material, and then molded and baked. Molded 
electrical resistance units can be made from a mixture of graphite, asbestos, clay 
and a synthetic resin.®* A material, suggested for the manufacture of buttons, is 
derived from peat (containing 1 per cent or more of tarry substances) mixed with 
s)mthetic resins and powdered blood.” Synthetic resins have been applied also 
in the production of artificial pearls.®* Moncany*® developed a moldable plastic 
material by mixing plaster, fibers and asbestos jiowder, and incorporating al¬ 
bumin or dextrin. The mixture is molded and baked, then dipped into a bath 
of water and glycerol, baked again, dipped into a solution of a synthetic resin in 
alcohol, and baked a third time. The same worker obtained a plastic material 
from asbestos fiber and paper beaten up with a synthetic resin varnish. Metallic 
fibers may also be incorporated in the mass. 

Synthetic resins may be used as suspension- or dispersion-agents in the re¬ 
moval of coloring matter from waste-paper pul]) by agitation with organic solvents.®^ 

Rosin employed in the preparation of toilet and medicated soaps can l)e re- 
])laced by an aromatic resinous composition®* which is made by emulsifying ter- 
penes, synthetic or natural resins and residues from the solvent extraction of 
Mowers (“floral wax”), with glycerol, a solvent such as methyl alcohol or diacetone, 
and an emulsifier (e.g., ammonium sulphoricinoleate). 

Kurz and Albert®® produced inks for intaglio printing in which pigments are 
ground in a vehicle prepared as follows: A synthetic resin is dissolved in 96 per 
cent ethyl alcohol and partly saponified with alkali. Solvents of high-boiling point 
are added (e.g., methyl cyclohexanone), and the liquid composition is diluted with 
water. 

Alcoholic solutions of natural or synthetic resins can be colored fast to light 
by basic dyes, such as the triarylmethane dyes, mixed with a small proportion 
of a strong inorganic or organic acid, an acid salt, or of a nitrate soluble in the 
varnish.*® Celluloid, cellulose esters or ethers, or natural and synthetic resins (or 
their solutions) are also colored by the incorporation of soluble chromium or co])- 
per compounds of dyes, particularly of o-hydroxyazo dyes. The materials can 

•«M. Perkiewicz, German P. 545,237, 1930; Chem, Abf^., 1932, 26, 3085. French P. 706,561, 1930, 
Chem. Ab»., 1932, 26. 2030. 

AJ. B. Csrpzow. R. Lenzmann and M. March, French P. 715.238, 1931, to *'Kolloidchemie*' Studien- 
geaellachaft m.b.H.; Chem. Abn., 1932, 26, 1731. See also British P. 372,917, 1931; Brit. Chem. Abi B. 
1982, 737. 

••O. S. Diamond. U. S. P. 1,674,961, June 26, 1928, to Electric Refractories Corp.; Chem. Abt., 1928, 
22. 3028. 

•■L. E. Powers, U. S. P. 1,816,194, July 28, 1981, to L. Bradley and H. L. Bradley; Chem. Abi^., 
1931. 25. 5367. 

R. Artnenault and J. Malet, British P, 344,086, 1928, to Fnbriqiiea de produits de chimie organiciue 
de Laire; Chem. Aba., 1932, 26. 8344. 

•® Auatrian P. 95,867, 19M, to Schicketanz A Co.; Kmatatoffe, 1925, 15, 45. 

G. Moncany, French P. 697,435 and 697,486, 1930, to Soc. anon, de decoration arohitecturale et 
mobili^; Chem, Aba,, 1981, 25, 3137. 

•7H. Scheele, German P. ^602,730, 1929; Chem. Aba., 1930, 24. 5497. 

op. VUlian, British P. 319,804 and 819,832, 1928; Brit. Chem. Aba. B. 1929, 988. 

•H. Kun and K Albert, British P. 871.527, 1981; Brit. Chem. Aba. B, 1932, 687. Austrian P. 124,742, 
1931; Chem, Ab$„ 1932, 26. 860. French P. 711,613, 1931; Chem. Aba., 1982, 26. 1810. German P. 
547.442, 1930; Chem. Aba., 1982, 26. 3686. 

«»Britiah P. 295.941, 1927, to 1. G. Farbenind. A.-G.; Chem. Aba., 1929, 23. 2309. 
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either be kneaded together on rolls, or solutions in organic solvents of the dye and 
the resin can be blended.®^ 

Highly polymerized fatty pitches, such as stearin pitch, which are almost in¬ 
soluble m organic solvents, can be rendered readily soluble by mixing with soluble 
resins or resin esters, and subjecting the mixture to hot rolling.**'' Colloidal sus¬ 
pensions of insoluble resins are rendered stable at all concentrations by the addi¬ 
tion of a slightly alkaline aqueous solution of an auxiliary colloid such as casein.** 

Warren** has obtained metallic surfaces on resins by coating with, for instance, 
silver nitrate and powdered silver, subjecting the mixture to the reducing action 
of formaldehyde and drying. A hard synthetic resin incorporated with bronze 
powder may be applied as a coating for metal surfaces.** Another procedure 
consists in mixing the resin with water glass, clay or metallic oxides.** After apply¬ 
ing to the surface, hardening may be effected by heating in the absence of air. 

A polishing composition was prepared by Collard*" as follows: A mixture 
of fats or oils (3-10 parts), resins (2-8 parts) and synthetic or natural waxes 
(2-8 parts) is heated to 110-160°C., and a suspension of a fine grit (e.g., kieselguhr) 
(25-^ parts), in *%hite spirit'' or turpentine (40-60 parts) is added. Other 
polishing mixtures have been made incorporating powdered ebonite and an in¬ 
completely polymerized resin with abrasives.®* 

Beebe and Herlinger* produced a light-sensitive photographic coating com¬ 
position by introducing iodine (dissolved in benzene) into a varnish. The latter 
contained resins, metal salts capable of combining with the halogen (e.g., lead 
resinate) and a solvent such as gasoline. Sufficient halogen is introduced to com¬ 
bine with all the salts present, forming metal halides. 

A lithographic plate is made by preparing a sheet of metal with a sensitive 
area to which is applied a lacquer containing a synthetic resin which is sub¬ 
stantially insoluble in solvents such as acetone and benzene.^** Light-sensitive 
resin layers for preparing etched metal plates for photomechanical printing can 
be made from solutions consisting of a resin, a chromate, an organic solvent 
and a base."'^ 

According to Tomkins and Woodman,*®* synthetic resins can be used for pre¬ 
serving fruits and vegetables by sealing the cut surfaces of the stalks. 

Gas bubbles do not adhere to floats for indicating density when the latter 
are made of artificial wax and resin. Such floats are made up of equal parts of 
synthetic resin and synthetic wax with coloring matter and a varying amount 
of barium sulphate according to the specific gravity desired.*” 

An interesting method for introducing or eliminating substances from a syn- 

MUIler, K Tlnlzach and H. Kmkalla, German P. 517,491, 1926, to T. G. Farbenind. A.-G.; 
Chem. Ahfi., 1931, 25. 2304. 

E Israel, German P 648,848, 1929; Chcm, Aba,, 1932, 26, 3661. 

WL. Brauthite, French P. 722,358, 1930; Chem. Aba, 1932, 26. 4191 

•*A. I. Warien, U. S. P. 1,834,812, Dec. 1, 1932, to British Metallising Co.; Chem. Aba., 1932, 26, 
1079. 

®®Gei*man P. 529,793, 1925, to Chem. Fabr. Kurt Albert G m.b.H.; Chem. Aba., 1981, 25, 5135. 

K. Loos, M. Lehnig, C. Henning and R. Dassdorf, British P. 274,333, 1926 and 274,355, 1927; 
Chem. Aba., 1928. 22. 2072. 

•^J. A. J. Collard, British P. 363.036, 1930; Brit. Chem. Aba. B, 1932, 272. 

^E. L. C. Liotard, French P. 89,267, 1930, addn. to 701,411, 1930; Chem. Aba., 1982, 26, 2288; 1931, 

25. 4096. 

M. C. Beebe and H. V. Herlmger, U. S. P. 1,604,674, Oct. 26, 1926; Chem. Aba., 1927, 21, 

26. See also British P. 270,387, 1928, to Wadsworth Watch Case Co.; Chem. Aba., 1928, 22. 1552. 

C. Beebe and H. V. Herlinger, U. 8. P. 1,820,593. •Aug. 25, 1931. to Wadsworth Watch Case 

Co.; Chem. Aba., 1931, 25, 5741. See also M. C. Beebe, H. V. Herlmger and R. R. Swain, U. S. P. 

1,740.061, Dec. 17, 1929; Chem. Aba., 1980, 24, 932. 

tuH. Rbhler, German P. 606,195, 1984; Chem. Aba., 1935. 29. 1341. 

G. Tomkins and R. M. Woodman. British P. 348,755, 1980; Chem. Aha , 1932. 26, 51.W. 

British P. 345,846. 1930, to Brittania Batteries, Lid.; Brit. Chem. Aba. B, 1931, 571. 
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thetic resin (e.g., the removal of catalysts from plastic materials) depends upon 
the use of an electric current/*^ 

Dauler*®* has described a method for transferring resin from a still to portable 
containers in such a way that the resin after it has solidified in the container may 
be broken up readily. In filling the containers (drums), a cylindrical filler core 
is held in position. The withdrawal of the core from the solidified resin causes 
cracking and leaves a cavity, both of which facilitate the breaking and removal 
of the material. 


Resins Not Previously Classified 

The Production of Certain Resins and Tars. The formation of a 
resin or tar either as a principal or as a secondary reaction product is such a 
familiar aspect of preparative organic chemistry as to need little introduction. One 
of the problems of the future in the synthetic resin industry is to determine which 
of these resinous materials have special properties rendering them adaptable to 
large-scale application. It is for this reason that many references to resinification 
have already been included in cases where at the moment no likely application of 
the product exists. The following pages contain numerous further references of 
this type which do not come into the classification used in this book. 

Phenolphthalem was first prepared by Baeyer'®* in 1871 and was shown several 
years later to be di-p-dihydroxydiphenylphthalide. When heated to 250-253°C. 
this compound melts to a clear liquid, and on cooling to 217°C. solidifies to a 
glass-like mass.^®' The latter appears to be a polymeric form of phenolphtha- 
lein. Several interesting resinous derivatives have been made from the phthal- 
ide. Maxorov^* has described a synthetic resin (^'AlkaliP’) obtained by heat¬ 
ing the sodium salt of phenolphthalein with toluoyl chloride. When dissolved 
in oil this gives an almost colorless, transparent, glossy, water-resistant film 
which is also very resistant to mineral acids and caustic alkalies. Molecular weight 
determinations^®* of phenolphthalein-o-toluate and m-toluate show that these resins 
are monomeric. Fused phenolphthalein itself reverts to the crystalline form when 
used in films. A variety of di-esters and di-ethers of phenolphthalein are known 
and, with the exception of the di-m-methylbenzyl ether, all exist in a crystalline 
form and are converted by fusion or by evaporation of their concentrated solu¬ 
tions into colorless resins which crystallize more or less easily on keeping.^® The 
ease of conversion to the crystalline state decreases with increasing weight of the 
chain, and is greater for esters than ethers. The o- and m-tolylates could not be 
made to crystallize. Their alkali-resistance was greater than that of many natural 
and synthetic resins. 

Other substances allied to phenolphthalein have been found to be amorphous. 
Thus, catecholsulphonephthalein, described by Wood^“ is an amorphous deep pur¬ 
ple solid which is moderately hygroscopic. Phenolphthalein monomethyl ether”* 
crystallizes with solvent of crystallization (e.g., one-half a molecule of toluene). 
After the solvent has been removed by heating, the molten mass solidifies to a 

^French P, 644,077, 1927, to Soc. anon, pour I’lnd. chim. & Bftle; Chem. Aba., 1929, 23, 1702. 

“*H. N. Dauler, U. 8. P. 1,878,207, Sept. 20, 1932 ; Chem. Aba., 1933, 27, 435. 

“®A. Baeyer, Ber., 1871, 4, 658; J.C.S , 1871, 910; Ber., 1876, 9, 1230; Chem. Zmtr., 1876, 7, 740; 
Ann., 1880, 202, 68; Chem. Zentr., 1880, 11, 345. 

Erdmann, Orff. Praparatenkunde, 1894, 327. W. Herzog and J. Kreidl, Z. angew. them., 1922 , 35, 
641. 

Maxorov, Bull. Plaetmatatroj, 1931 (1-2); Farbe u. Lack, 1932, 223; Chem. Aba., 1932, 26, 5220. 

“•W. Herzog, Farben-Chem , 1933, 4, 8; Brit, Chem. Aba. B, 1933, 199. 

^ N. D. Zelinsky and B. W. Maxorov, Ind. Eng. Chem., 1932, 24, 68. 

1“ C. B. Wood, J.A.C 8., 1930, 52, 8468. 

Lund, J.C.8., 1928. 1572. 
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glass-like substance which may be kept for months without crystallizing. Ebert*“ 
prepared a yellow amorphous phenolphthalein melting above 266®C. by extracting 
partially purified yellow amorphous phenolphthalein with a solvent such as butyl 
alcohol. 

Terpenes and allied products extracted from various parts of plants such as 
the wood, leaves and seed have a strong tendency to polymerize or oxidize, yield¬ 
ing gummy and resinous products. Condensation of turpentine with formalde¬ 
hyde has already been mentioned. (See Chapter 37.) 

Grognot^ surveyed many types of resins, for instance, that from oil of sweet 
almonds. This resin was obtained by adding, with cooling, sufficient phosphorus 
pentoxide to the oil to make a viscous syrup and allowing the mixture to stand a 
few days. When it had become a hard brown mass it was washed with hot water 
and heated on a water bath to remove excess essential oil. The residue was a 
brittle mass similar to colophony, and had an empirical formula identical with 
that of the a-resin of benzoin. From an alcoholic solution the product could be 
precipitated by either dilute hydrochloric acid or alcoholic lead acetate sohi- 
tion. Oil of rue yielded a deep brown resin when treated as above. 

Oil of anise resinified upon treatment with warm iodic acid, iodine and potash. 
Oxidation appeared to have occurred, and fusion with potash yielded a small 
amount of what seemed to be anisic acid.“* 

According to Barth,“* treatment of oil of turpentine, lavender, or juniper with 
alcoholic potash, followed by neutralization with dilute sulphuric acid yielded 
resins which were soluble in ether, similar to colophony and had the formula 
CaoHaoOa. They were unaffected by further treatment with potash, and were fairly 
stable to oxidation, though the turpentine resin was converted slowly into fatty 
acids and a camphoresinic acid analogue. Barth also suggested the possible close 
relationship of tannins to these resins. 

Methyl salicylate (oil of wintergreen) heated in a bomb at 340-350®C. for 
several hours gives a 60-70 per cent yield of anisole, 15 per cent of phenol and 
some resin. 

Considerable resin formation takes place in the electrochemical oxidation of 
cymene (a constituent of such essential oils as oil of caraway and lemon) in sul¬ 
phuric acid-acetone solution.^ Acetone when heated for 4 hours at 150®C. with 
zinc and vinyl bromide yields a mixture of butadiene, isoprene, terpenes and poly- 
terpenes.“® 

Many miscellaneous reactions of aromatic and aliphatic compounds lead to tar 
formation. Complex pitch-like products are obtained by heating diphenyl ether 
with sodium at 180-!^°C.“® The preparation of dibenzal succinic acid (from 
benzaldehyde and ethyl succinate) is accompanied by the formation of consider¬ 
able resin.*” cis-Decahydronaphthalene-2-carboxylic acid has been stated to be a 
resin.*" Oxidation of dimeric triphenylallene with chromic acid gives a product 
containing 20 per cent of resinous bodies.*" Phenylbutadiene chloride was found 
by Muskat and Huggins*" to pol 3 anerize readily on refluxing. The etherification 

ii»J. Ebert, U. S. P. 1,711,048, Apr. 30, 1929, to W. Payne and R. Anderson; Chem, Aba., 1920, 23, 
2990. 

L. Grognot, JRev. gen. chim., 1907, 10, 49; Chem. Aba., 1007, 1, 1179. 

Hlasiwet*, Ann., 1866, 139, 91. 

L. Barth, Bull. aoc. chim,, 1868, 70. See also L. Qrognot, loc. cit. 

UTU. Ipatiev, N. Orlov and A. Petrov, Butt. aoc. chim., 1926 , 39, 664; Chem. Aba., 1927, 21, 1805. 

“«P. Fichter and J. Meyer, Helv. Chim. Acta, 1925, 8, 74; Chem. Aba., 1925, 19, 1251. 

1^0 F. Leibbrandt, German P. 346,700, 1910; J.8.C.L, 1922, 41, 270A. 

^P. Schorigin, Ber., 1928, 56, 176; J.C.3,, 1928, 124 (1), 207. 

Stobbe, O. Ljungren and J. Frayberg, Ber., 1926, 59, 270. 

uil. W. Borsehe and E. Lange, Arm., 1923, 434, 219; J.C.8., 1924, 126 (1), 32. 

^ F. Straus and M. Ehrenstein, Ann., 1025, 442, 93; Chem. Abe., 1915, 19, 1410. 

I. £. Muskat and K. A. Huggins, J.A.C.S., 1929, 51, 2496. 
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of ethylene glycol to tlioxane in presence of ferric sulphate leads to the forma¬ 
tion of much tarry matterResin formation has been noticed also in the prepara¬ 
tion of quinine-amine phthalate and phthalyl quinine-amine picrate and of other 
compounds of this group 

Knapp"' reports that gummy substances are present in the reaction products 
from o-phthaloyl chloride, benzyl acetate and aluminum chloride, dissolved in car¬ 
bon disulphide. According to Borsche and Thiele,"® 3-phenyl-2-pentene-1,5-oxide 
changes on standing to a white resin. Treatment of heptene or isoheptene with 
perbenzoic acid in ether 3 delds the corresponding oxides which resinify in the 
])resence of zinc* chloride."* Senderens'** observed that cy6lohexane-l,2-diol is con¬ 
verted into a resin by concentrated sulphuric acid at 110°C. Humic acid, from 
coal, when treated with 72 per cent sulphuric acid yields 1.8 per cent of an orange- 
red lacquer-like substance.^” Guest found that ethylmagnesium iodide reacts with 
dipropargyl methylene ether, forming a resin insoluble both in ether and in ben¬ 
zene."* The thennal decomposition of phenyl fumarate yields first phenyl cinna- 
mate and subsequently stilbene; substituents in the phenyl group lead to formation 
of resinous proclucts."* 

A material of a Peru-balsam type is formed by dissolving condensation prod¬ 
ucts from benzoic and cresotic acid derivatives in benzyl benzoate or benzyl alcohol. 
Thus, powdered sodium cresotate may be added slowly to a cold mixture of 
benzoyl chloride, benzene and alcohol at 35®C. Calcium carbonate is then added; 
and after 24 hours the mixture is warmed to 60°C. with addition of alcohol and 
benzene, and filtered. The solvents are slowly distilled off; and on further heating 
of the residue at 60°C. for several hours, a soft resin is obtained. It is only 
slightly volatile in the cold and dissolves in benzyl benzoate and benzyl alcohol.’’’* 
Heating gelatine and creosote to 160-250°C. yields a resin."^ 

Burgess’*® utilized alginic acid, obtained from sea weed, together with paraffin 
wax in the preparation of a waterproofing material. The process is illustrated 
by the following example: 300 grams of kelp containing 30 grams of solid is dis- 
.solved in 10 cc. of ammonia and 300 cc. of water. Fifteen grams of paraffin 
wax dissolved in 40 cc. of carbon tetrachloride are then added, together with 3 
grams of copper powder. The charge is heated under reflux at 80-90°C. for 15 
hours and the product filtered, washed and dried. It may then be extracted with 
carbon tetrachloride, and the resulting solution evaporated. A calcium alginate 
may be used also for the manufacture of a non-shatterable glass.'*' Alginate which 
has been extracted from marine algae has been esterified with a mixture of 
sulphuric and nitric acids or sulphuric and acetic acids. The resulting nitrate and 
acetate esters have been suggested as substitutes for nitrocellulose and cellulose 
acetate."® Reaction between carvacrol, malic acid and concentrated sulphuric 
acid results in resinification.'"* 

A»J. van Alphen, Rec. irav. chtm., 1930, 49, 1040; Chem Ab»., 1931, 25, 76 Set- ,f V Biaun. A 
lleymont) and G. Manz, Ber., 1931, 64, 227; Chen. Aba, 1931, 25. 3345. See hImo T. W Kvaua and W. 
M. Dehn, J.A.C.S., 1929, 51. 3651. 

S Frknkel, C. Tritt, M. Mehrer and O. Heinchinann, Ber., 1925, 58, 544. 

\V Knapp, MonatHh., 1931, 58, 176; Bnt. Chem. Abs. A, 1931, 1292. See also F. F. Blick and 
O. J. Weinkauff. J.A.C.8., 1932, 54, 1446. 

^ W. Borzche and K. Thiele, Ber., 1923, 56, 2012; Chem. Abe., 1924, 18. 688. 

»»J, Levy and R. Pemot, Bull. eoc. chim , 1931, 49, 1838; Bnt. Chem. Abe. A, 1932, 363. 

B. Senderens, Compt. rend., 1923, 177, 1183; Chem. Abe., 1924, 18, 823. 

^ H. Tropsch and A. Schellenberg, Gee. Abh. Kenntn. Kohle, 1921, 6, 191; Chem. Abe., 1924, 18, 
2872. 

H. Guest, J.A.C 8., 1923, 45. 1804. 

^ R. AnachUts, Ber., 1927, «0, 1320; Chem. Abe., 1927, 21. 2808. 

O. Schmatolla, German P. 419,732, 1924; Bnt. Chem. Abe. B. 1926, 299. 

^H. Deitehmsn, U. S. P. 1,937,813, Dec. 5. 1933 ; Chem. Abe., 1934, 28, 1156. 

^L. L. Burgess, U. S. P. 1.729,993, Oct. 1, 1929, to Plastic, Inc.; Chem. Abe., 1929. 23. 5568. 

J. Walsh, U. S P. 1,9^,245, Aug. 22, 1983, to Keloo Co.; Chem. Abe., 1933, 27, 5168. 

“•T. Oohda, French P. 767,877, 1934; Chem. Abe., 1935, 29. 475, 

^^8. Shljivio and 8. Lebedev, Bull. $oe. chim. roy. Yougaelav, 1933, 4, 133; Chem Abe., 1934, 28. 
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An oily liquid product formed in the catalytic reaction between carbon monoxide 
and hydrogen yields, when condensed with hydrochloric acid, an oil resembling 
turpentine oil. If zinc chlonde is used as the condensing agent, a resinous body 
is formed in addition to the oil.^*® The initial oily hquid is fractionated before 
carrying out the condensation reactions. The residue from fractionation may be 
purified and employed as a res^in for lacquers and varnishes.'*® 

A lacquer base was prepared by Pierson'*' from gummy leather made by dipping 
leather in dilute sulphuric acid to which was added urea, ethylene glycol and 
phenol. Prior to using, the base is dissolved in a mixture of acetone and ethyl 
acetate. Rosicki'** heated isosuccimc acid (1 part), resorcinol (2 parts) and sul¬ 
phuric acid (1 part) at 120-150°C. for 4 hours. The resulting mass was purified 
by dissolving in alkali and precipitating with acid; it was found to be soluble 
in alcohol, ether and alkalies. With lead, a red lacquer was produced. 

Bills'** noted when a solution of cholesterol (CarH^OH) in carbon tetrachloride, 
benzene or xylene was boiled with fireviously ignited fuller’s earth colored resinous 
products were formed and adsorbed on the fuller’s earth. The resin could be ex¬ 
tracted with ether or acetone, and was found to have antirachitic properties. 
Cholesterol develops chromogenic properties similar to ^^oxycholesterol” when heated, 
the product being brown and resinous.'** A yellow resinous substance may also 
be extracted from cholesterol which has been exposed to ultraviolet rays.*** 

The monomethyl ether of chit in was obtained in small yields by repeated methy- 
lations. When hydrochloric acid was used to swell the chitin before treatment with 
dimethyl sulphate, a slimy, difficultly filtered mass was secured. On drying, a horn¬ 
like product, which could be pulverized, resulted.*** Acetylation of chitin yielded a 
dark-brown amorphous acetyl derivative which was soluble in formic acid or 50 
per cent resorcinol solution, but insoluble in other organic solvents.'*'^ When dis¬ 
solved in nitric acid (sp.gr. 1.5) and the solution diluted with water, a crumbly 
precipitate of nitrochitin acetate is obtained. 

» British P. 244,880, 1924, to Badische Amlin & Soda Fabrik; Chem. Abs , 1927, 21, 307. 

^A. Eisenhut and A. Auerhahn, U. 8. P. 1,704,732, Mar. 12, 1929, to I. G. Faibenind. A.-G.; Chem. 
AbB., 1929, 23, 2000. 

W, C. Pierson, U. S P. 1,899,054, Feb. 28, 1933, to Leagum Curp of Delaware; Chem Abu,, 1938, 
27, 2830. See also P. C Christensen, U. 8. P. 1,901,145, Mar. 14, 1938; Bnt, Chem. Abs. B, 1933, 1020. 

J. Rosicki, Ber., 1880, 23, 208; Chem. Zentr.. 1880, 205. 
i«C. E. Bills, / Biol. Chem., 1926, 67 , 753; Chem. Aba., 1926, 20, 2354. 

Moore and S. Willimott, Bioehem. 1927, 21, 585; Chem. Aba., 1927, 21, 3064. 

1*® M. H. Cahan, Proc. Inat. Med., Chicetgo, 1926, 1; Brxt. Chem Aba. A, 1928, 1406. 

P. Schorigin and N. N. Makarowa-Semljan'^kaja. Ber., 1935, 68, 969. 

p. Schorigin and B. Halt, Ber., 1935, 68, 971. 



Chapter 64 

Analytical and Physical Tests of Synthetic Resins 

A discussion of the chemistry of synthetic resins and their plastics rightly 
concentrates on synthesis or production, but some mention should be made of 
anal 3 rtical and identification methods, which are usually qualitative. Supplemental 
investigations may include quantitative measurements such as acid or iodine value, 
together with physical and electrical tests, but these are most commonly used 
for control during manufacture.^ 

Despite the relative scarcity, valuable information on specific phases of 
analysis has been published by. Gardner,* Van Heuckeroth,* and others* while 
Abraham* has described the examination of plastic products made with a bituminous 
base. In certain cases the identification methods used by Ward, Jordan and Ful- 
weiler in studying the composition of gums formed in gas distribution systems 
may be helpful.* However, the scheme of analysis proposed by Bradley*^ is per¬ 
haps the most pertinent although he dealt principally with resins in solution. 


Analytical Scheme 


Systematic grouping of the various synthetic resins is desirable to keep the 
work from becoming unnecessarily involved. The following arrangement* may be 
of value as, in almost every case, certain possibilities can be eliminated at the 
outset. 

1. Polybasic Acid Poly-Esters. These compositions are easily saponifiable, 
yielding the original constituents or their salts. The saponification number ranges 
between 200 and 600. The resins are usually soluble with difficulty in petroleum 
hydrocarbons and ethanol, but ketones, esters or ether-alcohols are more effec¬ 
tive. Their density is generally found to be between 1.10 and 1.42, while the 
refractive index varies from 1.54 to 1.59. Strong fusion will probably give sub- 

^ Detailed descriptions of all analytical methods are obviously precluded in this text, but selection 
of the most pertinent procedures should be facilitated by the summaries given. 

*H. A. Gardner, “Physical and Chemical Examination of Paints, Varnish and Lacquers,” 6th Ed., 
Inst. Paint A Varnish Research, Washin|[ton, D, C., 1930. 

* A. W. Van Heuckeroth, “Physical Properties of Synthetic Resins in Lacquers,” Amer. Paint', Yamiah 
Mfra. Aaan., Ctre , 1930 , 369, 354; Brit. Chem. Aba. B, 1930, 1119. Resins on the American market were 
examined for acid value, softening point, color, solubility and behavior in lacquers. Trade names, 
chemical classification, and viscosity results were given in most cases. 

^A. L. Aboynir Kunatatoffe, 1926, 16, 80; Plaatxca, 1926, 2, 206; determination of amount of phenolic 
resin in solution, especially by density measurements. J. Scheiber, Farbe u. Lack, 1929, 86, 102; Pine 
Inat. Am&r. Aba., 1929, 3, 55; principles in the determination of synthetic resins. J. H. Frydlender, 
Rev. prod, ehim., 1932, 35, 125; Chem. Aba., 1932, 26, 6163; methods for detection and identification of 
ssmthetio resins. T. Ruemele, Kunatatoffe, 1933, 23, 100; Chem. Aba., 1933, 27, 3885; simple tests for 
phenol-formaldehyde and urea-formaldehyde reshis and genuine amber. A. B. Lorges, Rev. chim. 
ind., 1939, 38, 130, 198; Chem. Aba., 1929, 23, 5337; analysis and examination of forme-phenolic resins. 
W. R. Ormandy and E. C. Craven, J.S.C.I., 1923, 42, 18T; analytical methods in phenol-formaldehyde 
condensate manufacture. J. Scheiber, Farbe. u. Lack, 1933, 853, 376; Brit. Chem. Aba. B, 1933, 799; 
analysis of oil varnishes. W. Wahl, Plaat. Maaaen, 1933, 1, 184, 209, 227 ; 2, 5, 30, 54; Brit. Chem. 
Aba. B, 1933, 1091; physical properties of the constituents of synthetic resin mixtures. 

®H. Abraham, “Asphalt and Allied Substances,” 2nd Ed., D. Van Nostrand Co,, New York, 1920. 

«A. L. Ward, C. W. Jordan and W. H. Fulweiler, Ind. Eng. Chem., 1932, 24, 969; 1932, 24, 1238; 
1033, 25, 1224. This series of articles discusses the methods which were employed to show that styrene 
and mdene were the parent substances of most of the samples of liquid-phase gum studied. 

^ T. F. Bradley, Ind. Eng. Chem., Anal. Ed., 1^1, 3, 304. 

*T. F. Bradle}, loc. cit. 
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limates of phthalic anhydride. In commercial products these resins are most often 
encountered in nitrocellulose lacquers, enamels, varnishes, paints and primers, fre¬ 
quently in conjunction with aromatic hydrocarbons.® 

2. Phenol-Aldehyde Condensation Products. These resins vary from 
viscous liquids to hard, brittle solids. When modified by large proportions of 
rosin or fatty acids, they are soluble in petroleum hydrocarbons, and are readily 
saponified. However, if rosin or fatty acids are not present, saponification is 
difficult, and aromatic hydrocarbons, ketones and esters are the usual solvents. If 
unmodified the density will probably lie between 1.20 and 1.28, while the refrac¬ 
tive index ranges from 1.62 to 1.69. When heated, a marked odor of phenols, 
cresols, or formaldehyde may be liberated, and further indications are given by 
a color reaction in the case of phenols.'® While resins of this type may be oc¬ 
casionally found in nitrocellulose lacquers, they are more frequently modified and 
employed in oil varnishes 

3. Cumarone-Indene Polymers. Unless modified by rosin or fatty acids, 
these resins are non-saponifiable and are generally insoluble in ethanol. They are, 
however, soluble in acetone, hydrocarbons, and many esters, and are more easily 
dissolved in petroleum hydrocarbons than the two groups previously described. 
The density will probably be between 1.10 to 1.15 but may fall as low as 1.05. 
Destructive distillation may liberate cumarone and indene, and color reactions 
are of value. The usual applications of these resins are as bases for spirit var¬ 
nishes, paints and enamels, especially when maximum alkali-resistance is desired. 
They may frequently be used with tung oil." 

4. Vinyl Polymers. In some ca.ses such resins are partially saponifiable and 
are usually characterized by a water-white or pale straw color. Physically, they 
may vary from rubbery masses to hard, tough solids which are ordinarily soluble 
in acetone, ethyl acetate, benzene and toluene, although insoluble in petroleum 
hydrocarbons. Upon the application of heat, charring takes place, and a distinc¬ 
tive odor is emitted. The density is usually greater than 1.15, and a low refrac¬ 
tive index, 1.47 to 1.48, points strongly to the vinyl acetate types. These poly¬ 
mers may also be detected by color reaction. While the resins are seldom utilized 
with oils in varnishes, they may he found in lacquers with or without nitrocel¬ 
lulose." 

5. Chlorobiphenyls. Molten caustic can he employed to decompose these 
resins by fusion, hut saiionification is difficult unless they are modified by rosin 
or oils. The solubility in organic solvents, alcohols, ketones, esters and hydro¬ 
carbons, is higher than any other group of synthetic resins with the exception of 
the cyclohexanone-formaldehyde types. At normal temperature, chlorobiphenyls 
may be found in the form of thin liquids, hard and brittle masses, or semi-crystal- 
line substances which melt readily. The refractive index varies between 1.612 and 
1.71 with a density of 1.14 to 1.80. Chlorine may be indicated qualitatively by 
sodium fusion. Resins of this class are frequently found in either lacquers or var¬ 
nishes." 

* Representative compounds which are involved in the formation of polybaaic acid poly-eeters are 
phthalic anhydride, glycerol, rosin, ethylene or diethylene glycols, pentaerythritol, monohydric alcohols, 
bensoic acid, succinic acid, maleic acid, malic acid, citric acid, tartaric acid, adipic acid, or its higher 
homologues, other polyhydric alcohols, and higher fatty acids. 

Typical constituents of phenol-aldehyde condensation products are phenol, cresols, xylenols, formal¬ 
dehyde, rosin, glycerol, higher fatty acids, high-boiling tar acids, polyhydric phenols, furfural, acetalde¬ 
hyde, and ortho- and para-hydroxybiphenyls. 

See Chapter 7. 

Compounds which are commonly ofnployed in vinyl resin mixtures are vinyl chloride or vinyl acetate 
polymers, polystyrene, formaldehyde, and cyclohexanone aldehyde. 

“ Chlorinated biphenyl, rosin or rosin ester, and the higher fatty acids are the usual constituents of 
chlorobiphenyl varnishes and lacquers. 
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6. Sulphonamide-Aldehyde Resins. The color of this group ranges from 
water-white to pale straw, while the viscosity may be either that of a thick liquid 
or a semi-crystalline solid. Typical examples of this type have shown a density of 
1.35 and a refractive index of 1.596. Sodium fusion may be employed in qualita¬ 
tive tests for sulphur and nitrogen. While the resins are generally soluble in esters, 
ketones and aromatic hydrocarbons, they are insoluble in ethanol and petroleum 
hydrocarbons. The condensation product of toluene sulphonamide and formaldehyde 
may be taken as illustrative of this class. 

7. Urea-Formaldehyde Resins. The water-white resins may contain urea, 
thiourea and formaldehyde in combination. As marketed commercially, the prod¬ 
ucts are hard solids, insoluble in water and all common organic solvents,' although 
some of the intermediate condensates may be used as cements or adhesives in 
aqueous solution. A density approximating 1.48 and a refractive index of 1.66 
may be regarded as usual for the harder grades. 

,8. Cyclohexanone-Formaldehyde Resins. Such resins may be distin¬ 
guished by high solubility in organic solvents, including ethanol, hydrocarbons 
and oils They tend lo be somewhat hard and brittle and of a pale lemon color. An 
odor of cyclohexanones or formaldehyde may be detected during fusion. Specimens 
have given values of 1.207 for density and 1.544 as the refractive index. 

In summary, it may be suggested that the resin is synthetic if the density is 
over 1.15 although it may contain a natural modifying agent. If between 1.10 
and 1.15 it is probably a cumarone-indene polymer, shellac or a modified synthetic 
of another type, and if less than 1.10 it is likely to be either wholly or largely a 
natural resin. The refractive index and density together give a better indication 
than either alone, since most synthetic resins are higher in refractive index than 
the natural materials, with the exception of some cyclohexanone-formaldehyde 
resins, which are about equal, and some vinyl polymers, especially the acetates, 
which are lower.'* 


Preparation of Samples for Examination 

It is, of course, desirable to isolate the resin as far as practicable before at¬ 
tempting analysis. If a commercial product, any pigment present must neces¬ 
sarily be removed either by centrifuging or filtration. Rosin and certain plas¬ 
ticizers, such as phthalates or phosphates, should be extracted with petroleum 
ether, and the residue, containing most of the synthetic resins, mny be subjected 
to a general examination for appearance, hardness and solubility. Before the quali¬ 
tative chemical procedure is undertaken, the density'* and refractive index'* should 
be determined. 


Qualitative Tests 

Qualitative chemical tests may be conducted on these resin residues for halogens, 
nitrogen and sulphur, using the standard sodium fusion method as described by 
Mulliken.'^ Behavior of the sample on heating with sodium, or with 50 per 
cent aqueous sodium hydroxide, is carefully noted, particular attention being paid 

Synthetic resins of high refractive index (1.70-1.90) are of value in petrography. See A. E. 

Alexander. Ind, Eng. Chem., News Ed., 1985, 13, 330. 

^T. F. Bradley has suggested direct weighing in air and in water for large pieces of resin, the 
pycnometer for lees solid material, and inunersion in salt solutions of known density for very small 

pieces and for films. W. Maass (Chem. Fabrik, 2931, 318; Chem, Abs., 1081, 25, 5002) has used tinfoil 

crucibles and a Westphal balahoe for bitumens and resins. 

^The Abbe refractometer may be used, but miorosoopio methods using reference licmids as given by 
E. M. Chamot and C. W. Mason (‘‘Handbook of Qiemical Microscopy,“ J. Wiley A l^ns. New York, 
1930. 1, 309) are preferred, especially where material is limited. 

” 8. F. Mulliken, “Identification of Pure Chemical Ckimpounds," 1st Ed., J. Wiley A Sons, New 
York, 1904, I, 10. 
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to any characteristic odors (such as acrolein indicative of glycerol or glycerides) 
which may be evolved. During fusion the odors typical of the various types of 
synthetic resins are especially strong and may be of assistance in identification. 
If aldehydes and phenols are present, they may be absorbed in water during de¬ 
structive distillation of the resin. 

Color tests for rosin with acetic anhydride and sulphuric acid, as in the Lieber- 
mann-Storch“ procedure, may be confirmed by the Halphen-Hicks^ method if 
desired. Many other color tests for rosin and other natural resins have been de¬ 
scribed. Brauer" and Fonrobert and Pistor” used phosphomolybdic acid, phospho- 
tungstic acid or ammonium molybdate; Kampf** has applied dilute copper acetate; 
Cohen® worked with chlorosulphonic acid in chloroform; and Griffon** added sul¬ 
phuric acid to an alcohol solution containing the resin and furfural. Donath® 
suggested cooking the resin with concentrated nitric acid (sp.gr. 1 32-1.33) cooling, 
diluting and adding an excess of ammonia. Characteristic colors are given by 
various resins, that for rosin, for example, being orange which slowly changes 
to a deep brown-red. 

Phthalates are identified by their reaction with resorcinol or phenol to give 
fluorescein o* phenolphthalein, respectively.® Plasticizers derived from phthalic 
acid should be previously removed from the sample. The presence of phenols is 
confirmed by fusing the resin with caustic soda, acidifying, and applying the in- 
dophenol test.” 

Several other tests have been proposed for the identification of phenols. In 
some instances coupling of the phenolic body with a diazonium compound 5 delds 
(lyes of characteristic colors. Phenol and diazotized p-nitroaniline give a rose- 
red dye, cresols furnish a rose-pink colored substance, and naphthols blue com¬ 
pounds.® Spectroscopic examination of the color is often helpful.® Zamparo® 
has described various color reactions given by resorcinol, phloroglucinol and a- or 
/8-naphthol with hydrogen peroxide in acid (sulphuric or hydrochloric) solutions. 
Other tests are based on the reaction of phenols with aldehydes, e.g., formalde¬ 
hyde” or vanillin,® dihydroxyacetone,® and aromatic amines,” such as benzidine 
and tolidine. 

^The Liebermann test (C. Liebermann, Ber., 1884, 17, 1884) and derived methods are discussed and 
extended by W. A. LaLande, Jr., J,A,C.S., 1833, 55, 1536. Modifications of the test (particularly for 

loam dissolved in linseed oil) are given by J. J. Deeney, Am. J. Pharm., 1682, 104, 282; Chem, Abs., 

1932, 26, 2330. For teats on resins and lacquers, see Z. Leppert and Z. Majewska, PnemyBl Chem., 
1932, 16, 130; Chem. Abs., 1932 , 26. 6163; Farben-Ztg., 1932 , 38, 154; Chem. Abs., 1933, 27, 616. A. 
Kraus (Farben-Ztg., 1932, 38, 822; Chem. Abs,, 1933, 27, 856) finds distinctive colorations for various 
types of resins. 

F Hicks, Ind. Eng. Chem., 1911, 3, 86. Using phenol and bromine in carbon tetrachloride. 

iX’K. Bruuer, Chem.-Ztg., 1926, 50, 371; Chem. Abs., 1926, 20, 2755. This is known as the Brauer 
method. 

»E. Fonrobert and K. Pistor, Chem.-Ztg., 1927, 51, 139; Chem. Abs., 1927 , 21, 1716. The Storch- 
Morawski (acetic anhydride-sulphuric acid) test is preferred for rosin. 

s*P. Kampf, Pharm. Acta Helv., 1931, 6, 170; Chem. Abs,, 1932, 26. 3390, Identifies rosin from 

among 100 samples including many natural resins. 

»H. C. Cohen, Farben-Ztg., 1980, 36, 121; Chem. Abs., 1931, 25, 222. Tung, linseed and stand oils 
do not interfere. 

•*H. Griffon, /, Pharm. Chim., 1931, 14, 387; Chem. Abs., 1932, 26, 2612. 

»E. Donath, Farben-Ztg., 1931, 36, 1176, 1473; Chem. Abs., 1930, 24, 6515; ibid., 1931, 25. 222. See 
also E. Stock, Farben-Ztg., 1931, 36, 1176; Brit. Chem. Abs. B, 1931, 663. 

D. Cannegieter, Verfkroniek, 1934, 7, 256; Chem. Abs., 1935, 29, 2003. Phthalic acid may |>e 
determined bv heating the resin, condensing the vapors of phthalic anhydride and dissolving in hot 
wator, and then titrating the acid solution. 

«H. D. Gibbs, 7. Bwl. Chem., 1927 , 72, 649; Chem. Abs., 1927, 21. 1946. 

*J. Moir, /. S. Afr. Chem. Inst., 1922, 5, 8; Chem. Abs., 1922, 16, 1661, 

»Q. Palkin and H. Wales, J.A.C.8., 1924, 46. 1488. 

""A Zamparo, Boll. chim. farm., 1924, 63, 161; J.S.C.I., 1924, 43, 446B; Boll. chim. farm., 1926, 64, 
97: J.B.C.I., 1926, 44, 278B. A. H. Ware, Quart. J. Pharm., 1929, 2, 267; Brit. Chem. Abs, B. 1929, 
844 

nC. E. Sage and H. R, Flech, Analyst, 1982, 57, 667; Chem. Abs., 1982, 26, 6613. 

A. H. Ware, Quart. J. Pharm., 1929, 2, 249, 264; Brit. Chem. Abs. B. 1929, 844. 

«A. H. Ware, Quorf. /. Pharm., 1929, 2. 267; Brit. Chem. Abs. B. 1929, 844. , 

•* W. H. Bentley and B. Otalow, British P. 874,010, 1981, to W. Blythe A Sons. Ltd.; Brit. Chem. 
Abs. B, 1982, 838. 
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Quantitative Values 

Acid numbers” and saponification values should be determined. These often 
indicate the type of resin (under examination) and also the degree of condensa¬ 
tion. Titration is usually carried out in a neutral ethyl alcohol or alcohol-benzene 
solution. Methods employing a two-layer system of benzene-alcohol and saturated 
aqueous sodium chloride solution are described by Stock”" and Coburn.’* Good 
end-points are obtained with phenolphthalein, but Weinberger and Gardner*^ have 
shown that such methods give erroneous results for some resins, particularly 
shellac. An indirect method for acid number has been developed by Dieterich” 
whereby the resin is dissolved m a standard amount of alkali and then titrated with 
acid. This procedure is not applicable when easily saponified esters are present, 
and is unsatisfactory specifically for shellac. It is applicable, however, to many 
dark-colored resins. 

One of the most accurate methods for the determination of acid numbers is 
electrometric or potentiometric titration and a type of cell for this purpose has 
been developed by LaMer and Downes.” However, no standard procedure has as 
yet been developed which is to be recommended for all resins. 

According to Ulrich,*® phthalic acid may be determined in the following man¬ 
ner: The sample (15-20 g.) is refluxed with benzene and excess IV alcoholic 
potassium hydroxide for 4 hours. The mixture is then diluted with water, and 
alcohol and benzene removed by distillation. Any unsaponifiable matter is ex¬ 
tracted with ether. The aqueous alkaline solution is acidified with hydrochloric 
acid and monocarboxylic acids separated with benzene (in which they are soluble). 
The residue is made just alkaline with sodium hydroxide and lead acetate added. 
The precipitate of lead phthalate is washed with dilute acetic acid and converted 
to lead sulphate. 

Saponification numbers can be determined by heating a weighed sample of 
resin with 0.5V or IV sodium hydroxide in methanol and titrating the excess 
alkali." Equal volumes of benzene and normal alcoholic caustic may be employed 
when the resin is difficultly soluble." The usual indicator is phenolphthalein, 
though others may be employed. Salvaterra" has proposed alkali blue as an 

indicator in titrating resins which give dark colored solutions. 

In cases of high saponification numbers it may be desirable to treat enough 

material so that the acids can be identified, since a number over 200 is a strong 

indication of esters of the polybasic acid type. Wolff" has used a variation of the 
Twitchell method to separate oxidized fatty acids and resin acids by means of 
diethyl sulphate. Acid, saponification and iodine numbers may be determined on 

*®A review of acid number determinations has been given by H. Weinberger and W. H. Gardner 
{Ind. Eng. Chem., Anal. Ed., 1933 , 5, 267). B. W. Diener and S. Werthan iProc. Am. 8oc. Testing 
Materials, 1908, 98; Chem. Abs., 1930, 24, 3916) give a method for use on driers and soaps when metals 
are present. L. Hambrock (J.S.C.L, 1927, 5, 147) has cited an example of the use of acid numbers as 
applied to copal varnish. 

«»E. Stock, Farben-Ztg., 1029 , 34. 1727; Chem Abs, 1929, 23, 3359 

“H. H. Coburn, Ind. Eng. Chem., Anal. Ed., 1930, 2, 181. 

• H. Weinberger and W. H. Gardner, loc. cit. 

** K. Dieterich, “Analyse der Harze, Balsarne und Gummi-Harze," Julius Springer, Berlin, 1930. 
Compare also the modification used by H. A. Worstall, J.A.C.S., 1903, 25, 862. 

V. K. LaMer and H. C. Downes, J.A C.S., 1933, 55, 1840. 

«H. Ulrich, Farbe u. Lack, 1934, 818; Chem. Abs., 1935, 29, 2257. 

^H. A. Gardner (“Physical and Chemical Examination of Paints, Varnishes and Lacquers,” loc. cit.) 
recommended 0.8iV potassium hydroxide in absolute methanol. 

^*T. F. Bradley, Ind. Eng. Chem., Anal. Ed., 1931, 3, 304. 

**H. Salvaterra, Chem.^Ztg., 1919, 43, 765; Chem. Abs., 1920, 14, 642. Another method involves 
adding barium chloride to the alkaline solution after saponification of the resin. Barium resinates are 
precipitated leaving a clear solution to be titrated with acid. 

Wolff, Chem. Umschau, 1924 , 31. 87; J.S.C.I., 1924 , 43. 525B. 
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the separated material. The Wijs method" has been recommended for iodine 
number, both on the acids and on the original resin. 


Specialized Examinations 

Various other constants, such as ester value, Helmer^s number, acetyl value, 
Maumene number, Reichert and Reichert-Meissel value and hydroxyl number" 
have been used in the identification of oils, fats and waxes and some may oc¬ 
casionally be applied advantageously to resins. Cumarone-indene resins may be 
identified by the methods of Wolflf as modified and extended by Ellis.*^ 

Special chemical tests are made on resins and resin products to determine cer¬ 
tain definite properties. The solubility of many commercial resins in various sol¬ 
vents has been reported by Van Heuckeroth" while Ostwald and Gamm" studied 
the solubilities of both natural and synthetic resins in sodium hydroxide solutions. 

Certain resins may be identified according to a method known as capillary 
analysis developed by Stock"* and described by Fonrobert and Pistor." It is 
based on the observation that pieces of filter paper, partially immersed in resin 
solutions for periods up to 24 hours, show variations in capillary rise, color, opacity 
and general appearance which, under controlled conditions, may be sufficiently 
characteristic for classification. 

Analyses may be conducted on resin products for special information. For 
example, resins can be ashed and the residue examined for traces of lime, soda, 
or other material which might have been used as a catalyst. Confirmatory tests 
may be applied for lubricants such as stearic acid, mineral oil or camauba wax. 
Mineral fillers are readily determined, in most cases both qualitatively and 
quantitatively, and in some cases a fineness test on the filler, by screen analysis 
or microscopic examination, is worth while. Organic or carbonaceous fillers such 
as wood flour, cotton flock, carbon black, graphite, or lampblack are more diffi¬ 
cult, as they do not show up on ashing the sample. Microscopic examination of a 
broken surkce and of the ash will be helpful in some instances. Bone black 
in appreciable quantity can be detected by an analysis of the ash for phosphate, 
which is especially significant if calcium is also found to be present. 

Plasticizers may be separated and determined in the case of coating materials 
tested before application and sometimes in thermoplastic preparations, such as 
cellulose-ester-base plastics, vinyl and styrene resins, shellac and other natural 
resins. In this respect, inspections of articles molded from reactive resins are 
difficult, but unreacted molding powders should yield some information. Ryan 

«J. J, A. Wijs, Analyst, 1929, 54, 12; Chem, Ahs., 1929, 23, 1518. Also J. J. A. Wijs, Chimve et 
Industrie, 1928, 20, 1043; Chem. Abs., 1929, 23, 2052. 

W. L. Roberts and H. A. Schuette, Ind, Eng. Chem., Anal. Ed., 1932, 4, 257. 

A rapid method for determining the presence of cumarone is by a color reaction with bromine. 
Cumarone resins will give a permanently red color when treated with bromine in a solution of dry 
chloroform in the presence of glacial acetic acid. Pontianao will color the solution yellow though 
there may be a slight red tint when the bromine is first added. It is therefore advisable to check the 
color after the solution has stood for some time, usually 24 hours. Often one hour's time is sufficient 
to develop the color definitely except when Pcmtianae resin is present in large proportions, and in this 
case it is preferable to resort to the destructive distillation of the resm with the subsequent identification 
of cumarone and indene in the distillate as given above. 

The test is carried out as follows: 1 co. of a 10 per cent solution of the resin in chloroform is diluted 
with 6 CO. of chloroform and 1 oo. of glacial acetic acid is added. The solution is then shaken or 
stirred and 1 cc. of a 10 per cent solution of bromine in chloroform is added, the solution again shaken 
or stirred, the container corked and allowed to stand, the presence of cumarone reein being indicated by 
the permanent red color of the solution. 

The foregoing method of separating and identifsring cumarone resin was developed and successfully 
used in the author’s laboratory. 

A. W. Van Heuckeroth, Circ. Am. Paxnt, Vaimiih Mfrtt. Assoc., 1980, 309, 354. 

«0W. Ostwald and W. Gamm, Kolloid-Z., 1938, 62. 324; Chem. Abs., 1983, 27, 2317. 

<»E. Stock, Farben-Ztg,, 1926, 31, 1903, 1959, 2133, 2187, 2240; Chem. Abs., 1927, 21, 1717. 

^ £. Fonrobert and K. Pistor, Farhen-Ztg., 1927, 32, 2424; Brit, Chem. Abs. B, 1927, 661. 
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and Watkins" have given procedures for the determination of plasticizers in cellu¬ 
lose ester compositions. 

Solvents for resins and cellulose derivatives are becoming so numerous and 
complex that they can no longer be detected by their odor and, perhaps, boiling 
range. A recognized procedure, moreover, is not available and identification has 
to be made by fractional distillation, boiling range, density, and optical properties, 
confirmed by special tests if necessary. Jordan" has given much information 
which is of value in the examination of both solvents and plasticizers. Gardner" 
and Durrans" also collected considerable data on both subjects.*^ 

Appearance, Color and Optical Properties of Resins 

Bradley*^ has based his scheme of analysis on the density and refractive index 
of the various resins, but certain investigators have taken advantage of other 
optical properties for identification Stock" and Nicolardot and Coffignier" have 
reported that they are able to distinguish various resins and also show why some 
gums are brittle merely by visual examination under the microscope. Adultera¬ 
tion and uniformity of blended products may also be observed. Roninger" de¬ 
scribed microscopic methods employed for rubber, but requiring only little varia¬ 
tion for use on resins or their products. 

Any polarizing action of the resin may of course be observed between crossed 
Nicol prisms in a microscope equipped for this purpose and may be conveniently 
investigated when the refractive index is measured. 

The color and color-stability is of importance, especially in the field of coatings 
and light-colored molded and turnery products. Van Heuckeroth® has reported 
initial color estimates on resins used in coatings, and also stated the extent to 
which the film darkened on exposure. A number of instruments are now available 
which will determine and record the color of opaque objects as a graph of the 
spectrum showing the intensity of the light of each different color. Investigations 
of resins are usually made by transmitted light, however, and are not so complete. 
As a basis of comparison, Fonrobert" suggested a solution of iodine in potassium 
iodide and gave numerical values corresponding to the rosin color standards." 
Albert" advocated solutions of potassium chromate or dichromate. 

The value of the refractive index as a means of classification has been pointed 
out, but considerable care must be taken in making observations as the results may 
be influenced by particle size, reflectivity and other factors, including water." 
Plonait" employed optical rotation of solutions to distinguish real amber from 
copal resins and to detect adulterations. Double refraction due to the ^‘streaming’' 
effect of rod-like molecules has been noted in colloidal solutions of many highly 

“ J. D. Ryan and G, B. Watkins, Jnd. Eng. Chem., Anal. Ed., 1933, S, 191. 

0. Jordan, “Chemisehe Technologie der Lbsungamittel,’' Julius Springer, Berlin, 1932. 

** H, A. Gardner, “Physical and Chemical Examination of Paints, Varmsh and Lacquers," 5th Ed., 
Inst. Paint & Varnish Research, Washington, D. C., 1930. 

“T. H. Durrans, “Solvents," 2nd Ed., Chapman dr Hall, Ltd., London, 1931. 

‘’^The kauri-butanol test, designed to predict the value of a solvent as a varnish or lacquer thiimer, 
is described in Chapter 70. 

^ T, F. Bradley, he. ext. 

WE. Stock, Farben-Ztg., 1925, 30, 2340, 2407, 2475, 2542, 2604, 2668; Chem. Abe., 1925, 19, 3026. 

w P. Nicolardot and C. CoflUgnier, Chxmie et xndtutne, 1024, 11, 456; Chem. Abe., 1924, 18, 1015. 

w F. H. Roninger, Jr., Ind. Eng. Chem., Anal. Ed., 1938, 5, 251. 

A. W. Van Heuckeroth, Circ., Am. Paint dt Vamiih Mfre. Assoc., 1930, 369, 354. 

•*E. Fonrohert, Parben-Ztg., 1925, 30, 3057; Chem. Abs., 1926, 20, 117. 

“The Hellige-Stock-Fonrobwt color comparator is now available, employing colored glass discs 
rather than liquids, suitable for either solutions or solids. See also E. Fonrobert, Farben-Ztg., 1932, 37, 
1320; Chem. Abs., 1982, 26, 4724; Paint Mfr., 1988, 3, 10, 21; Chem. Abs„ 1933, 27, 1526. 

WK. Albert, Farben-Ztg,, 1924, 29, 576; Chem. Abs., 1925, 19, 185. 

wC. Cheneveau, Compt. rend., 1925, 180, 1105; Chem. Abs., 1925, 19. 1809. 

wc. Plonait, Chem. Umschau Fette, Oele, Wachse, Harte, 1980, 37, 349; Chem. Abs,, 1031, 25, 1107. 



64. ANALYTICAL AND PHYSICAL TESTS 


1263 


polymerized compounds by Signer.*” X-Rays have been used extensively®* in the 
study of the structure of both natural and artificially polymerized colloids** and 
Ott^® has reported the degree of polymerization of certain aldehydes by means of 
this type of measurement. 

Phenol-formaldehyde resins are transparent to ultraviolet rays to a depth of 
0.7 mm. with resultant yellowing, according to Risler.'^ Clement, Riviere and 
Beck” found that pure nitrocellulose is not darkened by ultraviolet light, but that 
traces of phenolic compounds do bring about this change. Sugimoto and Kasai” 
studied light absorption and transmission by phenol-formaldehyde resins in both 
visible and ultraviolet light. When no condensing agent was used, broad absorp¬ 
tion bands were produced in the ultraviolet range. These were shifted by the 
addition of various amounts of a transparent lemon-yellow resinous decomposition 
product of hexamethylenetetraminetriphenol, the latter being formed when am¬ 
monia was used as a condensation agent in the original reaction. 

Distinguishing fluorescent effects have been noted when resins are exposed to 
ultraviolet rays. Wolff and Toeldte” have given tables showing the characteristic 
color and appearance of the fluorescence when resins were examined in the form 
of lumps, powder or solutions in butyl acetate.” Danckwortt” has discussed 
the use of ultraviolet fluorescence in the examination of resins and also solvents, 
oils, various pigments and driers. 


Heating and Temperature Effects on Resins 

The colloidal nature of both synthetic and natural resins is apparent from 
their behavior when heated, as they usually do not exhibit a clearly defined melt¬ 
ing point.” The properties change gradually, sometimes over a very wide range 
of temperature, while the specific heats are complicated by heats of transformation 
from one form to another which furthermore may occur at different points on 
heating and on cooling. In the case of certain reactive resins these changes 
are not reversible, as curing may take place below the melting point of the resin. 
Plasticizers or solvents may affect softening points and not the reaction tempera¬ 
tures, while hardening agents or condensing agents often alter the reaction tem¬ 
perature alone. 

Many different methods have been proposed for the determination of the 
softening and melting jioints of resins and similar materials.” Van Heuckeroth” 

«"R. Signer, Z. vhytnk. Chem., 1930, 150, 257; Cheni. Ab»., 1931, 25, 449. 

“•*0. L. Clark, “Applied X-Rays,” 2nd Ed , McGravv-HiU Book Co., Nevs Yoik, 1933 

See Chapter 4 foi discussion of the application of x-rays in the field of synthetic reMiis 

WE. Ott, Z. physik. Chem., 1930, 9, 378; Chem. Abs., 1930, 24, 5554. Sttencc, 1930. 71. 405, finf. 
Chem, Abi. A. 1930, 1098. 

^J. Risler, Compt. rend., 1925. 181, 782; Chem. Aba., 1926, 20, 710. 

'•’* L Clement, C. Riviere and A. Beck, Chimie et mduatne. Special No., March 1932, 27, 702; Chem. 
Abe., 1932, 26, 3062. 

S Sugimoto and E. Kasai, Hepotte Imp. Ind Research bust Oaaka, Japan, 1927, 7 (14), 1; Chem. 
Abe., 1927, 21. 2172. 

•* H. Wolff and W. Toeldte. Farben-Ztg., 1926, 31, 2503, Chem. Abs., 1927, 21. 2806 

w Albertol reams show the most intense color (blue) while ester gum, lime-hardened rosin and Congo 
copal in decreasing intensity show blue. G. Kostka {Chem. Ztg., 1920, 53, 117, 138; Chem. Abe., 1929, 
23, 2308) has reported that phenol-formaldehyde resina do not fluoresce although they absorb the ultra¬ 
violet light. Amber is indicated by a yellow-green to blue-white color, but the pressed and cloudy 
forms are less active. Urea-formaldehyde resins exhibit a faint fluorescence, casein and cellulose 
products show blue or blue-white, and all are easily distinguished from amber. Filters are available 
which pass the ultraviolet but restrict all other rays, including visible light. 

wp. W. Danckwortt, Farben~Chem., 1932, 3, 140; Bnt. Chem. Abe. 1932, 613. 

Crystalloids absorb heat at a more or less uniform rate corresponding to the specific heat of the 
solid. Then meltmg occurs, and the heat of fusion is absorbed at a temperature which, for pure 
substances, does not vap^ a fmotion of a degree. When all the solid has melted more heat raises the 
temperature of the liquid at a new rate corresponding to the different and usually higher specific heat 
of the liquid. Temperatures are sharp and heat effects may readily be measured. 

H. A. Gardner, “Physical and Chemical Examination of Paints, Varnish and Lacquers," 5th Ed., 
Inst. Paint A Varnish Research, Washington, D. C. H. Abraham, “Asphalt and Allied Substances, 
2nd Ed., D. Van Nostrand Co., New York, 1920. 

w A. W. Van Heuokeroth, Circ., Amer. Paint A Varnieh Mfre Aeen., 1980, 369, 354. 
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has compiled the softening points of commercial soluble synthetic resins available 
in the United States. Nagel“ has reported values for German resins using a modi¬ 
fication of the Kramer-Sarnow mercury method. In the Durrans procedure" 3 g. 
of the resin (in a test tube) are carefully melted, and the mass allowed to cool and 
harden. Fifty g. of mercury are placed on the solid and the container and contents 
slowly heated (2°C. per min.) The temperature at which the resin floats on the 
mercury is taken as the melting point. This method has been modified by 
Rangaswami” for use with small amounts (0.2 g.) of material. While no system 
has been accepted for general use, the American Society for Testing Materials has 
issued tentative specifications for the determination of the softening and fluid 
temperatures of rosin,** 

Melting points have been measured by Dennis and Shelton** using a long 
copper bar square, heated electrically at one end so that the temperature 
varies uniformly over the length of the piece. The material is placed on the top 
surface as a long trail of powder, and the degree of heat where melting is observed 
may be found by a sliding thermocouple. This device is well suited for work 
with resins, as the sample can be exposed simultaneously to a range of tempera¬ 
tures and the melting points or ranges noted. The effect of time on contact may 
also be found, and, with reactive resins, the curing may be observed, although the 
time is not comparable to that required when pressure is exerted on the specimen. 

Viscosity of Resins 

The viscosity of resins is of practical importance in connection with coating and 
impregnating solutions.*® Several of the viscometers** developed primarily for the 
oil industry may be adapted to this work but comparative tests may be made 
with a pipette, or bubble tubes. Van Heuckeroth" has given the viscosity ranges 
of many varnish resins and Keyssner** has described the effect of the chemical 
constitution of the solvent on the viscosity of resin solutions. 

Physical and Electrical Tests on Resins 

For purposes of identification, the physical and electrical characteristics of 
resins are of little value, although they have considerable significance from a 
commercial standpoint. However, in cases where this information may be required 
for the proper control of production, the apparatus and procedure will generally 
be found to be identical with those described for molding and coating preparations 

®®W. Nagel, Wi88. Verdff. 8iemen»~Kom., 1925, 4, 321; Brit. Chem. Abs. B, 1926, 883. Farhen-Ztg., 
1926, 31, 1627; Chem. Ab»., 1926, 20, 2419. 

^T. H. Durrans, J. Oil Colour Chem. Atsn., 1929, 12, 178; Chem. Abe., 1929, 23, 4355. 

^M. Rangsawami, /. Oil Colour Chem. Assn., 1930, 13, 287; Brit. Chem. Abs. B, 1981, 84. 

®»P. P. Veitsch, et al., Report of Committee D-17 on Naval Stores. Proc. Amer. Soc. Test. Mat., 
1928, I, 602. 

M L. M. Dennis and R. S. Shelton, J.A.C.8., 1980, 52, 3128. 

* Methods for the determination of viscosity of varnishes and lacquers are given in Chapter 70. 
The testing of plasticity of molding preparations is described in Qiapter 69. 

••H. A. Gardner, loc. cit. 

^ A, W. Van Heuckeroth, loc. cit. 

^E. Keyssner, Z. angew. Chem., 1926, 39, 99; Brit. Chem. Abs. B, 1926, 248. 

^ Methods for the determination of power factor, dielectric constant, electrical resistivity, hardness, 
tensile strength and water-resistance will be found in Qiapters 69 and 70. 



Chapter 65 

Preparation of Hot-Molding Compositions 

Synthetic resins are widely used as binders for molding compositions which are 
shaped under heat and pressure into a great variety of products. This application 
IS an art in itself, and, as a result of continuing development is attracting increas¬ 
ing attention from designers, engineers, and artists, as well as from manufacturers 
in many fields. 

Variations in molding properties and requirements, and the almost infinite 
number of shapes and applications of molded pieces, make it impossible to lay 
down fixed rules for manufacture, design of molds or manner of molding. Each 
resin, molding composition and product presents in some respects a distinct and 
separate problem, but information concerning present methods should be helpful 
in meeting new situations. 


Uses 

The applications of thermoplastic molded products cover a large and diverse 
field. Compositions containing natural resins, such as shellac, are limited because 
of their poor resistance to heat but find extensive use in phonograph records 
and other articles that are not required to withstand elevated temperatures. Syn¬ 
thetic thermoplastic substances which are tough and have a higher softening point, 
for example the vinyl resins and certain resinous materials derived from rubber, 
are being used for many purposes, since they will stand more heat, but for ex¬ 
treme thermal resistance the thermosetting and cold-molded compositions are re¬ 
quired. 

Many thermosetting synthetic resins have been developed in recent years, 
typical of which are the urea resins, which are particularly useful because they com¬ 
bine light-stability with high mechanical strength and other physical properties 
required in this type of material. The alkyd resins are likewise being used in 
a number of special applications. There has been a tendency to employ various 
resins in the production of certain articles formerly made from rubber.^ 

It is often possible to substitute molded parts for metal, eliminating elaborate 
machine operations, with a consequent saving in cost and improvement in both 
appearance and service of the product. Not only may these plastic compositions 
be shaped as required,* with holes, screw threads, figures, letters and designs, but 
pieces of metal, rubber or other material may be wholly or partially embedded in 
the article at the time of molding, according to the requirements. The molded 
piece can also be obtained with a high surface luster that needs little or no finish¬ 
ing treatment, allowing the article to lie comiileted in all respects in a single 
molding operation. The process adapts itself readily to mass production at low 
unit cost by the use of multiple-cavity molds and modem presses. 

The electrical properties of most resinous compositions are excellent, so that 

^F. Cellin. MetallhSrte, 1985, 24. 1417. 1482; Chem. Abt,, 1935, 29. 2026. 

*J. Scheiber and K. Sandig (''Artificial Reams," Trans, by Fyleman, Pitman. London. 1931. 362 ) 
have given a list of over 200 artioiea made from phenol-formaldehyde resins. The products range from 
acid-proof coatings to x-ray tubes, and include such diverse items as pistons, necklaces, sword handles, 
banjo frames and pipe line. The list was furnished by Bakelite G.m.b H. 
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molded articles may be advantageously employed in electrical apparatus and in¬ 
struments of many types.* Metal inserts may serve as contacts or conductors as 
well as for purely mechanical purposes. Molding compositions which transmit 
electricity to some extent may result when large proportions of graphite, copper 
powder or other powdered conductors are incorporated. By proper proportioning, 
such mixtures may be used as resistors, for example in radio work. 

. The ability of some molding materials to become quite plastic and flow readily 
under pressure when heated permits the forming of articles with thin strong 
walls, an important advantage in many diversified uses particularly where light 
weight m relation to size is a factor. Products molded with heat-resistant com¬ 
positions will retain their shape and color at elevated temperatures and find 
many applications in connection with electrical heating appliances. 

These preparations are likewise adapted for ornamental and decorative pur¬ 
poses, because of the lustrous finish obtained by the use of a highly polished mold. 
Smokers^ articles, boudoir and toilet accessories, boxes and bottle closures may 
be taken as examples. Compositions of either uniform or mottled colors afford 
a wide choice for artistic development. 

Molding Processes and Compositions 

In the actual molding operation the composition of resin and non-resinous 
fillers is given the desired form by use of some kind of a mold together with heat, 
pressure, chemical reaction, evaporation, cooling, or some combination of these 
The permanently thermoplastic materials are heated, placed in the mold under 
jiressure and hardened by cooling. Necessarily, thermoreactive resins are thermo¬ 
plastic in the first stages of pressing and are given the required shape while in 
this state, followed by hardening due to chemical reaction, usually produced by 
further heating in the mold, so that the shaped article may be removed from 
the press with little or no cooling. These compositions for thermoplastic and for 
thermoreactive molding are mixtures of the desired natural or synthetic resins with 
fibrous materials, powdered fillers, dyes, pigments, lubricants and sometimes plas¬ 
ticizers. They are hard at ordinary temperatures, and may be used in the form 
of sheets, powder or compressed pellets or pills. In cold molding, a soft, pow¬ 
dered material is shaped at room temperature under very high pressures to form 
an article which must then be hardened outside of the mold by evaiioration of any 
solvent and baking at relatively high beat.* 

Range of Properties Available 

The increasing demands of industry for molded articles 1o meet specific needs 
has made available a number of compositions possessing various combinations of 
properties.* These characteristics may be varied within certain limits and can 
be utilized to advantage in meeting the particular requirements imposed by the 
shape and size of the piece and the service demanded of it. 

The properties of moldings made with the same composition vary so widely 
as to prevent the presentation of precise data which will be generally applicable. 
For example, the length of time that a particular piece made with a reactive 
binder is heated under pressure is of fundamental importance in fixing its char- 

» L. E. Barringer, Gen. Elea^ Rev.. 1927 , 30, 387. W. W. Werrmg, Bell. Lab. Record, 1931, 9, 470; 
Chem Ahg., 1931, 25, 4071. J. A. Crabtree, British P. 344,422. 1929; Cheni Abf , 1932, 26. 3312. 

♦A large number of variations are possible when so many faclois aie involvrrl but the more imporlanl. 
methods of molding actually in use ere described in Chapter 68 
'rhe .subject of cold molding is fn‘ated m Oinplpr 66 

*K. Ripper, PfoMfirn, 1930, 6, 384 ; 402; Chem. Ahn., 19.10, 24, 4342. 
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acteristics. From the standpoint of production, the period of cure influences 
the proper ejection of the molded article from the mold, and subsequent satk- 
factory service is likewise to a great extent dependent upon correct treatment in 
this stage. Under-cured pieces, while seemingly perfect on the surface, may dis¬ 
tort with temperature changes, are susceptible to atmospheric conditions and are 
more readily affected by moisture and solvents than properly finished products. 

Molding compositions containing reactive resinous binders may be so proc¬ 
essed by the manufacturer as to have different degrees of plasticity and are usu¬ 
ally available in three grades, soft, medium and hard. This allows the choice of 
the type giving the correct flow under the particular conditions employed, result¬ 
ing in more uniform cure and better quality. Mixtures or blends of different 
hardness may be used if closer regulation is desired. 

In addition to their value as electrical insulators and their ability to resist 
high temperatures, other properties of thermosetting compositions have promoted 
their extensive use in articles which must be unaffected by weather conditions, mois¬ 
ture, chemicals, acid fumes and solvents. The molded material can be machined 
and finished to a smooth surface, or it may be drilled and tapped, forming a sub¬ 
stantial thread. A few unusual applications will illustrate the variety of uses of 
the products. Storage battery boxes may be molded in one operation,’ scale 
case^ and radio cabinets may be made in complicated and attractive shapes, sizes 
and colors. Balance weights show small change due to wear because of the low 
specific gravity of the material as compared to metal. Water faucets* are now 
molded and, of course, are free from corrosion. 

The unusual resistance to wear is responsible for a great number of applica¬ 
tions as in floor coverings,^* brake lining compositions^' and even bearings; also 
the notable waterproofing action is of value in general service as well as ^r elec¬ 
trical equipment. 

Various methods of decoration have been described which are particularly 
adapted to synthetic plastic materialsfor example, openwork patterns'* or 
metal powder'* may be molded into the surface of an article. 

Color. Synthetic resin products are made in all colors,'* but not every type 
of composition affords variety in this respect. Molding materials containing urea 
resins as binders can be secured in practically all colors from black to white 
with perfect stability to light. Such preparations are generally molded at a slightly 
lower temperature than those using a phenolic resin binder. Translucent articles 
in various shades can also be obtained from urea resins and these are being used 
to a considerable extent in commercial art. 

The alkyd resins are also available in the lighter colors. However, they have 
the disadvantage of requiring a much longer curing time and their application is 
therefore confined largely to casting rather than rapid press molding. 

Plastic phenolic compositions are made in several colors, black and brown 
being most widely used. Red, green and blue are also prepared but pastel shades 
and white are diflScult to produce and maintain because of the effect of light on 

VQ. W. Bullty, U. S. P. 1,566,815, Dec. 22, 1925; Chem. Abt., 1926, 20, 580. Brttith PUutkB, 1938, 
5, 488. 450, 451. 

•a F. M. van Berkel, British P. 338,424, 1930; Chem, Abi„ 1931, 25, 2312. 

• See Britith Plaitict» 1931, 3, 197. 

L. Irwin and R. £. Tippins, British P. 345,386, 1930; Chem. Ab$., 1933, 27, 616. W. F. 
Kaufman and J. O. MeCkrthy, British P. 347,527. 1929, to Armstrong Cork Ck.; Chem. Abt,, 1933, 27, 
616. F. Hayer, Kwtatetoffe, 1933, 23, 61; Chem. Aba., 1933, 27. 2817. 

J. NTtougley. British P. 876.886, 1931, to Ferodo. Ltd,; Brit. Chem. Aba. B. 1982, 1013. 

^Q. I^ 3 rra 8 . Rev. gen. mat. plaatiquea, 1929, 5, 655; Chem. Aba., 1930, 24, 4360. K. Houwink, 
Ingenieur {Holland), 1932, 47. WlOl; Chem. Abs., 1983, 27. 2317. 

“K. A. Stubbs, British P. 280,017, 1926; Chem. Aba., 1928, 22, 3056. 

^J. ^ton, British P. 301,432, 1927, to British Thompson-Houston Co., Ltd.; Brit. Chem. Aba. B, 
1930. 781. See also R. Sohwars. Oernian P. 005,716. 1934; Chem. Aba., 1985, 29. 1905. 

^A. J. Steinbergar. Plaatiea and Molded Pr^., 1932, 8, 278. 
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the phenolic resin. Excessive temperature or length of heating in manufacture 
will also cause darkening 

For many purposes, such as containers for toilet preparations and foods, it is 
of the utmost importance that the molded product retain its color without leach¬ 
ing or bleeding, to avoid discoloration of the contents. As such articles are likely 



Courtesy Bakelite Corv- 

Fig. 168.—Matching Colors of Polystyrene on Laboratory 
Rolls. 

to be used in contact with many substances whose compositions are unpredictable 
and often a trade secret, it is impossible to give any fixed rule of color selection 
that will cover all contingencies. It is advisable when there is any doubt regard¬ 
ing the effect of a substance on the color selected, to make an actual test before 
starting a production schedule. 

Cast phenolic resins are available in great variety ranging from opaque to 
translucent or transparent. They are somewhat susceptible to light, but are find¬ 
ing wide use for cutlery' handles, jewelry, clock cases, lamps, and many other 
small ornamental objects. 

^R. Jones, British Plastics, 1933, 4, 533; 5, 20. This discusses dyes and pigments, and discoloring 
of both resins and colors under vaiious conditions. 
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The vinyl and styrene resins are also used in color work to advantage as they 
are transparent or translucent and do not darken when exposed to light. Numer¬ 
ous colored objects made of vinyl resin compositions have been described by 
Davidson and McClure,” including wall panels, cosmetic jars, dentures, phono¬ 
graph records^ and automobile steering wheels. See Fig. 168. 

Surface Finish. The smooth, lustrous surface on a molded article is pri¬ 
marily dependent on the finish of the mold. Most of the molded products that 
are used for artistic purposes are hot-pressed and the high initial luster is per¬ 
manently retained by high grade material of this type. Gloss may be further 
increased by a light burnishing, as with a soft rag buffing wheel, but care is 
required that the surface resin is not removed from the article by this operation. 

The finish may, however, be injured by molding conditions. Excessive tem¬ 
perature is apt to cause waviness, and too rapid closing of the mold before the 
material is sufficiently plastic may result in flow marks. Delay in closing a hot 
mold after a reactive composition has been placed in it will produce dull lusterless 
patches as a result of the reaction of the resinous binder without pressure. 

Insulators formed in a highly polished mold will have better permanent elec¬ 
trical surface resistivity than those made in a poorly polished mold, as a film of 
dirt or moisture will form more readily on a dull or uneven area. 

The proportion of resinous binder in the composition is also an important 
factor in obtaining a lustrous finish. High polish is secured by forming a surface 
layer of practically clear resin produced by the pressure of molding which com¬ 
pacts the mass and forces excess binder to the outside. Preparations deficient 
in resin will produce unattractive pieces. 

Mechanical Strength. The mechanical strength of molded products is of 
the utmost importance m a majority of applications, the main factor being the 
ability to resist shock. The strength of most molded compositions against impact 
lies partly in the quantity and fibrous nature of the filler. Examples of manu¬ 
facturing conditions which may reduce the mechanical strength of an otherwise 
satisfactory article are a temperature too low to flux the binder properly, pressure 
insufficient to compact the material, the use of a composition which has too little 
plasticity to fill the mold completely, and charging too small an amount of mate¬ 
rial when employing a semi-positive mold. 

For most purposes, preparations containing wood flour filler have sufficient 
strength. Materials that have a relatively high resistance to shock are also 
available and are composed of a long-fibrous filler or small pieces of fabric com¬ 
bined with a resinous binder. Long-fiber asbestos is used particularly when the 
molded article is required to resist the disintegrating effect of high temperature 
or acids. 

Heat Resistance. Heat resistance^ of molded products is, for many pur¬ 
poses, quite as important as mechanical strength and always requires con¬ 
sideration. Articles that will not withstand a temperature of 100°F. (38°C.) 
without deformation are suitable only for use in temperate climates and care 
is needed to see that they are not exposed to direct sunlight. Composi¬ 
tions containing a permanently fusible, low-melting binder, shellac for instance, 
will warp and become distorted by the heat of the sun or even at moderate 
room temperatures when subjected to some pressure. Thermoplastic mate¬ 
rials of higher melting point such as vinyl or styrene resins and certain resins 

Q. Davidson and H. B. McClure, Ind. Eng, Chem., 19S3, 25, 645; Pkutie Prqditcttt 1833, 9. 
143. 

^H. Chase, BritUh Plastics, 1938, 4, 446. A thermoplastic compound made from rubber is available 
from deep to pastel shades and may be imnsparent, translucent or opuque. The rosin itself is a light 
amber color and is not affected by fight. 

* For method of measurement see Chapter 69. 
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derived from rubber, will stand considerable exposure to heat especially when 
highly filled, but molding compositions containing a reactive resin as a binder, 
when properly treated for conversion to the infusible state, are unaffected by much 
liigher temperatures. Phenol-formaldehyde moldings containing wood fillers are 
not damaged by a continuous temperature of 250^F. (125®C.) under conditions 
of normal humidity, while products containing an asbestos filler may be heat- 
resistant for short periods up to 570®F. (300°C.). Some of the latter have been 
satisfactorily used in contact with moisture in valve discs for steam lines and 
in acid-resistant ware for chemical plant equipment. 

Electrical Properties. The American Society for Testing Materials and the 
National Bureau of Standards have made careful studies of the dielectric and me¬ 
chanical properties of molded materials,^' and methods of evaluation have been 
developed. As large quantities of molded products are used in electrical appli¬ 
ances and for insulation, the manufacturers of these compositions carefully guard 
against any reduction in dielectric value, avoiding contamination from metal or 
other conductive materials. Large quantities of such carefully made moldings 
have been satisfactorily employed for high-tension work. 

These compositions are likewise well suited for use with the high-frequency 
currents encountered in the radio field. Groff has developed a preparation said 
1.0 he highly resistant to surface leakage or arcing when properly molded.” 

Machining Characteristics. In spite of the fact that synthetic plastic 
materials can be molded or cast in almost any form desired, there is considerable 
demand for products made by machining. The cast resins may be worked either 
automatically or by hand to produce finished articles from the rough shapes. 

Molded articles usually are so designed that little machine work is required, 
unless it is on metal inserts as in the case of automobile distributor caps. The 
“flash” or overflow should not require any tooling for removal unless it be with a 
file or a punch. Occasionally, however, it is found more economical to drill or 
tap holes which would otherwise require a very complicated mold or press arrange¬ 
ment. 

Laminated products made in feheet form are frequently punched, milled or 
otherwise fabricated to produce gears, wheels, or insulation. In general, standard 
tools may be used on all molded products, and machine shop practice is somewhat 
similar to that used for working brass.” Cutting edges dull very quickly, how¬ 
ever, probably because the poor heat conductivity of the material creates unusu¬ 
ally high temperatures, destroying the temper of the instruments. 

Specially designed tools have been made for use on Bakelite and are recom¬ 
mended by some manufacturers when high-speed production is required. Tung¬ 
sten carbide or diamond-pointed” implements have also been employed. 

Punching dies are very similar to those used for metal, except that smaller clear¬ 
ance is required. The holes in the stripper plate should also be a close fit around 
the punch to prevent lifting the edge. 

The sheeting or shaping operation, long used in cutting celluloid, has been ap¬ 
plied to cast resins.**'* When formed in lead molds they have been sliced into 
sheets by cutting both the mold and the resin at the same time.* 

** For 8 description of testing procedure see Chapter 69. 

F. Groff, British P. 354,166, 1929, to Bakelite Corp. *, Brit, Chem. Abt. B, 1931, 934. Canadian P. 
309,679, 1931; Chem. Ab$,, 1931, 25, 3133. French P. 689,136, 1930; Chem. Abe., 1981, 25, 1046. 

«£. £. Halls, British Plastics, 1982, 4, 152, 176, 221, 369; Brit. Chem. Abs. B, 1983, 78. W. Phillips 
and H. T. Richardson, British Plastics, 1982, 3, ^2, 447, 502. 

»P. Qrodainski, Kunststoffe, 1988, 23, 63; Chem. Abe., 1983, 27, 2317. 

British P. 853,870, 1929, to F. Raschig Chemische Fabrik; Chem. Abs., 1938, 27, 436. 

»K. W. Raschig, British P. 819,806, 1928; Chem. Abs., 1980, 24, 2624. 

»British P. 863,166, 1030, to Herold A.-O.; Chem. Abs., 1983, 27, 1531. 
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Binders 

Binders used in hot-molding compositions divide themselves naturally 
into two groups, requiring different treatment during pressing and yielding 
products of distinct characteristics. The first of these groups, which is also the 
older in point of industrial application, embraces resinous materials that remain 
permanently fusible, and includes the natural resins of which shellac is the most 
important example. The members of the second group have the property of 
undergoing a polymerization, or other chemical reaction, under heat which renders 
them permanently infusible after treatment. These are typified by the phenol- 
aldehyde and urea-aldehyde resins. Naturally, these two groups are not defi¬ 
nitely defined and clearly differentiated. Rather they tend gradually to merge 
into each other with the dividing line determined by the definition of the terin 
infusible. Many materials whose temperature of flow or fusion is increased by 
heat treatment still remain sufficiently fusible to put them into the first cla.ss 
under one set of conditions while permitting them to be considered as infusible 
under another. 

Molding procedure should be adapted to this peculiarity of the resinous binder, 
which must in turn be adapted to the service required of the finished product. 

Fusible Binders. Binders of this type, which include the natural resins, 
shellac, copal and rosin, were the original bases of molding compositions and one 
can trace the primary motive which led to the development of synthetic resins 
in an effort to imjirove shellac molding materials. In such a history, there has 
been a gradual development in the technique of handling fusible preparations 
to meet changing requirements. Shellac, for instance, is easily formed to produce 
articles of considerable toughness and a good surface finish, and has been exten- 
sively used for purposes where its relatively low softening point was not detri¬ 
mental. The applications were many and as demand grew, particularly in the 
manufacture of phonograph records, the price of shellac naturally rose and en¬ 
couraged the use of cheaper materials to extend or replace it.*’ Various natural 
resins, treated rosin and asphaltic compounds, as well as mixtures of these, came 
into prominence to take the place of the more expensive shellac, and finally 
a number of synthetic resins, cumarone, phenol-sulphur chloride and others of 
the fusible type have invaded this field. C'umarone resin, to which linseed oil 
has been added to overcome brittlene.s.^, and, more recently, vinyhte resins have 
found some application in sound records. Ilowevei, natural resins and mixture.^ 
of these with asphaltic compounds continue to dominate the field, despite threats 
from fusible synthetic types. It is doubtful if this condition could long continue 
should a fusible synthetic resin jiossessing the hardness and toughness of shellac, 
but with a higher softening point, be made cheaply available. 

Reactive Binders. Reactive, thermo&ettmg synthetic resins include the 
phenol-aldehyde and the urea-aldehyde reaction products as the most widely em- 
jiloyed binders for molding compositions. Other resins are jirincipally used for 
special purposes or to obtain certain desired properties. The resin binder for hot 
molding should have a relatively sharp melting point and be fairly liquid at the 
operating temperature to enable it to cover the fibrous filler properly and yield 
a sharp impression. Its fluidity, however, should not be so extreme as to permit 
it to separate from the filler and exude from the mold when pressed. It should 
be mobile enough to fill the cavity completely without requiring excessive pressure 
and at the same time sufficiently viscous to remain uniformly mixed with the filler. 

description of phoiiogmpb record munufacture^ in Chapter 68. 
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Resinous binders that soften but do not flow may be employed with an added 
flux or plasticizer. Resins quickly rendered infusible by heat are especially de¬ 
sirable from a production standpoint, but frequently require the addition of a 
flux to increase flow and permit their use in intricately shaped molds. Rapid 
hardening or fast cure allows molded articles to be made quicldy by hot-pressing, 
often without the necessity of cooling the mold to avoid adhesion of the piece dur¬ 
ing ejection. 

The time required for heat-treating must be fixed in proper relation to the type 
of composition employed and the shape and size of the piece to be made if uni¬ 
formity of product is to be secured. Articles having thick walls or cross sections 
require a longer heating than thin-walled pieces, to allow the interior of the n\ass 
to be hardened properly. Undercured pieces may cause trouble in molding and 
never give the maximum of service. 

The odor of a molding composition is usually that of the binder and, while nor¬ 
mally this is not an important consideration, it cannot be entirely overlooked. The 
heat of molding temporarily accentuates this, but after cooling, the odor should 
not be so pronounced as to be objectionable under ordinary conditions. At the 
higher temperatures, the binder must neither liberate appreciable amounts of gas 
(creating an internal pressure in the mold and resulting in blistering of the finished 
piece) nor undergo decomposition (thereby effecting staining of or sticking to the 
mold). 

Weaknesses in binders can often be partially offset by the proper choice of 
fillers or the addition of other substances to the composition. The mixing of 
binders that have different properties is frequently advantageous. No composi¬ 
tion is ideal in every respect and the investigator in this field will find many 
opportunities for research. 


Fillers 

Upon the proper selection and use of the filler, no less than of the binder, 
depend the qualities of finished molded products. When properly selected and 
blended with the binder, fillers are essential constituents of the molding composition, 
contributing largely to the mechanical strength and other valuable properties of 
the articles made from it. The choice of an appropriate filler must be based upon 
several factors affecting the final composition. Resins alone, when pressed or cast 
and cooled, develop internal strains and stresses resulting from contraction on 
cooling, which may lead to cracking. The effect of shrinkage can only be pre¬ 
vented by lengthy tempering or annealing of the piece through long heating 
and slow cooling. When fillers are added before molding, they perform the im¬ 
portant function of minimizing this shrinkage and of offsetting its effect on the 
article. Fibrous materials are particularly useful in this way and in addition 
they improve the shock resistance and mechanical strength of the final product. 
While it is true that the cost of fillers on a volume basis is generally less than 
that of the resinous binder which holds them together, fillers should in no wise 
be considered adulterants, for choice based on this view is sure to reduce the value 
of the product. Many valuable properties of molded articles, in addition to 
strength and shrinkage, depend on the selection of a filler and a binder adapted 
to each other and to the problem in hand. 

Wood Flour. Perlutps the most universally used filler in molding composi¬ 
tions of the thermosetting type is finely pulverized wood commercially known 
as wood flour. Although commonly termed a filler, it is likewise a reinforcing in¬ 
gredient as it improves the shock resistance, yielding a tougher product whereas 
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the resin alone would tend to be fragile. It also contributes to the flowing proj)- 
orties of the composition. Wood flour is made from various species of trees, spruce, 
fir and white pine being used both in (his country and Europe because they yield 
the better grades of flour of light color. A relatively high content of natural gum, 
as in long-leaf yellow pine, is undesirable, since compositions containing it require 
special treatment to counteract the effect of the natural resin. The characteristics 
of wood flour”* to be considered are particle size and shape, bulk, natural gum 
content and color. Upon examination under a microscope the particles of the 
stock should show a fibrous structure and be fairly uniform in size. The mate¬ 
rial should be free from foreign substances, particularly those of a metallic or 
abrasive nature which might affect the dielectric properties of the product or 
injure the mold. Customarily about eighty per cent should pass through an 80 
mesh screen. The moisture content, an important factor in dielectric strength, is 
determined® by loss in weight on heating at 105®C. for 24 hours and should not 
be over 5 or 6 per cent. The impregnation and mixing of wood flour with a 
resinous binder has a tendency to seal in any moisture that may be present in 
the filler, and, to obtain maximum insulating properties, the former should be 
thoroughly dried prior to use. When dry it is quite hygroscopic and, if not used 
immediately, should be stored in a tightly covered container or in a heated 
storage oven to prevent absorption of moisture from the air. The finished com¬ 
position should be treated in the same manner. Color of the wood flour is not 
always important, but must be considered if light shades are desired. Shavings 
have been suggested" as a substitute for wood flour in certain cases 

Asbestos. Among the many grades of asbestos,jxiwder-like material, 
known as ^^floats^' or micro-asbestos, is used extensively in compositions that are 
required to withstand, without carbonization, higher temperatures than could be 
resisted by wood flour or other organic fillers. Articles of good appearance can 
be molded from compositions containing a short-fiber asbestos, but these are 
mechanically weaker than those produced with the longer grades. 

Care must be used in the mixing of preparations containing long-fiber asbestos 
to avoid undue breakage of the filler. This is best accomplished when the fibers 
are treated with the binder by the wet process subsequently described or are 
well mixed with a finely powdered resin, to which has previously been added the 
other ingredients. The blending should be done with a minimum of grinding 
action so that each individual fiber becomes coated with the binder. Since 
asbestos is a dense solid material, only a very slight amount of impregnation 
occurs in contrast with wood flour. A sufficient quantity of resinous binder 
should be employed to insure uniform coverage of each individual filament, as 
uncoated fibers will stick to the mold and cause blemishes in the surface of the 
piece. The longer-fiber compositions do not flow readily, requiring extreme care 
to secure a properly filled mold, and, in general, yield a product somewhat low 
in tensile strength but with good shock resistance. The surface is inferior to 
that obtained with wood flour and short-fiber asbestos. 

Molded products containing asbestos usually have lower dielectric strength 
than those with organic fillers, since mineral fillers often include small amounts of 
metallic iron. A large proportion of the conducting component is in the dust 
and can be removed by screening through a 20-mesh sieve and discarding the fine 
material." 

<»R. Meldau, Z. Ver. deut. Ing., 1029, 73. 1315; C/iem. Abt., 1080, 24. 2246. 

* Methods of test are described in Chapter 69. 

» Swiss P. 128,831. 1927. to Emil Haefely Cie A.-Q.; Chem. Abi.. 1929. 23. 2772. 

*^H. Rosenberg. KuntUtoffe, 1927, 17, 55; Chem, Abt., 19^. 21, 1692. 

» L. £. Barringer. Gen. Blee, Rev., 1927, 30. 387. 
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Asbestos in the form of fabric treated with resinous binder is used to make 
laminated products capable of resisting high temperatures. 

Cotton Flock and Cotton Linters. Cotton may be obtained in fibers of 
varying length and is usually employed in minor proportions as a filler for mold¬ 
ing compositions of low heat resistance. It is commonly used in conjunction with 
powdered mica or gypsum, as it greatly increases the impact strength. Cotton 
flock has a tendency to cluster into small lumps when baled for shipment and 
should therefore be passed through a screen to break u^) these masses. Care is 
required in handling to prevent clotting and insure even distribution in the 
blended composition. 

As cotton is also hygroscopic, the flock should be dried and stored in the 
same manner as wood flour, particularly if the composition is to be used for 
electrical insulation. 

Silk Flock. Silk flock, like cotton flock, is used to increase the shock re¬ 
sistance. It replaces the latter principally in articles that are molded oversize and 
shaped by machining, since the inclusion of cotton results in a surface that polishes 
poorly. Silk flock has been found to be superior in this respect. 

Paper and Fabric. In the manufacture of laminated products, paper and 
fabric are the important fillers, but paper is also used to some extent in other 
molding compositions, usually in the form of pulp or ground to a fibrous mass 
to replace wood flour. Fabric, impregnated with a binder, may be employed in 
molded articles to give high shock resistance, as in the case of golf club heads. 
The composition is difficult to mold into complicated shapes because of the poor 
flowing characteristics, but this may be offset m a measure by impregnating paper 
or fabric with a synthetic resin, then beating, and mixing with additional powdered 
binder.” 

Mica. This material is very much in demand for electrical insulation be¬ 
cause of its very excellent properties, especially its high insulating and dielectric 
values and its low losses, even at high frequencies. Resinous binders have been 
used to build up small flakes or sheets into larger forms, and Frederick” has made 
plates of mica while McCarthy” has prepared sheets by showering mica flakes cn 
a machine bed, supplying a liquid binder and compacting the whole by rolling. 

Mica alone or in conjunction with other inorganic fillers, such as gypsum, may 
be used with shellac or phenol-sulphur chloride resins to make molding composi¬ 
tions which may often contain 70 to 90 per cent by weight of these fillers and 
yield molded pieces of correspondingly high density. The use of 70 per cent of 
mineral filler with a shellac binder forms a mechamcally strong composition, but 
the phenolic resin binders do not wet or cover particles of mica fully and con¬ 
sequently the strength expected from molding a preparation of this type is not 
realized. Mica must be finely ground if it is to ^ incorporated with a phenolic 
resin and a fibrous filler should be added to increase the mechanical strength. 
The alkyd resins are well adapted for use as binders for mica.” Lloyd*’ has 
suggested a phenol-urea-aldehyde resin to bond mica, as he finds that wetting 
occurs more easily. Furthermore, the product is claimed to give less trouble from 
‘^racking” or breaking down and becoming conductive under the influence of an 
electric arc. Crossley” has combined mica with lead borate to form a synthetic 

••R. Schroed«r, M. Schrbeder, S. Levis and E. Jaroslaw, British P. 278,038, 1928; Chem. Ahs., 1928, 
22, 2673. 

•*L. T. Frederick, U. S. P. 1,702,896, Feb. 19, 1929, to Chicago Mica Co. 

«L. McCarthy, U. S. P. 1,622,796 and 1,622.796, March 29, 1927; Chem. Aba., 1927, 21, 169.3. 

•• L. E. Barringer, Oen. Elec. Rev., 1928, 29, 757. See Chapter 49. 

«A. Lloyd, U. a P. 1.784,737, Dec. 9. 1930. to Bakelite, T,td 

•P. B. Crossley, U. S. P. ReWsue 15,727, Dec. 4, 1923; original 1,894,973. Oct. 25, 1921 ; Chem, Aba., 
1922, 16, 453. See alao L. E. Barringer. Uen. Elcc, Rev., 1981, 34, 406. Plastiee, 1981, 7, 495. 
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inolding composition. A review of processes and materinls employing? mica has been 
given by Rossman.*® 

Powdered Fillers. Fine inorganic materials such as china clay, gypsum, 
rotten stone, barium sulphate, slate powder,*® kieselguhr, silex and flint, are used 
to some extent in molding compositions, but they generally require a reinforcing 
fibrous or lamellar filler. Large quantities of powdered fillers can be used in cer¬ 
tain cases, particularly when price is a factor. The proportion of mineral fillers 
is especially high in phonograph records, since great strength is not essential and 
hardness is required. Thermoreactive preparations are usually specified for 
liroducts requiring greater strength and, therefore, should be incorjiorated with 
only a small quantity of mineral powders. 

For uniform results the properties of fillers must not change appreciably from 
one shipment to another. Tests which serve to indicate these variations are also 
useful guides in the initial choice of a suitable material to meet specific require- 
iXients.*' 

Whyte and Lord*^ have incorporated up to 30 per cent of diatomaceous earth, 
of particle size less than 0.01 mm." into synthetic resin or cellulose ester or ether 
films. They have reported increased resistance to abrasion and cutting without 
serious reduction in the transparency. 

Miscellaneous Fillers. Carbon obtained by the thermal decomposition of 
graphitic oxides is sometimes of service in the manufacture of plastic materials,** 
as finely pulverized electrical conductors are used in molding compositions to 
lower the resistivity.*® Ground ebonite has been suggested as a filler in molding 
preparations,*® and Holt*^ has made articles from granulated cork mixed with a 
binder, while Messer** has used resin-coated cork to form articles reinforced with 
a metal core. 

Rubber which has been vulcanized and ground may be employed as a filler,* 
alone or with wood flour, according to Crosley.*® Pierson" has made use of leather 
scrap in the preparation of a thermoplastic molding composition. Walton" has 
introduced relatively large pieces of furnace slag that have previously been colored 
by a vitreous coating. The resm is clear, and the filler serves mainly for deco¬ 
ration. 

Abrasives have been incorporated m synthetic resin binders, but, in this case, 
voids should be left between the particles to give the clearances required for 
cutting. Cellulose acetate®*' and phenol-formaldehyde condensation products" 
have been suggested for this type of work. The abrasive may be coated with a 

••J. Rossman, Plastics, 1928, 4, 549 

"J. F. Sacher, Gummt-Ztg , 1933, 47 , 439; BHt. Chem Abn B, 1933 , 289. 

^K. Ripper, Plasticn, 1930, 6, 452. The most impoitant tests are for fineness, oil absorption 
(Gardner-Coieman method), true and apparent density, moisture, color and in certain cases the chemical 
composition. For fineness or particle size see especially W. M. Weigel, Tech. Paper, Bureau of Minea, 
1924 , 296; Chem Aha., 1924, 18, 3687. See also, thtd , 1925, 3 43; Chem. Abs., 1926, 20. 665. 

<*S. Whyte and W. E. Lord, British P. 384,694, 1931, to Gramophone Co., Ltd.; Bnt. Chem. Abs. 
B, 1983, 158. 

** This IS about one-quarter of the maximum diameter of a particle which will pass a 325 mesh 
screen. 

^French P. 737,005, 1932, to Alexander Wscker Ges. fiir electrochem. Ind. G.m.b.H.; Chem. Abs., 
1933, 27, 1464. 

«J. Bradley. British P. 273,025. 1926, to Metropolitan-Vickers Electrical Co.; BrU. Chem. Abs. B, 
1927, 727. 

"E. L. C. Liotard, French P. 701,411, 1930; Chem. Abs., 1931, 2S, 4096. 

Holt, British P. 358,592, 1930; Chem. Abs., 1933, 27. 382. 

« R. Messer, British P. 193,013. 1923, to Suberit-Fabrik (Nachfolger); Chem. Abs., 1923, 17, 3580. 

^F. J. Crosley, British P. 355,341, 1930, to India Rubber, Gutta Percha A Telegraph Works Co., 
Ltd.; Chem. Abs., 1933, 27. 436. 

■“W. C. Pierson, U. S. P. 1.846,856, Feb. 23, 1982, to I>eagum Corp. of Delaware; Chem. Abs., 1982, 
26. 2561. 

ws. F. Walton, U. 8. P. 1,781.204, Nov. 11. 1930, to Exolon Co.; Chem. Abs., 1931, 25. IH. 

Be British P. 359,324, 1930, to Celluloid Corp.; Chem. Abs., 1933, 27, 892. 

BBL. H. Baekeland, U. 8. P. 942,808, Deo. 7, 1909; Chem. Abs., 1910, 4, 680. 
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liquid resinous composition so as to form a non-tacky layer ** On the other hand, 
Brock" and Martin" have used mixtures which are more or less sticky and gummy, 
and Novotny" coated granules with an adhesive resin which is rendered non- 
tacky by freezing so that the loose mass may be levelled in the mold to form a 
uniform, well-balanced grinding wheel. 

Coloring Agents 

Both dyes and pigments are employed for coloring molding compositions, dyes 
being preferred in products intended for electrical insulation. When the molded 
article is to be used with a material which may attack certain dyes, care must be 
exercised in the selection of the coloring agent. If high heat resistance is re¬ 
quired, aniline dyes are sometimes employed, but pigments are more satisfactory 
over a long period of time. Bone black or carbon black, alone or mixed with a 
black aniline dye, is sometimes used, while iron oxide and the sienna and umber 
pigments may be blended in various proportions to obtain the red and brown 
shades. Manganese dioxide or pyrolusite gives a dark brown or black color. 

The dye or pigment must always be very finely ground and thoroughly inter¬ 
mingled with the other ingredients of the composition to obtain an even, uniform 
shade and full color value. It should also be free from metallic content, to avoid 
any reduction in the dielectric strength of the molded product.'^'" 


Lubricants and Plassticizers 


The tendency of molding compositions to stick to the mold may be best over¬ 
come by the inclusion of a lubricant. Manufacturers of molding compositions 
guard against sticking by lubricating their materials projierly for standard mold¬ 
ing conditions, and little trouble should be encountered unless the shapes are 
very intricate. Stearic acid, stearates and metallic soaps are extensively used 
for such purposes " The various resins used as binders in hot molding differ so in 
properties that no general rule can be made and the proper kind and amount of 
lubricant to be used with any particular composition can only be determined by 
actual test." 

Plasticity and the influence of plasticizers have been given considerable study 
by various investigators." The primary purpose of including a plasticizer in a 
molding composition is to increase the flow of the piaterial, thus insuring com¬ 
plete filling of the mold cavity and perfect reproduction, particularly with pieces 
of complex form. Insufficient flow may result from using too little binder, or it 
may be caused by too quick reaction of a thermosetting binder under the heat 
of the mold with consequent hardening of the composition before the press is 
closed. The difficulty can be overcome by cooling before charging but this 
increases molding time. Such a resin may have been taken to an unduly advanced 
stage of reaction before molding, a situation which would accelerate its hardening 
and prevent it from flowing freely. These conditions can all be improved by 


»* British P. 859,996, (1930), to Bakehte Corp ; Chem, Aba., 1933 , 27 , 435. 
»F. P. Brock, U. 8. P. 1,537,454, June 12, 1925; Chem. Aba., 1925. 19, 2116. 
WR. Martin, U. S, P. 1,626,246, Apr. 26, 1927. 


E. Novotny, U. 8. P. 1,901,324, March 14, 1933, to J. 8. Stokes; Chem. Aba., 1933, 27, 3053. 

One method of incorporating dyes into molding compositions is to color the filler with the dye 
and then mix the filler with the resin. H. Clayton and H. Jones, British P. 419,445, 1984; Chem. Aba., 
1935, 29, 2626. 

K Refer to Chapter 37 for a discussion of metallic soaps. 

» Suggested metnods for the treatment of sticking and staining are described in Chapter 68. 

«®0. Ruff, Z. anorg. ollgem. Chem., 1924, 133, 187; Chem. Aba., 1924, 18, 1596. A. deWaele, 
Kolloid-Z., 1925, 38, 27; Chem. Aba., 1926, 20, 3605. O, Manfred and J. Obrist, Kolloid-Z., 1927, 41. 
348: Bnt. Chem. Aba. A. 1W7, 514; tbid., 1927, 41. 174; Chem. Aba., 1927, 21, 2991. M. Forrer, Rev. 
gen. mat. pfaattquea, 1932, 8, 259; Chem. Abi., 1932, 26, 452i. 
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the addition of a plasticizer. This should be a solvent for the resin and in re¬ 
active compositions it should either undergo reaction and become infusible or 
remain in solid solution in the molded material. An excess of plasticizer or a 
substance incompatible with the composition will result in a spotted surface. 
Plasticizers may be added to the resin, to the filler or to the molding composition. 
To avoid surface blemishes or sticking and staining of the mold, it is essential 
that the mixing be thorough, an operation which may present difficulties. 



Courtesy Farrel-Birmingham Co , Inc. 

Fig. 169,—22" x 60" Heavy Duty Plastics Mill with Individual Drive. 

In sheeted compositions, plasticizers are incorporated to lower the temperature 
at which the preparation may be worked, a consideration which is of importance 
if the material is to be packed in the mold prior to pressing.®^ 

Methods of Mixing 

The most widely used procedure for mixing the thermoplastic, and particu¬ 
larly the thermosetting, molding compositions is the ‘^dry method’' which elimi¬ 
nates the need for solvents and their subsequent removal and recovery. The proc¬ 
ess is largely restricted to preparations that are solid and sufficiently hard at 
normal temperatures to permit grinding without caking or sintering. Liquids may 
be added but they must be of such character and quantity that they will be dis¬ 
tributed uniformly throughout the mix without wetting it to a plastic condition. 
When large amounts of liquids or soft plastic binders of low melting point are 
used, the wet process gives a more uniform product. 

The dry method consists essentially of pulverizing the resinous binder and 

*iThe various plasticising agents and fluxes employed in molding compositions are discussed more 
fully in the chapters of this book devoted to the different types of resins. Sm particularly Chapter 22 
dealing with phenol-aldehyde types and Chapter 2S for urea-formaldehyde resins. 
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grinding this with the other ingredients, lubricant, flux, hardening agent and 
dyes. The work may be done in a hammer mill or in a ball mill. The fibrous 
filler^ such as wood flour, cotton flock or asbestos are then added and the blend¬ 
ing continued until a uniform mixture is obtained. This must be done with a 
minim^im of grinding action to preserve the length of the fibers, and it is some¬ 
times advisable to mix a lubricant with the fillers as a separate operation be¬ 
fore adding to the binder. 



Courtesy Farrel-Birmingham Co., Inc. 

Fig. 170.—Size 1 Banbury Plastics Mixer for Laboratory and Small 

Production. 

The light, fluffy powder, prepared in this manner, may be given additional 
treatment by passing between heated steel cylinders revolving towards each other 
at slightly different speeds. These are so arranged that the distance between the 
rolls may be varied during operation at the will of the operator to process the 
material properly and obtain a sheet of the desired thickness. The advantages 
derived by further manipulation on heated rolls of this type are three-fold. A 
more intimate mixture of the ingredients is secured by fluxing the resinous binder 
and coating all of the particles. Second, there is closer adherence of the par¬ 
ticles and a decided reduction in bulk or increase in the apparent density. The 
volume of the composition' is an important factor, as sufficiently large mold cavities 
must be provided to contain the full charge necessary to form the article. With 
a very bulky material this may be too great for efficient molding and will tend 
to lower production. Minimizing the bulk also makes shipping more convenient. 
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The third objective is the further advancement of the chemical reaction of thermo¬ 
setting resins by the heat of the rolls, which constitutes a means for controlling 
and regulating both the flow and curing time of the molding composition. 

To facilitate proper mixing and avoid the effect of direct contact with the 
heated surface of the rolls for a prolonged period, stripping knives are usually 
employed to remove the composition. These may be attached to the rolls and 
operated by means of a lever, or may be entirely separate, in which case a rod is 
fastened on the frame parallel to the rolls and acts as a fulcrum for the stripping 
knives. By this means the composition is removed and returned until a uni¬ 
formly mixed mass having the required molding properties is obtained. See 
Fig. 169. 

If the material is desired in sheets instead of granular form, the mixture, when 
finally scraped from the hot rolls, is immediately passed through blanketing rolls 


Fio. 171 

Cross-Section Diagram of a Ban¬ 
bury Mixer. 


Courtesy Parrel-Birmingham Company 



which are water-cooled, producing a slab about one-quarter inch thick. The 
preparation is ready for molding when cut into standard size lengths by blades 
fixed to the rolls. 

By another procedure, which has been extensively used with compositions that 
are too soft to permit pulverization, the grinding operations are eliminated and 
the resin, in the form of small lumps, is placed on the hot rolls and melted. Color¬ 
ing matter, lubricants and other constituents are then added and finally the fillers 
are thoroughly kneaded in. It is usually necessary to start the mixing process 
with only a small clearance between the rolls and increase this as the bulky in¬ 
gredients are added. 

Mastication. Favorable results have been reported on masticators, and 
they have replaced rolls to advantage in certain cases.** The chief benefits claimed 
are greater uniformity of product together with increased production. In gen¬ 
eral the receptacle of this type of mixer is a steam-jacketed trough and the 
mixing blades, actuated by a powerful motor, are cored to permit the circulation 

•»C. F. fichnuck, Jnd. Eng. Chrnn., IMO. 22. im. 
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of steam or other heating mediums. See Figs. 170 and 171. Use of masticators'” 
obviates the need for fine grinding and blending of the ingredients in a ball mill 
as mastication is performed while the material is hot and plastic. Proper tem¬ 
perature control with thermosetting resins is essential and the hot mixture when 
removed from the masticator is usually cooled for a short period and then sheeted 
on differential rolls to chill it rapidly. Quick cooling is necessary as the mass 
will retain heat over a considerable period of time and may, in the case of 
thermosetting binders, be converted to the infusible stage. 

Uniformity of Mixture. The methods thus far described generally require 
an elevated temperature to effect mixing. When the thermosetting compositions 
are prepared m this manner, care must be exercised to prevent the reaction 
from proceeding to an extent that would reduce the plasticity of the mixture 
and make it difficult to mold jiroperly Skilled ojicrators arc therefore 
needed and every facility must be afforded for the proper regulation of the mixing 
process to insure uniform molding characteristics. Control of the jirogress of the 
reaction is a somewhat difficult matter at best, and blending of various batches 
of soft and hard material may be necessary to keep the product within the desired 
limits of plasticity. 

The Varnish Method. The varnish method of mixing is of value when heat 
is to be avoided, since mobility of the ingredients is attained by dissolving the 
binder in a volatile vehicle, yielding a solution to which the filler and other in¬ 
soluble components may be added. The material is usually worked in a mastica¬ 
tor, which may, however, be of much lighter construction than that previously 
described because of the lowered viscosity. Mixing is effected by blades which 
rotate at different speeds and may be periodically reversed. These machines 
may be equipped with a steam jacket but heat is seldom used. A solution con¬ 
taining approximately 50 per cent of resin and having a relatively low viscosity 
is thoroughly absorbed by a wood flour filler at normal temperature and the dan¬ 
ger of the reaction proceeding too far prior to molding is greatly decreased by 
this method. 

The blended composition is then freed from solvent by drying. Non-reactive, 
fusible compositions may be satisfactorily treated in ordinary atmospheric dryers 
but the reactive thermosetting preparations, because of their sensitivity to heat, 
often require the lower temperatures of vacuum drying. PJither shelf or rotary 
drum dryers can be emplo 3 ^ed.®* Following the extraction of solvents, the product 
is ordinarily ground to a powder and is then ready for use. When sheet stock 
is desired the granulated material may be placed on rolls of the type already de¬ 
scribed for mixing, heated to a temperature sufficient to render it plastic and im¬ 
mediately passed through sheeting rolls. 

Laminated Products 

The raw material for making laminated products consists of sheets of paper 
or fabric impregnated with a resin solution and subsequently dried. By combining 
a number of such sheets and subjecting them to heat under heavy pressure to bind 
them firmly together, sheets, tubes,'” rods and other simple shapes of any desired 
thickness may be made. These laminated products have exceptionally high ten¬ 
sile and impact strength combined with the other properties found in molded 

•One type of masticator, known as the Banbury mixer (c/. Figs. 167, 171 and 172), provides 
facilities for the quick handling of raw ingredients, close temperature control and rapid production of 
mixed material. 

• The manufacture of phenol-aldehvde resin molding compositions is described in Chapter 22. 

• W. C. Anderson, U. S. P. 1,595,811, Aug. 10, 1928, to Continental Fiber Co ; Chem. Abs„ 1928, 
20. 8250. 
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articley** but cannot be molded into intricate designs without specml jireparation 
and shaping since the material itself has very little flow.''* 

Preparation of Laminated Products. Continuous sheets of paper, fiber or 
fabric are impregnated with a solution of resinous binder (usually containing 
50 per cent total solids) and subsequently dried. See Fig. 172. The operation 
can be carried out in a manner similar to that used for coating pajier, by passing 
the sheet between rolls, one of which is coated with the resin solution. The 
material, thus coated on one side, is jiassed over heated rolls to evajiorate the sol¬ 
vent.*® An alternate treatment is to cover one surface of the fabric or paper with 
a binder of dough-like consistency, using scrapers similar to those on a rubber 
spreading machine. If both sides of the sheet are to be coated, dipping in a 
solution of the binder is the simplest and most effective procedure. The excess 
may be removed by scrapers and the sheet is then led through a drying chamber 
maintained at a projicrly regulated temperature. The heat incident to the last 



Fio. 172.—Fabric-Impregnating Machine. Paper or fabric is treated with synthetic- 
reain solutions in this apparatus. After the treated material has been dried, layers of it 
are hot-pressed to form laminated products. 


step effects a partial reaction of the resin which must not be allowed to go too 
far lest the finished pressed product be weakly bound together. 

Sheets containing a resinous binder may be formed in a paper beater by 
dispersing pulp or other available fiber in liquid resins, or finely pulverized resins 
suspended in water, the product being later formed into a sheet on screens or in 
a paper making machine.*' If the resin is thennosetting, a hardening agent can be 
added, but in this event the sheet is best dried in a vacuum or on calendering 
rolls heated to a low temperature,"^® so as to minimize further hardening of the 
binder. The progress of the reaction can be retarded by drying at a tempera¬ 
ture below 40®C. while passing through a zone of reduced pressure,*” or by treat- 

« H. W. Rowell, J.8.CJ., 1927, 46, 573, 592. 

^ The products and methods which are especially adapted to phenol-aldehyde laminated materials 
are described in Chapter 22, while the methods of testing are discussed in Cliapter 59. 

•«D. J. O'Conor, Jr., U. S. P. 1,384,432, Nov. 12, 1918, to Westinghouse Elec. A Mfg. Co.; Chem, 
Abi., 1919, 13, 170. 

<»L. H. Baekeland. U. S. P. 1,160,362 and 1,160,365, Nov. 16, 1915, to General Bakelite Co.; Chem. 
Ab8., 1916, 10, 256. C. A. Haanen, U. S. P. 1,630,484, May 31. 1927, to Felten A Quilleaume Oarlswerk 
A.-Q.; Chem. Abs., 1927, 21, 2385. J. Mursch, U. S. P. 1,869,491, Aug. 2, 1982, to Joseph Gatti; Chem 
Abs., 1932, 26, 5440. See also J. d'A. Qark and H. A. Kidd, U. S. P. 1,996,951, Apr. 9. 1935, to Mead 
Research Engineering Co. 

^L. V. Redman and H. C. Cheetham, U. S. P. 1,551.428, Aug. 35, 1925, to Bakelite Corp.; Chem. 
Abi., 1926, 20, 267. J. Rosaman, Paper Trade J„ 1929, 89 (2), 61; Chem. Abs., 1989, 23, 5589. 

^G. E. Wightman, U. S. P. 1,703,414, Feb. 26, 1929, to Bakelite Corp.; Chem. Abe., 1929, 23, 3002. 
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ment with a current of warm dehydrating gas at a temperature below that at 
which excessive softening of the reactive resinous binder occurs.” The use of 
wood flour has been advocated to aid in the more uniform incorporation of pul¬ 
verized resinous binders and fluxing agents in paper pulp” which is to be sheeted 
in a paper making machine. Powdered mica in the form of a thick paste, 
when added to the paper stock before mixing, is stated to give high electrical 
resistance.” 



In the manufacture of laminated pressboard, it is important to adjust the 
proportion of resinous binder carefully, although standard material usually con¬ 
tains approximately 50 per cent by weight of reactive resin. Water resistance 
must be high, the usual specification for phenolic resins requiring that the absorp¬ 
tion after total immersion for 24 hours must not exceed 0.2 per cent. If the resin 
content falls below 47 per cent, the water absorption may exceed this value, but 
if greater than 55 per cent the sheets are likely to slip over one another in the 
press. 

Slow curing is desirable and frequently is conducted at a low enough tempera- 


nL. H. Baekeland, U. S. P.. 1,842,647, Jan. 26, 1932, to Bakelite Corp. ; Chem. Ah$., 1032, 26, 1812. 

Britieh P. 314,987, 1928; Brit. Ch^m. Abt. B, 1930, 111. French P. 663,651, 1928; Chem. Abt., 1930, 24. 

« A. L. Clapp, U. 8. P. 1,684,755, Sept. 18, 1928; Chem. Abt., 1928, 22, 4757. 

MQ. J. Cro^an, U. 8. P. 1,868,566, 3u\y 16, 1982, to Panelyte Corp.; Chem. Abt., 1932, 26, 5441. 

The impregnated sheeta formed by these methods are cut into convenient lengths and hot pres^ as 

described in Chapter 68. or marke^d as unpressed sheets to be formed as desir^ by the purchaser. 
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ture to allow the treatment to continue for half an hour. Subsequent baking may 
be resorted to for additional hardness and water resistance. 

In addition to the method of impregnating sheets of fabric by coating or dipping 
the previously woven material, other procedures have been suggested by which 
the individual threads or cords are treated and subsequently dried. The product 
may be then formed by placing a mass of the threads into a mold in a haphazard 
manner to form irregular or interlocking structures^** or they may be woven into 
a fabric.” Laminated sheets and articles containing a reactive resinous binder 
may be so formed ‘that the interior portion will not harden to the same degree 
as the surface. This effect is secured by impregnating the outer layers with a 
binder containing a greater proportion of the hardening ingredient.” 

Wood veneer has been utilized as a basis for laminated products, but the thin 
sheets intended for this purpose may have to be prepared with an alkaline solu¬ 
tion before processing in order to prevent sticking to the platen of the pressJ"^ 
When coated with a solution of phenol-formaldehyde resin the veneer is liable 
to warp, and therefore Loetscher” has advised placing a partially dried sheet of 
resin-impregnated paper between the uncoated surfaces of wood which are to be 
united. Heat and pressure are then applied to form a composite layer. Satura¬ 
tion of the wood under vacuum has been recommended for improving the product, 
particularly for electrical purposes.” Panels containing a middle layer of flexible 
fibrous material impregnated with a reactive resin to which the outer surfaces 
may be cemented by hot pressing,®® and wood veneer combined with a backing or 
transparent facing sheet of paper treated with a resin," have also been suggested. 

Sheets of glass may be united by a plastic to form a shatterproof material, the 
usual form consisting of two layers of glass with an interposed film of celluloid 
or cellulose acetate, the whole bonded together to form a composite plate. Many 
types of synthetic resins have been suggested for use in laminated glass not only 
as a cementing agent but also as the inner layer." 

P. S. Smith, U. S. P. 1,557,730, Oct. 20, 1925, to Products Protection Corporation. 

A. L. Brown, U. S. P. 1,673,797, June 19, 1928, to Bakelite Corporation. 

A. L Brown, U. S P. 1,559,846, Nov 3, 1925, to Bakelite Corporation. 

•"E. C. Loetscher, U. S. P. 1,876,329, Sept. 6, 1932. 

■«£. C. Loetscher, U. S. P 1,891,430, Dec. 20, 1932. 

“^J. R Brossman, U. S. P. 1,834,895, Dec. 1, 1931, to General Electric Co.; Chem. Abt,, 1932, 26, 
1092. 

®®R. W. Seabury, U. S. P. 1,625,749, April 19, 1927; to Radio Frequency Laboratories, Inc.; Chem. 
Abe., 1927, 21. 2054. 

“E. E. No%otny and C. J. Romieux, U. 8. P. 1,597,538, and 1,597,589, Aug. 24, 1926, to John S. 
Stokes; Chem. Abe., 1926 , 20, 3355. 

“This use of synthetic resins is treated in the various sections which describe specific preparations. 
Paiticular reteience should be made to Chapters 22, 30, 34 and 52. 



Chapter 66 
Cold Molding 


The process generally known as cold molding was introduced into the United 
States in 1909. The name was given to distinguish it from the molding of perma¬ 
nently thermoplastic compositions such as shellac, which of course require both 
heating and cooling. The phenolic heat-hardening plastics were not developed 
until slightly later.^ 

In general, cold-molding compositions, in the form of loose, slightly sticky pow¬ 
ders, are subjected to high pressures in a very short cycle so that the press costs 
are low. The binders generally employed are cheap asphalts or pitches, which are 
hardened in the rather slow but inexpensive subsequent baking operation, mainly 
by evaporation of the solvent. Cold-molded objects can thus be made cheaply 
even though a two-stage process is used. 

The cold-molding industry developed very rapidly and at one time nearly 
dominated the field of heat-resistant molded products in the United States. 
Cheaper heat-reactive compositions and the extensive use of multiple-cavity molds 
and automatic presses, however, have brought the hot-molding type of material 
into increasing favor because of the greater resistance to shock, lighter weight and 
better surface finish that are obtainable*’ 

The cheapness of cold-molding is its principal advantage and consequently the 
binders must be available at low cost. Although some synthetic resins have been 
employed, these have generally proved too expensive to compete with cheaper 
materials and mixtures. Even shellac, which has been included at times to a con¬ 
siderable extent in articles of this kind, is displaced by less expensive resins, 
pitches and asphalts. Thus, because cold molding does not appear to offer a 
wide field'of usefulness for synthetic resins, it is discussed in less detail than hot- 
molding operations (see Chap. 65). Its interest is mainly as a competitive tech¬ 
nique rather than one extensively applied to synthetic resins. 

Uses of Cold-Molded Articles. One of the principal uses for cold-molded 
products is in the field of electrical insulation.* Other applications also take ad¬ 
vantage of the high resistance to heat resulting from the baking treatment to 
which the molded pieces are subjected, a property entirely lacking in articles made 
with permanently fusible resinous binders. Cold-molded articles may possess 
even greater heat-resistance than most hot-molded products. 

The exactness of dimension, mechanical perfection and lustrous surface finish 
obtained by hot molding can in no wise be secured in cold-molded articles. (See 
Fig. 174.) However, since, inserts may be incorporated with the latter (as with 
hot-molded articles) they may be used in enclosed equipment where appearance 


a Co^NixTYork^^wl; 215.^’ “Twenty-Five Years of Chemical Engineering”; D. Van Nostrand 

•For a oompr^enaive comparison of the various methods of molding see Chanter AS E Hemminc 

•H. ChM., Blecfric^ Uh: H33, U (2 ), 13?C^. w! liw. 
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is of no consequence and dimensional requirements are not exacting, particularly 
when resistance to heat and low cost are considerations of importance.* 

Binders and Their Solvents* The usual binder employed in cold-molding 
operations is a pitch or an asphalt. Coal-tar pitch admixed with gilsonite is a 
useful binding composition. The better grades of cold-molding compositions fre¬ 
quently contain varying proportions of drying oils. The addition of stearin pitch 
is also considered beneficial. The mixture is dissolved in a composite solvent 
which is made up of a light volatile solvent such as benzol or V. M. & P. naphtha, 
and a heavy solvent of which anthracene oil is representative. The light volatile 
solvent serves to dissolve the pitch and gilsonite forming a solution having good 
penetrating powers, thereby easily mixing with the filler. The purpose of the 
heavy solvent is to maintain the material plastic on exposure so that it will not 
dry out completely when kept adjacent to the presses during molding. Enough 



Fig. 174.—Cold-Molded Article. 


solvent is present to render the composition plastic or slightly moist, permitting 
rapid molding. The material is partly dried to remove some solvent preparatory 
to pressing. 

Special Compositions. The foregoing description indicates the general 
composition of cold-molding mixtures but modifications are numerous. Even 
vegetable albumin and casein may be mixed with various fillers to form composi¬ 
tions which can be cold-pressed.® Cold-molded articles are sometimes made from 
asphaltum (softened by the addition of benzol or gasoline) and hydraulic cement, 
or plaster of' Paris, with water added. Objects molded from this composition, 
with an asbestos filler, are allowed to set and are iBmally baked or immersed in 
hot oil to eliminate moisture and fill the pores so as to increase resistance to 
water.® 

The following serve as further illustrations of various compositions which are 


*W. B. Stoddard, Plattic Produeti, 1982, 8, 1?1. ^ 

«F. G. Wiechman, U. 8. P. 888,995, April 7, 1908; Chem. Ab$.. 1998. 2, 2457. . 

• C. BatchtUer (U. S. P. 1,998,412, Mar. 26, 1985) has prepared a cold-molding composition consisting 
of asbestos, ealeined magnesite, powdered clay (Bentonite) and water. 
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a departure from the typical ones previously described. Cushing^ made a mixture 
of asbestos or other filler with tung oil varnish, stearin pitch and coal-tar pitch 
being added to prevent the binder from oxidizing too rapidly. A granular mass 
is obtained which can be cold-molded and then baked for 24 hours at a gradually 
increasing temperature up to 205®C. A binder composed of tung oil, tar acids and 
sulphonates from tar acids treated with formaldehyde or hexamethylenetetramine 
has been suggested by Carter.® Steinberg** recommended a mix of asbestos, sulphur, 
coal-tar pitch, stearin pitch and castor oil containing benzol as the solvent, which 
could be molded without heat at 3-5 tons per square inch pressure and baked at a 
temperature increasing gradually to 232-250®C. over a period of 24 hours. This, 
it is stated, yields a tough, durable, insulating product which will resist tempera¬ 
tures approaching those employed in baking, without softening or deformation. 
Barringer has employed sulphurized oils as described in Chapter 60. 

A composition applicable for cold-molded electrical fittings'® comprises asbestos 
(40 parts), slate flour (40 parts), asphalt (8 parts), oxidized oil and a drier (8 
parts), copal resin or similar material (2 parts). Chosa" advocated a process in 
which heat was employed to mix the ingredients. For example, 40 parts of stearin 
pitch and 60 parts of asphalt are heated to 245°C., 10 parts of castor oil are 
added and the temperature raised to 260®C. The mixture is then cooled to 93°C 
and thinned with 25 parts of benzol. When cold, 286 parts of this binder are 
incorporated with 1100 parts of asbestos, 66 parts of sulphur (as a vulcanizing” 
agent) and 22 parts of iron oxide to form a composition which, particularly after 
storage, can be molded cold and cured by heating for a period varying from a 
few hours to more than 24 hours at a temperature rising gradually from 93°C. 
to 260®C. 

Herbst“ suggested the utilization of a binding agent, such-as asphalt, with a 
polymerizing oil and a solvent together with a filler and an impregnating material, 
as for instance, furfural. 

Articles of fairly high impact strength have been obtained with a composition 
described by Kurath and Richardson^ The binder consisted of stearin pitch, 
coal-tar pitch, gilsonite, fish or castor oil, and a solvent, together with a filler, a 
mixture of asbestos, sulphur and iron oxide. This material is formed into thin 
sheets which are shredded into flakes. The latter give laminations in the molded 
product and thus increase its resistance to shock. 

Colored cold-molding compositions have been made’ by Coleman'* from linseed 
oil, copal, and an asphalt by the addition of iron oxide ground with a dispersing 
agent and asbestos fiber. The fatty acids of drying oils may be employed as the 
dispersing material,“ Bleecker" molded acid-proof objects from a pitch binder 
and a graphite or carbon filler which, after drying, were impregnated with a bitumi¬ 
nous substance. 

Shellac was molded by Daniels and Snell” to form an infusible, insoluble mass, 



1.671,230, May 20, i928, to Cutler-Hamiiier Mfg. Co.; Chem. 
Herbst, U. S. P. 1,966,004, July 10, 1934, to Economy Fuse & Mfg. Co.; Chem. Abt.» 1934, 

28 , 5013 . 

S- P- hmm, June 19, 19M. to Cutler-Hammer Mf«. Co.; 
1919**M4 1>82S.920, Sept. 29, 1931, to Monowatt Elec. Corp.; Brit. Chem. Abt. B- 

25, MM. to Monowatt Elec. Corp.; Chem. Abe., !»>• 


Sy* r ®'***"' H-S- ?• *• itb*., 1928. 20, 9587. 

^ B. A. Daniels and H. 8. Snell, U, S. P. June 19. 1928 to Am TTiAntnA rvt 
ot varioua hardonin* agenta aa follows; 1,879.803. triph^lJuanidSer 


, oovM’ing Uie 
lUdehyde ammonia; 
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but the method of preparation is more like that used for cold-molded compositions. 
A filler (wood flour) is mixed with an alcohol solution of shellac to which a hard¬ 
ening agent, such as triphenylguanidine, has been added. The powder is dried 
at low temperatures and may be pressed at 260-270®F. 

An inorganic binder, for example sodium silicate, mixed with cement and as¬ 
bestos can be employed in the preparation of cold-molded objects. Such articles 
are utilized mainly for flame-proof insulation of extremely high heat-resistance, 
e.g., to insulate the heating element of an electric flat-iron from the upper portion 
and reflect the heat toward the bottom plate. Following the molding operation, 
articles made from this type of composition are usually baked at a high tempera¬ 
ture, steamed in an autoclave, and then baked again. 

Synthetic Resin Binders. Many synthetic resins have been proposed to 
replace part or all of the cheaper pitch compositions and some have had actual 
commercial use in spite of the higher cost. 

Hemming^ has investigated the utilization of phenol-formaldehyde condensa¬ 
tion products. The binder was made from phenol and an excess of formaldehyde, 
with ammonia as a catalyst. This mixture was heated under reflux until its spe¬ 
cific gravity reached approximately 1.17. It was then incorporated with asbestos 
or other filler to yield a granular or lumpy mix. The composition was molded 
cold under high pressure and, as soon as the article was shaped, it was placed 
.in an oven and baked until hard. Griinwald"* suggested mixing a plastic phenol 
resin and a filler, e.g., asbestos or sawdust, with non-solvents, such as a mixture 
of water and benzine, to obtain a flaky material, which could be molded cold, 
dried and then heated to cure the binder. 

McCoy*" also employed synthetic resins. One procedure involved dissolving a 
l)henol resin, shellac or copal in a solution of a weak alkali (e.g., borax) mixing this 
with a filler, and precipitating the binder with tannic acid. A second method was 
to swell an infusible resin or pitch such as wurtzilite by adding a mixture of alcohol 
and benzol and then to incorporate a filler and a soluble binderHe also sug¬ 
gested a mixture of phenol resin and cumarone resin.** Phenol-acetaldehyde*® con¬ 
densation products have been used as cold-molding binders. Such compositions do 
not set on heating but retain thermoplastic properties. 

It has been suggested that friction materials which are to be subjected to 
molding may be saturated with an oxidizable binder, with apertures through the 
material to permit the escape of volatile substances.** 

Cold-molding phenolic compositions have been prepared by Redman, Weith 
and Brock.*® They recommend moistening wood flour or asbestos with a solution 
of hexamethylenetetramine in a phenol (particularly cresol), adding a potentially 
reactive resin in powdered form and pressing at room temperature. The molded 
article is later baked to transform the binder into an infusible and insoluble prod¬ 
uct. Another method is to mix 50 parts by weight of cresol with 13 parts of 
hexamethylenetetramine, incorporate this with 600 parts of asbestos pulp and 
150 parts of long fiber asbestos in a kneading machine at room temperature 
and finally add 300 parts of fusible resin. The product is molded cold and 


1*673,806, axninonaphthalene; 1,678,806, diphenylamine or other secondary aromatic amines; 1,678,807, 
reaction product of piperidine and carbon bisulphide; and 1,673,808, sodium ^-naphtholate; Chem. 
Abi., 1928. 22. 2850. 

“E. Hemming, U. S. P. 1,125.906, Jan. 19. 1915; Chem. ilbu., 1915, 9, 781. 

“F. QrUnwald, U. S. P. 1,880.444, Feb. 10. 1920; /.S.C./., 1920, 89, 272A. 

"J P. A. McCoy, U. S. P. 1.227.465, May 22. 1917; Chem. Aba., 19’7, 11. 2173. 

J. P. A. McCoy. U. 8. P. 1,286,870, Dec. 3, 1918; Chem. Aha., 1919, 13. 867. 

*»J. P. A. McCoy. U. 8 . P. 1.425 784. Aug. 15. 1922; Chem. Aha., ^922. 16. 3354. 

®®E. B. Novotny, U. 8. P. 1.870,666, March 8» 1921; Chem. Aba., 1921, 15, 1975. 

British P. 3^,124, 1933, to ^vbMtos Co .; Brit. Chem. Aba. B, 1983, 256. 

^ f L. V. Redman. A. J. Weith and F. P. Brock. U. 8. P. 1,389.184, May 4, 1920. to Redmanol Chemical 
Froduota Co.; JJ3.C.I., 1920, 89, 460A. 



1288 


THE CHEMISTRY OF SYNTHETIC RESINS 


then baked for 2-20 hours at a gradually increasing temperature ranging up 
to 160® or 200°C. Although the ratio of binder to filler may be varied, the 
best proportion is 30 per cent of binder to obtain a flame-proof material. A 
modification” consists in mixing a fusible resin with hexamethylenetetramine at 
66®C., proportioning the two to yield a product containing 1 methylene group 
for each phenol group. It is desirable to add to the binder about 5 per cent 
of its weight of a slowly volatile solvent such as creosote oil. The binder is mixed 
with 3 times its weight of asbestos and the product dried by exposure to warm 
air and ground to a coarse powder. This composition may be molded cold and 
baked for a prolonged period, starting at 38®C. and incrfeasing the^ temperature 
gradually to approximately 230®C. Solutions which contain no hardening agent 
for the phenol-formaldehyde condensation product have also been reported as 
satisfactory binders. Ethylene glycol, hexalin, ethylene dichloride and Cello- 
sol ve were mentioned as applicable solvents.^ Brock” used a powdered fusible 
phenol resin, with sufficient hardening agent and a plasticizer such as furfural, a- 
a binder for carborundum. 

Richardson, also suggested the use of condensation products of a phenol and 
hexamethylenetetramine,*^ the proportions being 6 molecular equivalents of phenol 
to 1 of hexa. Reaction is continued until approximately one-third completed 
and then checked by the addition of 5 per cent of light coal-tar oil, after which 
a filler (asbestos) is added to give a composition containing 30 per cent of binder 
This mixture is then dried at normal temperature and ground. A similar binder 
may be prepared with aqueous formaldehyde and an acid condensing agent such 
as hydrochloric acid.*^ Turkington has described a binder consisting of a poten¬ 
tially reactive phenol resin and furfural, which, when incorporated with a filler, 
may be tnolded cold. The articles so produced are heated to transform the re¬ 
active resin but not enough to vaporize the furfural, thus avoiding surface altera¬ 
tions or shrinkage.®^ 


A binder for cold-molding compositions may be prepared by gradually adding 
paraldehyde to phenol or cresol and slightly acidulating with concentrated hydro¬ 
chloric or sulphuric acid. The paraldehyde is converted to acetaldehyde, the con¬ 
version absorbing the heat evolved by interaction of the phenol and acetalde¬ 
hyde. The reaction is first allowed to proceed in the cold, then the ingredients 
are heated to form a resin and the acid neutralized. The product, dissolved in 
acetone, is mixed with asbestos to form a molding composition. A hardening 
agent, such as hexamethylenetetramine, may be added. Wood flour may also be 
impregnated with such a solution, and a lubricant, for example aluminum palmitate, 
added when grinding the composition.” Commercial ortho-cresol heated with 
formaldehyde or paraform yields a resinous material, which forms a satisfactory 
binder when dissolved in acetone and mixed with a drying oil before incorporating 
with a filler. The resulting mass, dried in air and ground, can be molded in the 
cold and baked at a gradually rising temperature.” 

Weber” suggested the use of a very reactive binder made from cresol and formal¬ 
dehyde in the presence of a catalyst such as magnesium oxide. This is mixed 
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with a filler and dried in a vacuum to minimize further reaction of the binder. The 
composition is then roughly shaped by cold molding, followed by hot pressing to 
complete the reaction of the binder and give the article its final shape. A some¬ 
what similar binding agent was recommended by de Jarny," who condensed phenol 
or cresol with aqueous formaldehyde in which 15 per cent or more of calcium 
chloride had been dissolved. The resin in the fusible stage is incorporated with 
a filler and the composition, when dried, can be pressed cold and heat-treated in 
the customary manner with or without a mold. 

Prouty** employed phenol-formaldehyde resins as temporary binders for molded 
insulation composed of talc. The mixture is molded into the desired shape under 
pressure, which for spark plug cores may be 25,000 pounds per square inch. After 
heating the blank at 100-200®C. it can be machined to final shape and size and fol¬ 
lowing this operation it is subjected to a temperature of about 1000®C. 

Coleman and Groten*" have prepared a cold-molding composition containing 
only a liquid drying oil and a varnish as a binder. This was heated to evaporate 
the solvent and oxidize the oils, after which a heat-convertible phenolic resin was 
added and the product molded. Cheetham® has described the utilization of a 
neutral aqueous suspension of a phenolic resin. 

A binder comprising the reaction product of phenol or cresol and sulphur 
chloride is recommended by Votapek.® The product may be improved by adding 
a small quantity of stearin pitch, and incorporation of a filler, for example asbestos, 
is facilitated by the use of acetone or coal-tar oil as solvents. Trickey and Miner" 
suggested furfuryl alcohol, treated with sulphuric acid, as a binder. McCoy" 
has employed indene, cumarone or their isomers for this purpose. Power" 
advocated cumarone resin as a bond for cold-molded abrasive wheels. 

Investigations conducted at the author^s laboratory have developed several 
types of cold-molding compositions of unusual character. For example, 20 parts 
by weight of acetone, 50 parts of formalin and 5 parts of sodium carbonate are 
mixed and heated under reflux. The resulting product is freed from water, dried, 
dissolved in alcohol and sodium or potassium hydroxide added (to catalyze the 
final reaction) together with the desired fillers." 

Another composition contains a binder which is the reaction product of glycerol 
with a natural resin, such as rosin or a copal, and an acid such as phthalic, citric, 
tartaric, malic, maleic or succinic. Diluents, softening or retarding agents may 
be incorporated with the binder." 

Still another type of binder for cold molding is the resin made by heating 
benzotrichloride and phenol until an oily condensation product has formed and 
reacting the oil with formaldehyde." 

Fillers. Fillers increase the strength, reduce shrinkage and improve resistance 
to shock or cold, as in the case of hot-molded articles. Asbestos is the customary 
material but it generally gives a rough surface. Long-fiber asbestos is best for 

.T P. C. de Jamy, U. S. P. 1,043,447, Sept. 27, 1927; Bnt. C/icm. Ahn. B, 1927, 852. British P. 
265,033. 1926; Brit. Chem. Aba. B, 1927, 259. 

“T. C. Prouty, U S. P. 1,453,726, May 1, 1923, to Proutyhne Products Co.; Chem. Met. Sng., 1923, 
28, 1126. 

E. Coleman and F. J. Qroten, U. S. P. 1,808,529, June 2, 1931, to Monowatt Elec. Corp.; 
Chem, Ab$., 1931, 25, 4870. 

"H. C. Cheetham, U. S. P. 1,855.884, Apr. 26, 1932, to Bakelite Corp.; Chem. Abs., 1932, 26. 3344. 
French P. 689,015. 1980; Chem. Aba., 1981, 25, 1109. 

*0. J. Votapek, V. S. P. 1,674,771, Mar. 2, 1929; Chem. Aba., 1926, 20, 1500. 
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R. Power, U. S. P. 1,427,844, Sept. 5, 1922; Chem. Aba., 1922, 16, 8738. 
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strength and resistance to shock but a smoother surface is obtained with a short- 
fiber grade and consequently a compromise is usually reached between strength 
and appearance by mixing the two. Wood flour may be added to improve the ap¬ 
pearance but it reduces the heat resistance. China clay or other powdered in¬ 
organic fillers also improve the surface but diminish the impact strength. Talc 
is often added to minimize the abrasive effect of the composition on the mold and 
mica may be introduced to increase the dielectric strength. 

Methods of Mixing. Pitch, asphalt, gilsonite, resin and other ingredients 
used to form the binder of cold-molding compositions are dissolved, with or with¬ 
out heat, in benzol or V. M. & P. naphtha in a kettle having an agitator to assist 
in forming the solution. Fillers are usually incorporated in small batches with 
the solution to obtain a uniform mass. With a short-fiber or powdered filler the 
amount of binder may be less than 25 per cent, but when long-fiber asbestos is 
employed it becomes necessary to increase the proportion of binder. When the 
batch is first removed from the mixer it is too sticky or tacky to mold and is there¬ 
fore seasoned by exposure to air to evaporate part of the volatile solvent. If a 
drying oil is used, it is slightly oxidized by the air and this tends to reduce sticki¬ 
ness. After seasoning, the material is screened to proper size and allowed to remain 
exposed to the air until it has reached the best molding state. During this second 
stage the batch may be turned and blended seyeral times a day to evaporate the 
solvent evenly. A rough test for molding consistency is made by squeezing a por¬ 
tion of the composition in the hand. If it remains compact, it is still too tacky, 
and if it crumbles to a powder it is too dry and must be blended with a fresh 
batch to moisten it. At the proper consistency it drops apart in a few lumps. 
When properly seasoned, the molding powder is placed in air-tight containers to 
prevent further evaporation and is stored in this manner until used. 

Method of Molding. The shaping or molding of these compositions is 
conducted entirely by pressure without the aid of heat. The material, in the form 
of powder or granules, is weighed or measured by volume. The mold being prop¬ 
erly secured in the press with the cavity at the bottom and the force at the top, 
the measured charge is placed in the mold cavity. The operator first closes the 
press slowly to drive air out of the composition and then gives the piece 2 or 3 
sharp blows in rapid succession, by opening the press about 0.25-0.50 inch and 
quickly closing it. These blows are needed to set the material and give the article 
a good surface. The pressure exerted on the cross area of the piece ranges from 
5 to 15 tons. The press is then immediately opened and the molded piece ejected. 
Difficulty arises at times from sticking to the mold and is generally caused by 
insufficient seasoning of the composition prior to molding. To avoid this, water 
applied directly to the mold may be used as a lubricant. The articles as they 
come from the press are rigid but soft and mechanically weak. They may, how¬ 
ever, have a tough flexible surface film and in any event possess sufficient strength 
to withstand the handling necessary for the baking operation. 

By the cold-molding process, production may range from 300 to 450 pieces per 
hour from a single-cavity mold, which is considerably greater than that secured 
in established methods of hot-molding in hand-operated molds An exact com¬ 
parison of press output is difficult but it will suffice to call attention to the fact 
that molding is more rapid by the cold process. Cold-molded articles must be 
finished by a subsequent baking operation not required in hot pressing, where the 
process, except for the removal of the overflow fins and buffing, is completed on 
removal of the article from the mold. 

«C. W. KiviM, PUutie ProducU, 1929, 5. 72. 
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Baking. Preparatory to baking, cold-molded pieces are arranged on per¬ 
forated metal trays to permit free circulation of air and are dried for 24-48 hours 
at normal temperature before being heat-treated. The stoving or baking opera¬ 
tion must be carried out very slowly to prevent blistering and deformation of the 
piece. The oven with its contents is gradually heated to expel the more volatile 
solvents at a low temperature and then the heavier and less volatile liquids as 
the temperature is increased. The size of the articles governs the time of heat¬ 
ing, which ranges from 12 hours for small products to 96 hours for thick heavy 
pieces. The temperature is often raised to 250° or 300°C. If desired, the entire 
operation of molding and drying can be carried out within 24 hours but this 
increases the number of defective pieces considerably. 

The inflammable nature of the solvents usually employed makes the baking 
operation a serious fire hazard. No open flame can be permitted in or about the 
oven, which is heated indirectly by hot air, circulated to maintain a uniform 
temperature. Means for venting are also necessary, particularly during the early 
stages of the baking period, to provide escape for solvent fumes and gases. 

Finishing. The finishing treatment required often involves several opera¬ 
tions and IS an item of considerable expense. A piece may be knurled, machined 
or drilled before baking but the usual practice is to bake the pieces with even 
the overflow fins attached to reduce handling of the soft molded blank as much 
as possible. At times these fins cement themselves to the surface of the article 
during baking and form rough lumps difficult to remove. Final finishing of cir¬ 
cular shapes is done in a lathe using a file as the tool. Flat pieces are finished on 
a sanding wheel. Two-part pieces are matched by smoothing the contact sur¬ 
faces on a sanding wheel, and oversize is ground off in this manner. 

A feature peculiar to cold molding is that flat molded surfaces in a plane at 
right angles, or nearly so, to the direction of pressure seldom or never take a 
good finish. On the other hand, rounded surfaces, in planes parallel to the direc¬ 
tion of force, receive a high luster produced by the friction and heat accompany¬ 
ing the flow of the composition. For this reason flat surfaces are avoided and 
when circumstances require them they are, as a rule, milled, cross-hatched or 
treated in some similar manner to improve their appearance. Grinding marks can 
be removed and flat surfaces polished by buffing in the ordinary manner. 

Richardson^*^ has suggested that cold-molded articles of improved surface-finish 
result when the molding material is kneaded under pressure and extruded in the 
form of strips, which are then cut into blanks for molding. 

Molds. The molds employed in the cold process, although similar to those 
for hot-molding, are built more strongly to withstand the high pressures and shocks 
to which they are subjected. Guide or mitre pins of rugged proportion are used 
to insure exact alignment. The mold surface is polished to about the same degree 
as that required for hot pressing. Molds are usually of the single-cavity, positive 
type; that is, the force is applied in such a manner that the full pressure is exerted 
on the entire charge of material at all times. This form permits the making of 
both oversize and undersize pieces and the charge must therefore be measured 
carefully. The molds also differ in that they must be so designed as to permit 
the composition, possessing little or no plasticity or flow, to be forced into all 
parts of the cavity. This sometimes necessitates making an article in 2 or more 
parts, a practice economically permissible (although it might be formed in 1 piece 
by hot molding) because of the increased output of cold molding. 

In order to facilitate production and ease of removal without injury to the 
piece, either automatic or hand-operated ejectors are employed, the latter being 

«TL. T. Richardson, U. S. P. 1,944,4«4, Jan. 33, 1984, to Cutlar-Hammar Mfg. Co.; Ch«m, Aht., 
1934, 28, 3033., 
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generally used with molds for small articles. New molds are usually made wi^ 
small clearances and are then broken in on a press with a hydraulic pull-back, 
as the spring-actuated type has not sufficient power to open them. The severe 
abrasive action of cold-molding compositions shortens the life of molds and their 




Fig. 175. 

Cold-Molding Press 


Courteny Chnsf F. Flmes Engineering Works 


maintenance is an important item of cost. Aside from injury resulting from 
negligence or accident, molds usually begin to show signs of wear after 10,000 
pieces have been made, and an even shorter life is to be expected when the com¬ 
positions contain an inorganic binder, e.g., sodium silicate. If dimensional require¬ 
ments and finish are not important, as many as 30,000 to 40,000 pieces can be 
turned out before repairs are made. Wear is indicated by the appearance of flow 
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marks which multiply rapidly. The amount of metal lost can, of course, be readily 
determined by measuring a molded piece. 

Presses and Equipment. The inverted ram type of hydraulic press is the 
one most extensively used in cold molding as it provides an' immovable platen for 
the mold cavity and permits quicker and more convenient charging. The im¬ 
portant features of a press are accurate alignment, sufficient pressure and suitable 
valve equipment adapted for high-speed operation. A small ram is essential when 
a high velocity is used to avoid the consumption of an excessive amount of pres¬ 
sure liquid and on this account a line pressure of 3000-4000 pounds per square inch 
is necessary. The presses are equipped with a spring or hydraulic pull-back, 
which permits rapid opening of the mold, an ejector mechanism and safety devices. 
Such presses are capable of exerting a total pressure of 10-25 tons. On the up¬ 
ward stroke the ejector is pushed up to any desired position and automatically 
released, permitting the ejector pin in the mold to reseat in position for recharg¬ 
ing. An auxiliary hand lever is provided for holding the pin in place while re¬ 
moving certain articles, such as fuse plugs, which are molded with a thread that 
must be unscrewed. On presses employing more than 25 tons pressure a separate 
hydraulic ejector may be used. The one below the bottom platen in Fig. 175, is 
controlled directly by the secondary valve at the left side of the press. A three- 
way valve, providing for down-stroke, stop, or up-stroke, controls the applica¬ 
tion of the mam pressure and, as it requires but little effort to operate, facilitates 
rapid molding. The machines may be equipped with a safety device to prevent 
accidental closing while the mold is being charged. To serve this purpose a 
secondary locking lever may be arranged on one side in such a manner that it 
must be depressed with one hand before the main operating valve, placed on the 
opposite side, can be opened. In this way, both hands are outside of the press 
before it can be closed. 

To obtain maximum production the presses are equipped with quick-acting 
valves, made entirely of steel, as brass-seated valves wear out more rapidly under 
the cutting action of the high-pressure fluid. With steel fittings, oil is used in 
the hydraulic system to eliminate rusting. Pressure is maintained by means of 
pumps and accumulators, some of which are described in Chapter 67. The 
high pressures generally employed require that the hydraulic equipment be 
guarded against damage by shock absorbers placed at various points throughout 
the system to take up 'Vater hammer.” 



Chapter 67 
Molding Equipment 

Molding is an economical and rapid method for the production of a large num- 
l^r of identical articles, but careful selection and design of equipment are as essen¬ 
tial as is the use of the proper materials. This chapter is concerned with the 
types of molds, presses and accessories employed in the application of synthetic 
resins to the manufacture of molded articles. 

Types of* Molds. The mold is the tool which is used to give shape to the 
molding material while it is m a plastic state. Inasmuch as the initial cost of 
the mold represents a considerable proportion of the total expense involved, care¬ 
ful design is necessary. The number of pieces to be made, the material which 
is to be formed and the probable use to which the finished piece will be sub¬ 
jected must all be considered. 

The various types of molds in general use differ chiefly in the manner in which 
they act upon the material to be formed and are classified as “flash’' or “open” 
molds, “positive” or “closed” molds, “injection” molds and “blowing” molds." 

In the flash tvpe the top rests upon the body of the mold, whereas in the posi¬ 
tive form a tightly fitting plunger is forced into the lower section. In the former 
case an overflow channel must be cut around the cavities to collect the superfluous 
material or flash.' An injection mold is of the positive type but is empty when 
closed. The plastic material is introduced under pressure through a small port, 
thus requiring a composition which will stand preheating. The fourth type, the 
blowing” mold, is used in the rubber, pyroxylin and glass industries for the 
production of hollow articles. The pressure on the molded article is exerted by a 
fluid, such as air, gas, steam or water. Hollow toys are commonly made from 
pyroxylin sheets or tubes in this manner. In general, this type is not used ex¬ 
tensively in the fabrication of synthetic resin products. 

Molds for the casting of thermoreactive synthetic resins are frequently made 
of a fusible metal such as lead. Such molds may be charged with resin before 
they are fully cold, and may be readily melted and reformed after each charge of 
resin if the mold is damaged in removing the piece. 

Dies for extrusion molding are entirely different from the four types de¬ 
scribed above in that they give shape to the plastic material while it is being 
forced through them, and thus are suitable only for forming continuous moldings 
of uniform cross-section. The dies may, however, be solid, hollow or irregular 
in shape. These molds must be designed to insure free flow so that all material 
moves continuously and no “dead spots” are present. 

Large multiple-cavity molds are used for the quantity production of radio 
tube b^ses, telephone mouthpieces* and many small articles such as bottle clo¬ 
sures. Sachse* has devised a mold for making pieces with re-entrant angles*by 

F. Rabm. PUutict and Molded Produete, 1931, 7, 386. 

*W 0. Alpeter, PlaeticK and Molded Produete, 1932, 8, 199 

•W. Sadite, U. B. P. 1.687,797, Oct. 16, 1928, to Central Sciratiac Co 
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forming these parts against a section of the mold which is removed with the piece 
and separated from it outside of the main cavity. 

Mounting and Heating of Molds. The earliest forms of molds were heated 
by inserting them in a press between heated platens, or by resting the parts of 
the mold on a hot table. Cooling was effected by transfer to a cold surface or by 
cooling the entire mass. With the introduction of larger multiple-cavity molds 
the weight became so great that manual operation was impossible, and i)ermaneilt 
mounting in the press was adopted. Improvement in the rate and economy of 
heating and cooling then became possible by heating the mold alone. When heat¬ 
ing’ and cooling are both necessary, the mold is made hollow or cored, and steam 
and cold water are used alternately. 


Dowel Pm Dowel Pin 



B 

Fig. 176.~.(.4) ^‘Flash” or ‘^Open” Mold. {B) ‘Tositive” or “Closed’^ Mold. 

If heat alone is required, electricity or gas may be used. Electrically heated 
molds and platens have been much used and recommended, especially for small 
presses or for installations where high-pressure steam is not readily available.^ 
This method is reported to be much more uniform than steam when used with 
thermostatic control, and is more economical when only one or two presses out 
of a battery are to be operated. BeU® has calculated that about five watts are 
required for each square inch of platen area in normal work with synthetic 
resins. Gas-fired platens for hot molding have been used for hard rubber tele¬ 
phone parts* and for phonograph records. High-pressure gas is almost a nece^ity, 
however, and special burners are required,* 

The rate of heating and conductivity of molds are important, especially when 

«R. M. Keencv, Chem, Met, Bng„ 1923, 32, 833. BriHeh Plattia, 1988, 4, 403, 448, 443. 

BL. M. T. BeU, Britieh JHagike, 1981, 3. 319. 

BA. M. Lsmn, Plagtice and Molded Products, 1981, 7, 78. 

«L. M. T. Boll, loc. eit. 
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both heating and cooling are necessary. The most important consideration is 
to obtain uniform temperatures on the various faces of the mold so as to prevent 
uneven curing and avoid warping or blistering of the molded product. Bronze 
dies are sometimes used when very rapid transfer of heat is desired, but trouble 
is often encountered from mechanical failure of the metal. Steel discs for phono¬ 
graph records transmit heat rapidly enough to turn out two complete ten-inch 
shellac records per minute with both heating and cooling. This is accomplished 
by very complete coring of the dies. 

Powder, Tablet and Sheet-Stock Molds. Molding compositions in 
powdered form are usually pressed in positive or closed molds. When briquettes, 
sheet-stock or tablets are employed a flash type of mold is very frequently used. 
The powder mold requires a cavity large enough to contain the required weight 
of composition and, in using a resin composition incorporated with a filler of 
wood flour or asbestos, it is customary to calculate the capacity of the cavity 
to be 2^2 or 3Vi times the final volume of the finished molded article. If a pre¬ 
form is employed the cavity may be the size of the finished piece. The advan¬ 
tage of this is readily apparent as it means less steel to heat up to molding 
temperature, lighter molds and lower cost in construction, in addition to the con¬ 
venience and accuracy derived from the use of a tablet instead of a bulky powder 
which must be weighed for each molding. 

The sheet-stock mold likewise requires a cavity of the same volume as the 
completed article, the sheet being packed tightly into the mold. However, sheet- 
stock requires some means of softening prior to loading in the press which calls 
for more equipment and labor. 

Inserts. Inserts are parts of a finished molded article which are of different 
material from the molding composition but are set in place or positioned by the 
molding operation. Inserts may be of various metals such as steel, brass, cop.per, 
nickel or silver, or can be rubber, a molded resin part, a piece of laminated sheet 
or ceramic material. They are usually anchored to the mold in order to insure 
proper location and position after the mold is closed. This may be done by means 
of a pin in the mold which fits into a hole in the insert. 

Care shpuld be taken that the insert does not prevent the mold from closing 
tightly, otherwise a poorly molded article would result. This is important with metal 
parts which pa^ all the way through a piece. The simplest forms are always 
preferred, of course, especially those that can be made to close tolerances on auto¬ 
matic machines. For irregular pieces die casting has been used.® Peterson® has 
suggested wrapping metal inserts with several layers of cotton yarn before im¬ 
bedding them in the resin. Metal overlays are often employed for decorative 
effects on laminated products of all kinds, such as table tops, trays, store-front 
panels, water coolers, and many other products. 

Materials Used for Making Molds. Hardened steel is the most gen¬ 
erally used material for molds. Since the cost of designing, fabricating and main¬ 
taining these tools is very high it is worth while in most cases to use hardened steel, 
and in special cases stainless steel. Although the initial cost may be considerably 
higher, the longer life of special molds and the lower cost of maintenance may over¬ 
balance the difference in cost of manufacture.*® In cases where a relatively small 
production is required or where the design of a mold is of doubtful efficiency, 
soft steel is employed because slight changes may be made more easily. The 
unhardened steel mold, however, will require more frequent polishing and if used 

• Plattict, 1932, 4, 288. 

• C. F. Peterwn, British P. 359,383, 1930, to British Thomson-Houston Co., Ltd.; Chem. Abt,, 1933, 

» BrUiih PUutietf 1981, 3, 71. 
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in constant production will have to be discarded in a comparatively short time. 
Gray iron castings may be used occasionally for molds when the peculiar or 
irregular shapes desired make machining difficult, but they are, of course, very 
brittle, cannot be well polished and have only a short life. In the manufacture 
of printing plates a ^^molded mold'' made from synthetic resin with a thin metal¬ 
lic foil on the surfaces has been employed with satisfactory results. This type 
has been recommended also for various powdered materials.^ 

Alloy steels with special properties^ have been used extensively in mold con¬ 
struction, and Hohl“ has described some of these new applications. Steel for 



Fia. 177.—^Illustrating Slightly Tapered Sides and Rounded Comers. 


use in dies should, when hardened, have an ultimate strength in compression of 
100,000-350,000 pounds per square inch. For extreme accuracy in molds it is 
essential to use steels which do not shrink or warp during hardening. This prop¬ 
erty is usually gained only at the expense of lower strength. 

Design of Molds and Molded Products. There are no fixed rules for 
the design of molds although certain general principles have been pointed out.^* 
Once the general design is decided upon there are a number of points which must 
not be overlooked if best results and lowest costs are to be realized, although 
it is often impossible to incorporate all desirable features. The most important 
considerations are given briefly below. 

Sufficient 'Mraft" or clearance must be allowed to permit removal of the piece 

^L. M. T. Bell, British P. 371,192, 1029, to British Thomson-Houston Co.. Lfd‘; Chsm. 

1028. 32, 1909. 

u A. C. Row, Brituh Ptostici, 1088, 4, 409. 

^•J. Hobl. Ploitici and Afaldad ProducU, 1081, 7. 978. 

^ L. E. Barringer, Gen. Elec, Review, 1037, 30, 887. H. T. Richardson, Brituh Plaitics, 1080, 1, 
430, 408, 844 ; 2. 82, 80. 120, 199. E. F. Baohncr, Plastic ProdwU. 1033, 0, 188. 
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from the mold. Thus, unless parallel sides are absolutely necessary, there should 
be, for hot-molded products, about 0.015 inch total taper per inch of length, or 
an angle from the parallel of ^2 degree on each side, in the case of both outside 
and inside surfaces. Cold-molded goods require more, about 0.060 inch per inch 
or 2 degrees from the parallel. This is due to the fact that cold-molded products 
are still weak and fragile when removed from the mold. 

All sharp edges or corners on the piece, into which the material has to flpw, 
should be rounded off wherever possible, to allow better filling and less breakage. 
Similarly, edges or corners on the mold that come into sliding contact with an¬ 
other portion should be bevelled off, or protected, as by the use of dowel pins, 
to prevent mutual damage. For example, bevelled edges to be formed by a 



Courtesy Modern Plaetics 

Fig. 178. —Machining a Mold Cavity. 

plunger should be modified, as a blunt edge is much cheaper to maintain than a 
sharp one. 

Loading and unloading of the mold should be as nearly automatic as possible. 
Frames or fixtures can be used to advantage on multiple-cavity molds. In gen¬ 
eral, the number of movable parts in the mold should be kept as low as possible, 
and the necessary operations in opening and closing should be made simple and 
foolproof. Dowel pins are of service in preventing the incorrect assembly of hand 
molds. Adequate knock-out devices should be incorporated even in the simplest 
hand mold. 

Molds must be ruggedly built,.and if possible, designed so that delicate parts 
are protected from mechanical injury whether caused by normal operation or by 
accidents. The weight of the mold, however, should be as low as possible, par¬ 
ticularly in hand molds, for ease in manipulation, and in molds which are heated 
and cooled, because of the extra time, steam and water required to vary the 
temperature of the excess metal. 
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Sunken lettering should be used on the mold, giving raised figures on the piece. 
These can be readily stamped or engraved whereas a raised design requires re¬ 
moval of the adjacent metal which is much more difficult and expensive. Further¬ 
more, raised letters are more easily damaged in handling and tend to increase 
maintenance costs. 

Dimensions of molded pieces should not be closer than plus or minus 0.005 
inch unless absolutely necessary, as unusual precautions are required to maintain 
closer limits. In large moldings a tolerance of 0.002 inch per inch of length can 
be attained for hot-molded pieces, and about 0.005 inch per inch for cold-molded 
goods. 

Undercuts should be avoided in general, as they require a complicated mold, 
and make removal of the piece difficult since it is necessary to dissemble the mold 
completely in order to withdraw the article. Deep undercuts on the inside of a 
piece are even more difficult to produce, but shallow ones are used in many 
molded closures" for bottles and jars. 

Holes and inserts should have their axes parallel to the line of pressing wherever 
possible. If this cannot be done, they should be limited to as few other directions 
as possible, in order to simplify the operation of removing the pins forming the 
holes. Very small holes, requiring slender pins, are difficult to make. Therefore 
pin lengths should be limited to two diameters if possible. 

Thin sections of any kind should be avoided, especially when heavy walls are 
also present. Thus, long holes closely spaced, or holes nearer the edge than one- 
eighth inch are objectionable. Large holes with square corners near an outside 
surface are likely to cause breakage, and great reduction in cross-section in any 
plane should be guarded against for the same reason. 

Round sections, capable of production on a lathe should be used where prac¬ 
tical, because of the lower cost of machine work and the greater ease of molding. 

Threads should be as bold as possible, coarse, multiple threads being used 
frequently on jars and closures to give quick sealing action. Rings or plugs for 
molding threads can often be discharged with the piece and unscrewed by ma¬ 
chine outside of the mold," Knurling should be bold, and in straight lines parallel 
to the direction of removal of the piece, facilitating operation. Knurling at right 
angles, or diamond knurling, requires a three-piece mold in order to prevent damage 
during stripping. 

Multiple-cavity molds should be made so that one damaged unit can be re¬ 
placed without impairing the remainder of the mold. This can be done, for ex¬ 
ample, by the use of a chase, or major mold which holds the independent molding 
units, as in molding telephone mouthpieces, described by Alpeter.” 

Shrinkage Allowance. Molded articles may be made to very exact dimen¬ 
sions if the shrinkage of the molding composition is taken into account. The 
ideal preparation should possess just sufficient shrinkage to allow easy removal 
of the articles, but at the present time, none are perfect from this standpoint. 
Those of the phenol-formaldehyde type have a contraction of 0.004-0.009 inch per 
inch of length. This variation must be calculated when a box with a tightly fitting 
lid is to be designed, and likewise when pieces must exactly fit into a standard 
sized cavity in a piece of apparatus. The allowance depends on the material 
used, and in addition, the contraction will be greater when the piece is removed 
hot than when it is cooled in the mold undjr pressure. Shrinkage will depend 
also upon the pressure at which a piece is molded. There is a tendency for 

^PUutUf and Melded Prodwti, 1981, 7. 140. 

^W. O Alpeter, Pla$tic$ and Molded f^dwtit 1038, S, 190. 

**W. O. Alpeter, ioc. 
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molded pieces to shrink away from the mold cavities, and onto the mold plungers. 
This is particularly troublesome in the molding of large, deep parts, such as 
radio cabinets, where there is liability of breakage if the material cools unduly 
before it is removed from the plunger. Advantage has been taken of high shrink¬ 
age to unite parts inseparably. In one case knobs on the tops of tobacco jars*** 
have been molded, cooled, and inserted into a cavity in the cover of the jar before 
the latter had cooled after molding. 

The accurate design of molded threads has been discussed by Richardson.**' 
It is apparent that the thread will shrink both in diameter and in length, so that 



Courtesy Western Electric Co. 

Fig, 179.—Cross-section of a Single Telephone Mouthpiece Mold. Three distinct 
parts are shown: the punch which forms the bell mouth and grill holes, the cavity 
shaping the exterior and the loose insert that forms the threads. 


the size and the pitch both change. This effect is noticeable when a molded and 
a cut thread must mesh exactly for lengths greater than two diameters. Such 
cases are rather rare, and when they do occur the difficulty can often be met 
best by the use of metal inserts. Shrinkage may be readily determined by com¬ 
paring the dimensions of the cold mold and the cold piece. Similar procedures 
and shapes will give check figures, but marked variation in either is likely to yield 
different results.® 

Fabrication of Molds. A well-equipped machine shop is, of course, necessary 
for the manufacture of molds, and in addition, modem practice requires special 
bobbing tools. It is usual to do all the machining operations required in the 
mold with an automatic machine, electrically controlled so that the cutter follows 
the contours of a master niold or template. The master forms employed may be 


^Brttuh Phittci, 1931, 2, 893. 

»H. T. Richardaon, Bnitsh PUuttct, 1980, 2, IW. „ m j 

•“Valuaa for the contraction of several types of molding preparations are given by H. T. Richard- 
1 , foe. cit. 
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very simple. Light metal templates or solid masters of wood, cement, lead or 
other easily formed material including molded synthetic resin compositions are 
entirely adaptable for the heaviest cuts. An old or broken mold may be used 
as a master to make new ones, or a finished article may be used as a master to 
make a hob, from which molds may be made. Gleason” has compared the de¬ 
tails of the jig-boring and the "‘button'* method of locating holes accurately, sug¬ 
gesting that the latter procedure is quicker, more accurate and cheaper. 

Lynn“ has given a detailed description of mold making for a hand-set tele- 
jihone handle which has very irregularly curving surfaces. Two hardened steel 



Courtesy Monsanto Chemical Co. 


Fig. 180. —A Typical Mold Assembly. 

master hobs were first made, duplicates of the upper and lower part of the hand¬ 
set, and were used to check each final mold. Master cavities were made from 
the hobs and the molds cut from these cavities by automatic machines were finished 
by hand to match the master hobs, 

Hobbing of Molds. The bobbing of molds has gained great prominence 
in mold production.*® This method, originally known as hubbing and sometimes 
called die-sinking, is really the forming of the steel mold itself by pressing a 
hardened steel hob or hub into a soft steel blank under hydraulic pressure. The 
procedure is similar to that used in the production of metal coins but should be 
distinguished from the hobbing of gears, where a cutter is employed. 

Hobbing is particularly valuable where a number of identical molds or mold- 
cavities must be made. The process can be used to make molds which cannot be 

»L. S. Gleason. Plastics and Molded Products, 1931. 7. 368. 

** A. M.. Lynn, Plastics and Molded Products, 1931, 1, 73. 

» British Plastics, 1930. 1. 404. 
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machined and polished by any other means. For example, in the manufacture 
of a certain fountain pen barrel, the mold is over four inches deep, with twelve 
polished- flat surfaces or flutings running lengthwise, while the inside diameter 
varies from 7/16 inch to about 1/4 inch. The several hobs of increasing length 
which were used for this were shaped and polished with relative ease, but the 
mold cavity made by them could not be machined directly. 

The bobbing press thus becomes one of the most important tools in a modern 
mold shop. The hydraulic pressures required are high, 6000 pounds per square 
inch and even more being usual, and the press capacities range from 200 to 2000 
tons total pressure. The platens are of solid steel, not equipped for heating or 
cooling. 

The hobs are made by regular machine shop methods to duplicate the desired 
article, or that part of it which is to be hobbed. Sometimes two or more differ¬ 
ent hobs may be used in the making of one mold. The steel used must be very 
tough, and capable of being hardened and polished. In the United States a good 
grade of tool steel with 0.80 to 0.90 per cent of carbon is generally preferred, 
although some molders favor alloy steels. In England, an alloy with 12 or 13 
per cent of chromium and 2 per cent of carbon is widely employed.® The steel 
used for the molds must have a very high elastic limit, and must flow under 
pressure without crumbling or splitting. Low carbon steel or even very soft 
pure Swedish iron is generally employed where deep cavities are to be hobbed, 
but well-aiinealed carbon or nickel-chromium steels can be used for shallow 
parts.® Such stainless steels are sometimes hobbed*^ although they present diffi¬ 
culties.® 

The hobbing operation is usually carried out by means of a bobbing shell 
or ring.® The hob fits in the top of this, and the steel mold blank fits in the bot¬ 
tom. The blank should have about 70 per cent as much metal removed from the 
sides, edges, or bottom as will be displaced by the hob. The exact shape of the 
piece before hobbing depends upon the size and shape of the impression and 
upon the judgment of the operator, but the surface exposed to the hob should 
be machined smooth, polished and lubricated with oil before the Jiob is placed 
in position. Pressure of 100-200 tons per square inch is applied, forcing the hob 
into the mold blank. The soft steel flows out below, and the upper surfaces 
take the exact shape of the hob, including its finish. Pressing is continued until 
the required depth is reached, or until the force required becomes excessive. The 
hob and mold are then pressed out of the hobbing shell, when the hob can usually 
be removed from the mold without difficulty. In hobbing deep impressions it is 
necessary to anneal the mold a number of times to overcome hardening caused by 
cold flow. Some work on hobbing molds in hot metal has been reported,® but 
this is not common practice. 

Hardening and Finishing of Molds. Steel molds may be made by con¬ 
ventional machine shop methods or by hobbing, but for best results they all re¬ 
quire hardening. The case- or pack-hardening process may be used for low-carbon 
steels" and quenching in oil or water for tool steels. Trouble is often experienced 
from the warping or shrinking of steels during treatment, but this can be over¬ 
come by employing special non-shrinking oil-hardening steels,® usually at the 

MH. Chaae, Bntiih Plastic*, 1932, 3, 522, 562. 

»British Plastics, 1981, 3, 71. 

^J. Hohl, Plastics and Molded Products, 1931, 7, 675. 

«H. Cha^, lot. dt, 

^British Plastics, 1931, 3, 71. 

T. Richardson, British Plastics, 1930, 2, 166. 

A. C. Row. British Plastics, 1933, 4, 496. 

^ E. F. Bachner, Plastics and Molded Products, 1933, 9, 135. 

•»J. Hohl, Plastics and Molded Products, 1931, 7, 675. 
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expense of ultimate tensile strength and elongation. Alloy steels,** containing 
small amounts of aluminum, chromium, molybdenum and carbon, show low 
shrinking and warping and take a fine polish which is somewhat corrosion-re- 


Fio. 181. 

Hobbing Press. 



sistant. They are hardened by heating at about 900-1100®F. (480-J90®C.) in 
ammonia gas and are cooled without quenching. The long time required for this 
oi^ration has apparently limited their use. 

PUutict, ISSi, S. 71. 
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The final operations on molds of all kinds are finish-grinding and polishing with 
emery or rouge and oil. The polishing of the hardened steel mold is chiefly 
a tedious hand operation and a large proportion of the cost of molds is repre¬ 
sented by this work. In connection with the design of molded products some 
designers are now calling for special dull finishes on the molds, or on certain 
areas of them, in order to give contrast with the brightly polished sections.** 
Repairs and Maintenance. Careful handling of molds by the molder and 
the use of hardened steel molds greatly reduces the cost of repairs and general 
maintenance, but all molds must be kept well greased when not in use (to prevent 



L'ourteay trcut and Whitney Co. 

Fig. 182.—Automatic Machine Designed to Produce Molds fioni a Master Template. 

rusting) and free from abrasives which would mar the surface. Actual breakage 
of molds is not common but damage may result from many causes, such as care¬ 
less handling or from foreign material in the composition. Multiple-cavity molds 
are usually constructed so that the block containing a damaged cavity can 
be removed and a spare mold inserted. Provision is often made on the loading 
frame so that a damaged section need not be charged, thus allowing the good 
parts of the mold to be used until repairs can be made conveniently. 

Molding Presses. The function of the press in the molding of plastic mate¬ 
rials is to exert and hold the high pressures which are necessary to flow the mate¬ 
rials and compact them into a solid, non-porous mass. The earlier molding 
presses utilized the principle of the lever, the screw, or the toggle, but as higher 
pressures were called for, the hydraulic press came into almost universal use. 
It was found to be the best means of converting the high speed and low pressure 
power of the prime mover into high pressure and relatively low velocity required 
in the pressing of plastic materials. Mechanical molding presses are used in 
certain cases, however, as in the shaping of preforms from loose molding powder. 

MF. E. Bnll, PUutic Producu, 1983, 9, 54. 
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The discovery of the basic principle of the hydraulic press is generally credited 
to Pascal (about 1653). The essential parts of the machine are a cylinder within 
which is fitted a ram, the former being a part of an open frame. The ram is 
forced out of the cylinder by means of a fluid pumped into the cylinder. The 
top of the ram is equipped with a flat surface or device known as a platen and 
the under side of the head of the press frame opposite the end carrying the ram 
IS furnished in similar fashion. Thus, by the introduction of fluid to the cylinder, 
the movable platen approaches the fixed platen and a mold placed between them 
is subjected to heavy pressure. Water is the liquid generally employed and this 
is forced into the bottom or end of the cylinder exerting pressure between the 
platens equal to the area of the ram times the unit pressure of the fluid. In 
hot jiresses the cylinder may be copper-lined and gaskets are placed so as to be 
as remote as possible from the source of heat. Cooling or chilling presses are 
usually equipped with a ''U” packing, which is set in an annular groove near 
the mouth of the cylinder and so arranged that an increase in fluid pressure ex¬ 
pands the packing against the surface of the ram and the cylinder walls, and 
thus becomes tighter as the pressure increases.*® 

Platens. In presses to be used with hand molds, the platens may be cored 
for the circulation of steam and water for heating and cooling. In some cases 
where cooling is not required, the platens may be heated by gas burners or by 
electric heating units built in as an integral part. As mentioned above, steam heat 
IS by far the most frequently used, especially where a number of presses are 
operated together. The high heat of condensation gives very quick heating, and 
overheating is impossible when pressure is controlled. In presses equipped with 
direct-heated molds, the platens are usually drilled or slotted to accommodate 
the fixtures necessary to secure the mold. Frequently a support, or '‘bolster,*' is 
used allowing space for the knock-out ftiechamsm for ejecting the molded pieces. 

Mechanically, the press should be designed to keep the platens in exactly 
parallel planes to prevent possible damage to the molds or to the press itself. 
Where hand molds are employed, the surfaces of contact on both mold and 
platen should be as flat and clean as possible to insure good contact, and thus 
give the quickest possible heating and cooling. Some means must also be pro¬ 
vided for opening the press after it has been closed under pressure. The weight 
of the cylinder and platen is occasionally relied upon or springs may be provided, 
but generally auxiliary hydraulic “pull-back” cylinders are used. Separate hydrau¬ 
lic cylinders may be provided to operate ejectors or remove the pieces when 
cured. 

Rod and Rodless Presses. The rodless press is the simplest form, the 
head, sides, and cylinder being cast in one piece of steel. The cylinder is lined 
and bored, and the head faced at one setting, thereby insuring that the faces 
are perpendicular to the bore. The rigid sides or uprights permanently main¬ 
tain this condition. Variation in the size of the opening can be obtained by in¬ 
serting parallel spacer rings between the head of the press and the top platen. 
The rod press may be distinguished by the adjustable steel uprights which sup¬ 
port the head instead of the cast steel sides used in the rodless type. 

The inverted-ram press differs from those previously described in that the 
ram and cylinder are placed at the top, applying the force downward rather than 
upward. Provision may be made for a hydraulic pull-back above the main 
cylinder, which pulls the platen upward when the pressure is released. Cold- 

^For a detailed account of packing materials and methods, see '"Hydraulic Engineering/' E. F. 
Houghton & Co. Research Staff. Philadelphia, 1926. 
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molding presses are frequently of this inverted-ram type so that the operator 
will have the lower mold always at the same level for quick loading and dis¬ 
charging. 

Presses used for forming laminated material are usually of the rod type, 
provided with multiple steam-heated platens. With such equipment the im¬ 
pregnated fiber may be placed between polished steel plates and cured under high 
pressure. Various finishes may be obtained by the use of polished, sand-blasted, 



Courtesy Dunning and Boschert Press Co. 

Fia. 183.—Rod Press. 


or engraved plates, and the color or design may be changed by using different 
top and bottom sheets on each pile of paper or fabric. In the design, installation 
and operation of multiple-platen presses great care is necessary to ensure equal 
and umform heat on allv platens so that warping will be reduced and equal cure 
will be obtained in all openings. This requires uniform piping to each platen, 
and care to prevent clogging or filling with water. Either swinging or sliding 
joints may be used in the steam and exhaust pipes. 
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Tilting-Head Molding Presses. The tilting-head press is particularly 
adapted for work where both sections of the molds must be readily accessible, 
especially when inserts must be placed in both parts. This construction also 
allows the stroke of the ram to be shortened materially, effecting a considerable 
saving in the amount of pressure liquid required. A variation of the tilting head 
pre^ employs a sliding lower platen for still great accessibility. In another type 
a rotating frame has been added to the lower platen, together with heating 
and cooling surfaces so that the mold temperature may be varied by changing from 
a hot to a cold station. 


Fig. 184. 

Tilting-Head Press Fitted 
with Multiple Mold for 
Production of Telephone 
Mouthpieces. 


Courtesy Wettem Electric Co. 



Lynn” has given operating details for tilting-head presses, and Alpeter” has 
also described and illustrated the special fixtures used for loading and unloading 
when molding telephone mouthpieces. The phonograph-record press is usually 
of this form, as it is necessary to inspect the upper mold, or matrix, and to place 
labels in position. 

Angle Presses. Molded articles with threads, bosses or panels on their ex^ 
teriors necessitate split molds held together by a bulky chase or retaining ring 
unless a special press is used. A large amount of heat is required to effect the 
cure in these heavy molds, and quantities of high-pressure water are needed to 
force the rams through a long travel. In addition, the whole operation is ex¬ 
pensive because of the time involved in handling. The angle press has greatly 
facilitated work of this description. The usual form employs a horizontal ram to 
close and open the bottom half of the mold, so that a great proportion of the 
manual work is eliminated. Presses of this kind have been used in the manufac¬ 
ture of telephone receivers. 


Pltmfitn and Molded Prodwte, 1981. 7, 73; Mechanical Engineering, Oct, 
•'W. Q. Alpeter, Plaatice and Molded ProducU, 1982, 8. 199. 


1930. 






1308 


THE CHEMl&TRY OF SYNTHETIC RESINS 


Hydraulic Pressure Systems for Presses. All hydraulic presses require 
some source of pressure to close the press and hold it in this position during the 
period of curing. The first equipment used for this purpose was a hand pump, 
generally attached to the press. This was extremely slow, as a pump capable of 
giving the high pressure required can deliver only a very small quantity of water. 
Combination hand pumps have been developed, with the addition of a larger 
high-speed cylinder, for use when the jiower required is negligible, as in the idle 
part of the stroke while bringing the jilunger into position. Pressure is main- 



closed and the vertical rani A h in open i)osition, leaving the mold ready for charge 
of molding composition prior to pressing The valves G and H control the steam and 
water for heating and cooling the molded jiarts Valves D and E control the vertical 
ram and C and F control the movements ot the horizontal ram, 

tained by closing the valves, but any leakage or shrinkage of the molding material 
reduces its intensity. 

Mechanical power pumps are now employed almost exclusively. The first 
of these was the reciprocating pump often built with two sets of cylinders and 
an automatic device to change from low' pressure to high pressure when the re¬ 
sistance of the press increased. A by-pass, or relief valve, is necessary to prevent 
damage to the equipment if an accumulator is not used. Such small reciprocating 
pumps were sometimes arranged one to each press, giving a convenient, self- 
contained unit of press and pump. This proved to be inefficient, however, and 
large hydraulic pumps with accumulators are much more generally used where 
a number of presses are operated together. The pumps of greater capacity are 
mostly of the multiple cylinder type, either vertically or horizontally mounted, 
and usually are fitted with individual motor drives and reduction gears. Steam 
pumps have also been employed. 
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An accumulator is a reservoir which is added to a hydraulic system to allow 
flexible operation. It will maintain pressure for a short time even when the 
pump is turned off, and is also capable of furnishing large quantities of water 
for a short period of time. An accumulator of some kind is installed on almost 
every high-pressure system, and may be used on an auxiliary low-pressure system, 
although low-pressure lines are often supplied by centrifugal pumps, thus making 
them flexible and efficient, even without the addition of an accumulator. 

Types of Accumulators. In the most common type of accumulator the 
pressure is maintained in the system by a dead weight, usually of metal, sup¬ 
ported on a ram which is free to m^ve up and down in a cylinder. The total weight 
supported per unit area of the ram determines the pressure in the system. When 
the pump IS oiieratipg, the ram and weights are raised, falling when water is 


Fig. 186. 

Single-Opening Curing 
Press Fitted with Indi¬ 
vidual Belt-Driven Pump. 


('nurteny R D Wood and Co 


withdrawn. This motion of the accumulator may be utilized to operate the pump 
controls, opening a by-pass valve which allows the pump to run without load when 
the weights reach the top, and closing the valve again when approaching the bottom 
of the stroke. The capacity or volume of the accumulator cannot be readily 
changed. The pressure is constant, whether the weights are at the top or near 
the bottom, and can only be altered by varying their mass. 

The design and capacity of the accumulator and pump depend upon the num¬ 
ber of presses operated, the frequency of operation, length of stroke on hydraulic 
pressure and many other factors. Care should be taken that the accumulator is 
sufficiently large to avoid rapid drops of the weights, as the inertia of the falling 
mass will cause severe hydraulic shocks in the system. A larger ram. is more 
expensive and requires heavier weights but a shorter stroke for the same 
capacity.* 

The hydropneumatic type of accumulator may be used when the hydraulic 
pressure must be changed frequently, or when solid foundations are not available 
for a weight-loaded type, as for example, on the upper floors of buildings. This 

••W. F. Lent, Pl<utic» <md Molded Product, 1981, 7, 671. 
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type reduces hydraulic shocks also, as the weights on the hydraulic ram are re¬ 
placed by air pressure. The air may be at equal pressure, acting on a ram of 

the same diameter, or of lower pressure on a correspondingly larger ram. Tanks, 
or “air bottles,^^ serve to increase the volume of air under pressure, and thus 
reduce the variation in pressure from one end of the stroke to the other. A 
tail-rod attached to the floating piston projects from the water end of the cylinder 
and controls the pump in the same manner as with a weight-loaded accumulator. 

In another type of hydropneumatic accumulator the air pressure is lower than 

the hydraulic pressure, balance being maintained by the use of cylinders and 



plungers of different sizes. In this case the plunger on the air cylinder is attached 
to the hydraulic cylinder, forming the moving part between the stationary air 
cylinder and the stationary hydraulic plunger, and replacing the floating piston in 
the equal-pressure type. The pressure ratio is the inverse of the ratio of the 
areas of the two cylinders. The cajiacity is that of the hydraulic cylinder, and opera¬ 
tion is exactly similar to that of a weight-loaded accumulator. The percentage 
change in pressure is proportional to the volume of the air tank attached to the 
air cylinder. Installations have been built using steam pressure instead of air 
pressure. The differential cylinder principle is also commonly used in the pressure 
^'intensifier" in which case a liquid is used on both low and high pressure sides. 
The volume which can be delivered is smaU, but tremendous pressures can be 
attained. 
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Mechanical Power Presses. As stated at the beginning of this chapter, the 
earliest presses used for molding were mechanical in principle. The hydraulic 
press is now widely used, but the older t5rpes have been adapted to molding work 
and are largely used in the making of preforms.*® The mechanical molding press 
has all the advantages of a self-contained unit, and can be located without refer¬ 
ence to accumulators or hydraulic piping. By the use of electric or gas heating 



it can also be made independent of steam lines, or high-pressure steam boilers. 
More presses can be added at any time without danger of overloading existing 
pressure or steam-heating equipment, which is a consideration in planning ac¬ 
cumulator systems. 

Several types of presses are available, some using the toggle principle, with 
pressures up to 200 tons, some a double lever system by which pressures of 800 
tons are developed and others a combination of cam and toggle for shallow mold¬ 
ing, and a rack and pinion for deep molding where longer strokes are necessary. 
These presses may ^ operated manually, semi-automatically or automatically. 
Mechanical toggle presses, belt-driven from line shafts, are used to some extent 
in phonograph-record pressings operating at lower pressures than hydraulic 
presses in the same work." 

An unusual type of mechanical press, using the impact power of a falling 

^ See Chapter 68 for preforms and preforming preceea. 

^See Chapter M for details of record proasmg. 
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weight to give the required pressure, has been described by BradleyIt is re¬ 
ported that good results have been obtained from a cold-molded type of material 
by placing the dry powder in the cold mold, compacting slightly to remove air, 
and then, by dropping a weight with an energy of about 1200 foot-pounds on the 
plunger, compressing the material into a solid article, firm enough to withstand 
the handling of subsequent baking treatment. 

Automatic and Semi-Automatic Presses. Equipment, capable of pro¬ 
ducing molded articles with little or no attention from the operator, is the result 
of the demand for greater production and lower costs. The semi-automatic 
devices with which the operator charges the molds, starts the automatic cycle, 
and removes the finished pieces are, however, much more common than fully 
automatic equipment. Controls of this sort can be attached to either hydraulic 
or mechanical presses. Molds are mounted on the platens, usually on so-called 
‘‘bolsters” or die earners, which allow siiacc for the operation of the ejector pins 
in the removal of the finished piece. 

The ejector mechanism may be operated by the opening of the jiress or by 
independent means. In old types it was sometimes necessary to close the press 
after ejection m order to return the knock-outs to the jirojier iiosition for re¬ 
loading. Independent ejectors are usually limited to hydraulic presses, where 
separate cylinders may readily be installed to actuate them. 

Timing Mechanisms. The automatic type of press is usually controlled by 
motor-driven valves. Several presses in a group may be operated from one 
timing control as is done in phonograph record pressing. The cycling control 
may be automatic so that the presses open and close continuously. The operator 
is merely required to place labels and stock in position, and remove the finished 
record and flash. If he should be late, the press goes through a c\cle without 
any stock and of course produces no record. Another method used is to operate 
a timing lineshaft continuously, but to let the operator start the cycle for eac.h 
press, for example, by closing the head of the press or by pushing a connecting 
lever. This has an advantage in that a slow operator does not miss a complete 
cycle, but can start when ready, lie can control the start but cannot otherwise 
change the cycle. In both this system and the automatic timing described above, 
the total cycle time can be varied by changing the speed of the line-shaft drive, 
but the mechanism at each press must be altered in order to change, for example, 
the ratio of heating to cooling time. 

Signal and recording instruments are available in various combinations,** which 
may be applied to molding presses in any way desired. One installation has a con¬ 
trol which is set for the minimum time necessary to insure water-resistance in 
urea-formaldehyde products. If the operator opens the press too soon a light 
is turned on and a bell rings to attract the attention of the foreman. Heat in¬ 
dicators are available which show by colored lights the temperature of the press. 
Recording controllers will indicate the exact time of opening and closing of the 
press while operating automatically at any time of cure desired. 

The use of automatic molding machines is warranted only in cases of large 
and continuous production with little or no change in the design of the product, 
as for example radio tube bases. In style goods, such as lipstick cases, cigarette 
holders and novelties of all kinds, where designs are changed frequently, or pro¬ 
duction is likely to be intermittent, the initial expense is likely to be greater than 
the saving. 

« H. U Bradley, U. S. P. 1,793,435, Feb. 17, 1931; Plastics and Molded Products: 1931, 7, 521. 

«M. F. Behar, “Manual of Instrumentation," Instruments Publishing Co., Pittsburgh. Pa.. 1932- 
1935. This IS a complete set of books on instruments and their use. Part I is general* Parts 11 
niwl ni cover temperature and humidity measurement and control; Part IV includes information on 
cycling control. 



Chapter 68 
Methods of Molding 

In the actual molding operation as applied to synthetic resins there are so 
many procedures and minor variations in process, that it is desirable to classify 
the field to correlate the differences, as far as possible, and to indicate the advan¬ 
tages of the methods. 

The first requirement is a mold which gives the material the required shape, 
finish and size.' The composition must then be softened, made to fill the form 
perfectly, hardened, and finally separated from the mold. Usually certain finish¬ 
ing operations are required, such as trimming or polishing rough edges (see Fig. 
1S9), but these, although adding somewhat to the cost of production, are relatively 
unimportant. 


Types op Molding 

The methods of carrying out these various steps in the molding process, the 
material used and the characteristics of the finished article determine the type of 
molding. The simplest operation with synthetic resins is the casting of a non- 
reactive material, and the most complicated is probably the hot molding of a 
thermoreactive preform which requires cooling after curing. Table 68 (see next 
page) classifies the various tyjies, some of which have names that are often 
misleading to one not familiar with that particular liranch of the plastic molding 
industry.® 

Casting of Synthetic Resins. The simplest operation, that of casting a 
fusible resin, is frequently used where sealing or luting is required, as in mounting 
radio transformers. Grant and Farren® have described a sulphur-cumarone resin- 
filler mixture for sealing electrical apparatus. Non-reactive cast resins are not ex¬ 
tensively used, because, if they have a sharp enough melting point, they generally 
tend to have the brittleness associated with crystalline materials rather than 
the toughness of colloids. 

At one time the casting of phenol-aldehyde resins (with subsequent reaction 
at relatively low external pressure) was deemed to be commercially impractical, 
but now it is used to procure colored products which readily permit machining. 
The resin is allowed to react under controlled conditions until it is almost con¬ 
verted to the insoluble stage whereupon the hot, gelatinous mass is poured into 
warm lead molds and allowed to harden by further chemical reaction at controlled 
temperatures.* 

A method of casting multi-colored laminated materials has been described by 
Helfreich.® Plates of hardened resin, formed by either casting or cutting, are sup¬ 
ported in a mold and more resin which may be of a different color is cast between 

^ See Chapter 67 for description of the equipment used in molding. 

i’A few highly specialised operations have not been included since they do not fit into the table 
readily. For example, the method best described as "plastering’* or modeling, by which large tanks 
are finished with resinous eonopositions, has been omitted. 

*H. If. Grant and W. R. Farren, TJ, S. P. 1,612,576, Deo. 26, 1226, to Atlas Powder Co.; Chtm. A6s., 
1927, 21, 617. 

* The details of this operation are given in Chapter 22. 

<(M. Helfreioh, U. S. P. 1,668,590, May 8, 1928; Chsm. Abt., 1928, 22, 2282. 
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and around them. A permanent bond is said to be obtained without cloudiness 
or irregularity at the boundaries. A similar result may be achieved® by inserting a 
series of slightly separated nickel plates into the fluid mass of resin, which is 
hardened by heating, withdrawing the plates and filling the space with material 
of a different color. Sharply defined effects have been produced^ by filling con¬ 
tainers, such as tubes of cellulose acetate, with a colored liquid resin, immersing 
these in a mold in which they are surrounded by a similar material of contrasting 
appearance, and hardening the entire mass. 

Weber* has made variegated rods of artificial horn or synthetic resins by plac¬ 
ing irregular-surfaced layers of composition loosely in a mold and filling the in¬ 
terstices with a liquid or pasty binder. Deutsch and Thorn* used a mold, without 
a bottom, suspended in molten metal to allow easy removal of the finished article. 

Thermoplastic Molding. The molding or modeling of plastic products 
softened by heat is a very old industry.^® Asphalt and the natural resins (shellac, 
copals and rosin)formed the basis of a well-developed art long before the in¬ 
vention of synthetic resins. Shellac molding technic is applicable to all fusible 
synthetic' resin compositions and a description of it will serve to illustrate the 
general practice. 

The molding of shellac compositions on a small scale requires only a cooling 


•British P. 803,103, 1927, to Herold A.-G ; Chem. Abs., 1929, 23, 4584. 

7 German P. 531,376, 1929, to Chem. Fabr. K. Albert G.m.b.H.; Chem. Abs., 1931, 25, 5585. 

•E. Weber, German P. 538,065, 1928; Chem Abs., 1932 , 26, 1732. 

•L. Deutsch and I. Thorn, German P. 412,189, 1923; Kiuutatoffe, 1925, 15, 124; Chem. Abs., 1924, 
18, 1555. 

» »See H. Abraham, **Asphalt and Allied Sub.«»tance8,” 2nd Ed. D. Van Nostrand Co., New York, 
1920. Chapter 1. -^phaltic materials were molded or cast by the Sumerians about 3000 B.C.; statues 
and plaques made with asphalt are still preserved today. Glass, which is also handled as a thermo- 
pjastlo, was oast in ancient times. 

ttpor reviews of this subject see H. V. Potter, /.8.C.I., 1933 , 52 (May 19), 84. BrUish Ploitice, 
1938, 4, 519. A. J. (Gibson, ibid., 1933, 4, 522. A. F. Suter, ibid., 19^), 2, 77. 
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press and a hot plate heated by steam at 60-100 pounds pressure. The com¬ 
position, made by thoroughly incorporating shellac (or synthetic resin) with 
fillers, IS prepared in the form of sheets from which pieces are cut of appropriate 
size to fill each mold. These ^'blanks’' are softened on the steam plate by the 
inolder as he requires them, since such mixtures become brittle and worthless if 
heated for too long a period. The empty molds are heated in contact with the 
steam plate to the required temperature, about 80°C., filled with the softened 
blanks, and placed in the cooling press. The pressure applied, ranging from 700 to 
2000 lbs. per sq. in., forces the softened composition to take the shape of the 
hot mold. After cooling in the press, the piece is removed and the cycle repeated. 
The finishing consists of removing the fin or flash, formed by the extrusion of 
material between the parts of the mold, and final polishing. Excessive temperature 
must be avoided during the entire operation, particularly in molding, inasmuch 
as it causes sticking, blistering and loss of finish." 

Another method of molding thermoplastic preparations is used to make large 
bulky objects such as storage battery boxes of asphalt or similar fusible materials. 
This method, in which the mold is not heated, is often called ‘'cold molding,**" 
especially as it is now carried out in rubber factories where the hard rubber 
battery boxes replace those formerly produced. 

Battery boxes are made of an asphaltic composition, usually containing gilsonite, 

Further examples of the molding of fusible or thermoplastic materials on a large scale in direct- 
heated molds are given in the section on Moldm^ of Phonograph Records (p 1334) which describes 
the use of shellac mixtures and the thermoplastic compositions containing vinyl resins or cellulose 


4, 44«: 

^It has no connection with the cold-molding process of Chapter 36, in which the molded product 
requires baking to harden it. 
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a flux (a softer residual asphalt from oil refining or a low-melting cumarone 
resin), acid-re$isting mineral fillers low in iron, some kind of fiber (asbestos, a 
long cotton flock or short cotton linters) and sometimes a small amount of new or 



Courte^i/ Modern Plastics 

Fig. 189.—An Abrasive Band Grinder or Sander Employed to Smooth Molded Syn¬ 
thetic Resins. 

reclaimed rubber. The asphalts are melted and mixed with fillers and other 
ingredients in a kneader or masticator until homogeneous. The mass is divided 
into lots of 6-10 lbs. which are pressed, while hot and plastic, in collapsible water- 



Fig. 190. 

Molding with Preforms: Loading 
Tablets in Mold. 


Courtesy Bakelite Corporation 


cooled molds. Hteating of the mold is unnecessary since the material flows into 
place before it has time to chill. 

Cold Molding. The method widely known as *^cold molding” consists of sub¬ 
jecting a special molding powder to very high impact pressure in a cold mold, 
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removing the piece at once, drying and baking without pressure under carefully 
controlled and gradually increasing temperatures.'* The materials used are mostly 
the cheap asphalts and pitches with some shellac and cheaper natural resins, and 
sometimes include synthetic resins. High proportions of fillers are used (especially 
asbestos) and the mixture is fluxed with a small amount of solvent, sometimes a 
drying oil. In comparison with hot-molded products, those made by cold molding 
are usually cheaper, weaker and heavier, and have inferior surface finishes. 

Certain refractory ceramic materials are molded by a very similar process, 
but they, of course, are burned at temperatures approximating 1000°C. These 
are also called **cold-molded’' products, although they are sometimes distinguished 
as **cold-molded refractory” as compared to “cold-molded non-refractory,” 

Preforming of Molding Compositions 

In hot-molding thermoreactive compositions, it has often been found conveni¬ 
ent to convert the molding powders into the form of compressed masses variously 



Coufteiy Arthur Colton Co, 

Fig. 191. —Single-Punch Preforming Press. 


known as tablets, briquettes, pellets, pills, or preforms. (See Fig. 190.) They 
are made in machines similar to the pill machines which have been used in the 
pharmaceutical field for many years. Their production is really a molding opera¬ 
tion and is properly considered in this separate section. 

Tablets or preforms are made from the molding powder by applying high 

of oomposition, proporties and manufaeture are given in Chapter 66 together with de> 
Boriptiona of cold-molding presaea. 
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pressure (five or six tons per sq. in.) quickly and without heat. The operation 
is very similar to the cold-molding process, except that no solvent is used and 
the treatment does not compress the material completely, but only causes the 
particles to cohere. The preform must be strong enough to be handled, and must 
soften and flow without crushing under the final hot-molding pressure. An 
average volume reduction is 60 per cent, so that a powder with an original bulk 
factor of 2^2 would yield a preform of 1^/4 to 1% which, of course, would be 
pressed to unit volume when all air is expelled in hot molding.^* 



Courtvay F. J. Stokes Machine Co 


Fig. 192. —Rotary Preforming Press. 

The shape of the preform may be made a close duplicate of the part to be 
molded, and the same general rules of mold design hold for preforms as for finished 
articles. One serious difficulty with preforms, however, is the making of deep 
narrow shapes. Nevertheless rectangular pieces with holes for inserts, pins or 
positioning rods, have been successfully made. The length and width of the pre¬ 
form should be slightly less than those of the finished article, and plenty of clear¬ 
ance should be allowed for holes. The thickness is then made sufficiently great to 
furnish the required amount of material for the final molding operation. Preforming 
molds should be smooth enough to prevent sticking but they need not be highly 
polished. 

For larger pieces a number of preforms may be used, all alike or each made 

M«thodi of determining bulk factor are given in Chapter 09 . 
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to 6t in a particular place. One or more balls” are sometimes used because 
they can be charged more quickly than other shapes. 

Preforming Presses. Preforms are now molded exclusively by mechanical 
presses, although at one time small hand-operated hydraulic presses, somewhat 
like those used in cold molding, were employed. These had the advantage of 
allowing metallic inserts to be molded into the preform. Inserts are now gen¬ 
erally omitted, grooves or depressions being left to accommodate them. 

Two kinds of preforming presses are now in extensive use. Single-punch models 
are used most frequently for special shapes, small runs and general work, and 
rotary machines for quantity production. (See Figs. 191 and 192.) The former 
has a capacity ranging from 40 strokes per minute, up to 80 or 90 with small 
pieces. The rotary model, because of the large number of punches and dies used, 
can turn out 300 to 700 pieces in the same time. Where production does not 
warrant the expense of a full set of punches and dies, the rotaries can be run 
with a lesser number by plugging up the unused openings, and the output can 
still be maintained at a rate several times faster than from a single-punch machine 
with the advantages of more accurate work, smoother operation and low die-cost. 

In either case the loose molding composition is fed from a hopper into a meas¬ 
uring device which determines the weight of the preform by the volume of the 
loose powder. For successful operation, all machines, therefore, depend entirely 
upon the uniformity of its density. The pressure must be applied slowly in pre¬ 
forming especially when very fine material is used, so that the air originally en¬ 
trapped between the grains will escape. Variable speed drives may be required 
on this account for maximum efficiency. 

Granulating of Fine Powders. Rotary machines are also used for granu¬ 
lating particularly bulky molding powders to reduce their volume and to make 
preforming easier. They compress the powder in the regular way after which 
the tablets are broken up by a granulator and re-pressed. 

Molding of IIeat-Convertible Resins 

In the molding of heat-convertible or reactive resins the fusible composition is 
placed in the open mold, which is closed and subjected to heat and pressure for 
a specified length of time, after which the piece is removed as a finished infusible 
mass of the desired shape. The charge may be used in any of three forms, powder, 
preformed tablets or sheets. 

Pressures. The molding pressures required vary considerably but are high 
in comparison with those employed in the rubber and celluloid industries and 
lower than those used in cold molding or in preforming. About 1 ton per sq. in. is 
generally used on phenol-aldehyde compositions and 1-2.5 tons per sq. in. on urea- 
aldehyde preparations. Often the pressure applied is considerably in excess of 
that actually required for proper shaping of the material. Intensities which are 
substantially lower than 1 ton per sq. in. may produce a thick fin or flash which 
is objectionable, but excessive pressures will damage the mold. 

Temperature and Time Requirements. The temperature and time re¬ 
quired in the molding of thernioreactive materials are directly related, and, of 
course, depend on the composition. The working range is from 3(X)-450®F. (about 
150-230®C.) for phenol-aldehyde products, with most work done between 300- 
350®F. (150-180®C.). Blount'^ has stated that light-colored compositions, shock- 
resistant articles containing pieces of woven fabric, or moldings requiring flow of the 

*«H. M Biirkuian. Plenties and Afoldrd Pradurts, 1931, 7, 679. 

” C. W. Blount, Ptastici and Molded Prodacti, IMl, 7, 6W. 
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material into deep or narrow parts may often be advantageously molded at even 
lower temperatures. The time required for cure or reaction is reduced with 
greater heat, but the total time of the cycle may be increased, and the yield of 
perfect pieces lowered since better control is required to prevent waste. For 
example, above 375®F. (190®C.) it is usually necessary to cool the mold somewhat 
before removing the pieces and so prevent blistering or pitting of the surface. 

The most common method of heating is by saturated steam at 80-175 lbs. 
per sq. in. pressure (corresponding to about 325-375°F. theoretical temperature at 
sea level). At 350®F. (176°C., corresponding to 120 lbs. steam pressure) most 
phenol-aldehyde compositions cun be cured and removed from the molds without 
special cooling. The time required for small pieces is from 1 to 8 minutes. Re¬ 
sorcinol-aldehyde resins in thin sheets, however, can be cured at higher tempera¬ 
tures (around 450°F.) in 5 to 10 seconds.'* 

With the light-colored urea-aldehyde molding powders the temperature may 
be advantageously maintained in the lower ranges, often as low as 270®F.“ and 
usually not over SOO^'F. Rogers” has called attention to the necessity for proper 
cure in developing water-resistance. Pieces with thick sections should be cured 
at the lower temperatures to prevent case-hardening and those with inserts must 
be treated with special thoroughness. Parker*' has stated that British practice is 
to cure urea-aldehyde compositions at 280-290°F. (140-145°C.), and phenol-alde¬ 
hyde at 320-330®F. (165-170®C.). Information on time” required for cure is seldom 
quoted exactly, since it depends on many factors, and must be worked out in 
each case to insure best results.” 

Molding of Powders. In practically all molding of thermoreactive mate¬ 
rials the composition is charged into a hot mold. Inserts may be warm or hot when 
set in position, or they may be placed m the mold and allowed to heat before the 
composition is added, as this improves the flow of material around them and gives 
a better anchorage. Positioning rods, on the other hand, should be inserted as 
late as possible and should be cold, to prevent adhesion and to allow easy re¬ 
moval. They may be cooled in water before insertion. The required amount of 
powder is placed in the mold and tamped down. 

In handling the composition in powdered form it is necessary, especially when 
using positive molds, to weigh each charge accurately. Limits must be set at 
1/64 of an ounce if the articles are small. Less accurate weighing will serve when 
flash molds are employed. 

Molding of Sheet Material. Sheet material * is generally used in the 
preparation of shellac and similar thermoplastic compositions but only to a small 
extent with the various thermoreactive materials. The stock is placed on a 
steam-heated plate, which is usually covered with a cloth (or by other means of 
partially insulating it from the hot surface) and allowed to remain long enough 
to soften. Then it is cut to a slab of the desired size, placed in the mold by hand 
and pressed. Powdered or granular thermosetting compositions have always been 
considered superior to those in sheet form because they cure faster and, at the 
same time, eliminate the necessity for hot tables. Mottled or striated articles may 
be made by mixing coarse fragments of sheet stock of different colors before mold¬ 
ing, controlling the result by varying the hardness or flowing characteristics of the 

“See K. Brandenburger, Kunstatoffe, 1935, 25, 8, 29; Chem. Ahs,, 1935 , 29, 2257. 

“C. W. Blount, Plaatica and Molded Products, 1931, 7, 660. 

*> J. L. Rogers, PUutka and Molded Products, 1931, 7, 6M. 

» H. C. Parker, 1983, 52, (May 19), S18. 

“The inetrumenta for maasuring and controlling time^ and temperature cycles are describe in 
Chapter 17. 

“Methods for the determination of time of cure are given in Chapter 69. 



68 . METHODS OF MOLDING 


1321 


different colors. Flake material is commonly used in molding by injection and 
mottled effects similar to wood or marble may be produced. 

Molding with Tablets or Preforms. The advantages of charging the 
mold with a tablet of preformed material are so numerous that this method is 
widely used for the majority of moldings of thermoreactive materials in the United 
States, and extensively in other countries. Preforms make possible the use of the 
lighter and longer-lived flash-type molds. Inasmuch as they are already com¬ 
pressed, full molding pressure can be applied at once, '‘breathing’' of the mold is 
usually not necessary, and their good heat-conductivity allows them to soften and 
flow quickly. Products made from tablets, which may be preheated to shorten 
cure, have the additional advantage of thin fins and hence small waste. Often 
this overflow from the hot-pressing of tablets can be remolded since it does not 
receive either the heat or the pressure necessary for cure. The spongy mass ob¬ 
tained as overflow may be mixed with fresh material and reworked, although this 
is not generally done on high-class goods because the low price of new composi¬ 
tion does not warrant the risk of reducing the quality due to the presence of par¬ 
tially reacted resin. 

Tablets eliminate the labor, inconvenience and waste of material occasioned 
by the use of sheet stock which must be carefully preheated on a steam plate 
and painstakingly packed in the mold. They possess the good qualities of the 
powder for most purposes and, in addition, greatly increase the output of the 
molding press. It must be borne in mind, however, that the use of tablets involves 
additional costs for molds and the preparation of the tablets, and that they are 
impractical when only a relatively small number of articles is required unless a 
standard pill can be utilized. Some molders hold that they can secure a more 
uniform finish on their products by using powder instead of preforms, but in gen¬ 
eral the former is used for small orders, for complicated shapes, for certain pieces 
with inserts, and, of course, for compositions which cannot he preformed satisfac¬ 
torily in high-speed machines. 

Molding Fixtures and Accessories. Various accessories have been devel¬ 
oped to aid the operator in loading and unloading the press. Special winders or 
“spiders” are sometimes used to open hand molds in addition to the arbor press 
that is usually available. Charging-frames are also employed, particularly for 
large, multiple-cavity molds. Most presses are single-acting, so that any method 
which will speed up the ejection of the finished articles and charging of the new 
material is valuable. Alpeter** and Lynn*® have described a rack for removing forty- 
nine telephone mouthpieces at one time. All molded products do not lend them¬ 
selves to such easy handling, but usually many cavities can be charged at once. 
(See Fig. 193.) Alpeter has also described a rack for placing the metal bushings 
which form the threads at the bottom of a telephone mouthpiece. This can be 
applied to most inserts that are not anchored to the mold. 

A frame carrying individual hoppers for each cavity can be used to drop the 
proper amount of powder into all portions of a multiple mold simultaneously. 
Simultaneous charging of preforms may be effected in the same way. Ball-shaped 
preforms can be fed by gravity and, as mentioned by Buckman,** may be preheated 
while rolling. The treatment must be such that if, for any reason, production is 
retarded or halted temporarily, the material will not be overheated and ruined. 
Preheating may be effected by a conveyor which passes through a small oven, or 
separate electric ovens with screen-bottom trays may be installed for each press 

^ W. G. Alpeter, PUuiica wd Molded Producti, 1982, 8. 199. 

^ A. M. l^n. Plaetici and Molded Producta, 1881, 7, 

»n. M. Buokman, ptauica and Molded Producta, 1981. 7, 679. 
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or pair of presses, the preforms being left in just long enough to give the required 
degree of heating. 

Removal of Threaded Parts. The removal of parts in which threads have 
been molded has always been a time-consuming operation. The difficulty may be 
partially solved by ejecting the bushing or plug containing the thread with the 
piece, loading a new metal part, and unscrewing the bushing or plug while out¬ 
side of the mold. It has been suggested to remove bottle, jar and tube caps by 



CourUtsy Catalin Corp. 

Fig. 193. —Making a Lead Mold. 


springing them off over the threads of the mold without unscrewing, a practice 
which is occasionally possible due to higher elasticity of the material when hot. 
Shallow, rounded threads rather than sharp, square, or deep threads make this 
easier. Such methods of removal allow the inclusion of a retaining ring, molded 
on the inside of the cap to keep the cork liner in place. 

Extrusion Molding 

Extrusion and injection molding represent two points of view of the same action. 
If a plastic material is extruded from a receptacle in the form desired by applied 
pressure, then it can be said to be molded by extrusion. But if the composition 
is forced from this same container into a cavity which gives it the required shape, 
it has been molded by injection. Thus, although the two operations start out 
alike there is a real distinction between them. Forming of plastic materials by 
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extrusion is very old practice and has been used extensively in handling clay» 
soap, glass, celluloid, rubber and many other materials, in making pipe, tubing, 
tire treads, lead cable, brick, and carbon electrodes for arc lights. 

This process has been applied to cellulose acetate and to vinyl resins. The ex¬ 
trusion of vinyl resin compositions in bars, tubes and moldings has been described 
by Davidson and McClure.” Leggat” has also reported apparatus and methods for 
forming rods or tubes of casein by this method. 

Reactive resins have been extruded successfully, both in Germany and in Eng¬ 
land, according to Jones,®* who prefers to call the operation continuous molding. 
The material in powdered or tablet form is fed into a hopper and forced by a ram 
through a molding zone. This consists first of a cooling portion where the powder 
is pressed into a compact mass of the desired cross-section, followed by a section 
where further heat and pressure are applied. It is thoroughly cured here and, 
after passing through a final stage designed to compress the material, emerges as 
a finished continuous molding. Many different shapes have been made by this 
method, including rods, tubes, headings and special forms. Metal tubes can be 
coated on either the inside or outside, continuous sheets can be made, or perforated 
metal sheets covered. Extensive applications of extruded products in the building 
trades are forecast. 

Extrusion was used by Eichengriin*® to form a porous mass which was dried 
to a dry brittle powder suitable for molding. He has extruded a highly heated 
viscous solution of cellulose esters or ethers, which may contain synthetic resins 
or other materials, through a narrow orifice so that the issuing mass swells and 
the solvent evaporates. 

The production of strips or bands from synthetic resins in a continuous ap¬ 
paratus has been described by Schless.” 

Injection Molding or Pressure Casting 

The injection or forcing of a plastic material into a closed mold is also re¬ 
ferred to as the ^^squirting’^ process, transfer molding, or erroneously as extrusion 
molding. In many ways it is similar to the die-casting of metals.” 

In all types of compression molds the pressure on the material is produced in¬ 
directly by the closing of the press, but the distinguishing feature of the injection 
method is that the mold is closed first and pressure is then applied to the material 
to force it into place. Thus it is possible to produce much more complicated mold¬ 
ings with thin walls because there is always a high positive pressure on the stock. 
This is hel(f to be one of its chief advantages. Jenkins” has stated that the injec¬ 
tion process applied to cellulose plastics gives products of higher tensile strength 
than compression methods because of an orientation of the chain molecules which 
occurs during the operation. Similar effects are recognized in rubber and in 
tough synthetic resins, such as certain vinyl polymerization products, where it is 
well known that the strength and other physical properties vary with the direction 
and amount of flow produced in the molding process. 

J. O. Davidson and H. B. McClure, Ind, Eng. Chem., 1983, 25, 645; Plaatic Produoit, 1231, 9. 
148; Britiih PUutict, 1933, 5, 14. 

»A. Leggat, British P. 354,837, 1980, to Erinoid, Ltd.; Chem, Abs., 1933, 27, 383. 

•» R. Jones, BrUish Plaetxci, l933, 4, 894. 

M British P. 147,904, 1936, to Cellon-Werke Dr. A. EichengiUn; Chem. A6s., 1921, 15, 178. British 
P. 290,989. 1927; Chem. Abt., 1929, 23. 1267 

ns. Sohless, Austrian P. 128,475, 1932; Chem, Aht., 1932, 26, 4488. 

^BHtieh Plastict, 1932, 4, 288. 

nW. J. Jenkins, J.S.C.L, 1983, 52, 245. Compare also work of Manfred and Obrist rslathif to 
the effects of mecliaiiioal working on physical properties of plastics: Kolloid.^Z.^ 1927, 43, 41; Chem, 
^6s., 1928, 22, 173. 



1324 


THE CHEMISTRY OF SYNTHETIC RESINS 


Ijijection Molding of Permanently Thermoplastic Material. Buch- 
holz'“ has described u method of injection molding of thermoplastic materials. The 
preparation is placed in a feeding-device where it is softened by heat and is forced 
into the mold through a constricted heated passage which tends to improve its 
flowing characteristics. The mold is maintained at a temperature below the solidify¬ 
ing point of the material which consequently hardens very quickly. The machine 
described by Buchholz is quite complicated, using a hand wheel, a hand lever, 
loot lever and several springs. However, much simpler injection mechanisms op¬ 
erated by one control are now available.^ Larger models r.re power operated, most 
of them being of the horizontal type.®® An air-operated machine has been used 
for regular injection molding, requiring pressures of from 600 to 900 pounds. 

Stadhnger®’ has discussed the f*oinmercial injection molding of cellulose acetate 
and vinyl resins, describing particularly the early work on cellulose acetate molding 
powders for use in compression molds. According to Stadlinger, it was Eichen- 
griin" who first recognized the possibilities of the injection molding®® of cellulose 
acetate compositions and who suggested that they were best adapted to small 
articles weighing less than 10 grams. Temperatures of 130-170°C. (260-330‘’F.) 
with pressures of 450-900 lbs. per sq. in. have been recommended for such work. 

Vinyl resins were molded by injection as early as 1929 by Posner.*® More 
recent processes*^ have suggested injection molding of polymerized indene and 
styrene as well as vinyl esters. It has been maintained that thermoplastic composi¬ 
tions*® were handled by similar methods in France as early as 1918 and that over 
90 per cent of the bituminous-base battery boxes manufactured there in 1930 
were formed in this manner. 

Injection Molding of Thermosetting Resins. Since thermoreactive 
resins have been extruded, it has also proved possible to inject such compositions 
m the same way that thermoplastic compounds are handled with, of course, the 
additional step of hot curing. The cure may be carried out in the injection press, 
or the molds may be charged and transferred to another machine for further 
treatment. Thermoreactive powders were first molded by injection in 1930*® and 
a special type of phenolic molding powder was described at that time** which 
was reported to eliminate 'forking’* or polymerizing after treatment, as this com¬ 
position was said to be incapable of reaching the stage. No special equipment 


June 16, 1931, to W. D. Grote; PlasticM and Molded Products, 

Ivv^i Bf lo« 

“See Britah PUutia Year Book, 1933. 105. Practical details of adjuatment and operation of the 
machine are given. 

•® H. Chase, Plastics and Molded Products, 1932 , 8, 239 
. "H- stadlinger, CW-Zrn., 1932 , 56, 409 , 431; Chem. Abt., 1*2, 26, 4419; Britiih Flattie, 1982, 

?' , acetate compounds is al-io described, with further details, in India Rub- 

oer 1931, 81, 11. 

. nu' P. 393,873, 1919. A. Eichengriin, British P. 147 904, 1920. 

Mi Oerman P. 395,083 and 895,084, 1919. 

German P. 441,023, 1919, to Lonant since taken over by the Rhenisch-WeatfaUsche 

Snrenw^ff A.-G now call^ the Dynamit A.-G vorm. Alfred Nobel & Co., which at present owns 
all processM of the Cellon-Werke Dr. A, EichengrUn. See under Extrusion Molding, above. Cellulose 
a^tate molding IS done m ]^gland under the Eichengrun process (British P. 171,432, 1920, to Cellon- 

trade announcement see British Plastics, 
uao ^77 ^ demonstrated there as early as February, 1930 iBntish 

(i^*^*1980^2 150*^1)^ notice was served on unauthorized users in September of that year 

ntkfZIn Legrit G.m.b.H.; Chem. Abs., 1932, 26, 2609. 

^ ^BriS^P m¥om ‘ A.-Q.; Chem. Aba., 1933, 27, 617. 

S- Stokes) ^. 7t.y h12i ^^u« JSioM: 

British Plastics, 1930, 2, 296, 

1980, 2, 66. 

^ Ibid., 1930, 2. 52. 
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IS required" as the injection cylinder and piston naay be made as part of the mold. 
Chase," and Hessen*' have published further details of the operation. 

Temperatures in this process range from 80-100®C. (170-212®F.) and pressures 
of 8600-14,000 lbs. per sq. in. fill the molds in approximately 15 seconds so that 
they may be removed and the cure completed in a hot press at about 1000 lbs. 
per sq. in. The time of cure is given as about 30-50 seconds per mm. (0.75-1.25 
sec. per thousandth of an inch) of thickness at a mold temperature of 100®C. 
When the material is heated to the molding temperature as it is injected, Chase" 
found that thick parts cured more quickly than when compression molding is used. 
Special equipment" and special preparations" have been developed to meet various 
requirements. 

Larger articles are now made by injection, especially where thin or complicated 
sections are called for, or where metal inserts are delicate and must be located 
exactly. These include twelve-cylinder automobile distributor covers®^ and manom¬ 
eter cases" over 15 inches long with molded threads at top and bottom. 

Marble- and wood-effects are obtained by the injection molding of trays, smok¬ 
ing jars, ash trays and the like, using mixtures of several colors" introduced simul¬ 
taneously through each of several inlets. For example, a tray 10 inches in diameter 
IS made by employing three inlet ports in the base, located on a circle about five 
inches in diameter. 

Other Injection and Related Processes. Synthetic resins have been used 
to impregnate containers molded of fibrous materials.’** The resin is injected into 
a mold and heated until cured. 

Kline" has stated that the interstices between the fibers in hot-molded prod¬ 
ucts could be filled by forcing in a binder at pressures up to 500 pounds per sq. 
in. and temperatures of about 170®C., adding a solvent if necessary to secure 
penetration. The binder is subsequently cured by further heat. Gwaltney" has 
suggested that layers of sheet material could be cemented by a heat-hardened binder 
and the surfaces and outer layers of the sheets given a satin-like finish by using 
a hot pressure plate which had been plated with chromium. 

Sauerbrey®^ has described a process for molding various materials by injection 
then subjecting the plastic mass to further pressure during hardening without 
further heating. 

Ibid., 1930, 2, 296. An eighteen-cavity mold for tooth-brush handles is illustrated, and its oper¬ 
ation with a cooperating cylinder and piston is described, charging three molds from the same plunger 
and piston, and finishing the cure in a separate press All eighteen cavities are charged at once, each 
through two injection holes or inlets matching with outlets from the cylinder. Two or more holes 
aie preferred to insure good mixing in the piece, and in general the moi*e delicate the molding the 
smaller the inlet holes or nozzles should be. See also ibid., 1938, 5, 71 

H. Chase, British Plastics, 1933, 5, 29. 

R. Hessen, British P. 887,207, 1932, to A. Nowack A -G ; Bnt. Chem. Ab$. B, 1933, 357. 

"H. Chase, British Plastics, 1933, 5, 29 

*®A double-acting hydraulic press is shown (British Plastics, 1931, 2, 574) and reference is made 
to direct-heated molds with flexible connections to allow a continuous cycle of injection, curing in a 
second press, cooling and stripping. Mold diameter should be about equal to the diameter of the in¬ 
jection ram. The most popular German machine (C. Stark, British Plastics, 1932, 4, 104) operates by 
air pressure reduceef to 450 pounds from an initial pressure of 900 pounds per sq. in. A German me¬ 
chanical press (Stark) uses a flywheel to generate the pressure for injection. 

“Ronisol” (phenol-formaldehyde) and “Ronilac” (urea-formaldehyde) molding compositions are 
used for injection molding in France (British Plastics, 1981, 2, 574; Plasties and Molded Products, 
1932, 8, 2S9). They are available m three degrees of hardness, in all colors including white, for special 
purposes requiring high dielectric, mechanical, acid or heat resistance, and as odorless phenolic com¬ 
positions for perfumery. The materials are usually softened at 100*0. and transferred to the injection 
cylinder at 60*0. (140*F.), at which temperature they will not cure even in an abnormally long time. 

For other developments in France, see British Plastics, 1931, 2, 574. 

"BHfwh Plastics, 1931, 3, 248. 

»Ibid„ 1931, 2, 396, 

••French P. 707,101, 1930, to Soc. de Rechcrches A Brevets F. F. M. (Soc. Anon.); Chem. Abs., 
1932, 26, 569. 

®®H. Kline, British F. 347,733, 1929, to Bakehte Corp.; Chem, Abs^, 1933, 27, 382. 

“A. E. Gwaltney, U. S. P. 1,991,090, Feb* 12, 19M, to Westinghouse Elec. A Mfg. Co.; Chem. Ab<t., 
1935, 29, 3264. 

Sauerbrey, British P. 857,992, 1930, to Jenalit Ges.; Chom, Abs., 1933, 27, 335. 
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^ Practical General Molding Problems 

While various methods of molding have been described, there are a number of 
common difficulties that may be anticipated, typical of which is adhesion of the 
molded piece with subsequent breakage and difficulty of removal. Molding is an 
art, and experience is the best guide in meeting the many practical questions which 
arise. Each new mold and each new material may require some slight change 
in the method of handling. A few general rules can be given, however, with the 
hope that they will help to forestall the problems which may be expected. 

Sticking and Staining. In the production of high-grade molded products 
difficulty may arise due to pieces sticking to the mold or due to the appearance 
of stains, discoloration or roughened areas on the finished articles. These two 
defects will be discussed together, since frequently in an attempt to overcome 
one problem, there will be a compensating trouble from the other. It is of 
utmost importance for best results to have a mold which is properly made, finished 
and polished. This should go without saying, but it is often responsible for a 
poor product. Next, and equally axiomatic, the mold must be clean and bright 
with a thin film of lubricant to prevent sticking. Scratches, roughness or dirt 
of any kind on the mold may be difficult to detect, and yet be sufficient to cause 
dirty pieces. For example, pencil marks on the mold are barely visible, but 
when a molding is made they are transferred to the piece and become very 
noticeable. On the other hand, the mold surfaces should not be chemically 
clean as this tends to cause adhesion. For best results a thin, continuous, in¬ 
visible film of some lubricant, either apjilied separately as a '^dope'' or included 
in the composition itself, must be present. If this coating is removed, as by a 
solvent, sticking often occurs until it is replaced. However, too thick a film 
or one of the wrong kind will cause discoloration. This trouble may result 
from a number of causes, and may ajipear suddenly or gradually. Occasionally 
a stain will build up on the mold without showing on the piece until several have 
been molded. In the extreme case an oily smear may cover the whole piece so 
that it appears wet when removed from the mold. 

Chemical Sticking and Staining. The question of chemical reaction be¬ 
tween the metal of the mold and molding powder is important, especially in a new 
problem. Corrosion will jirevent the formation of an adequate lubricating film, 
leading to .serious sticking troubles, and, if severe, the mold may be etched beyond 
repair. Machine steel is the most common material but it cannot be used with 
thiourea-aldehyde resins or others containing large amounts of reactive sulphur 
as these compounds attack the hot mold, darkening and roughening it, thereby 
causing sticking and staining of the piece. The same result occurs when vinyl 
chloride resins are molded at high temperatures in copper or nickel molds, or when 
rubber containing sulphur is molded against copper, a combination actually used 
commercially to produce a permanent bond of rubber on metal. 

Corrosion-resistant metals are required to meet special conditions.®® Molds of 
stainless steel containing 14-18 per cent chromium are used to some extent, but 
these are expensive and more difficult to make than standard steel molds, and can.- 
not be readily hardened., Chromium plating of molds for synthetic materials has 
been recommended and described at length by McKay." Richardson" has recom- 

i* MaUU wiitaWe for use in molds are described in Chapter 67 from a mechanical etandpoint. 

■» M. H. McKay, Ptastia and Molded Products, 1931, 7, 562. 

••F. B. Richardson, Ryhhar Aps, 1928, 23, 607; Chem, Ab$., 1928, 22, 4272. 
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mended it for rubber and Mason*^ has referred to the successfiil use of this coating 
for both abrasion and corrosion resistance. The surface is, of course, very hard 
and smooth and can be used with most molding compositions, including those 
from thiourea, vinyl resins and rubber. Duralumin alloys** have also been used 
in molding hard rubber to prevent corrosion. 

Mechanical Sticking and Staining. The degrees of sticking vary widely. 
Adhesion may cause only slight inconvenience in removing the piece, in no wa\ 
damaging it or staining the mold, or separation may be almost impossible, result¬ 
ing in a rough or a chipped piece or ruined form. Careful examination and study 
will often save much time in locating the cause of trouble. Repeated sticking or 
chipping in one place is often due to a slight defect in the mold, such as a scratch, 
dirt spot, or under-cut. In such cases the remedy is obvious. 

Sticking and staining over larger areas, especially when there is variation in 
size or location, is usually caused by the composition or the method of molding. 
This indicates either that the necessary thin film of lubricant has not been built 
up, as in new or recently cleaned molds, that the film has been destroyed by exces¬ 
sive heat, or that the lubricant is unevenly distributed in the composition. 

The use of too high a molding temperature will sometimes cause sticking and 
stuming, as will also undercurmg, or removing a thermo reactive composition before 
it' has sufficiently hardened. Adhesion may also occur from too much cooling 
before stripping, esiiecially of shellac and other compositions which are very brittle 
when cold. Rapid manipulation will usually help to overcome this trouble. 

' Theniiosetting materials sometimes stick or show stains because i>ressure is 
applied at the wrong time or rate. If it is applied too rapidly staining is likely, 
whereas if the material is allowed to soften and then become infusible under 
heat without full pressure, staining accompanied by fine lines on the surface 
often occurs. This is the reason that fast-curing compounds cannot be used in 
making moldings requiring a protracted period of flow. 

Remedies for Sticking. Since sticking is usually caused by the absence of 
a proper lubricating film between the mold and the molded piece, it can often be 
eliminated by a lubricant applied either directly or incorporated with the composi¬ 
tion. The manufacturer of molding preparations always includes some agent of 
this type in his product, but the molder can easily add more if necessary. If 
sticking still persists, light machine oil, olive oil or common soap dissolved in 
water may be used to form a thin coating on the mold. Gasoline has been found 
helpful in the case of thermoplastic preparations made largely of shellac. Ex¬ 
tremely small amounts must remain on the mold if staining or spotting is to be 
eliminated, however. A water-soluble sodium sulphonate compound obtained from 
mineral oil has been suggested to be useful as a mold lubricant** and certain solid 
lubricants (stearic acid, paraffin, ceresin and carnauba wax) have also been found 
to be of value. Dusting the mold with a finely powdered water-insoluble soap,** 
for example, zinc stearate or aluminum palmitate, has also been found efficacious. 
These compositions can be suspended in water by first wetting with alcohol to 
form a paste, and then diluting with water to form a solution to be used as a 
mold dope. Tallman** has applied aluminum stearate dispersed in a baked japan 

«W. H. Mason, U. 6. P. 1,844,801, Fsb. 9, 1932, to Masonite Cotp.; Brit, Chem. AU. B, 1982, 1020; 
British Plasties, 1930, 1, 404. 

**A. M. Lynn, Plasties and Moldad Products, 1931, 7, 78. 

L. Sibley, U. S. P. 1,559,2W, Oct. 27, 1925, to Standard Development Co.; Chem, Abs„ 1926, 

20, 128. 

M. Weber, U. 8. P. 1,558,440, Oet. 20, 1920, to £lUs-Fostet CompAny; Cham, Ahs„ 1929, 

20, 518. 

•»A. P. Tallman, U. 8. P. 1,052,218, Dee. 18. 1928. 
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to molds used for rubber. Edison** suggested gilsonite or other asphalt in a volatile 
solvent (naphtha) as a lubricant in similar work. 

Manufacturers of molding compositions have studied this problem extensively 
and have overcome sticking to a great extent by the inclusion of film-forming lu¬ 
bricants in the material. Stearic acid particularly is utilized for this purpose. 
Huxham*^ suggested the incorporation of zinc stearate or aluminum palmitate 
directly in the preparation and this addition has been very helpful in preventing 
sticking of materials which would otherwise cause serious difficulty, for example, 
those containing a reactive phenol-furfural resin as a binder. The addition of 
water-insoluble soaps may be made to the resin or to the composition at any 
.stage in its manufacture, or they may be precipitated on the filler. An effective 
method is to grind the metallic soap with the otherwise finished molding composi¬ 
tion in such a manner that each particle becomes coated with the finely ground 
lubricant. The distribution must be uniform and an excess avoided. 

Another material, recommended by Cherry and Kurath®* for use in hot-molded 
articles, is the dark brown, waxy reaction product of stearic acid, aniline and 
either formaldehyde or furfural. A method suitable for large, rough-finished 
articles consists in coating the mold with a material which decomposes at the 
temperature used. For example, a resin-asbestos mixture may be cast in an iron 
mold lined with paper previously treated with acid sodium sulphate solution and 
dried.** 

Remedies for Staining. Staining is by its very nature hard to overcome, 
because it is often caused by the presence of a substance incompatible with the 
resins under the conditions of operation. The manufacturer can control the in¬ 
gredients but once a material is added it cannot be removed. The molder, there¬ 
fore, must resort to dilution of the objectionable component by blending, that is 
the addition of other stock free from staining action. Thus, the operator who 
encounters staining can only dilute an unsatisfactory material, or change his press¬ 
ing technic until the trouble is overcome or the material used up. Lower tempera¬ 
tures and longer cures should be tried, and the time of applying pressure should be 
varied. If the composition has been exposed to moisture, re-drying may be of 
value. A variety of operation adjustments should be considered as sometimes very 
small changes in manipulation are efficacious. 

Blistering. Blisters in molded articles are produced by the expansion of 
gases or vapors formed or liberated during the molding operation. They may be 
small and distributed throughout the article or may unite into one or two large 
defects well below the surface. In any event, the appearance and strength of the 
product are seriously altered. With permanently fusible compositions, blisters are 
usually caused either by molding at too high a temperature or by opening the 
mold before it has been sufficiently cooled. If blistering continues after adjusting 
these two factors, the composition should be examined, since it may contain mois¬ 
ture or solvents used in its preparation, and further drying is needed to eliminate 
the difficulty. 

When molding thermosetting or reactive phenolic resin compositions at a tem¬ 
perature not exceeding 350*F. (177®C,), blistering is not likely to be caused by 
improper treatment but is more often traceable to the presence of solvents or 
moisture. On the other hand, excessively high molding temperature^ and subse¬ 
quent opening of molds without any cooling may cause blistering. The use of a 
cooling press adds one riiore step to the procedure and should be unnecessary with 


••T. A. Edison, U. S. P. 1,862,740, June 14, 1032, to T. A. Edison. Inc 
WT. S. Huxham, U. S. P. 1,571,447, Feb. 2, 1926, to Carleton Ellis- Chem 
**0. A. C^W>nd F. Kurath. U. 8. P. l'.806,069, Feb. 7, 1938, to 


Chem. Abi„ 1933, 27, 2541. 

» German P. 525,447, 1920, to Sdureechuts-aee.m.b.H.; Chem. Ab»„ 1981, 25, 4189. 
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thermosetting compositions when the platen temperature is maintained within the 
usual range. Pieces requiring accurate sizing are an exception, since they tend 
to warp and vary in dimensions unless cooled under pressure. 

In molding thermoplastic goods, it sometimes happens that a blister, containing 
gas under high pressure, forms near the surface. When removed from the mold 
the gas pressure fractures the material and blows out a piece of stock, leaving a 
hole with a little pit at the bottom where the gas was compressed. Such blow¬ 
outs generally occur shortly after removal of the article, but small raised blisters 
may continue to appear for a number of hours or even days after pressing, mak¬ 
ing inspection very difficult. 

If pressings are made from a composition in sheet form, there is danger of 
folding or trapping air in the stock. This is particularly common with very adhe- 
>\\e materials and may even be caused by air originally trapped in the stock dur¬ 
ing the initial mixing, sheeting or calendering operation.'^® 

Heat Marks. Undulated Surface. A rippled or uneven surface on molded 
articles made from compositions which become infusible on heating is attributed 
by some observers to the evolution of gases which form pockets between the 
mold surface and the material which is being molded. These very slight undula¬ 
tions are readily visible when the article is examined by reflected light. What¬ 
ever may be their cause, it is generally understood among molders that chilling 
the mold before opening will usually remedy the fault. Furthermore, this defect 
IS not considered a serious one and the purchaser is often willing to condone a 
slight unevenness of surface to avoid the extra expense because of time taken in 
chilling the article. The author has observed the formation of this undulating 
surface in molding compositions having binders of a number of different kinds, 
including phenol-formaldehyde, urea-formaldehyde, acetone-formaldehyde and 
numerous other condensation resins. 

With thermoplastic materials, heat marks may be much more serious. In some 
cases where too high a temperature or too long a heating period has been used, 
the preparation may flow out of a flash mold to such a degree that contraction 
occurs, leaving low spots sometimes an inch or more long. Reduction in heat will 
usually overcome this, and if the stock is heated before being placed in the molds, 
the treatment often suffices to permit a reduction in the temperature of molding. 

Local heating or cooling may be necessary in certain cases. Sherts"^ has used 
this method to eliminate heat marks in molding cellulose acetate or nitrate into 
such articles as toothbrush handles. At the temperatures necessary to get good 
ciittmg-off of the flash at the edges of the mold he found that heat marks occurred 
only on the flat surfaces, and accordingly constructed small cooling channels near 
these surfaces. 

Control of Flow and Flow Marks. Most thermosetting preparations are 
now available in several grades of hardness or flowing characteristics to meet the 
demands of the different kinds of molding. In general, the hardest grade that will 
give sufficient flow should be used. If the material is not sufficiently plastic at 
the given temperature of molding used, flow marks may appear. These are peri¬ 
odic, liglit and dark, cirrus-like markings in the finished article at right angles to 
the direction of flow. The composition may not be hot enough to flow under the 
pressure applied or it may have lost its plasticity through reaction caused by heat 
alone. This occurs with thermosetting compositions when preforms are improperly 
heated. Sheet stock which has been allowed to react too long will often show 
seams where pieces of the material have welded together. Careful preheating and 

^Chapter 65 describea methods of eliminating air during mixing. 

H. Sherts, U. S. P. 1,819,444, Aug. 18, 1981, to Du Pont Viseoioid Co.; Pla4tiC9 and Molded 
Product*, 1932, 8, 114. 
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adjustment of tlie temperature and pressure in molding should eliminate this 
difficulty unless the composition is defective. 

The flow of thermoplastic materials can be controlled by the temperature of 
molding and the timing. The stock temperature, the mold temperature, the time 
before cooling is started, and the final cooling temperature can all be varied. 
Tough preparations, such as cellulose acetate and certain vinyl resins, require a 
longer time to flow before cooling than do softer compositions having greater 
mobility at molding temperatures, such as shellac. 

Flow marks of a different kind occur in the molding of transparent and trans¬ 
lucent materials, especially where a filler or other substances capable of orientation 
are present. These defects are parallel to the direction of flow and are very diffi- 



Courtesy Bakelite Corp. 

Fig. 194.—Tumbling Barrels Remove the “Flash” or “Fins” Where 
the Mold Sections Come Together. 

cult to eliminate entirely, but slower closing of the press or working at a higher 
temperature sometimes helps. 

Waviness occasionally appears after stripping articles containing coarse fillers, 
such as long-fiber asbestos or rough fabric. The trouble may at times be caused 
by incomplete impregnation of the filler, and at others by strains around the par¬ 
ticles. The grain of a paper will often show through a thin resin coating even 
when the fiber is thoroughly saturated. Exposure to water emphasizes these effects 
particularly when a non-waterproof filler is present. 

Finishing of Molded Articles. The finishing and inspection room of the 
molding shop should be equipped with lathes, buffing wheels, polishing wheels and 
a variety of abrasives. Buffing wheels for this purpose are generally made of 
canvas or sheeting, sometimes treated with a sharp cutting abrasive for what is 
termed a ''hard wheel." A very mild abrasive or grease alone gives a "soft wheel." 
A twelve-inch buff running at 1800 r.p.m. and having a surface speed of about 
5700 feet per minute can be regarded as standard practice. Perhaps the most 
important task of the finishing room is the removal of fin or flash to leave as 
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little trace of these irregular projections on the molded article as possible. If 
the product is round it may be placed in a lathe and a file lightly applied to trim 
off the fin and leave a smooth surface, but light flash in an accessible position 
may be removed by buffing or by a sandpaper belt. In a few cases the operator 
must resort to filing by hand. This is usually necessary only with odd-shaped pieces 
but in general the practice in molding is to make the fin as thin as possible to 
minimize the labor in finishing. The fusible or shellac type of molded articles 
are polished on a soft wheel which is greased but has no abrasive. Here again if 
the product is round it may be possible to construct some sort of holder to allow 
lathe polishing. Infusible compositions are usually buffed on a hard wheel with 
tripoli, followed by polishing on a soft wheel which carries no abrasive. Inserts 
occasionally need to be machined after the article has been molded, an operation 
which is best done before buffing and polishing. 

Finishing of small articles, including the removal of flash, is frequently satis¬ 
factorily accomplished by placing them in a tumbling barrel which rotates at slow 
speed and allows the pieces to rub against each other or against other objects 
])laced there for that purpose. (See Fig. 194.) Considerable time is required, 
but a great many pieces may be treated simultaneously. Special polishing com¬ 
pounds are sometimes added in the tumbling barrel. Open-work tumblers are 
frequently used which allow the flash to fall through onto the floor as it is removed. 

An ^^ashmg” treatment used in finishing cast resins consists of wet-buffing with 
ashes or other soft abrasive and water. A ^^coloring’^ process used on some colored 
plastics (celluloid and cellulose acetate) applies lime and grease on a buffing wheel 
following tripoli or rouge. 

Inspection. The inspection department is responsible for the quality of the 
product, and may make any tests necessary to insure this, varying from a casual 
observation as the goods are being packed for shipment to careful dimensional 
checks on every piece. Examination may be made of all articles, of hourly samples 
from each press or of representative specimens from the whole press room. 
The important points may be dimensions, location of inserts, waterproofness, flat¬ 
ness and freedom from small blemishes or polish of the surface. The list could 
be extended indefinitely. The final operations are packing and shipping. 

Costs and Cost Estimating. The detailed methods of cost finding and cost 
estimating are obviously not within the scope of this book, but an appreciation of 
their importance and relation to the chemistry and chemical Engineering of syn¬ 
thetic resins is most desirable. In fact, the question of expense is emphasized by 
Bender” as the point at which most new resins fail and the engineer on practical 
molding work is usually required to spend much of his time in attempts to reduce 
costs. 

When a very few pieces are made the mold costs are high, although some com¬ 
panies are said to have found it profitable to build a complicated mold for as few 
as 200 impressions.” With hand molds and slow pressing cycles, labor costs are 
predominant. The development of semi- and fully-automatic machines has gone 
through the stage of excessive machine costs and now the material cost is one of 
the most important items as mechanical improvements have greatly increased the 

^ H. L. Bender, Pliutie Product m, 1033, 9, 106. 

Arrangements for loan, rental or exchange of molds have been proposed in attempts to distribute 
the mold costs among several users and prevent needless duplication. Pla$tie$ and Molded ProdwU 
published in 1982 and 1033 ( 8 , 432, 421, 459) give information on certain stock molds owned by various 
molders. Small orders of parts from these molds are accepted. A Central Bureau for molds has been 
established in Germany jointly by Siemens-Schuckertwerke A.-O. and H. Rotnmler A.-Q.. of Berlin- 
Spremberg. This is known as the Matrice Center, according to British Piosries, 1983, 4, 543, and has 
several thousand different molds availaoie to tne participating companies as required. 
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rate of production. This means that any saving made in the cost of raw mate- 
nals is quickly reflected in that of finished articles. 

An estimating sheet for the total cost of a molding has been prepared by 
RowelP and methods of costing are discussed by SpallQuigley'® considered 
mold costs with particular reference to the proper allocation of overhead charges, 
and has estimated the percentage of material lost from various causes in the 
average molding plant. The possible reuse of flash and ground rejects is of course 
an important item in this connection, and practice in this respect varies widely 
with local conditions in each plant. 

Special Methods and Procedures in Molding 

Molding of Light-Colored Goods. The demand for color in many of the 
articles of our everyday life has been met by the molding industry with an ever- 
increasing range, brilliance and permanence of colored compositions, especially in 
the lighter pastel shades. This has made it necessary to keep each color separate 
and free from contamination by darker preparations and any other discoloring 
agent. The molding industry has become, perforce, one of the clean trades, for 
even dust in the air can easily damage the lighter shades. All equipment used in 
preparing or handling the powders in any way, including preforming machines, 
must be capable of a quick, thorough cleaning, or, failing this, must be reserved 
for one color or one group of colors only. Urea-formaldehyde compositions require 
special care in preparation and handling because the market demands these in very 
delicate tints. 

Molding Radio Tube Bases. This is a very specialized ])roduct made now 
by only a very few molding companies that have developed the necessary auxiliary 
equipment to make bases at the low price prevailing. Large, miitiple-cavity molds 
are employed,^ being loaded simultaneously with ball preforms. Hollow contact 
pins are commonly used, molded into the base in such a way as to leave an open 
hole through which the connecting wires may be passed. 

Forming Large Structures of Synthetic Resins. Comparatively large 
moldings have been made with the regulation steel molds and presses. For ex¬ 
ample, bedsteads” (24 lbs.) have been formed in a mold (2% tons) but because 
of the size and the large amount of material to be heated, the molding step 
is very slow, allowing the production of but four pieces per hour. A large tank,” 
4 lbs. heavier than the bedstead, has been similarly press-molded. Radio cabi¬ 
nets 22 inches high, weighing about 10 pounds have been molded of phenol- 
formaldehyde composition in an eight-minute cycle.*® 

Acid-proof compositions of phenol-aldehyde resins and asbestos fillers (Haveg) 
have been developed to the point where large structures can be built for use in 
industry, providing chemically resistant tanks, agitators, pipes, trays, filter press 
plates and the like. Tanks up to 10 feet in diameter and 10 feet high can bi 
made in one piece without seams. These are built up in forms from the resin- 
filler mixture in a condition much like cement or plaster, and are then hardened by 
means of heat. Methods of joining such sections to make large composite vessels 
have been described by Wirth,*" who made acid-proof stnictures by cementing 

WH. W. Rowell, Briti$h Plaatics, 1931, 3, 94, 156. 

Spall, ibid,^ 1932, 3. 842, 450. 

»*J, J. Quigley, Plastici and Molded Producte, 1931, 7, 185. 

L. F. Rahm, PkuticM and Molded Producte, 1981, 7, 386. 

Ptaetice, 1981, 3, 198. See also corrections, ibid,, 1982, 3, 396. The mold was made in a 
number of separate parts, hardened and then assembled. 

British Plaetioe. 1982, 3, 896. The mold weighed over 2% tons 

»These -^ere molded in a 350-ton press. Each half of the mold was built from one piece of steel, 
and then hardened. 

«J. K. Wirth, U. S. P, 1,747,964, Feb. 18, 1980, and 1,789,642, Jan. 20, 1981. 
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together building elements with an adhesive or binder which hardens at room 
temperaturesIn Australia, plastic compositions have been used to make pipe** 
from 3 inches to 120 inches in diameter and up to 12 feet long for use as water 
mains and other general piping applications. 

Large press moldings made from vinyl resin compositions have been described 
by Davidson and McClure.*^ These are panels 2 inches thick by feet wide 
and 8y2 feet long, weighing 150 jiounds. When used as wall sections they showed 
no tendency to warp or crack over a period of one year. Davidson and McClure 
have reported that a low degree of shrinkage occurs when vinyl resin is used and 
that, as compared particularly with curing resins, fewer strains are set up in 
the molded article. In one example which they have described, a layer of vinyl 
resin composition was molded over a porous sound-insulating and deadening core 
that had sufficient crushing resistance to withstand the molding pressure of 250 
pounds ]ier square inch. A very simple, makeshift mold was used, consisting 
of two aluminum jilates and removable steel strips which formed a ring around 
the edges. The iip^ier plate entered this ring about 0.5 inch when the mold was 
closed, thus forming a semi-positive mold. A layer of molding composition was 
sjiread evenly in the bottom of the mold, the core placed carefully in position 
with 0.5 inch clearance all around, and more molding composition added until the 
mold was fully charged. Steam was used to heat both the mold and the composi¬ 
tion. Even with these crude conditions practically all of the panels formed were 
satisfactory for use. 

Methods of Ornamenting. Variegated products have been made from 
plastic compositions by introducing flexible materials such as fabric, paper, leaves 
of trees, metal sheets with figured designs, wire or threads before the mass has 
set into final condition."^' Lumps of synthetic resin have been covered with dif¬ 
ferently colored adhesives and molded to produce a veined effect.** Mu ohy and 
Owen*' have decorated rubber or other materials, including synthetic resins, by 
coagulating emulsions or dispersions of rubber, gelatin or synthetic resins on their 
surfaces. The designs formed are irregular and may resemble leather. Dennis** 
has described the use of synthetic resins or casein for making molded ceiling roses 
or globes for electric lamps. Plates and other articles of synthetic resin are orna¬ 
mented or modified by apjilying a mixture of a natural or synthetic resin and a 
filler with or without a pigment,'*® using pressure and heat to unite the powder layer 
with the surface of the article. Thompson®® has treated rubber by imbedding 
globules (less than 1 mm. in diameter) of wholly or partly transparent material 
in its surface. Single” has also molded plastic articles bearing surface designs. 

Decorative overlays, for example of cellulose acetate, may be applied to thermo¬ 
plastic articles and welded in place by heat and pressure. These overlays should 
have lower plasticity than the base material.” 

Urea-formaldehyde resin products have been embellished by Froese®* to give 

«J. K. Wirth, U. S. P. 1,867,060, July 10, 1932. 

^British Pl<Mtic9, 1933, 5, 25. The work was done by the Industrial Technical Research Institute, 
Sydney, Australia. 

MJ. G. Davidson and H B; McClure, Ind, Eng, Chem., 1933 , 25, 645; Plastic Products, 1983, 
9, 143; British Plastics, 1933, S, facing p. 14. 

British P. 349,670, 1929, to N.-V. Philips’ Gloeilampenfabriken; Chcm. Abs., 1033, 27, 436. 

^ British P. 349,753, 1929, to Synthaform Fabrik fUr Formteile aus Synthetischen Edeibareen Gee.; 
Chem, Abs., 1933, 27, 435. 

^ E. A. Murphy and £. W. B. Owen, British P. 358,562, 1930, to Dunlop Rubber Co., Ltd. and 
Anode Rubber Co., Ltd.; Chem, Abs,, 1933, 27, 443. 

p. Dennis, British P. 330,133, 1929; Chem. Abs., 1930, 24, 6042. 

WE. Elbel, German P. 566,347, 1927, to Bakelite 0.m.b.H.; Chem. Abs., 1933, 27, 1221. 

«>F. Thompson, British P. 348,169, 1930; Chem. Abe., 1933, 27, 631. 

O Single, British P. 390,212, 1931, to Bakelite G.m.b.H.; Brit. Chem. Abs. B. 1933, 437. 

w British P. 347,475, 1931, to Celluloid Corp.; Bnt. Chem. Abe. B, 1931, 1107. 

w E. Froese, U. S. P. 1,914,247, June 13, 1933. 
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a dark, sunken design surrounded by a lighter, raised border where the natural 
color has been bleached out of the resin composition. The result is accomplished 
by stamping or branding the surface for about four seconds with a metal die 
heated to a temperature ranging from 1000-1200®F. The brand should be shaped 
tx) fit the surface of the object. The burning or scorching forms the design in 
intaglio and at the same time darkens the material. At the edges the heat swells 
and bleaches the composition. 

Miscellaifeous Procedures. Mention should be made of water emulsions 
of synthetic resins, and their uses. Concentrations up to about 50 per cent of 
phenol-formaldehvde resins are available. These dispersions of resin in water 
have been used to make molding compositions, for example, with wood flour or 
sawdust. The filler is dampened with a dilute emulsion and the resin coagulated 
on the filler as the latter absorbs the water. Low-grade semi-porous moldings 
can be made from the dried filler with very much lower resin content than that 
in standard molding powders. 

Emulsions may also be used in the preparation of sponge materials from resins 
by processes similar to those used in preparing sponge rubber from latex or arti¬ 
ficial dispersions of rubber in water.®* Porous sheets of rubber or synthetic resin 
compositions suitable for storage-battery separators have been made in this man¬ 
ner. A mechanical method for making these consists in piercing sheets of the 
uncured material with fine perforations and subsequently hardening by heat treat¬ 
ment.®® Synthetic resin compositions containing a filler are used for connecting 
different parts of electric insulators.®* 

Hollow articles have been molded from synthetic resin powder by Ireland,*" 
using fusible metal cores. Bray®* has molded thm-walled sections, assembled these 
to form a hollow core, and introduced molding material to make a hollow article 
of which the core member forms a permanent part. Novotny®® has suggested plac¬ 
ing a potentially reactive resin mass around a core of a solidified gas, such as solid 
carbon dioxide, applying heat and pressure to gasify the core and cure the resin, 
producing a hollow article of the form desired. 

Dillehay'®* modified the outside of bituminous composition moldings by rolling 
a charge of a plastic material (asphalt-filler mixture) in a molding powder contain¬ 
ing a condensation resin to form a coating on the mass before molding. 

A liquid mass of synthetic resin may be provided with resistance wires and 
the resin hardened by passing an electric current through the wires Hora"*® 
molded sliding-clasp fasteners for cloth in such a way as to allow attaching them 
to the fabric at the time of molding. 


Phonograph Record Molding 

The materials and methods used in the molding or pressing of phonograph rec¬ 
ords'** show the changes which have been taking place in this industry. Some of 

P- 333,962. 1929; 

••British P. 365,311, 1929, to Soo. Italiana Pirelh; Chem. Abx 1933 27 448 
^ F. Ireland, British P. 368.432, 1930, to Moulded Products, Ltd.; Chem. Aba., 1933, 27, 

Tl>om»oi,-Hou«l«n Co., Ltd.; Chem. Ab,.. 

••B.* B. Novotny, U. 8. P.'1,776,366, Sept. 23, 1930, to J. S Stokes 
^«>E. a. DiUehay, U. S. P. 1.8M.0J8. Dec. 27, 1932, to Ri.h«rde;,n Co,; Chem. Abe., J938, 27. 

E. MoKring, French P. 738,943, 1932, to Sauroschuta-G.m.b H • Chpm ahb iom 97 imi 

British P. 386,826. 1932: Brit. Chem. Abt. B. 1933. 277. them. Abn., 1933, 27. 1221. 

Hor«. British P. 361.092, 1930; Chem. Aba., 1933, 27. 1221 
"•a W. Rivi» (Phetice. 1980, 6. 187, 148, 218, 277, 834, 397,' 445) gave » review of 47 U. S. 
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the factors that have at last made synthetic resins competitors of the long-estab¬ 
lished shellac compositions will be indicated. 

Phonograph records have been made from shellac since the early days of com¬ 
mercial production, when the compositions, then used for button manufacture and 
other moldings,^ were found to make satisfactory records. So much shellac has 
been used by the record industry that for years this has been the controlling factor 
m its price. Many other materials, especially natural and synthetic resins, had 
been tried and used to some extent in records, but for the most part they were 
merely substitutes for shellac and did not contribute much to the art, either in 
quality of the record or quantity used. Since 1931 synthetic resins and cellulose 
derivatives,'” including cellulose xanthate/” have been used for producing special 
records which are superior to shellac records in certain respects although they 
cost more to manufacture. Further extension is apparently largely dependent 
upon price and pther commercial aspects rather than technical considerations. 

The predominance of shellac in record manufacture for over thirty years is 
based on its peculiar advantages and on some other circumstances which will be 
mentioned briefly. Although far from perfect, it combines toughness, flow, and 
heat stability with hardness and sufficient water resistance to a greater degree than 
any other natural resin. The industry has developed methods which minimize 
Its disadvantages, and which liave been called ‘^the high-water mark of molding 
technic.”'*" Other materials with inferior molding qualities were not considered 
even if cheaper or better in some other way. The fact that shellac compositions 
could be reworked placed the curing resins at a disadvantageous price level which 
was further increased by the short molding time of tlie former. The large in¬ 
vestment in stocks of shellac, necessitated by the time required for shipment from 
India, and in special equipment for handling, reduced the interest in any develop¬ 
ment which might jeopardize these investments. Furthermore, the acoustics of 
the old phonographs were so poor that they could not reproduce faithfully with 
the old records and would not give atipreciably better results with the modern 
records. The introduction of the electric phonograph was the ruling cause of 
record improvement. 

Shellac Substitutes. Repeated attempts have been made to use practically 
every plastic or resinous material for records, eithe’’ alone or with shellac. All of 
the natural and fossil resins were tried without success except that small amounts 
have been used as plasticizers. Pitch from the destructive distillation of hard¬ 
wood is used in cheap records, sometime.s in considerable quantity, but gives rise 
to an inferior product. Permanently fusible acetaldehyde condensation resins have 
been tried but they cannot be used alone because of low melting point or lack 
of toughness. The same is true of fusible phenol-formaldehyde and alkyd resins. 
So-called nonbreakable records have been made to overcome the brittleness of 
shellac. For example, coal-tar pitch has been used as the chief impregnating mate¬ 
rial for paper pulp sheets which are united by heat and pressure into an unbreak¬ 
able, though thermoplastic, record with a thin shellac composition surface. Thick 
records with a thin surface layer of phenol-formaldehyde resin'” and a center 

and 20 foreign patoita relative to records. H. C. Bryson iBritish PUmticif 1929, 1, 187; 1930, 1, 820, 
442, 484 , 539) described general processes from recording to shipping. H. C. Bryson (British Plastics, 
1931, 104, 160, 228, 259) also discussed phonograph records m general, including new developments. 

In a later article (/j 8.C./., 1938, 52, 498) he discussed various kinds of non-breakable records. 

A. F. Suter, British J^lastics, 1980, 2, 77. 

«»W. T. Forse, F. W. Jones and O. Walters, U. S. P. 1,408,608 and 1,408,009, Sept. 18, 1928, to 
Columbia Gramophone Mfg. Co. 

C. Bryson, British Ptasties, 1932, 4, 48, 90, 100, 200. J. £. Thornton, British P. 827,184 and 
inS; Chtm. Ab$.. 1*80, 84. im. 

»»H. O. BryKm, Chtm. Apt, 1*83, 87, 84*. 

«»L. H. BMkduid, U. 6. P. 1,088,3(4, Dm. 80, 1*18, to Gaiml Bidcdito Os. Thi. oovm • 
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layer about one-quarter of an inch thick made of paper or cardboard impregnated 
with a cheap mixture of resins have been marketed. This record was unbreak¬ 
able, but it was heavy and bulky and had such a short life that it is not now manu¬ 
factured. Gelatin records have been proposed, especially with the addition of 
softening and preserving agents."* 

Shellac-surfaced laminated records have been made successfully. Here cheap 
natural resins and some pitches are used as a core, but the surface layer and 
thus the playing characteristics of the record are practically identical with those 
of solid shellac. 

Improvements by the Use of Synthetic Resins. Synthetic resin records 
are much better acoustically, since they have less “background’^ or “surface noise” 
and reproduce much louder passages with fidelity. This is believed to result from 
their ability to yield finer grained, stronger compositions. The synthetic resin 
records have better wearing qualities, lighter weight and greater flexibility, and 
are less subject to breakage and to deterioration by moist air liecaiise of their 
superior water-resistance. 

Cellulose acetate compositions have been used chiefly in manufacturing thin 
transparent records, and in laminated records with printing or illustrations in black 
and white, or even in four colors, under the acetate surface. Laminated records 
with colored, but necessarily opaque, shellac surfaces have also appeared. 

Production Methods. The production of phonograph records, as previously 
mentioned, is a very specialized art, developed and operated for many years by the 
oWer record companies with shellac as the base material. The practice has so in¬ 
fluenced the manufacture of all types that the fabrication of solid shellac records 
will first be described, followed by the modifications illustrating various steps in 
the introduction of synthetic resins into this field. 

Solid Shellac Records. The raw materials for the usual solid or non-lami- 
nated shellac record are shellac, manila and other copals, rosin, cotton flock, 
carbon and bone black, mgrosine dye,“'’ and mineral fillers. Hardwood pitch is 
added in the cheaper records. 

The filler most frequently used is a red clay which is an iron aluminum silicate 
containing considerable free silica. Fine slate flouF^' of somewhat similar composi¬ 
tion may be used. Some manufacturers prefer rotten stone (tripoli) with either 
ground barytes or blanc fixe, a mixture most often used for laminated records. 
The high specific gravity of the barytes makes a solid record containing it very 
heavy. 

Shellac is the main component, to which smaller quantities of the other resins 
are added. Flock is usually about 3 per cent of the total weight. The blacks may 
vary from 2 per cent to 15 per cent, depending upon which ones are used and on 
the color of the mineral filler. The latter ranges from 45-75 per cent of the mix 
by weight, depending upon the kind used, the higher percentage, of course, applying 
to very heavy fillers. All components mu.st be very fine and free from grit or 
coarse, hard particles. 

The ingredients are ground separately, screened to remove foreign materials, 
and lumps, and then weighed out in the proportions required. Ground record 
scrap, made by breaking and grinding rejected records and press-room flash, is 

non-thermoplafltic sound record embodying an infusible condensation product of phenols and formal¬ 
dehyde and includes both sohct and laminated records. 

P. Rudin, British P. 890,MS, 1931; Bnt. Chem, Abt. B, 1983, 479. 

E. Humner, U. S. P. 1,781,711, Nov. 18, 1930, to CJalco Chemical Co.; Chetn. Ab»., 1981, 25, 
484. Thia refers to the use of asine base dyes such as nigrosine base, or inulin base, and gives record 
composition formulas, shoving the anticipated saving due to the use of dye. 

“'F. W. Stone, U. 8. P. 1,628,288, Apr. 15, 1927, to Central Commercial Co.; Chem. Aba., 1927, 
2U 1698. 
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introduced at this point, and may constitute a considerable proportion of the mix. 
It is necessary to remove the paper labels from rejects before incorporation 
\vith the record composition. The dry powdered materials are thoroughly inter¬ 
mingled in the cold in a large mixer and small batches are weighed out for the 
grinding or milling operation. Either standard mill rolls or the larger enclosed 
Banbury mixers may be used.^“ The composition is ground for a short time at 
1()0-105°C. (210-220°F.) until all lumps and unmixed material have been thor¬ 
oughly dispersed. The hot plastic dough is now transferred as quickly as possible 
to ''blanking” or calendering rolls which form it into a long sheet while still hot. 
This sheet is marked into rectangles by rotating knives which cut it only part 
way through. When cold it is readily broken up into separate rectangular pieces, 
or “biscuits,” each containing just enough material for one record. 

Pressing. The type of press most used for solid records has a hinged, counter¬ 
balanced head. The cored steel flash-type dies are permanently attached, one 
section to the head of the press and the mother below to the lower platen. The 
hydraulic ram is mounted in the body of the press and moves the lower platen 
and die upwards after the head of the press is lowered and locked in place. Each 
(he contains a nickel-plated copper “matrix,” made by electrolytic deposition on 
a wax blank containing the original recording.”** The matrix is held in place by 
a ring which serves as the edge of the die and controls the thickness of the record. 
Matrices must be easily and quickly changed, especially when relatively few records 
of each kind are made. 

The record molding ojierations were originally carried out by hand, but now, 
although the operations are the same, jiresses are used which are more or less 
automatic. The record molds are first heated by steam between 80-105®C. (175- 
220°F ), paper labels are ])lace(l in position on label pins, the hot soft stock from 
the steam table is jilaced in the center of the bottom matrix and the top of the 
press is closed and locked. The real pressing now starts as hydraulic pressure 
of about one ton jier sq. in. of record surface is applied. The steam is turned 
off and c.old water is passed through the same spiral channels in the mold blocks 
until the temperature drops to about 30-40°C. (85-105°F.). The hydraulic valve 
is then closed and the relief valve opened to drop the press. The head may now 
be raised and the record with its adhering flash removed. Cooling water is fol¬ 
lowed by steam, the relief valve closes, and the cycle is repeated. The operator 
removes the flash from each record while the next is in the press. Mechanical 
belt-driven toggle presses are used by some manufacturers, giving a pressure of 
about 1000 pounds per sq. in. The output varies with size and other conditions, 
but solid shellac records can be produced at a fair average rate of two per minute. 

The records now go to the finishing lathe where the edges are smoothed and 
polished, either automatically or by hand. They are then wiped clean of dirt 
and dust, inspected visually and packed. Test records are played to detect any 
invisible defect. 

Laminated Records. The laminated shellac record”* has a thin surface layer 
of shellac composition coated on a paper disk which separates it from the cheap 
thermoplastic core. The surface material is similar to the solid record composi¬ 
tions except that it contains no flock. It is prepared in the same way, then 
ground to a fine powder and dusted onto the paper disks (slightly smaller than 
the finished record), which have previously been coated with a very heavy solu¬ 
tion of shellac in alcohol. These are dried and pressed between hot rolls to com- 

Chupter 65 for rquipment and operation. 

A. Dimon, Monthly Rev. 4^* ElectroplafkrM’ Soc.^ 1932. 19, 7; Chem. Ab^., 1932, 26, 5501. 

1'* H. C. Bryson, J.8.C.L, 1933, 52, 495. R, Jones, Rritish Flaatics, 1932, 3, 357. 
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pact the material.^ The core may contain coal-tar pitch, natural resins and 
sometimes a little linseed oil, together with cheap mineral fillers and usually some 
powdered mica to increase its strength. It is mixed and sheeted into biscuit as for 
solid records. 

Pressing and finishing operations are very similar to those on solid records, 
except that a different type press may be used in which the two dies open like the 
covers of a book and are more accessible. The coated paper sheets or ^'spots^* 
and the labels are placed in the press with the shellac sides toward the matrices. 
The softened core material is put in place between them just as for solid record 
pressing, and the same kind of a pressing cycle is used although a slightly longer 
cooling time is necessary because of the paper. Flash and rejected records, paper 
and all, are ground up and used again for the core. 

Illustrated records with transparent surfaces may be made in the same way, 
except that a paper base and a transparent surface disk are used. Laminated rec¬ 
ords of this type have been proposed with cellulose acetate or nitrate surfaces on 
a cardboard instead of a plastic core, but have never come into extensive com¬ 
mercial use in the United States. Cellulose ester records with a cardboard base 
are more difficult to press than the plastic type, and rejected records are generally 
unfit for re-use. 

Vinyl Resin Records. Vinyl resin records^“ made from the vinyl chloride 
resin with a small amount of vinyl acetate have had some commercial use in recent 
years. These are lighter, stronger and less brittle than shellac, and thus can be 
made much thinner. The finished record has low ‘^scratch'^ or background noise 
and is less affected by the moisture of the air, because of the relatively better mois¬ 
ture-resistance of the resin and the absence of cotton flock, which is omitted as 
unnecessary because of the greater toughness of the resin itself. These advan¬ 
tages have allowed motion picture theatres to use twelve-inch vinyl resin records 
weighing four ounces each to replace the old standard sixteen-inch shellac records 
weighing twenty ounces. Shipping weight and breakage are both greatly reduced. 
Solid vinyl resin records have also replaced a laminated celluloid record with 
cardboard core, used for home recording. The new type not only avoids the pos¬ 
sible fire hazard of celluloid, but appears to have better recording properties. 

Vinyl resin compositions have a practical advantage in that they can be 
handled by the same equipment used for shellac with only minor changes in tech¬ 
nic. Silica powder is used as a filler, in somewhat lower percentage than in shellac 
mixes. Fillers containing iron compounds cannot be used with vinyl chloride 
resuis because of chemical reaction, although iron equipment causes no trouble. 
Mixing and pressing operations are conducted at slightly higher temperatures 
and are somewhat slower but otherwise they are similar to the procedure with 
shellac. Solid records are produced without cores, the resin remaining thermo¬ 
plastic. Flash and rejects with label paper removed are worked back again into 
the mix just as with shellac, a very important factor in cost. 

Resorcinol Resin Records. Records of heavy paper coated on one side with 
a resorcinol-formaldehyde resin composition^’ have also been used. They have 
always been made single faced because of the tendency of a double-coated sheet 
to blister during curing and the backs are waterproofed with lacquer to prevent 


*^W. T. Fonw, U. S. P. lJ02,66^Peb. 19, 1^, to Columbia Phonograph Co. 
u*J. A. Davtdaon and H. B McClure, Ind. Eng. Chem., 1988, 25, 645: Plastui Products 1988 0 
148; British Ptcsties, 1938, 5, facing p. 14. This is a general article on applications of vinyl reams 
with many fllustrationa. ^ 
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curling. This record is lighter, thinner and less fragile than the standard shellac 
record. 

The resin is formed in solution, a silica filler is added, and the thick, adhesive 
mixture is coated continudusly on the paper as it comes from rolls. The resin 
coat is dried in a hot-air dryer and the coated paper is cut into large sheets which 
are allowed to season. Several records are pressed on a sheet at one time in a 
modified printing press with a gas-heated platen and a very short operating cycle. 
Subsequently, label information is printed on the surface, the back is sealed with 
lacquer, and the records are cut out of the sheet ready for inspection. 



Chapter 69 

Testing of Laminated and Molded Materials 

Test methods and specifications are vital to those interested in the applications 
of synthetic resins because of the multiplicity of plastic materials proposed for 
identical purposes. In this situation, since competing products may be entirely 
dissimilar with respect to chemical composition or details of manufacture, bases 
of comparison have necessarily been drawn to reveal the properties in which the 
consumer is most interested. Thus, the established standards are found to cover 
such factors as tensile strength, elasticity, dielectric constant, hardness, resistance 
to abrasion and other characteristics having particular reference to the type of 
service expected from the finished article. Holders, manufacturers of resins and 
consumers of their products have from time to time developed their own specialized 
methods of test, but generally these have differed so widely from each other in 
point of view that they are of doubtful value as bases for uniform specifications. 

However, all such procedures have been considered and given their proper 
weight in the development of the present standards of the industry. The National 
Bureau of Standards early recognized the need for investigation of the electrical 
properties of phenol-aldehyde resins and conducted several important researches on 
the subject.^ Later, commercial laboratories became interested in the subject and 
developed methods for determining the physical and chemical properties of their 
products to supplement electrical tests. The American Society for Testing Mate¬ 
rials undertook the task of unifying the results of various investigators in the 
field and its reports are now accepted by the industry in the United States. The 
methods of test given in this and the following chapter are based as far as possible 
on its recommendations. 

In Germany, the methods of the Verein Deutsche Elektricitat and the Allge- 
meine Elektricitats-Gesellschaft differ in detail from American practice, while in 
France, standards have been approved by the Union des Syndicats de TElectricite 
and by the French public services. 


Part I 


Tests of Sheet Laminated Material 

The standard tests of laminated materials were originally developed to reveal 
their properties as electrical insulators, since this was formerly the most important 
application. However, they are equally useful in evaluating laminated sheets used 
for other purposes. The American Society for Testing Materials* has published a 
series of tentative standards and methods which form the basis of the tests here 
given. 

Tensile Strength. The tensile strength can be determined on any available 
testing, machine, using the standard tensile strength test specimen. (See Fig. 


L. Curtis, Bur. Standards Set, Papers, 1914, 234; 4^ 
1913, 9, 178. J. H. Dillinger and J. L. Freston, Bur, Standoi^ 
1928, 17. 819. 

^A.a.T.M. Tentative Standards (Dit9-9iT), 1932. 871. 


Wash. Acad., 1914. 4. 492; Chem. Ahs., 
Teehnol. Paper, 1932, 216; Chem. Ahs., 
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195.) Since the strength of laminated materials frequently varies according to the 
direction of the grain in the sheet it is essential that specimens be cut both 
with and across the sheet and that this direction be clearly designated in reporting 
results. The unit value for tensile strength is calculated from the force required 
to break the piece divided by the cross-sectional area, based upon the dimensions 
found before testing. 

Modulus of Elasticity. It is sometimes desirably to determine the modulus 
of elasticity, that is, the stress required to produce a unit distortion. This can 
be readily done by means of an extensometer, measuring the elongation of a con¬ 
venient gaged length at the middle portion of the test specimen under various 
definite loads. 


Young’s Modulus of Elasticity ^ E ^ Strain “ ^ 

F is the force applied in pounds. 

A is the area of the cross section of the test specimen in inches. 

L is the gage length in inches over which elongation is measured, 
e is the elongation of the gage length in inches. 

Flexural Strength. In determining flexural strength, the specimen is tested 
as a simple beam loaded at the center. The contact edges of the supports on 



Fig. 195.—Tension Test Specimen for Laminated Sheet Insulating Materials. 

which the specimen is placed are rounded to a radius of % inch for materials 
thicker than Vs inch, and to a radius of inch for thinner materials. The 
distance between the points of support is 4 inches for edgewise tests of all thick¬ 
nesses, and 8 times the nominal thickness of the material for tests in the flatwise 
direction, except that the minimum span is % inch. It is not recommended that 
tests be made in a flatwise direction for materials thinner than ^2 nor in 
an edgewise direction for materials thinner than % inch. 

The specimen to be used flatwise is % inch in width unless the sheet is over 
% inch in thickness, in which case the width should be equal to the thickness. 
The latter dimension of the specim^ is always the full thickness of the sheet 
from which the piece is cut. The length of the sample is 1 inch greater than 
the distance between the supports upon which it rests. As in the test for tensile 
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strength, specimens should be cut from the sheet both with and across the 
grain. 

The maximum fiber stress in pounds per square inch is calculated from the 
Ilexural strength observations by the formula: 


when: 

R is the maximum fiber stress, or “Modulus of rupture” expressed in pounds per square 
inch. 

F is the load in pounds. 

L is the distance between the points of support in inches. 
b is the width of the specimen in inches. 
d is the thickness of the specimen in inches. 

By observing the deflections of the specimen at the inid-point between the sup¬ 
ports for different loads, the value of Young’s modulus by bending can be calcu¬ 
lated from the expression: 


Y 


1/4 


PU 

bd^e 


when: 

Y is Young’s modulus for transverse loading. 

P is the load on the bar at its mid-point in pounds producing the deflection of the 
mid-point e m inches. 

L, b, and d have the same significance as in the expression for flexural strength. 

Compressive Strength, In making tests for compressive strength a specimen 
in the form of a 1 inch cube is used for all materials which are 1 inch or greater 
in thickness. When it is desired to obtain the crushing strength of materials 
which are thinner than this, inch squares are cut and piled making a specimen 
at least 1 inch high. Materials thicker than 1 inch can be tested in either the 
flatwise or edgewise direction. However, sheets having thicknesses less than 1 inch 
are tested regularly in only one direction, that is, flatwise. 

Impact Strength. The information to be obtained from the impact strength 
of materials is continually becoming of greater importance and has been reviewed 
by the American Society for Testing Materials.® While these methods at the pres¬ 
ent time do not include tests on laminated materials, the same methods and 
apparatus can be readily used for such compositions, but a machine having a 
striking energy of 5 foot-pounds will be adequate for only the weakest laminated 
products. In order to cover the entire range of this class of materials 12-15 foot¬ 
pounds will be required. A specimen 0.5 inch by 0.5 inch by 2.5 inches will be 
satisfactory for the Izod test and one 0.5 inch by 0.5 inch by 5 inches for the 
C'harpy test. (See Fig. 196.) The specimen may be notched or unnotched as 
desired, but care must be used in making comparisons between results obtained 
from the two types. It will be to advantage to confine control tests to one type 
of specimen. This is particularly true since the effect of the notch cannot be 
predicted with certainty. In determining the impact strength of laminated prod¬ 
ucts the method will depend upon the thickness of the sample. Materials, either 
paper or cloth filled, having a thickness of % inch, may be tested either flatwise or 
etlgewise. Specimens having a thickness of inch should be % inch wide, arid of 
the same thickness as the original from which they are cut. The notch for laminated 
materials of % inch thickness or less, need only be 0.050 inch deep when the 
specimen is broken flatwise. When breaking edgewise, the standard notch of 

*A,S.T.M. TerUativt 8tandard$ 1939, 789. 
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0.100 inch should be used in all cases. In reporting the results the observer should 
specify the dimensions of the piece tested, the direction in which it was broken, 
whether it was notched or unnotched, and, if notched, the thickness back of the 
notch. 

Water-Absorption. Since the absorption of water by laminated materials 
may have a very decided effect upon their mechanical and electrical properties, it 
is desirable to know something concerning their ability to resist such penetration. 



The measure of their water-absorption properties is usually determined by ex- 
liosure to high-humidity atmospheres or by immersing the materials in water. 
Such conditions are more severe than are actually found in service, but they do 
represent the extremes of exposure. Although the absorption of water weakens 
the electrical characteristics of these materials, a certain amount of water may 
improve their mechanical properties. Eventually, however, these also are im¬ 
paired by an excessive water content. 

(a) Rate of Absorption, A suitable specimen for use with laminated mate¬ 
rials is a rectangular strip of the same tMckness as the sheet and 1 inch wide 
by 3 inches long. The edges of the piece should be carefully smoothed with 
ffne sandpaper. Before immersing the specimen in water, it is weighed and then 
conditioned by drying for an hour at a temperature of 106 ± 1®C. and afterwards 
placed in a desiccator at room temperature to cool after which the loss in weight 
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due to drying may be determined. The dried specimen is then immersed in dis¬ 
tilled water at a t^emperature of 26 ±: 2® and, after 2 hours immersion it is re¬ 
moved from the water, wiped dry with a cloth and weighed. It is replaced and, 
after a total of 24 hours immersion, it is again removed, wiped and weighed. The 
percentage of water absorbed during both intervals is calculated on the basis of 
the weight of the dried specimen. 

(b) Total Absorption at Saturation. If the sample is over inch thick, 
materials of good quality will require an extremely long time to become saturated. 
Therefore the specimen for the saturation test should Le machined and finished 
to inch by 1 inch by 3 inches. It is dried as outlined above and immersed 
in distilled water. At intervals of 24 hours the piece is removed from the water 
and weighed. The weighings are repeated every 24 hours for the first week and 
then at intervals of 1 week thereafter until a difference of less than 1 per cent 
is found between successive weighings. The total water absorbed is, of course, the 
difference between this saturated weight and the original dried weight. The 
rate of absorption of water by laminated materials has been determined by many 
experimenters but only a few data have been published. Leopold and Johnston' 
have, however, reported results obtained on Bakelite strips 42, 71 and 139 mm. 
thick when immersed in distilled water. The work indicated that the specimen 
139 mm. thick would not become saturated for a period of years. This only applies 
to resins and not to laminated or molded materials as the latter will reach satura¬ 
tion within the course of a few weeks if the recommended thicknesses are used. 

(c) Effect of Temperature on Water-Absorption. In determining the water- 
absorption of laminated materials, it is essential that the temperature of the liquid 
in which the samples are immersed be maintained practically constant, since the 
permeability is greatly affected by temperature differences. The manner in which 
the absorption varies with the temperature may be found by testing at three 
different temperatures, 25 ± 1®C., 50 it 1®C., and 75 ± 1®C. This is best done 
by placing the vessel containing the water and specimens m a thermostatically 
controlled bath or oven. The rate of absorption (a) and the total absorption (b) 
can also be determined under these conditions. 

(d) Absorption in Humid Atmospheres. Although laminated materials are sel¬ 
dom exposed to working conditions which involve total immersion, there are 
many cases when the material is subjected for considerable periods to high humidi¬ 
ties. Hence, it is sometimes of interest to know something about the absorption of 
moisture at various humidities. The specimens are prepared as indicated and are 
weighed after they have been conditioned. They are then placed in warm atmos¬ 
pheres, say 35®C., of varying moisture content, such as 75 per cent, 90 per cent and 
0 per cent relative humidity, for various periods and the percentage of absorbed 
moisture is calculated. The exposure is continued at the respective humidities 
until successive weighings at 24-hour intervals do not differ by as much as 1 per 
cent of the total variation during the test. The 75 per cent relative humidity can 
be obtained by a sodium chloride solution having an excess of salt present. The 
90 per cent relative humidity can be secured by the use of an aqueous supersatu¬ 
rated potassium nitrate solution. To obtain a dry atmosphere, it is best to use one 
of the aluminum salts or phosphorus pentoxide rather than sulphuric acid as the 
slight fumes will react upon the laminated material to a certain extent. The tem¬ 
perature of'35®C. is chosen as it is rarely exceeded in a laboratory during the 
warmest seasons. 

(e) Percentage of Volatile Material. The specimen is prepared in accordance 
with the methods suggested for the determination of the rate of water-absorption. 

«H. Q. Leopold and J. Johnston, J. Phyt. Chem., 1998, 32, 870; Chem. db«., 1928, 22, 8080. 
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The sajnple is weighed as prepared and then dried in an oven at a tempera¬ 
ture of 110 ± 1®C. in an identical manner, but the drying is continued until suc¬ 
cessive weighings taken at 24-hour intervals show differences of less than 1 per 
cent of the total decrease in weight. Before weighing, the specimen should be 
cooled in a desiccator at room temperature. The difference between the original 
weight and the dried weight is the volatile content of the material. This volatile 
content may consist of both water and solvent remaining from the manufacturing 
process. 

Dielectric Strength. The dielectric strength of laminated materials may be 
determined at commercial frequencies by a short-time test, a 1-minute step-by-step 
test or by an endurance test." By any of the methods a 2-kilowatt transformer is 
required if 50,000 volts are to be used, and if greater potentials are to be em¬ 
ployed a 5-kilowatt transformer is necessary. 

The short-time test consists in raising the voltage continuously at the rate 
of 500 volts per second until breakdown occurs. The step-by-step test starts 
with a potential less than that required for breakdown and the voltage is in¬ 
creased in accordance with Table 69. 


Table 69.- 

-Step-hy-Step Teat. 


Value Found for Breakdown 

Initial 

Increment 

by Short-Time Test 

Voltage 

of Increase 

12.5 KV or less 

2XF 

0.6 XF 

12.5-26 KV 

6XF 

1.0 XF 

25-60 XF 

12 XF 

2.0 XF 

50-100 XF 

30 XF 

6.0 XF 

Over 100 XF 

40 XF 

10.0 XF 


The voltage is held at each step 1 minute and the change to the next step 
is made within 10 seconds, the process continuing until breakdown occurs. 

The endurance test is made at a temperature of 100°C. A voltage equal to 
10 per cent of the maximum potential applied in the short time test is maintained 
for 30 minutes. The voltage is then increased b}^ steps equal to 20 per cent of 
this initial value until puncture occurs. Each value is held for 30 minutes. 

The endurance test subjects the material to the most severe conditions to be 
encountered in service. It is, however, of such a protracted nature that frequently 
too much time and expense are involved. On the other hand, the short-time test 
is entirely too mild and depends largely upon the rate at which the voltage is 
raised as well as the capacity of the testing outfit. It is quite difficult for differ¬ 
ent observers to obtain comparable results with manually controlled apparatus. 
The step-by-step procedure is therefore recommended as the* most practical 
test since it is sufficiently severe to bring out the differences between materials. 
If it is desired, the effect of temperature may be taken into account. 

It has been customary to make tests on built-up materials at right angles 
to the plane of laminations. For materials not over % inch thick, the test piece 
should be about 6 inches square and the electrodes should be 2 inches in diameter 
with edges rounded to a radius of inch. Results are most satisfactory if the 
work is done under oil. When the dielectric strength is over 400 volts per mm., 
it will be necessary to have a transformer of more than 100,000 volts capacity 
for pieces a quarter of an inch thick. If potentials are greater than 100,000 volts, 
it may also necessary to employ larger specimens even when tested under oil 
in order to prevent sparking over the edge. 

Comparisons of dielectric strength should not be made between values obtained 
on specimens of different thicknesses, since the thinner the material tested, the 

*AS.T.M. Tentative Standardt 1992, 814. 
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higher will be the dielectric strength per unit of thickness. Hence, in order to com¬ 
pare results obtained in different thicknesses, one should make appropriate 
corrections by means of a curve showing the variation of the dielectric strength 



Fig. 197. 

Variation of Dielectric Strength with Thickness 
of Test Piece. Step-by-step method was em¬ 
ployed. BM-021 is a wood-flour-lilled phenol 
resin molding composition. BM-250 and XM- 
262 are mineral-tilled materials. (W. A. Zinzow 
and T. Hazen.) 


Courteay Induntnal aod Engineering Chemutry 


with the thickness, and then all results should be reduced to a standard such as 
% inch. It is only by this procedure that one can obtain an approximate value 
for the breakdown of materials having greater thicknesses than can be punc¬ 
tured with the test equipment at hand. 



Fig. 198. 

Correction Curve for Variation of Dielectric 
Strength with Thickness of Test Piece. (W. A. 
Zinzow and T. Hazen.) 


Courteey Indxutrial and Engineering Chemistry 


This has been pointed out by Zinzow and Hazen.®* Figure 197 illustrates how 
the dielectric strength of some Bakelite materials varies with the thickness of the 
sample being tested. A correction curve for use when the pieces are not of standard 
thickness is Aown in Fife. 198. 

Dielectric Strength Parallel to the Laminations. It has been observed 
that laminated matericus in service frequently break down along the laminations at 
voltages much lower than one would expect based upon the customary dielectric 

^ W. A. Zinsow and T. Hasen, Ind. Brtg, Chem., 27, 899. 
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strength values. Such facts demonstrate that the dielectric strength along the 
laminations is quite different from that perpendicular to this plane. Hence, it 
is desirable to test such materials for breakdown along the laminations. 

In determining the dielectric strength in this direction the test specimens are 
cut in squares 2 inches on a side and holes are drilled in opposite edges, at the 
mid-points, so as to line up perfectly, and to such a depth that the innermost 
ends of the holes will be exactly 0.5 inch apart. Metal electrodes are fitted 
snugly into the holes, thus forming a type of needle gap with the material be¬ 
tween the ends of the electrodes. It is usually found convenient to make these 
holes of a diameter equal to one quarter the thickness ot the material unless the 
specimen is extremely thin. 

Arcing Characteristics. In devising a test for the arcing characteristics of 
synthetic compositions, it is essential that the procedure used be such as to give 
information bearing directly upon the particular application in question. If 
a material is to be subjected to an arc similar to that encountered in automobile 
ignition outfits, one type of test will differentiate the materials from each other. 
But if the product is to withstand actual burning under a strong arc, an entirely 
different method is essential. 

For the former type of test, a 15,000 volt transformer is of ample size. The 
terminals may be placed about % inch apart on the surface of the material to 
be tested. The arc should be passed between the electrodes at regular intervals 
about 10 times per minute, each spark having a duration of approximately 0.1 
second. This is continued until a carbon path is formed between the terminals. 
The urea and phthalic glyceride resins are particularly resistant to this form of 
test. 

When dealing with power arcs, the filler is of importance, and it is necessary 
that it be one such as asbestos which resists actual burning. Numerous devices 
have been designed to test the power-arcing characteristics of various materials 
for very specialized applications, such as is the case when the arc is made by 
a brushing contact and is drawn out over the surface of the product. However, 
no single test which would give general satisfaction for all possible variations has 
as yet been proposed. 

Effect of Temperature on Dielectric Strength. Since laminated mate¬ 
rial frequently becomes heated when in service, it is essential that something be 
known of the variation in dielectric strength with temperature changes. In 
general, a comparison of the strength at room temperature with that determined 
at 120®C. will be sufficient to predict the behavior of the material under warm 
working-conditions. If it is desired that the variation be shown by means of a 
curve, numerous points will have to be taken however. The elevated tempera¬ 
tures can be readily obtained by means of a thermostatically-controlled oil bath, 
but when making such tests sufficient time should be allowed so that the sample 
may come to constant heat before making the breakdown determinations. From 
15 to 30 minutes will ordinarily be quite ample to establish this condition. 

The effect of temperature on the dielectric strength of flat sheets and cylinders 
has been discussed by Flight.* The temperature was varied from 30® to 100®C. 
on papers, miU products, varnished paper, cloth, fiber, wood and some molding 
compositions. The results showed that the decrease in dielectric strength varied 
from 15 per cent to 78 per cent at 100®C. as compared with the value obtained 
at 30®C. Flight suggested that insulating materials be tested at 1O0®C. and not 
at room temperature, or, even better, they should be tested at both temperatures. 

«W. 8. FUght, /. She. Bngr$. {London), lOSS, 60, 218; 1022, 41. 222A. 
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Tables and graphs have been compiled by Nuttall’ giving the relationship 
between decrease of breakdown and increase of temperature and the thickness 
of the material. He has determined values for hard rubber and many insulating 
materials, including Micarta and varnished paper. 

Effect of Frequency on Dielectric Strength. Montsinger* studied the 
effect of time and frequency on the dielectric strength of various insulating mate¬ 
rials and has compiled the relative dielectric strengths with varying frequencies. 
See Table 70. 


Table 70 .—Variation of Dielectric Strength with Frequency, 


Relative Dielectric Rdative Dielectric 

Strength of Oil- Strength of Solid 

Frequency Treated Pressboard Insulation 

25 cycles. 1 345 1.26 

60 cycles. 1 000 1.00 

200 cycles. 0.840 0.86 

420 cycles. 0.780 0.73 


Power Factor and Dielectric Constant. A knowledge of the power factor 
of materials will aid greatly in classification. By this term, as applied to insulating 
materials, is meant the ratio of the power loss in a material to the product of the 
volts across a capacitor and the current in the same capacitor in which the 
material is used as a dielectric. The dielectric constant of the material is the 
ratio of the capacitance of a capacitor in which the material is used as a dielectric 
to the capacitance of the same capacitor with air as the dielectric. Another factor 
known as the loss factor is also of great help in classifying the various insulatory 
materials. The loss factor is frequently given as the product of power factor and 
the dielectric constant. 

For flat plates the dielectric constant is readily calculated from the geometrical 
dimensions of the electrodes used, the thickness of the specimen and the capacitance 
as determined when making power factor measurements. 

Dielectric Constant =* iiC « 

when: 

C is the capacitance in micro-microfarads as measured. 

C# is the edge correction.•* 
t is the thickness of the specimen in cm. 

A is the area of each of the two equal electrodes in sq. cm. 

0.0885 is a constant. 

If the dimensions of the specimen are given in inches the above formula becomes 

^ (C - C.)t 
^ “ 0.224A 

In case the specimen is in the form of a tube, the value of the dielectric con¬ 
stant may be calculated by the equation 

Dielectric Constant » A « 

Dik — W) 

when: 

t is the thickness of the tube in cm. 

D is the diameter (mean diam.) in cm. 

Cl is the measured capacitance of the tube in micro-microfarads for the electrodes of 
length li, 

is the measured capacitance of the tube for electrodes of length 

^W. H. Nuttall, Trant, In$t, Rubber Ind., 1928. 4, 318; Chem. Aba,, 1929, 23, 1969. 

*V. M. Montcinger, Electrical World, 1924, 84, 723; Chem. Abt., 1924, 18. 3660. 

** Corr«etiont given in A. 8, T, M, Tentative Standardi, 1932, 827. 
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Tbe American Society for Testing Materials, through its Committee D-9, has pre¬ 
pared methods for the determination of the power factor for 25-60 cycles or 
ordinary commercial power frequencies and for frequencies of the order of 1000 and 
1,000,000 cycles. 

Specimens for power-factor measurements can be prepared by taking pieces 
about 6 inches square and applying electrodes 4 inches in diameter. These con¬ 
tacts may he tinfoil secured by vaseline, or they may be painted using any 
suitable conducting paint. The electrodes are placed on each side of the. sheet 
and directly opposite each other. Their size may have to be varied with dif¬ 
ferent thicknesses in order that one will have a reasonable capacitance to measure. 

Many factors may be brought to light by power-factor determinations. In 
practically all materials the presence of water will give a relatively high value 
at 60 and at 1000 cycles. While the addition of water also increases the losses 
at high frequencies, the change is much less marked than at low frequencies. After 


Fig. 199. 

Variation of Power Factor with Temperature. A standard 
wood-flour-filled phenol resin molding composition was used. 
(W. A. Zinzow and T. Hazen.) 


Courtesy Industrial and Engmeering Chemistry 



baking, a piece of laminated phenolic stock will greatly improve with respect to 
power factor at both high and low frequencies. The heating produces further 
curing of the phenol resins with a resultant lowering of the losses, particularly 
at high frequencies. The baking also causes a drying action by driving off the 
water with the result that the losses are greatly decreased at the low frequencies. 

Zinzow and Hazen®** state that, if only one property of an insulator is to be. 
tested, the power factor at low frequencies should be determined since it appears to 
be the best indicator of insulation qualities. Effect of frequency and temperature on 
the power factor of molded phenol-aldehyde resins is indicated in Fig. 199. Varia¬ 
tion of power factor with moisture content is showii in Fig. 200. 

Shearer® has shown that laminated phenolic materials have very little if any 
difference in their dielectric constant and power factor at 150 and 1500 kilocycles. 
This change in frequency is in the range where the variation to be expect^ in 
dielectric constant is relatively small. Tests at 60 cycles and 1000 kilocycles do 
show considerable differences depending upon the materials. 

Dellinger and Preston" found some samples to exhibit changes in power 
factor with time and the season of the year. Following these observations, Pres¬ 
ton and Hall" made a study of several representative samples, during 1920 and 

W. A. Zinsow and T. Hasan, Ind. Eng, Chem., im, 27, 8M. 

•J.'F. Shearer, PhU, May., 1982, IS, 975; Cheat. Ahf., 1932, 2$, 8967. 

^J. H. and J. L. Preston, Bur, Standards Technal, Paper, 1922, 216; Chem. Abs., 1928, 

17, 819. 

^ J. L. Preston and E. L. Hall, Bur, Standards Technol Paper, 1925, 284. 
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1921. From observations on about a dozen taken during the course of tbe year 
they drew the following conclusions: The power factor of the samples tested 
varied witii the season of the year, reaching a maximum in late summer, usually 
lagging behind the seasonal variation of atmospheric humidity and temperature. 
In general, the power factor returned to its original value after undergoing a 
year's cyclic changes. A few of the samples showed a slight increase at’the end 
of the year. The variation of power factor between two samples of the first 
grade, of materials of the same make and color was greater than the amount 
pf season variation. The seasonal variation for the second-grade materials was 
more than the difference between two samples of the material. 

Electrical Resistivity. Inasmuch as both temperature and humidity have a 
most decided effect on the resistivity of laminated or molded material, it is highly 
desirable that the method of adopted for the purpose can be applied under 


Fio. 200. 

Variation of Power Factor of Molded Articles with 
Moisture Content of Molding Powder. Frequency 
1000 Cycles (W. A. Zinzow and T. Hazen.) 


Courtesy Induiftrial and Kvgmeei'tny Chcmmtry 


special conditions. It is for this reason that the following jirocedure is suggested 
as more satisfactory than that proposed by the American Society' for Testing 
Materials.’^ 

The form of the specimen should be a rectangular strip 7% inches long and 
2 V 2 inches wide. Sjiaced along the center line of the piece, at intervals of IV 4 
inches, are bolts, Vs 11 * diameter, fitted with washers Vi in diameter. 
Using the washers as terminals, it will he found convenient to measure the re¬ 
sistance of the intervening material under extreme conditions of moisture and 
temperature. 

Exposure to humid conditions will cause a marked decrease in the resistance 
of most laminated materials. Exyiosure to elevated temperatures alone will cause 
♦he volume resistance to decrease enormously. Hence, determinations of this kind 
re extremely important in evaluating the relative qualities of different products. 
A material which has its surface resistance greatly affected by exposure to humid 
conditions or heat is certainly not as well suited for use where moisture or high 
temperatures may be encountered as one that is but slightly altered in the same 
length of time. 

Owen and Thomas” have given a review of the available data on the applica¬ 
tion of synthetic resins to electrical insulating purposes. The materials were con¬ 
sidered from the standpoint of their electrical and mechanical characteristics and 

S. T. M. Standards {Dt67-S$), 1W8, II, 1107. 

*»W. D. Owen end A. M. Thomas, /. 0x1, Colour Chem, A»oe, 1931, 14, 290; Chem. Aht., 1982, 
26. 909. 
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also in the light of their chemical structure. A special point brought out in the dis¬ 
cussion was the fact that phenol-aldehyde materials manufactured with an alkaline 
catalyst differ considerably from those made in the presence of an acid catalyst. 

Hardness. In general, determinations of hardness of laminated materials are 
not made by the same methods which are applied to metals. Certain of these 
tests have been of value in some cases, however, and the following methods have 
yielded good results. 

(a) Brinell Hardness. This test consists in the determination of the amount 
of the indentation produced in the material by a load of 500 kg. applied to a 
ball 1 cm. in diameter placed on the surface of the material. The hardness is 
calculated as follows: 


Hardness = // » -—5 

2TTd 


when: 

P is the force applied = 500 kg. 
r is the radius of the ball in millimeters = 50 mm. 

d is the depth of the indentation produced by the load on the ball and is read from a 

gage on the apparatus. 

(b) Scratch Hardness by Agate Point. It is frequently of interest to have 
some measure of the relative ease with which various surfaces become marred 
or scratched during service. As yet no method has been adopted as standard; 
but a procedure, known as the agate-point scratch test, has been used quite 
satisfactorily as a means of distinguishing between the relative liability to scratch¬ 
ing of various surfaced materials. A ground agate point in the form of a 90® 
cone is mounted in the end of a rod held perpendicular to the surface so that it 

may be drawn in this vertical position across the face of the sample. A collar 

is fastened on the rod bearing the agate point and various masses are added above 
this collar as desired. The weight is increased until the total mass bearing on 
the agate point is just sufficient to make the first visible scratch on the surface 
of the material. The scratch hardness is then stated as the total load required 
to produce this first marring. Such an apparatus is extremely simple but can be 
used quite advantageously in obtaining comparative results. A more elaborate 
piece of apparatus based upon this principle is so arranged that, as the scratching 
point is drawn over the surface in question, the total mass pressing down on 
the surface is gradually increased. The point at which the scratching point makes 
the first visible indentation on the surface is noted, and from this position the mass 
pressing on the point can be determined from the constants of the machine.** 

Coefficient of Friction. Instances occur in which it is of interest to know 
something of the sliding resistance encountered when drawing a laminated product 
over the surface of some other material, but it is seldom that the static or rolling 
friction is of real importance. Consideration here shall be confined to the re¬ 
sistance offered when one material is moved over another surface, either of the 
same or different material. 

A simple method of conducting the test consists of setting up a disc which 
can be rotated in such a manner that the material under test may be held against 
this revolving surface with various pressures. An arm Concentric with the rotat¬ 
ing disc may be employed to hold specimens at various distances from the axis of 
rotation and various masses can be applied to a weight holder. Such an arrange¬ 
ment permits the investigation of the effect of various surfaces, speeds and unit 

^ Certain of the hardnese teste deseribed in Chapter 70 for use with varnishes may also he employed. 
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pressures. The amount of the friction force is determined by pressing the end of 
the lever arm upon a suitable scale. 

Special Tests in Gear Stock. In addition to the Charpy impact test, manu¬ 
facturers of canvas-base materials have used other procedures to classify their 
products for use in gears. Of these, the following methods are typical, 

(a) Tooth Strength Test. The simplest'procedure for the determination of 
the endurance of gears is to allow a considerable mass to fall through a definite 
height, say 1 inch, so as to repeatedly strike one of the gear teeth on the pitch 
line. The weight is raised at regular intervals by meanr of a cam and lever ar¬ 
rangement and allowed to fall repeatedly until the tooth fails. The test can be 
repeated upon as many teeth as desired, so long as it is possible to hold the gear 
rigidly. In one arrangement every fourth tooth is destroyed. This test has a 
disadvantage in that it is necessary to prepare a finished gear and then test it to 
destruction without securing a real measure of its probable life in service. 

(h) Hammer Test on Gear Stock. A method that has been found useful 
by some manufacturers of gear stock is made with the same apparatus as out¬ 
lined above. However, instead of a finished gear a test section % inch by ^/4 inch 
by 1 inch cut from the gear stock is used. A mass of 25 lbs. is allowed to fall 
repeatedly from a 1-inch height so as to strike the test piece endwise until the 
piece is crushed. The specimen is cut in such a manner that it will be struck on 
the edge of the laminations. 

(c) Life Test on Gears. The most satisfactory measure of the merits of a 
gear material is obtained by making life tests on products made from the mate¬ 
rial. The gear under test is used as an idler between a motor and a generator so 
that it can be subjected to various increasing loads and, in this way, run to de¬ 
struction. While service under normal load gives the only true measure of the 
quality of a gear stock, it is not feasible to carry out all testing in this manner as it 
would require, under ordinary conditions, a prohibitive amount of time. The 
test can be accelerated by varying the load at stated intervals until the gear is 
destroyed as, for example, with the following routine which has been found to 
give a satisfactory index of endurance. A gear, which has been measured for 
thickness with a micrometer and similarly has been checked with a tooth com¬ 
parator, is run at normal load for a period of 24 hours. The measurements are 
taken again subsequent to the initial run and the load is then increased to twice 
the normal-figure, after which the gear is driven for a similar period. This process 
of increasing the driving force by increments equal to the normal load after each 
24-hour run is continued until the gear fails. Employing a gear % inch thick, 
having forty-four 14V^° spur teeth and a diameter of 5% inches, it has been 
found that some materials fail under normal load, and some have lasted until 
the end of a 24-hour period at 4 times the rated or normal load. A tooth of 
the above-described gear will have a thickness at the pitch line of about 0.195 
inch when new, but generally failure does not occur until the tooth has worn 
down to a thickness of 0.180-0.185 inch. For the poorer grades of material, 
however, the gears fail before the thickness of the teeth has been reduced to 
such a degree. 

Bonding Strength. The extent to which the composite layers of a laminated 
product are bonded together is always of importance in classifying the type of 
material. This test is made on a specimen 1 inch square of the same thickness 
as the original sheet. Care should be taken in cutting so that the edges will be true 
and smooth. The piece is placed on edge and loads are applied to a steel ball, 
1 cm. in diameter, which should be centered accurately between the two edges 
and the ends of the specimen. The load is increased until the sample splits. This 
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test is not readily applied to pieces which have a thickness less than ^ inch 
unless great care is taken, since the ball is likely to break out on one side, giving 
misleading results. 

Another method which has been found to be quite satisfactory for a study of 
bonding strength, is to make use of the test specimen illustrated. (See Fig. !^1.) 
The material to be tested can be cut into strips 1 inch wide and a hole, % inch 
in diameter, is then drilled parallel to the laminations at the exact mid-section. 
The sample is machined along the diameter of the hole and cut off so as to be 
exactly 1%^ inch in length by 1 inch high when the piece is held with the groove 
on the top face. A drill rod Vg inch in diameter is placed in this channel and 



Fig. 201. — Specimen for the Determination of Bond Strength in Laminated Material. 

pressure is applied on the drill rod until failure occurs. In testing materials less 
than ^ inch thick it is best to hold the specimen in a clamp that grips half-way 
up the piece so as to hold it firmly in a vertical position. If the sheet from which 
the samples are to be cut is extremely thin, a groove %4 inch in diameter may 
be used if the test piece is Vi i^^ch square. Under these conditions a jig must of 
course be used to maintain rigidity. 

Cold Flow, When laminated materials are so used in service that they are 
subjected to sustained pressures such as arise from tightening up bolts, distortion 
frequently occurs. This may be the result of either one or a combination of two 
causes; shrinkage may have taken place because of drying or else the material 
has distorted under the influence of a load which is greater than the elastic 
limit. S 3 mthetic resin materials do not app^r to have a sharply defined elastic 
limit as is true of steel and certain other metals since a load, small in proportion 
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to the maximum allowable fiber stress, will cause a permanent defonnatiou which 
is not in accord with Hooke's law. 

The specimen used in determining the cold flow of a laminated material is 
preferably a cube, ^ inch on a side, or, in the case of thin products, % inch 
squares piled up to give this form. The sample is subjected to a pressure of 
1250 pounds, and the variation in height during the continued application of the 
load is determined by means of a micrometer gage at intervals over a period of 24 
hours. 

The Rockwell hardness machine may be adapted to determine the cold flow 
of these materials. A 100 kg. load is applied to a Vs inch diameter ball placed 
on the surface of the material. Measurements are made of the change in the 
depth of the indentation while the load is applied; and, if desired, these observa¬ 
tions may be extended over several hours. It should be remembered that such 
tests are not well adapted to thin materials where the mnuence of the ball may 
extend through the specunen. 

Thermal Conductivity. Determination of thermal conductivity of sheet 
materials is best made by the method which has been developed by the American 
Society for Testing Materials.^® A sheet of material of known thermal characteris¬ 
tics IS placed in series with the sheet of the material to be tested between surfaces 
one of which is at a higher temperature than the other. After equilibrium has 
been established in the flow of heat from the hot to the cold surface through the 
two materials, the drojis in temperature through both the standard and the sam¬ 
ple under test are determined by means of thermocouples placed at the mid¬ 
points of the sides of each specimen. A convenient size for the heating and 
cooling plates is 8 inches square if the samples are not over V^ inch thick. 

The absolute thermal conductivity of a material requires a somewhat more 
elaborate procedure. Two specimens of the material to be tested are placed one 
on each side of a surface in which the heat is distributed uniformly. Such a 
source of heat is composed of two parts, a central heating surface of definite di¬ 
mensions and a surrounding guard-ring heater so arranged that the temperature 
can be separately controlled. In the measurements, however, it is only necessary 
to determine the heat developed in the central heater. On the opposite sides 
of the specimen are two cooling surfaces, maintained at constant temperature 
by water-cooling. Thus the heat developed in the central heater flows laterally 
through the samples at right angles to the hot surfaces, and is absorbed by the 
cooling plates. The temperature drop in the specimen is measured by means of 
thermocouples. 

Distortion Under Heat. When sheet material is placed in service it is sub¬ 
jected to variations both in fiber stress and in temperature. Since an increase in 
temperature decreases the allowable fiber stress, the relationships between distor¬ 
tion, unit stress, and temperature become of importance. 

The following method^ has been developed for use with molding materials, 
but it is equally applicable to laminated products. A test specimen 5 inches by 
% inch by Vi inch is placed on supports 4 inches apart and subjected to a load 
of 2.5 kg. at its mid-point. (See Fig. 202.) The temperature is raised at the 
rate of 1®C. every 2 minutes until the deflection at the center of the beam reaches 
0,010 inch. The temperature at which this occurs is called the heat-distortion 
point for the material. While the method specifies the exact size of the specimen 
and the resultant distortion, these can be varied to suit individual requirements. 

If the specimens are taken from sheets less than V^ inch thick the same pro- 

TerUativ0 Btandardi a>S6t-8lT), IM3, 7M. 

»A.a.TM. atandard$ (D48-SSh 1933. II. 1101. 
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cedure may be applied, provided the force used is reduced so that the same unit 
stress, 265 lbs. per square inch, is maintained in the test sample. If it is necessary 
to reduce the distance between supports, the critical distortion should be propor¬ 
tionately diminished. 

Deterioration Under Heat. Indications of failure of laminated or molded 
products due to exposure to heat may be found within a reasonably short time if 
the material can be subjected to heating conditions which are more severe than 
those found in service. 



The question generally arises as to what properties of the material will most 
readily show the ill effects of continued heating, since, in general, certain of the 
electrical coefficients tend to improve. However, it will be found that any of the 
mechanical properties are impaired by exposure to high temperatures. A spwimen 
prepared for either impact, tension, crushing or transverse testing will fail at a 
lower point after subjection to heat for a considerable time. Accordingly, the 
procedure Selected should be that which will measure the type of stress most likely 
to be encoimtered. 

Having decided on the particular test, and therefore on the type of specimen, 
a large number of samples, usually about 100, are prepared and placed in an 
oven at approximately 150®C. Five or ten of the specimens should be tested prior 
to heating so as to obtain the values of the material before treatment is com¬ 
menced, It is also necessary to previously determine whether or not the samples 
can be placed in an oven at such a temperature without causing them to blister. 
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To avoid this the samples can be exposed to a temperature of about 100-110®C., 
gradually raised to 160®C. during the course of 8-24 hours. The continuous heat 
treatment is then begun and tests may be made on groups of 5 specimens at inter¬ 
vals of 24 hours, 96 hours, 8 days, 16 days, and montWy thereafter. The speci¬ 
mens are first cooled to room temperature, upon removal from the oven, in a desic¬ 
cator. They are then conditioned for 24 hours at 60 per cent relative humidity 
and 30®C. and finally tested under room conditions immediately after the con¬ 
ditioning. Such a series of tests will classify the materials as to their ability 
to withstand continuous service at elevated temperatures. 

Gloss. The gloss or luster of a surface is usually reported as the reflecting 
power of the material. There are several instruments and methods that have been 
used for such determinations. These are, however, all designed for special applica¬ 
tions. In the case of the Pfund glossmeter the material to be tested is rotated in 
such a way that light, falling upon this revolving surface, is reflected through 
a tube having a photometer at its end. Measurements are compared with the re¬ 
flection from a glass surface as a standard and the results are given in relative 
terms. The Ries-Gilbert glossmeter employs a lamp as a source of light which, 
after reflection from the test surface, is measured by a photometer. The in¬ 
strument can be so arranged as to indicate directly the light produced by the 
source. The values include not only the specular but the diffuse reflected light. 
Schulz^'' has compared the normal and diffuse reflection of light from a standard 
source by means of an instrument known as the Goerz ^^Glanzmesser.^' Polariza¬ 
tion luster-measuring devices are somewhat inconvenient, however, as they require 
adjustment to the refractive index of the substance under examination. 

Part II 

Testing op Molding and Molded Materials 

Certain of the test procedures’® described in the preceding portion of this chapter 
may be applied to molded articles as well as to laminated materials. However, 
there is a group of examinations’® developed for properties peculiar to molding 
compositions, and it is with these tests that this section will deal. 

Bulk Factor. It is essential to know the bulk factor of a material if the 
molds in which it will be used are to be correctly designed. This characteristic 
is the ratio by volume of the loose molding powder to the resultant finished article. 
Knowing the maximum bulk factor of all materials to be used in a specific mold, 
the designer is able to calculate the cavity he must allow to hold a sufficient amount 
of powder. The usual method of determining this factor is to allow the molding 
powder to flow freely into a vessel of known volume. Then a piece, say a 2-inch 
disc, is molded, using the measured quantity of powder, and the volume of the 
molded piece is determined from its dimensions. The bulk factor may then be 
calculated from its definition. 

Two other ratios are of importance in connection with molding powders. One 
of these is the ratio of the volume of the loose powder or molding composition 
to the resultant ''pill^' or preform when compressed in the customary way. The 
second ratio is that of the volume of the preform to that of the resultant molded 
piece. By preforming*® the material, it is possible to use a mold having concid- 

»H. Sehuli, Textaher, 1^, S. 3ft; Chxm, Ab$., 1924, 18, 984. 

>*The following teoto, doUuod for luninated materials, may be applied directly to molded articles 
without adaptation: Flexural strength, impact strength, water absorption, dielectric strength, arcing 
characteristics, power factor, didectric constant, electric resistivity, harness, coefficient of motion, cold 
flow, thermal o^uctivity, deterioration due to heat, heat distortion, and gloss. 

»*AjS.T.AC. atandardt (D48-$S), 1938, 11, 1097. 

Reference should be made to CShapter 07 for a further discussion of preforming. 
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erable less volume than could be done were the powder used in the loose condi¬ 
tion. In addition, this preliminary compression allows a better flow of the material 
during the molding operation. The possibility of entrapping gas within the finished 
article is minimized when using preforms. 

Density or Specific Gravity. In the use of molding materials there are 
two densities that are of interest to manufacturers of finished articles. One of 
these is the specific gravity of the molded product and is of importance in de¬ 
termining the actual weight or mass of a finished piece. The other quantity is 
known as the density of the powder. It is necessary to know this value as well 
as the bulk factor in order to figure the cost of the material used in making a 
given product. This is due to the fact that the material is purchased by weight 
and that the quantity of material used by volume is determined from the bulk 
factor. 

The density or specific gravity of the finished molded article can be determined 
by the usual method of weighing the piece in the air and again when suspended 
in liquid. For most molded materials water may be used, as absorption during 
the weighing operation is negligible. 

The density of the molding powder may be obtained from the weight of a 
given volume of the powder. The material should be allowed to flow from a 
hopper into a container of known mass and capacity which may be subsequently 
weighed. 

Screen Analysis. An analysis of the various screen sizes of the constituents 
of molding materials may be of considerable interest to both the manufacturer 
and consumer of molding materials. The consumer is particularly interested in 
a material of certain particle size such as will have definite characteristics during 
the molding operations. If the powder at one time has a high percentage of very 
coarse particles and a relatively small amount of fines, and later the distribution 
is reversed, considerable adjustment may be required to produce a satisfactory 
finished piece. A study of the size and distribution may be made by choosing a 
series of screens such as 8, 12, 16, 20, 34, 40, 60, 70, 100, and 140 mesh.“ A 
weighed amount of the material is placed in the coarsest sieve at the top of the set 
when stacked as listed, and the whole assembly is agitated. The amount of mate¬ 
rial left on each screen will give an accurate estimation of the particle size and 
distribution when expressed as a percentage of the total mass employed. 

Tests for Molding Characteristics. In connection with the development 
and use of new molding materials, it is necessary to make some tests to determine 
the manner in which the composition may be expected to mold under the condi¬ 
tions planned and also to determine what variations from standard procedures are 
desirable in order to give the most satisfactory product. 

(a) Cup-Closing-Time. The cup-closing-time is probably the most widely 
used method designed to study the characteristics of a new material. GeneraUy> 
the mold used will form a cup about 2% inches high, having a diameter of 2 inches 
at the top and 1% inches at the bottom, with a wall thickness of approximately 
0.100 inch. The charge is placed in the mold, which should be at the tempera¬ 
ture ordinarily used for that type of material. Pressure is applied and the time 
noted that is necessary for the composition to fuse, allowing the mold to com¬ 
pletely close. If the cup fills out and has a good appearance, the test is con¬ 
sidered satisfactory. If the piece is poorly formed or has a poor surface the tests 
will have to be repeated under various conditions of quantity of material, tem- 

n These sises have openings of 2380, 1080. 1190, 840, 500, 420, 207, 210, 140, and 105 microns 
respectively. 
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perature and pressure until a satisfactory cup is produced or it is shown that 
the material itself is at fault. 

(b) Disc Mold, A test which has been of service consists of molding a thin 
disc, say % inch thick, and 4 or 5 inches in diameter. A material which will 
not flow to form a large-diameter disc from a small heap of powder will, in gen¬ 
eral, not prove to be useful for general comipercial molding. 

Another method which has been used to study the flowing characteristics of a 
molding preparation is to force the material through a measured orifice while 
in the fused state.® Several variations of this procedure have been found to be 
of value. In general, the methods are all similar in that they fuse the specimen 
powder in a cylindrical mold and then force it through an orifice of about 
inch diameter. The time elapsing until the material ceases to flow through the 
opening has been suggested as an indication of the flowing characteristics. It is 
also possible to weigh the amount forced through the orifice and thus calculate the 
percentage of the total mass which was extruded. 

The most intensive studies of plastic flow have all been based upon the ability 
of the material to pass through a small uniform or tapered opening. One such 
method has been described by Peakes® while Dillon and Johnston® have com¬ 
piled data on the extrusion of rubber. They include in their article the theoretical 
and mathematical discussions of this and other test methods. Manfred and 
Obrist® have suggested that the plasticity of the molding composition bears 
a direct relationship to the physical characteristics such as modulus of elasticity 
and tensile strength of the finished product. Forrer® has reviewed the entire sub¬ 
ject of the determination of the plasticity of molding compositions including the 
procedures for such examinations. 

(c) Setting-Time. The setting-time of a material can be measured by the 
use of a cup mold, disc mold or by forcing the composition through a small orifice 
as described above. The setting-time must be considered for two different methods 
of treatment, however, since in some cases the material is cooled in the mold, while 
with other compositions it is removed hot. In either case this period is taken as the 
best interval in which one can obtain a satisfactorily molded piece. 

Tensile Strength. The need of a standard tensile strength test was early 
realized by the American Society for Testing Materials, and their studies, ex¬ 
tending over a number of years, have brought this phase of the examination of 
molding materials to a very satisfactory state.® Instead of the original speci¬ 
men used for many years in connection with molding compositions and cement, 
a test shape has been developed which is so designed that the breaking strength 
is unaffected by the stresses due to the jaws holding the sample. (See Fig. 203.) 

Impact Strength. A large proportion of the trouble caused by the breakage 
of molded materials in service can be attributed to their low impact strength. 
The most convenient tests on molded materials for their resistance to shock in¬ 
volves the use of the Izod (cantilever beam) or the Charpy (simple beam) 
machines.® This procedure is similar to that given for the testing of laminated 
materials, a notched specimen being used in both cases. Satisfactory results 
may be obtained with an unnotched sample, however, if care is taken, in fact 
impact tests have been made on jiieces cut from finished articles. 

Preferably, however, the specimens are % inch square in cross-section for both 

«E. KarrWt A Rheologic 1930, 1. 290; Chem, Ab$., 1930, 24, 5439. 

**0. L. PwJce4, PUutie ProducU, 1034, 10, 58. 

•<J. H. Dillon and M. Johniton, Phgtiei, 1933, 4, 325; Chem. Abe., 1938, 27, 4953. 

" O. Manfred and J. Obrist, Z. angew. Ch^., 1928, 41, 971; Chem. Abe., 1928, 22, 4874. 

••M. Forrer, Rev, gen. mof. pUutiquee, 1982, 8, 259; Chem. Abe., 1882, 26, 4521. Also Britieh 
PJioetiee, 1982. 4. 19. 

" A.a.Tjt7stttndar44 (Di»-Sg). Jt33. II. 10«7. 

••AJS.TM. T 0 Htativ* StOHdariU IDUe-StT), 19SS, 730. 
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tests. The notch may be either milled or molded, but in any case should be cut 
at 45®, have a depth of 0.10 inch with its point rounded to a radius of 0.010 inch. 










Fig. 203.—Tension Test Specimen and Holder for Molded Materials. 


Although unnotched specimens may be used, it is desirable to check results given 
for such tests with those obtained with a notched sample from time to time since 
the discrepancy due to the lack of the notch varies with different materials. 
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In making the teste, the material should always be broken in the direction 
in which pressure was applied during the molding operation. Before making a 
test the specimens should be conditioned by placing them in an oven for 48 hours 
at a temperature of 122 ± 2®C. The pieces may then be removed from the 
oven and cooled in a desiccator at room temperature before being tested. 

Compression Strength. The standard specimen for compression testing of 
molding compounds is a cylinder 1% inches in diameter and 1^/4 inches long.* 
The piece is molded in the direction of the axis of the cylinder. For control 
tests giving comparative results it may be quite satisfactory to make tests on other 
shaped specimens, however. Cubes, % inch on a side, have been used with very 
uniform results. Such shapes are well suited to determinations of the crushing 
strength in directions other than that in which the molding pressure was ap¬ 
plied. It is of importance to exactly define the type of specimen employed in 
reporting the results of compression tests, as exact agreement can not be ex¬ 
pected between samples of different shapes. 

Dielectric Strength of Molded Materials. The general procedure is the 
same as that given under the corresponding test for laminated materials. The 
specimens used are discs of 4 inch diameter, % inch thick for hot-molded materials, 
and ^ inch thick if worked cold. The electrodes are also circular in form with a 
diameter of 1 inch. The test should be conducted under oil to avoid possible flash¬ 
ing over the surface. The procedure* may be either the short-time, step-by-step, 
or endurance variation as previously described, the sole difference being that in 
the short-time test the potential should be raised at the rate of' 1000 instead of 
500 volts per second. 

^A,S.T.M. Standardt (D48-S8), 1933, II. 1090 

Standardi iD48~SS), 1933, II. 1102. See also E. A. Sevan, N. Strafford and E. E. 
Walker, Tran*. Intt. Rubber Industry, 1931, 6, 384; Chem. Abs, 1981, 25, 4722. 



Chapter 70 

Testing of Synthetic Resin Coatings 

In this chapter, the tests for synthetic coatings will be described m general 
terms, the object of the examination will be pointed out, wherever possible in¬ 
terpretations of the results will be given and references will be cited for the 
exact procedures. General tests are given first, covering the methods used in 
determining physical properties, curing characteristics and aging tests, followed 
by the more specialized methods. 

Specific Gravity 

In determining the specific gravity of a varnish, use may be made of a pycnom¬ 
eter, a Westphal balance or a hydrometer so graduated that the values can be 
determined within a tenth of a per cent. It is quite essential that the temperature 
of the varnish be kept constant and determinations should be made at 20'^0.5°C. 
For most work the results should be reduced to a temperature of 20° C. In 
general it will suffice to apply a correction of 0.0007 per 1°C. to be subtracted from 
the observed value for temperatures below 20°C. and added for those above that 
point. 


Viscosity 

Viscosity may be determined either relatively or absolutely. For relative de¬ 
terminations use can be made of a set of viscosity tubes such as are quite generally 
employed in the varnish industry for comparison and control work. The tempera¬ 
ture of the varnish should be maintained within 0.5°C. while observations are 
being made. For such work a graduated pipette which is capable of giving rea¬ 
sonably accurate values would be permissible, but even with these indirect methods, 
the instrument should be calibrated for satisfactory results. Oils of known vis¬ 
cosity for determining the constants of such apparatus can be obtained from 
the U. S. Bureau of Standards. 

If the above instruments are standardized, it is possible, by the use of correc¬ 
tion factors, to express the coefficients in absolute units, that is, poises or centi- 
poises.^ For the measurement of viscosity reference should be made to the 
A. S. T. M. methods.* Some instruments, such as the MacMichael viscosimeter, 
are calibrated by the manufacturer so that the viscosity can be read directly in 
poises or centipoises. The Hoppler viscosimeter, which was demonstrated before 
the World Petroleum Conference in London, 1933, also has many advantages. 
This instrument consists of a precise-diameter glass tube set at an angle of 70° to 

^ The absolute viscosity in e.g.s. poises has been defined as the force in dynes required to move, at a 
velocity of one centimeter per second, a square centimeter surface past another parallel Ulm surface one 
oentimeter away, overcoming the resistance to shear of the intervening liquid. The absolute viscosity 
for water at 20*C. is approximately 1.0 ceUtipoise. 

‘A.S.T.M,, Tentative Standcrdt (DiU-SiT), 1931. 
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the horizontal, surrounded by a water jacket so that the temperature may be 
controlled within narrow limits. Supphed with this tube are gold-plated steel 
balls which are somewhat smaller than the internal diameter of the tube. The 
diameters of these balls are graduated, and the proper selection depends upon the 
viscosity of the liquid to be treated. Since the ball is almost the same diameter 
as the tube, the flow of the liquid in the annular space between the tube and ball 
is laminar, preventing disturbances due to turbulence. The ball selected for the 
determination is the one which will require at least 6 times as many seconds to 
fall through a prescribed distance on the tube as this distance is in centimeters. 
The apparatus has the peculiar advantage of being r^daptable to determinations 
on gases, liquids or materials of viscosities as high as 1,000,000 centipoises. It can 
even be used with substances that are not transparent as one can note the posi¬ 
tion qf the ball when it touches the glass on the rear of the fall tube. 

Flash Point 

The flash point of a varnish is that temperature at which the vapor above the 
liquid ignites upon the introduction of a flame. In determining this characteristic, 
a definite quantity of the specimen is placed in a specially designed closed vessel, 
and the temperature of the varnish is gradually raised at a specified rate by heating 
the surroimding bath. This procedure has been standardized by the A. S. T. M * 

Time of Curing 

The determination of the time of curing is especially valuable in the case of 
varnishes used to impregnate cloth or paper. These materials are cured in a press 
under the influence of heat and pressure, thus forming a finished laminated board. 
The time required to cure a varnish resin is of importance since the entire process¬ 
ing of phenol resin and urea resin laminated materials depends upon this quality. 
The time of curing is defined as the time which is required to transform the resin 
contained in the impregnated cloth from the soluble fusible state to the infusible 
form. Such treatment changes the loose pile of sheets of impregnated material 
into a compact, rigid mass. The stiffness of a molded plate depends upon the 
thickness of the product, the type of varnish employed and the percentage of 
varnish and filler. 

As a measure of the time of cure of phenolic resins, use can be made of the 
determination of a state of the varnish or resin known as the “End Point.” After 
heating for a certain length of time, at a predetermined temperature, it will be 
found that the varnish no longer flows from the stirring rod but instead clings, 
exhibiting much the behavior of a piece of over-stretched rubber. When this occurs 
the end point has been reached. The period during which the varnish .has to be 
heated under the deflnite conditions of temperature in order to reach this state 
is known as the “Set Time.” A convenient method of making this determination 
is as follows: Ten cubic centimeters of the varnish are placed in a vessel having 
a bottom area of 20 square centimeters and a height of 8 to 10 centimeters. This 
container is placed in a steam jacket so that it may be kept at a temperature of 
136®C. "Hie varnish is stirred during heating and the interval required to reach 
the end point is taken as the set time. 

The vessel used in this test should have a cover with an opening not larger 

atandardt (D6€-it), 1983, XI, 805. 
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than twice the diameter of the stirring rod. It should be borne in mind that in 
making comparisons of different varnishes or even of the same varnish having 
different solvents, values may vary because of the difference in time required to 
evaporate the vehicle, since this must be done before the varnish starts to cure 
appreciably. 


Percentage op Non-Volatile Matter 

Since the essential action of a given varnish depends upon the non-volatile con¬ 
stituents, it is of considerable interest to the consumer to know the proportion of 
solvent and base in the product. 

The non-volatile matter by weight may be detennined in the following manner* 
A small sample of the material is placed in a beaker approximately eight centi¬ 
meters in diameter and carefully weighed. The container and varnish are then 
heated for three hours in an oven at 110±1®C. The dish and residue are then 
cooled, preferably in a desiccator, and accurately weighed. Knowing the weight 
of the beaker and resin, and of the dish alone, the weight of the residue can l)e 
found. The ratio of the residue to the original sample by weight represents the 
percentage of the non-volatile matter. For comparative work it is essential that 
the same weight of varnish be taken each time and that identical receptacles be 
used in all determinations. 

Users of phenolic type of varnish who impregnate cloth or paper and then 
press it into boards, or other shapes, are interested in knowing the volatile con¬ 
tent of the impregnated material before it is pressed. To make this determination 
a piece of cloth or paper is cut from the sheet after it has been impregnated and 
passed through the drying tower but before it passes around the final roll. This 
piece is accurately weighed, heated for 10 minutes at 160®C. and reweighed. In 
both cases sufficient time is allowed for the sample to cool to room temperature, 
preferably in a desiccator. From the masses determined by the two weighings the 
percentage of volatile matter given off is known. Then from the average mass 
of a sheet of the unimpregnated paper or cloth of the same size as the sample 
tested, the non-volatile matter by weight can be obtained. Unfortunately, no 
standards have been adopted as to the temperature at which the sample should 
be heated nor as to the exact length of time of treatment. It therefore falls 
ui)on the consumer to ascertain for himself the most suitable limits of time and 
temperature for his purposes. Eventually, the exact procedure will be definitely 
established, but it may be that different temperatures and times of heating will 
be found necessary for different classes of materials. In making this test care must 
be taken to see that the resin is not polymerized, that the solvent is driven off 
and that the moisture content of the paper or cloth is not materially changed. 
Lower temperatures may be used when the resin is easily polymerized. 

It is sometimes of interest to determine the volume percentage of solvent in 
a varnish and thus arrive at the composition* of the varnish with respect to solvent 
and base constituents. This information may be secured by distilling 100 cc. of the 
varnish.* For phenolic varnishes the distillation should be carried on until the 
volatile distillate comes over slowly, or until the residue begins to gel. Care must 
be exercised not to raise the temperature too high and thus carry the process too 
far. 

The specific gravity of the volatile matter recovered by the distillation may 
then be found by one of the usual methods. Likewise the specific gravity of the 

* Method of Test for DistilLtion of Gasoline, Naphtha, Kerosene and Similar Products, A.8*T.M. 
Standordi, (086-80), 1983, II, 778. 
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original varnish should be determined. The percentage of the volatile matter by 
volume is then given by the formula 

Y AC 

X—the percentage of volatile matter by volume. 

A—the specific gravity of the original varnish. 

B—the specific gravity of the volatile matter recovered by the distillation. 

C—the percentage of volatile matter by weight as determined above. 

Time of Drying 

The procedure for this test as adopted by the American Society for Testing 
Materials® specifies the use of pieces of brass or copper, about 4 centimeters wide 
and 20 centimeters long, thoroughly cleaned and polished. The strip is dipped into 
the varnish at room temperature and is withdrawn uniformly at the rate of 38 
centimeters per minute. The consistency of the varnish should be such that 
when dry the thickness of the film on each side of the metal strip will be between 
0.022 and 0.026 mm. For air-drying varnishes, the film is dried in a dust-free 
atmosphere at 20®C. In the case of baking varnishes, the specimens are dipped 
and allowed to drain at room temperature until the varnish is set. The coating 
may be said to have set when a finger print made by lightly pressing at a point 
two inches from the bottom of the panel will not become obliterated by further 
flow. It is then dried in an oven at I10±1®C. The specimens are taken from the 
oven at intervals and tested for dryness. A suggested time for the removal of 
the first sample is thirty minutes. The others may be tested at intervals of 10 
minutes. The varnish is considered to be dry when a piece of kraft paper 38 mm. 
wide, 152 mm. long and approximately 0.063 mm. thick does not adhere when 
pressed against the coating for one minute by a cylindrical one-pound mass one 
inch in diameter. The paper is applied near the center of the specimen and at 
right angles to the length. This is done at room temperature after the specimen 
has cooled. In the case of varnishes which dry 'Tacky,the time of heating must 
be continued until the resistance to removal of the paper appears to have become 
constant. 

WolfT has pointed out that in determining drying time of varnishes it is neces¬ 
sary to use care that exactly similar conditions are obtained. This is especially 
true in the case of relative humidity. He points out that a given finish which 
required 10 hours to dry in air at 40 per cent relative humidity needed 13 hours 
at 70 per cent and only dried after W hours at saturation. Another, however, 
required 11 hours at 40 per cent humidity, 12 hours at 70 per cent and 14 hours in 
saturated air, so that it is impossible to establish any relationship between drying 
time and humidity. Wolff applied a. piece of clean paper to the film after definite 
intervals of time and obtained his values by measuring the force required for 
separation. 

A simple device for determining the drying time of paints and varnishes’ em¬ 
ploys glass or rubber tips placed at the end of a balance arm. These are impressed 
upon the coating with a definite load. When the glass tip does not pick up the 
film, the n^aterial is set, and when the rubber tip does not mar the surface, as 
the specimen is drawn along under it, the film is considered dry. 

^A.8,TM, Tent(Uiv€ Stimdardt (Dm-SlTh I93S, 816. 

•H. Wolff. Fwben-Ztg., 1684. 26, 574; J.S.CJ., 1684, 43, 803. 

^F. N. Stettms, Ctrc., Am* Point, VornJUh Mfrt, Auoc., 1683, 423; Chem* Ahi„ 1688, 27, 614. 
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Sanderson* has also described a satisfactory way of determining this value. A 
disc, carrying a specimen film, is placed on a slowly rotating vertical shaft. As 
the coating is revolved, sand flows upon it in a small stream describing a spiral, 
since the point at which the particles strike the film gradually moves towards 
the center of the plate. The varnish has dried dust-free when the sand no 
longer adhereS' to the surface. Knowing the speed of rotation of the disc, usually 
one revolution every three hours, the length of the spiral measures the period 
elapsed. 



Courtesy J. McE. Sanderson 

Fig. 204.—Drying-Time Meter. Also shown are instruments for recording humidity, 
temperature and atmospheric pressure. 

Gardner® has made suggestions regarding the utility of certain grades of syn¬ 
thetic resins for the manufacturing of quick-drying varnishes, and he gives the 
results obtained through the use of these materials in the production of various 
grades of coatings. 


Heat Endurance 

To test the resistance of a finish to heat, a thoroughly cleaned sheet of copper 
or brass 20 cm. by 3 cm. by 0.127 mm. thick is used.“ The specimen to be ex¬ 
amined should be of such consistency that the dry film will have a thickness be¬ 
tween 0.022 mm. and 0.026 mm. In preparing the film the metal strip is dipped 
twice into the varnish in opposite directions and withdrawn at the rate of 38 
centimeters per minute. The varnish at the time of applying the coating should 
be at a temperature of about 20°C. and the time between the first and second 
coats must be long enough so that the first coat is properly dried. After the 
second coat is hard, as determined by the drying time test, the specimens are heated 
in an oven at a temperature of 110±:1°C. At the end of each 24-hour period 
a specimen is removed and bent around a rod an eighth of an inch in diameter. 
The heat endurance of the varnish is taken as the number of hours of heating 
in a well-ventilated oven at 110°C. at which the film shows the first signs of 
cracking upon distortion. 


Oil Resistance 

To determine the ability of a varnish to withstand the action of oil, a specimen 
fihn is prepared in the same manner as for the preceding test. The samples are 

* J. M. Sanderaon, Proc, Am, 8oo, Testing Materials, 1926, 26 (2), 666; Chem, Ahs., 1927, 21, 1363. 
*H. A. Gardner, Cire. Am\ Paint, Varnish Mfrs>, Assoe,, 1926, 279; Chem, Abs„ 1926, 20, 2054. 
^A.8,T,M, Tentative Standards (DllS^SiTh 1M4. 
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then dipped into a typical transformer oil at a temperature of 110±1®C. for 48 
hours. The panels are duly removed from the oil and the effect of the hot oil 
on the varnish film examined. Sometimes the disintegration of the varnish film 
can be detected from the turbidity of the oil. This can be observed by holding 
two samples of the oil, one filtered and the other unfiltered, before a diffused light 
Again if the disintegration is pronounced, it may be noticeable by a slight discolora¬ 
tion of the white cloth used in wiping off the excess oil from the specimens. 

Draining or Working Viscosity 

The working viscosity of a varnish can be determined by the variation m 
thicknass of the dried film from one end of the metal strip to the other after dij)- 
ping and drying. A strip of brass or copper 35 centimeters long, 4 centimeters wide 
and 0.127 millimeter thick is immersed in varnish at 20“C. to within one inch of 
the top or to a definitely marked line and the strip is withdrawn vertically from 
the varnish at a rate of 38 centimeters per minute. The specimen is then hung 
vertically and permitted to drain at room temperature. It is dried or baked, ac¬ 
cording to the type of varnish, until dry. The thickness is then measured at say 
2, 7 and 12 inches from the top of the strip. The differences between the thick¬ 
nesses at the three points give a measure of the variation as a result of draining 
and constitute the data indicative of the draining or working viscosity. 

Abrasion Resistance 

Numerous methods have been devised for the determination of the relative 
ability of coatings to withstand abrasive action. Gardner^ has described one pro¬ 
cedure that has been used to a considerable extent. This test employs a glass tube 
about 6 feet long having an internal bore of 0.875 of an inch. The tube is sup¬ 
ported vertically immediately above the coated panel. The specimen is placed 
at 45“ to the vertical, and the abrasive material, No. 50 emery powder, is dropped 
through the tube from a funnel having a bore of 5 mm. In striking the surface 
the emery covers an area of about one inch in diameter. The flow of abrasive 
is maintained until the finish is removed from the surface upon which it is applied. 
By means of a reservoir at the top and a scale holding the vessel into which the 
emery falls, the operation can be made continuous. When the film has worn 
through, the flow is stopped and the weight of emery that has fallen is obtained 
as a relative value of the wearing properties of the film. If the panel is colored 
before the application of the varnish, the point of complete abrasion will be more 
clearly defined. Some experimenters have specified an Ottawa sand such as is used 
for testing cement.” For this material a rate of flow of one liter per 150 seconds 
has been found satisfactory. 

The method described by Schuh” in which sand is blown by means of an air 
blast against a rotating disc on which the film has been prepared has also proven 
to be a good measure of this quality, Wacholtz” has also evaluated the abrasion 
resistance of paints and varnishes by means of sand directed upon the film. Van 
Heuckeroth” studied varnishes from this standpoint. He worked with sand and 
determined the number of kilograms necessary to cut through a thickness of 25 
microns of film. 

TeiUaiive Standard* iDiB9^t8T), 19SS, 630. 

^A. W. Schuh, Ind. Chem*, Anal. Bd,, 1911, 3, 7S. 

WacholU.Farban^tff^ 1932. 38, 130. 

»A, W. Via Hendeeroth, Ctre., Am. Pamt, VamUh Mfr*. Amoc., 1980, 369. 
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Adhesion op Lacquers and Varnishes 

It has been found quite difficult to formulate a satisfactory method of deter¬ 
mining the adhesiott properties of varnish and paint films that will be of general 
application. Many suggestions, however, have been tried and used with a certain 
degree of satisfaction. Gardner has described a fairly satisfactory method. The 
varnish or lacquer is applied, by brushing, spra 5 nng, dipping or spinning, to thor¬ 
oughly cleaned plates of black iron, glass or other materials, 3 by 5 inches. A piece 
of silk cloth is placed on the specimen while it is still tacky, and pressed down 
firmly. The surface is then cut into strips one centimeter wide with a razor, after 
yuflicient time has been allowed for the film to dry. Next the test panel is fastened 
in a suitable tension machine, and the strips of cloth, having been loosened at 
the top and folded downward, are then pulled directly along the surface. The 
adhesion of alternate pieces is measured in this fashion and quite consistent results 
may be thus obtained. 

Peters" has observed that phenolic varnishes were unsatisfactory when used 
for priming coats on aluminum. This statement applies only to baking varnishes. 
The heating of the coating was found to impair the mechanical properties of 
the metal as well as causing the film to lift away from the surface. 

Van Heuckeroth^^ has determined the adhesive properties of films by observa¬ 
tion after the sand abrasion test. He merely noted whether or not the film had 
pulled away from the surface of the glass plate before it was cut through by the 
sand. This test, of course, gives no clue as to the relative degree of merit. 

Durability of Varnishes 

Many investigators have sought to obtain a test, or series of tests, which would 
indicate the probable durability of varnished surfaces. A sub-committee of the 
American Society for Testing Materials" found that there were several tests that 
gave good results in the hands of various investigators, but that the kauri reduc¬ 
tion method for determining the elasticity or toughness was perhaps the most 
satisfactory procedure so far developed. Pulsifer" has also used the kauri reduc¬ 
tion method and agreed it gave the best estimate of the durability of a coating. 

The kauri reduction test is carried out by proportionally reducing the elasticity 
of the varnish with a solution of No. 1 kauri gum. A quantity of small broken 
pieces of *‘run kauri^' is heated in the presence of twice its weight of spirits of 
turpentine. Only that grade of spirit which is volatilized between 153 and 170®C. 
should be used. The purified gum may then be dissolved in turpentine at 149®C., 
adding enough solvent to replace that lost during distillation. 

It is next necessary to determine the non-volatile content of the varnish 
under examination according to the method outlined in a previous section. After 
this is done, add 100 grams of the varnish to an amount of the prepared kauri 
solution equal by weight to 60 per cent of the non-volatile matter in the specimen. 
Having mixed this preparation thoroughly, a small metal test panel is coated as 
described in the test for determination of drying time. When the film has dried, 
it should be possible to bend the panel over a 3 mm. rod, the coating being on the 

Patera, Met<Ulb9r$e» 1982. 22. 1469. 1801; Chrnn, A6*.. 1038. 27. 2816. 

A. W. Van Heuckeroth. Circ», Am, Paint, Vamith Mfr$. A$iOc., 1980, 869. 

^Proe, Am. Soe. Tmtmq MatariaU, 1983, 22 (1). 878; 1923, 28 (1). 369. 

"'L. V. PuUifar, Proe, Am, 8oc. Tuting Matarials, 1923, 28. 282; Ch&m. Ah$., 1924, 18, 1208. 
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convex side, without cracking tlie him. For purposes of comparison it may be 
desirable to find the greatest percentage of kauri gum, calculated on the basis of 
the non-volatile material in the varnish, which may be added without rupturing 
the surface when bent over a 3 mm. rod. 

Harrison*® has observed the durability of some paints on ^wooden test panels 
that have been treated with preservatives repellent to termites. Red wood, western 
yellow pine and Douglas fir were impregnated with preservatives known as AC-Zol, 
Anaconda neutral, Bruce 5A, Halowax, Lignophol, Triolith, zinc chloride and zinc 
meta-arsenite. Three priming coats were used: aluminum bronze in mixing var¬ 
nish, aluminum bronze in synthetic resin varnish and white lead-zinc oxide exterior 
paint which had been reduced with turpentine. White lead-zinc oxide raw linseed 
oil paint was used for the second and third coats. In addition the Halowax-treated 
wood received a Bakelite-type primer followed by the above-named top coats and 
finally by a white lead-zinc oxide Bakelite paint. The conditions of the tests after 
6 and 12 months are given in detail. With the exception of Bruce 5A, all the 
preservatives permitted painting. The durability of the paint on zinc chloride 
treated wood was less than in the other cases. The first two priming coats men¬ 
tioned gave better results than the last. The species of wood had no apparent 
effect. 

Pearce” has made an extensive study of the relationships of physical tests and 
chemical composition with respect to durability. He has shown that the kauri 
reduction values are in good agreement with the results given by exposure data. 
Gardner” has presented the results of exposure tests upon several different sam¬ 
ples of varnish, and also the results of various methods such as the kauri reduc¬ 
tion test. This worker found that the kauri reduction test paralleled results ob¬ 
tained through actual service. In later work Gardner” found that the durability 
of spar varnishes was not improved by the addition of antioxidants such as pyro- 
catechol, quinol, heptene and two rubber accelerators. 

Stearns^ has also observed 20 typical varnishes using kauri reduction and 
regular exposure tests. For the older types of varnish the kauri reduction test 
does indicate durability, but among certain newer types it seems to fail, as for 
instance it has been reported in the case of one type of phenolic resin, better 
durability was associated with lesser kauri reduction values. 

Levy* has ascertained that the kauri reduction test does not give reliable indica¬ 
tion as to durability in the case of varnishes made of alkyd and some phenolic 
•types of resins. Information on embrittlement may be obtained by using arc-lamp 
irradiation. This method was employed by Wilson* in connection with pure 
sheet rubber as a substratum for his varnished test pieces. 

Koike” determined the durability of coatings on phosphatized and untreated 
iron. When the panels were prepared half the metal surface was sanded, and then 
half the sanded portion and half the unsanded portion were phosphatized. The 
coatings used were shellac, bituminous varnish, synthetic resin spirit Varnish and 
synthetic resin-tung oil varnish. These were exposed to salt water spray for 
four weeks. In general the durability was greatest on the sanded phosphatized 
surfaces, next on the phosphatized only, next on sanded and last on the untreated 
surfaces. 


»A. W. C. Harrison, Ctrc., Am, Paint, Vamiah Mfr$. A»aoe„ 1931. 404 407 
•^W. T. Pearce, Ind. Bno. Chem., 1924, 16, 681. 

«H. A. Gardner, Cire., Am. Paint, Vamiah Mira. Aaaoc., 1926,' 260. 

"p'k **?• «»<>..»“: crfte®- Abt., I»88, 27, 77. 


»F. KoJto, 1282, 27, 288; CjimribV., 1282,X 4. ’ ' 
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Kauri-Butanol Test 

The kauri-butanol test is frequently employed to evaluate various solvents 
which might be employed in varnishes. Briefly, the test consists of titrating 20 
grams of gum kauri solution with the solvent to be tested in a 200 cc. Erlenmeyer 
flask. The kauri solution as used here is prepared by dissolving 100 grams of 
gum kauri in 500 grams of normal butanol. The end point is reached when the 
normally clear liquid acquires a slight turbidity. This may be determined by 
placing a printed page beneath the flask, and noting when the print, as viewed 
through the solution, just becomes blurred. The number of cubic centimeters of 
solvent required to produce this end point is the kauri-butanol value.of the solvent. 
When the kauri solution is properly prepared, titration with C.P. ben^ne will 
give a value of 100. 

Sweeney and Tilton” have reported on the results given by this procedure as 
applied to hydrogenated solvent naphthas. 

Exposure Tests 

Exposure tests are designed to secure information concerning the probable dura¬ 
bility of a varnish if it were in actual service. The test is employed to give results 
more readily than would be the case if the material were put in actual service. 
The exposure is so made as to subject the materials, if possible, to the most severe 
conditions found in the service for which it is intended. Thus one specimen may 
be subjected to heat and cold alone, another sprayed with hot and cold water, 
and still others may be weathered under normal conditions of rain, wind, snow 
and sun. 

Walker" has pointed out the importance of position in weather tests. He finds 
that panels should be set at 45® to the horizontal facing south in the latitude of 
Washington, D. C. This angle should be varied according to geographical position 
and should be the same as the latitude of the locality. 

Arnold" has described some exposure tests made in the woods of Brazil over a 
period of a year. All varnishes of the ordinary type showed stickiness for con¬ 
siderable time. Varnishes containing synthetic resin did not yield this unfavorable 
result. 

Gardner" has given a description of accelerated laboratory tests for paints and 
varnishes. Exposure to ocean air* showed phenolic and modified phenolic oil var¬ 
nishes to give generally satisfactory results as compared with many coatings. 
Rapid failure was shown by sulphur-treated varnishes, lead tungstate liquids, boiled 
linseed oil, gloss oil and a water-resistant rubber varnish. 

Van Heuckeroth” gives a number of results for various resin finishes which 
were flowed out upon black iron panels that had previously been primed with an 
oleoresinous coating pigmented with equal parts of Indian Red and zinc chlorate. 
These coatings were baked for two hours at 240-250®C. and then rubbed. The 
panels were duly exposed on racks facing south at 45® to the vertical. The num¬ 
ber of days for the first and also for the final failure were noted. The latter 
period was arbitrarily set at the time when the film did not protect 50 per cent 
of the surface. 

» W. J. Sweeney and J. A. Tilton, Ind. Eng. Chem., im, 26, m. 

»P. H. Walker, /nd. Bnf. Chetn., 1224. 16, 628. 

» Arnold, Chem. Ztg.. im, 56. 65; C/^. A6<., 1922, 26, 2606. 

«H. A. Gardner, Eng. CAam. AfM. Ed., 1922, 4, 94. 

**A. W. Van Heuckeroth, Cire., Am. PernU, VornUh Mfr*. Aitoe., 1930, 369. 
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Accelerated Weathering Tests 

Since the accumulation of data by normal exposure is extremely slow, there 
has been much interest in the development of accelerated tests designed to secure 
comparative results in a relatively short time. Gardner** has reviewed the details 
of the developments of this type of test. As innumerable combinations of arti¬ 
ficial conditions are possible only a few of the fundamental principles involved in 
accelerated testing cabinets will be described here. 

Carbon Arc Exposure Cabinet. In this cabinet, panels 6 by 10 inches 
with specimen coatings are set upon a flexible rack. These are exposed to 
two carbon arc weatherometers which revolve once every thirty minutes, be¬ 
ing followed by alternating sprays of water. The panels are placed approxi¬ 
mately 8 inches from the lamp globes and reach a temperature of 140°F., 
after which they are cooled to approximately 70° by the water. This accelerated 
test obtains, in about 300 hours, results that would require at least three to six 
months under standard conditions of service. 

Mercury Tube Test Cabinet, In a cabinet of this type use is made of 
a quartz tube mercury vapor lamp. The source of light is mounted horizontally 
at the axis of a drum revolving horizontally. The panels to be exposed are 
placed upon the inside of the drum in such a way that the lower section may 
be immersed in water.** 


Flexibility 

The following procedure has been found to be of considerable value in 
classifying varnishes as to flexibility. An H28 gage aluminum plate is coated 
to such a thickness that one ounce of varnish, based on the dry weight; 
would be used per square yard. The plate is hung in a well-ventilated drying 
room, after which it is baked at 100°C. for two hours and finally allowed to cool 
for half an hour. It should then be bent at an angle of 180° over a quarter inch 
rod. A durable varnish will exhibit no cracks after this treatment. 

Schuh** has used a mandrel test for flexibility in which he has elaborated slightly 
on the customary procedure. His instrument permitted metal panels up to thick¬ 
nesses of inch to be bent about any one of six rods varying in diameter from 
Ys inch to 1 inch, in such a manner that the panels followed closely the contour 
of the mandrels. The smallest diameter bend permitted without fracture is then 
a measure of flexibility. 


Gloss Measurement 

Reference should be made to the discussion of this subject in Chapter 69, as (he 
fundamental principles embodied in the determination of the gloss of a varnish 
film are the same as for the surface of laminated or molded phenolic materials. 
Bolme** has made some special tests which he believes are of considerable practical 
value. His method is based upon comparisons between the reflection given by the 
specimen surface as contrasted with those of a series of standard coating^ of nitro¬ 
cellulose lacquer. The latter are prepared by mixing a flatting paste with a clear 
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lacquer. The reflected object appears as a translucent white field with blac^k cross 
bars, and the reflected field can be held in definite relation to the standards and 
specimen. 


Hardness of Varnish Films 

Gardner and Parks'^ have made a review of the older methods of testing the 
hardness of films, including the Laurie-Baily, the Clemens and the weighted pencil 
point scratch method. They have given photographs of the scratches produced 
together with a tabulation of the results obtained. 

Walker and Steele” of the US. Bureau of Standards have determined hardness 
by the use of a swinging beam pendulum. The apparatus employs a beam whose 
fulcrum is a ball, pivoting on a specimen of the varnish film prepared on a base 
plate. The method consists of oscillating the beam through a chosen amplitude 
while the ball is resting on the specimen film. The time required for the pendu¬ 
lum's amplitude to decrease to one half its original value is compared with the 
same quantity when the ball of the balance is resting on a piece of smooth glass 
as a standard surface. Van Heuckeroth” has also used this tyx)e of instrument. 

Laurie”* has employed a device constructed much after the manner of a West- 
phal balance. The long arm carries a point on the underside and a pan on the 
top. The test film is prepared on glass. The weight required to scratch the film 
is noted as well as the nature of the scratch. When the scratch is ill-defined or 
can be erased by rubbing, the film is harder than the crystal used as the scratching 
medium. 

Wolff has suggested a method similar to Laurie’s procedure except that a 
knife blade is substituted for the point. The sample is carried on a car and moved 
at a definite speed under the blade, and the weight required to mar the surface 
is noted. This test requires that the film be of uniform thickness. 

Wolff and Wilborn” have pointed out some of the merits of the pencil method 
of determining hardness of films and have also outlined a way of overcoming 
the difference in pressure applied when making the test. The process involves 
placing the varnished panel to be tested in one pan of a balance, and loading the 
other pan with a definite weight. Only sufficient pressure is exerted during the 
test to ensure equilibrium. The surface is consequently held up against the mov¬ 
ing point by a definite force. In a revised method outlined by Wilkinson" pencils 
of different grades were drawn across the film until one hard enough to cut the 
film was found. It was stated that the results were practically independent of 
the pressure used in applying the pencil point. 

Lowa” has measured the difference in hardness of films which had been pig¬ 
mented with white lead, ferric oxide, zinc oxide, titanium oxide and graphite re¬ 
spectively. Marked differences were observed between the films kept inside and 
films exposed to the weather at 45® facing south. Of the indoor films the graphite 
paint showed the greatest loss in hardness, while in exposure tests it suffered the 
least. 

^ H. A. Gardner and H. C. Parka, Cite., V. 8. Paint, Vomiih Mfrt. A»$oc., 1025, 22S, 105. See also 
R. 8. Dantuma, Chem. Weekblad., 1984, 31, 482; Chem. Ab$., 1085, 29. 2002. 

**P. H. Walker and L. L. Steele, Ore., U. B. Paint Mfn. Atwe., 1025, 229, 207; Chem. Abt., 1925, 
19, 1788. See alao H. A. Gardner, 'Thsraioal and Cbemical Examination of Paints, Vamiahee, Lacquers 
and Oolora/* Inat. of Paint and Varnish Research, 1927, 70. 

•A. W. Van Heuokeroth, Cite., Am. Paint, Vamieh Mfrt. Aetoe., 1930, 369. 

*^A. P. Laurie, Oil Colour /., 1908, 33, l58; Chem. Abe., 1908, 2, 2020. A. P. Laurie and F. G. 
Rally, /. Roif. Scott. 8oe. Arte, 1006, 17, 101; Britiah P. 8486, 1906; /JS.C.l., 1906, 25, 819; 1907, 26. 159. 

^ H. Wolff and F. Wilbom, Farben Ztg., 1929, 34, 2781; Bril. Chem. Abe. B, 1929, 825. 

A. F. Wilkinson, Cite,, Am. Paint, Vamieh Mfre, Aeeoe., 1028, 184, 272. 

"A. L5wa, Farben Ztg., 1082, 38, 100. 
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Wilkinson** has described a modified form of the swingmg-beam hardness ap¬ 
paratus in connection with a discussion on physical examinations of paints. 

Sward** has proposed an apparatus for testing surface hardness that is com¬ 
posed of rocker arms carrying a weight, a means of shifting the center of gravity 
of the weight, a pendulum operated by the rocker arms from a point directly 
above the weight, and a scale co-operating with pendulum for measuring the angle 
of deflection. The apparatus is rocked backward and forward and the angular 
movement noted. The harder the surface, the greater will be the angle of move¬ 
ment. 

Sheppard and Schmitt** have given a detailed description of a method used to 
determine resistance to scratching, which has the advantage of giving quantitative 
results. It was employed in connection with studies of cellulose derivatives but it 
is capable .of general application. The equipment consists of a scratch dy¬ 
namometer and an instrument for observing the cut. The dynamometer can be 
arranged to give a single scratch, made by an increasing load or, if preferred, a 
series of scratches, each employing a constant pressure. The width of the cut may 
then be measured, and it is also possible to accurately observe its appearance. 

Banks** has recommended that a moderate sized sample of varnish be placed 
in a glass container and examined from time to time for the formation of a skin. 
Preferably, the specimen should be kept in a dark room to simulate the conditions 
under which it would be stored in the usual metal can. 


Dielectric Strength in Dried State 


A dielectric strength test has been formulated to determine the practicability 
of a varnish for impregnating cloth or paper. While the test is only relative and 
does not give the actual dielectric strength of the varnish alone, it does give the 
dielectric strength of the treated material as normally used. Specimens of kraft 
paper 20 cm. square and 0.076 mm. thick are impregnated by double dipping, 
once in each direction in accordance with the procedure given for the drying time 
test. The specimens should be dried for a period exceeding several times that 
required for the determination of the drying time. After being dried, the sample 
is then placed between electrodes which should be of circular form, two inches in 
diameter. The edges of these discs must be rounded, preferably to a radius of 
0.75 cm., as failure will otherwise take place around their circumferences and give 
misleading results. The transformer used should be of such a type that the poten¬ 
tial may be raised at the rate of 500 volts a second. 

The dielectric strength should be determined under three separate conditions: 

(a) At room temperature (approximately 20®C.) in air. 

(b) At 75®C. in air. 

(c) At room temperature on specimens which have been immersed in water for a 
period of 24 hrs. 

If the teste are also run under oil at ^ and 75®C. this fact should be definitely 
stated as results obtained in oil will not agree with those found when the specimen 
is surrounded by air. 

Sin^ the dielectric value of the impregnated material does not appear to bear 
very direct relationship to the strength of the paper employed it is not usual to 
determine this value before treatment. 


MT* S Chem, AruU, Bd.! 1933, 4, 303 

M. Banks, Ctrc„ Am, Pamt, Vamtah Mfn, Aaaoe., 1033, 432; Ch 9 m,^Ah$., 1083, 27, 014. 
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In determining the dielectric strength of dipping^ brushing and spraying var¬ 
nishes it is desirable that they be tested under as many conditions as possible. 
This is due to the fact that a comparison of the values given by a single varnish 
under various treatments is of importance. 

Dielectric Strength in the Liquid State 

If a coating is to be used for insulating purposes an examination of its dielectric 
strength as a fluid becomes of interest since such pi'ocedure will indicate the 
presence of water or foreign matter in the material. However, this test can not 
be applied to varnishes whose solvents are poor insulators as for example alcohol. 

The container used for this work should be a oil test cup made of a material 
having high dielectric strength. The electrodes are preferably flat discs one inch 
in diameter and so mounted in the cup that a gap of 0.10 inch can be accurately 
maintained between them. The electrodes should be at least 1.5 cm. below the 
surface of the varnish during the test. 

Resistivity 

I. Volume Resistivity under Normal Conditions. In order to deter¬ 
mine the volume insulation resistance of varnish for dielectric purposes, the sam¬ 
ples can be prepared on copper or brass strips such as are used for the preparation 
of the specimens for drying time examination. The test pieces, however, must be 
dipped and dried twice so as to develop a greater thickness of coating. The final 
drying period should be the same Jength as that employed for the preparation of 
the samples under dielectric strength. Electrodes two centimeters in diameter 
may then be painted, using a conducting coating, such as aluminum bronze, at 
various places over the surface, no two electrodes being placed nearer than three 
centimeters on centers. The resistance between each of these electrodes and the 
brass or copper plate can then be measured by a galvanometer.*'' Knowing the 
area of the electrodes, the thickness of the varnish film, the current flowing through 
the varnish as indicated by the galvanometer circuit, and the current flowing 
through a standard resistance, say, one megohm, the resistivity per unit volume 
may be determined. 

The calculation of the volume resistivity of the film is made as follo>ws: The 
volume resistance, R, in ohms, is calculated from the equation 

P MDS 
^ " D'S' 


where 

M=value of calibrating resistance in ohms. 

D=deflection of galvanometer, in any system of units, with ihe calibrating re¬ 
sistance only in the circuit. 

S=shunt ratio when calibrating resistance is measured. 

S^=rshunt ratio when sample is being measured. 

D^=deflection of galvanometer with sample in the circuit in the same units as 

«7i4.S.r.Af. Tentative Standard*, iUm-UT), 1932, 885. 
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The unit resistivity in ohms per cubic centimeter, C, may be calculated from 
the formula 

RA 


where 

R=volume resistance in ohms as found from the preceding equation. 

A=:area of the small painted electrodes in square centimeters. 

T=:thickness of the varnish coating in centimeters. 

This does not take into consideration the edge effect, but since the film is 
very thin as compared with its area the error involved is scarcely worth taking 
into account. Certainly the proportionate magnitude of discrepancy due to this 
cause is less than that introduced in the physical measurement of the thickness of 
the varnish film. 

II. Surface Resistivity under Normal Conditions. The determination 
of the surface resistivity of dried varnishes differs from the preceding examination 
in some particulars. The specimen must be prepared on a non-conductive base 
such as glass or fused quartz. Two metal strips, 10 cm. long, spaced parallel to 
each other at a distance of 1 cm., are placed upon the coating. In some cases it 
may be found more convenient to press strips of tin foil into the varnish before 
drying to insure intimate contact with the electrodes. Employing a galvanometer 
circuit, the total resistance between the electrodes may again be calculated from 
the formula given in the preceding section. 

MDS 

W 

Then the unit surface resistivity, p, or the resistance between the two opposite 
sides of a square will be obtained from the expression 

RL 

p.-g- 

where R=resistance in ohms as found above. 

L=length of the electrodes in centimeters. 

B=distance between electrodes in centimeters. 

It is often necessary to measure the effect of humidity on a varnish film at 
moderate temperatures since this condition is frequently found in service and also 
because varnishes will show considerable differences when subjected to moist atmos¬ 
pheres. While complete equilibrium is not reached in all cases even after an expo¬ 
sure of four days to humid conditions, the resistivity has been so lowered by such 
treatment that it gives a good measure of the insulating property of the film. 
Hence after the samples are prepared they can be exposed to the desired degree 
of moisture in closed vessels for the length of time desired. Proper conditions of 
humidity may be produced by choosing the appropriate salts for use in the desic¬ 
cator, or by selecting a sulphuric acid-water solution of the proper density. The 
salt solutions are the more satisfactory since the humidity is not affected by the 
conditions of moisture of the specimens. A supersaturated solution of common salt, 
NaCl, will give an atmosphere of 75 per cent relative humidity, while a 90 per 
cent relative humidity may be obtained by use of a solution of potassium nitrate 
in water having an excess of salt present. Or, if one cares to do so, he may obtain 
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any desired condition by mixing dried air and saturated air in different proportions 
by a bubbling process. 

The determination of the effect of humidity on the surface resistivity of var¬ 
nish films can be measured while the film is exposed to the humid conditions if 
proper care is exercised. The samples, having been prepared as mentioned in 
the test for surface resistivity under room conditions, are placed in closed vessels 
having the desired humidity. By running leads into the receptacle through care¬ 
fully insulated sections, the resistivity measurements may be taken as desired. 
Care must be used, however, to protect the surfaces on the inside of the humidity 
chamber so that the measuring leads will not take up moisture. If the inside of 
the container between these leads is well coated with crude ceresin or ozokerite, 
little difficulty will be experienced in making the measurements, and error due to 
leakage will be minimized. 

Power Factor and Dielectric Constant op Varnish Films 

The sjiecimens for use in power factor measurements are prepared on metal 
strips in accordance with the methods used for drying time tests. Electrodes can 
then be placed on the surface. A convenient method is to apply tin foil with a 
small quantity of vaseline or to paint the conductive areas on the sample with 
aluminum bronze. It is only necessary to apply one electrode, however, as the 
copper or brass base plate will serve for the other side of the circuit. The size 
of the terminals should be adjusted to yield the capacitance dasired in order 
to make the power factor measurements with the apparatus available. Diameters 
of two centimeters or more will ordinarily give adequate capacitance. The usual 
methods of measuring power factor at frequencies of 60 cycles, 1000 cycles and 
100 to 1500 kilocycles have already been described in Chapter 69." 

Water Absorption op Varnishes 

Stoppel" has carried out water absorption tests on carefully prepared panels 
of basswood protected with four coats of various varnishes, the elasticities of the 
films having been previously determined by the kauri reduction method. It was 
stated that the permeability of the film decreased with increased thickness, that it 
decreased with an increase in the proportion of resin in the varnish and that it 
decreased as the whitening of the film decreased when the usual water test was 
employed. This worker also showed that a varnish which was highly impermeable 
to water when fresh lost this property upon exposure. It would appear that the 
permeability of all varnishes to water decreases during exposure until cracking 
occurs, at which time it obviously would increase very rapidly. Water apparently 
does not penetrate a varnish film through pores but is dissolved and th^n absorbed 
by the under body, hence whitening of a film may be attributed to supersaturation 
of the coating. 

Van Heuckeroth" has determined the water permeability of the films which 
he studied by two methods. The coatings were first prepared by spinning lacquer 
upon amalgamated tin panels, drying and then stripping off the film. By his 
first method, 10 grams of water were placed in a four-ounce screw-cap container. 
The tops of the jars were then cut out so as to form an opening 3 cm. in diameter. 
The film was extended over the top of the jar and the perforated cap screwed 
into place. The joint between the cap and the jar was sealed with wax, and the 

*»A,8.T.M. Tentative Standarde, (DlS0^S4T), 1934, 84. 

A. Stoppel, Fr^, Amer. Soe. Teeting Materiale, 1924» 24, 455; Chem. Ab$,^ 1925, 19, 1781. 

» A. W. Van Heuckaroth, Ctrc., Am. Painty Varnish il4/ri. Assoc,, 1930, 369. 
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containers were placed in pint jars containing approximately 50 cc. of concentrated 
sulphuric acid. The amount of moisture passing through the film was then 
determined by periodic weighings. 

In the second test, the migratory tendency of the water was reversed. Ten 
grams of calcium chloride in jars were put in external containers in which 50 cc. of 
water had been substituted for the acid. These inner jars were also weighed 
every 24 hours to determine the amount of water absorbed by the salt. Neither 
method showed a marked change of weight but noticeable differences were found 
when the inner jars contained calcium chloride and were surrounded by an atmos¬ 
phere of 100 per cent humidity at 35®C. Gettans®^ has measured the penetrability 
of varnish films in the same manner for the purpose of evaluating coating mate¬ 
rials used for the protection of works of art. This worker found alkyd resins 
quite impermeable and satisfactory for such purposes. 

Grun" has also made determinations employing a permeable disc, covered 
with the protective coating, subjected to the action of water at elevated pressures. 
Wray and Van Vorst“ have studied three different methods for determining the 
penetration of moisture through paint films and compared the results obtained. 
The most valuable information was obtained by measuring the permeability of 
the coatings individually. This was done by stretching the films across the tops 
of Petri dishes which had been partially filled with activated alumina. The 
Forest Products Laboratory method which was also used consisted of applying 
various paints and varnishes to selected panels of yellow birch 4 by 8 by % 
inches which, after drying, were weighed and placed in an atmosphere of 95 per 
cent humidity at 77®C. for two weeks, when any increase in weight was noted. 
The third procedure tested employed circular panels of coated wood, 5.3 cm. 
in diameter, which were fastened to the tops of jars in the same manner as if 
the film alone was used as a medium of separation between the two atmospheres. 
Edwards" has written a discussion of the results of Wray and Van Vorst in an 
attempt to interpret moisture permeability measurements. He stated that there 
are many advantages in determining moisture permeabilities of paints by films 
alone and then, with the results from this work at hand, the more complex phe¬ 
nomena observed with films on wood may be interpreted. 

Morrell" has discussed the factors affecting the absorption of water by varnish 
films. He has suggested that it is a function of the composition, manner of drying 
and aging of the film. Absorption is retarded by the presence of salts in the 
water, even in small amounts, as the difference in effect of tap and distilled water 
may be detected. After drying, the film will show a larger absorption value upon 
repeated treatment. Alternate exposure to air and water appears to reduce the 
amount of absorption, due to oxidation and polymerization. An elastic water- 
resisting varnish showed 0.3 per cent absorption in 1 day, 0.4 per cent in 2 days, 
1.9 per cent in 5 days and 2.8 per cent in 9 days, and at the end of this period 
still remained clear. Varnishes with low water-absorption show, however, a tendency 
to bloom if the superficial drying of the film is pronounced. 

Wilkinson and Figg" have determined the absorption of varnish films when 
prepared on aluminum sheets. The coated plates were suspended in a hot water 
bath and after the required time had passed they were removed, dried carefully 


»J. Gettans, T9eh. Studiet Field Fine Art*. 1W2, 1, 03: Chem. Ab» . 1933 27 483 
»R. Grtin, Tonmd Zto., 1982, S6. 1087; Chem. Abi., 1983,^ 15m! 

•• R. I. Wioy and A. R. Van Vorst, Ind. Eng. Chem., 1988. 25, 842 
MJ. p. Edwards, Ind. Eng. Chem., 1988, 25, 840. 

“Varnishes and Their Oomponwits,” H. Prowde and Hodder A Stoughton. London, 

to, 1034. » Chem. Abt., 1923, 
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and weighed. It was found that the thin films absorbed a greater amount of 
moisture than the thicker ones when calculations were based on the percentage 
of weight increase. The absorption was found to be the same, however, irrespective 
of thickness of film, when the result was based on quantity of moisture per unit 
area, provided the films were newly prepared. Absorption increases with the tem¬ 
perature .and is approximately twice as rapid at 40® C. as it is at 20® C. Measure- 
mept of the thickness of the films showed that the volume of the film increased 
by an amount equal to the quantity of the water absorbed. It may be pointed 
out that the curves showing the progress of this action are parabolic, and that 
absorption will therefore theoretically proceed indefinitely; practically, however, 
the distended varnish cells will eventually rupture, thus destroying the coating. 

Jaeger^ has studied the porosity of films. The surface to be varnished was 
coated, first, with a metallic salt and, after it dried, a coat of varnish applied. 
When the finish dried the upper surface was treated with an aqueous solution 
of a reagent which gave an intense color reaction with the metallic salt under 
the protective coating. In this way minute pores can readily be detected in trans¬ 
parent films on opaque surfaces. In a similar fashion opaque films can be inves¬ 
tigated by using a transparent base such as glass. Oil varnishes were shown 
to be distinctly porous. This test is of assistance in interpreting results obtained 
on the permeability of films by other methods. 

Varnishes as Protective Coatings 

No attempt will be made in this section to give a comprehensive outline of the 
various applications of varnishes in which they are used as protective coatings. 
On the contrary, only a few of the special uses will be mentioned. The testing 
of coatings intended for such purposes can be carried out by means of the several 
methods already described in this chapter and in addition various investigators 
have outlined and employed special tests for the coatings in which they have been 
particularly interested. For example, the tests which have been used for elec¬ 
trical refrigeration coatings have been outlined.** These include examinations for 
water resistance, flexibility, adhesion, grease resistance, resistance to yellowing, 
mar resistance and opacity of the paint or varnish film. Tests would seem to 
indicate that synthetic resins used in protective coatings offer the advantages 
of faster and better drying and also greater durability. 

Applications for Pipe and Tank Protection 

Gardner** has pointed out the results of research in which a semitransparent 
coating for pipes was sought. It was found that raw oil paint dried too dowly, 
but that the durability was high although oleoresinous varnishes had poor dura¬ 
bility if the oil content was low. Pigmentation and a high percentage of tung 
oil contributed to the durability but at an increased cost. For heat-treated oils 
certain mixtures of drying oils gave good results, especially when combined with 
highly dispersed zinc chromate. Synthetic resins were highly durable and resistant. 
Asphalt varnishes failed when exposed to the sun and nitrocellulose compositions 
involved a fire hazard but had many mechanical advantages. Kimpflin®* has dis¬ 
cussed the various applications of synthetic resins to pipe and oil tank coatings. 
It was found that paints made from synthetic resins were satisfactory for protect- 

^ P. Jaeger, Farhen Ztg., 1924, 29, 507; /.S.C./., 1924, 4$. 208B. 

«D. Q. Darroeh, CAem. Eng, Mining Rev., 1922, 2S, 00; Chem, Abt., 1923, 27, 012. 

••H. A. Gardner, Chem. Met. Eng., 1921, 38, 402. 

^Q. Kimpflin, Peinturet, pigmentt, vemit, 1931, 8, 1900, 1629; Chem. Ah*., 1922, 28, 1180. In*t. 
Meialt, 1925, 22, 551; Chem. Ab$., 1925. 19, 1983. 
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ing crude oil tanks both ashore and in tankers whereas other materials so far 
on the market were quite unsatisfactory. This worker also stated that phenol 
synthetic resin finishes will protect water pipes against the action of chlorine. 

Gill*^ has given a discussion of the general status of pipe line protection. It 
was stated that the impermeability of coatings depends upon their r^istance to 
deterioration from chemical and bacterial action, the freedom from capillary pores 
and the resistance to mechanical distortion. The latter of these conditions is con¬ 
sidered the most important. 


Finishes as Airplane Coatings 

Whitmore" has outlined the properties which a good coating should have for 
airplane service. These requirements are high resistance to water-permeability, 
the use of pigments which tend to passivate metals and prevent corrosion, the 
absence of pigments of alkaline reaction, good adhesion to metals which may not 
be chemically clean and high resistance to impact and bending even after exposure. 
McCloud" has also listed the requirements of such coatings. It was stated that 
they should have good appearance and adhesion and also prevent the corrosion 
of light metal alloys. These coatings were evaluated according to the change in 
tensile strength and percentage of elongation as exhibited by coated test bars of 
various metals after exposure. Results of such tests of various coatings with 
particular reference to variations in the priming coat on duralumin, magnesium 
alloys and steel, showed a zinc chromate-synthetic resin primer to exhibit desirable 
characteristics. This first coat with an aluminum lacquer top coat gave outstand¬ 
ing protection. Edwards and Wray" have discussed the protection of aluminum by 
means of coatings. For certain purposes the yellowing of an ordinary varnish 
makes its use questionable as a transparent finish. Some of the newer synthetic 
resin varnishes, as, for example, those of the glycerol phthalate type, showed very 
satisfactory results over a substantial period. This group was shown to possess 
even greater durability than cellulose lacquers, and the adhesion to aluminum sur¬ 
faces was excellent. Certain of the vinyl resins also gave satisfactory performance. 


Resistance of Coatings to Discoloration 


Van Heuckeroth" has observed the yellowing of a large number of lacquers 
made using resin bases. Films of the lacquers were prepared in the same manner 
as for tensile strength tests and strips of the films were enclosed in cardboard folders 
so that a circle of the film 2 cm. in diameter was exposed while the balance of 
the piece was protected. Films were subjected to radiation from quartz lamps 
for two hours while the cabinet was maintained at a temperature of 70®C. The 
change in color of the films was determined by means of a varnish colorimeter." 
He noted that many resins showed a tendency to blacken instead of yellow and 
also that plasticizers of the phthalate type exhibited but slight yellowing." 


«iS. Oill, /nd. Bng. Chem., 1033, 25, 49. 

•• M. R. Whitmore, /nd. Eng, Chem., 1933, 25, 19. 

MJ. L. McCloud, Jnd. Eng. Chem., 1931, 23, 1834. 

J. D. Edwards and R, I. Wray, Ind. Bng, Chem., 1983, 25, 28 

VamxBh Mfrt. Atsoc., 1980, 369. 

JTA' Heu^eroth. Ctrc., Am. Paint, VamUh Mfrt, Attoe., 1980, 367. 

to the poMbdity of dosing toe yellowing tendency of varnishes using synthetic resins, B. 
Petem (Bntish P. ^.Wl, Aug. 8, 1928; Chem. Abt., 1929, 23. 924) has stated that by addition of a 
small pro|K)rtion, a^ ut 0.6%, 6f a strong onanic or inorganic acid, acidic salt or nitrate soluble in the 
^ greatly increased. Suitable substances include trichloroacetic. 
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Trade Names List 


Synthetic resins are known and sold commercially under various trade names 
which to the uninitiated give little clue as to their chemical nature and uses. The 
accompanying compilation lists the trade names of synthetic resins and plastic mate¬ 
rials, showing wherever possible their chemical type. Included in the list are 
the names of fabricated resin products as well as those of the original molding, 
casting and coating compositions. Related products, such as cellulose, casein, 
asphalt and natural resin compositions, are also represented in part—especially 
if the materials are well known or the name is similar to that of a synthetic resin 
composition. 

The trade names, arranged alphabetically,^ are followed in turn by abbrevia¬ 
tions designating the chemical type or composition (e.g., phenol-formaldehyde 
resin); the form and use (such as soluble varnish resin, molding composition); 
the manufacturer or distributor, with addresses; and references giving the source 
of the information.* 

Abbreviations 

Composition 

B Inorganic 

C Casein 

CA Cellulose acetate 

D Resin used as ingredient 

F Fabricator's trade name 

GP Glycerol-phthalic anhydride 

PF Phenol-formaldehyde 

Px Pyroxylin 

RPG Rosin-phthalic anhydride-glycerol 

SR Synthetic resin 

UF Urea-formaldehyde 

V Viscose 

W Wood fiber 

X Miscellaneous 

? Nature not known 


Forms, Uses 

f Sheets, rods, tubes 

1 Laminated 

m Molding composition 

s ^luble type (for coatings and impregnation) 

Timery type (cast and machined^articles) 

SG Safety glass 

P , Packaging material 

ilmiiali are filed under firrt without regard for “and/' periods or hyphens. Compound 

names, with or without hyphen, are mdexed under first name. 

WI.12T! advertisiin page, of the references given. 

2tolXe“ tS^pritite^SSiS^catiSn. ‘ “«rtained from trade announeemento and 
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Sources 

APV-1 


APV-2 

APV.3 

AR 

BP 

BPY 

Ce 

CGP 

CM-1 

CM-2 

CM-3 

CM-4 

GZ 

H 

J 


K-1 

K-2 

K-4 

K-5 

K-6 

KPM 

Kunst. 

Nitro. 

NSR 


OPD 

PGB-1 

PGB-2 

PGB-3 

Plastics 


PM 

RGP 

S 

Syn. Appl. Fin. 


American Paint & Varnish Mfrs. Assn. Scientific Section Educational 
Bureauf Circular 369, Physical Properties of Synthetic Resins in 
Lacquers,” 1930. 

Same, No. 429. ^‘Lacquer Liquids,” 1933. 

Same, No. 430. Synthetic Resin Index,” 1933. 

Artificial Resins,” by J. Scheiber and K. Sandig, Translated by E. 
Fyleman; Pitman & Sons, Ltd., London, 1931. 

British Plastics and Moulded Produels Trader; Plastics Press Ltd., London. 

^‘British Plastics Year Book, 1933,” Plastics Press, Ltd., London. 

CeUulose) Cellulose Publishing Co., New York. 

Le Caoutchouc et la GuUa-Perchaf Paris. 

Chemical and Metallurgical Engineering^ 1931, 38, 461. 

Chemical and Metallurgical Engineering^ 1932, 39, 523. 

Chemical and Metallurgical Engineering^ 1933, 40, 483. 

Chemical and Metallurgical Engineering^ 1934, 41, 689. 

Gummir-Zeitung, Berlin. 

Plastics and Molded Electrical Insulation” by E. Hemming; Chemical 
Catalog Co., New York, 1923. 

^^Chemische Technologie der Losungsmittel” by O. Jordan; Julius 
Springer, Berlin, 1932. 

Kumtstoffej 1925, 15, 116. 

Kunstst^Cj 1932, 22, 207. 

Kunststoffe, 1932, 22, 222. 

Kunstst^Cj 1932, 22, 254. 

Kunststoffe^ 1933, 23, 37. 

Kunststoffe. 1933, 23, 107: 1935, 25, 37. 

^‘Handbucn der kiinstlicnen plastischen Massen” by O. Kausch; J. F. 
Lehman, Mfinchen, 1931. 

Kunststoffef J. F. Lehman, Mtinchen. 

Nitrocellulosef Verlag Panesgrau. Berlin-Wilmersdorf. 

^‘The Chemistry of the Natural and Synthetic Resins” by T. H. Barry, 
A. A. Drummond and R. S. Morrell; D. Van Nostrand Co., New York, 
1926. 

Oily Paint and Drug Reporter. 

‘‘Plastics Directory and Buyer’s Guide, 1928”; Hoffman Publications, 
Inc., New York. 

“Plastics Directory, Index and Buyer’s Guide, 1929”; Hastics Publi¬ 
cations, Inc., New York. 

“Plastics Guide Book, 1934”; Plastics Publications, Inc., New York. 

Plastics, Plastics and Molded Products, Plastic Products; Plastics Pub¬ 
lications, Inc., New York. Modern Plastics; Breskm & Charlton 
Publishing Corp., New York. 

“Plastische Massen” by H. Blticher; Salomon Hirzel, Leipzig, 1924. 

Revue generate des malieres plastiqueSy Paris. 

“Sicherheitsglas” by Bodenbenaer; Bodenbender, Berlin-Steglitz. 

Synthetic and Applied Finishes. 


It will be noted in the source column that certain references are composed of 
a letter or letters joined to a number by a hyphen. These indicate a specific source 
that is fully given in the key. References to books are given by a group of 
letters (defined in the key) followed immediately (without a hyphen) by the 
page number. Thus, APV-1 indicates that the source of the material is American 
Paint & Varnish Mfrs. Assn. Circular 369; whereas KPM278 designates Page* 
278 of Kausch's ^'Handbuch der kiinstlichen plastischen Massen.'^ 
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Name 

Composition 

Forms, Uses 

Company 

Source 

A-K 

PF 

m, asbestos 
filler 

K Albert G m b.H., 

Amdneburg, Germany 

CGP, 1932, 29 
15954; CM-4 

A.r.8. 

Aniline, formal- 
dehyde and sul¬ 
phur 

Substitute for 
Canada balsam 


Chem, Aba., 
1931, 25,1858. 

A-W9 

SR 


I G. Farbenind. A.-G. 

Germany 

CM-4 

AlNOak 

(Abalack) 

PF 

i 

Kunstharsfabrik Dr. F. 

Poliak, Vienna 

APV-2; CM-4; 
NSR118 

Abalyn 

Methyl esters of 
abietic acid 

Plasticiser for 
nitrocellulose 
lacquers 

Hercules Powder Co., 
Wilmington, Del. 

APV-3; CM-4 

Abrac 

Rosin glyceride 



NSR149 

Abraeol 

Toluene- 
sulphonic acid 
esters 

Plasticiser 

A. Boake, Roberts A Co., 
England 

APV-2; J293 

Ace-Ite 

(Aoeite) 

Bituminous 

composition 


American Hard Rubber Co , 
Akron, O. 

APV-2; CM-4, 
PGB-3 

Acellold 

GA 

m 

General Plastics Corp , T^td , 
liOndon, S E 13 

CM-4; Plaatica, 
1933,8, 466 

Acdold 

(Aoeloide) 

CA 


Cie Petit-Collin-Oyonnithe, 

Paris, France 

PGB-2; CM-4 

Aceloie 

CA 


American Cellulose Co 
Indianapolis, Ind 

CM-4, PGB-2 

Ae6ta 

CA 


Cie. Peti t-Colli n-Oy on ni the. 

Pans 

CM-4, APV-2 

Acetalold 

(Aoeteloid) 

CA 

f, m 

Acetate Products Corp , Ltd , 
London, E C 4 

BPY; CM-4 

Aeetold 

CA 


Punfield & Barstow, Ltd , 

London 

APV-2, CM-4 

Acetol 

CA 

Flake 

Soc Usines Rhone-Poulenc, 

Paris 

APV-2; CM-4 

Aoetjrlold 

CA 


Dai-Nippon Celluloid Co., Ltd , 
Sakai, Japan 

BPY, CM-4 

Acetylon 

CA 


Dynamit A-G yorm. A. Nobel, 
Hamburg 

APV-2, CM-4 

Acldur 


Acid-resistant 

moldings 

Cable Mfg. Co., Ltd., England; 
Bratislava, Csechoslovakia 

CM-4 

Aerolite 

Phenol-glycerol 

m, 1 

Continental-Diamond Fibre Co , 
Newark, Del 

CM-4, AH 194 

Adit 


m 

Gebr Adt A -G , Wftchters- 
bach, Germany 

CM-4 

Acrlallte 

SR 


S Allcock A Co , Ltd., England 

K-2; CM-4 

Aeternol 

SR 


I G. Farbenind. A -G , Frank- 
. furt, Germany 

OPD, 1934, 
125(16), 19. 

Aoyollt, 8e« 
Haefelyte 




CM-4 

Afalyn 

Px 

Dentures 

J. D. Whyte, Pittsburgh 

CM-4 

Afatliie 

PF 

t,f 

Soc. Nobel Francaise, 
liOndon, E.C. 1 

CM-4 

Ac^rlto 

JMn 

Aldoinaphthyla* 

mine 



Chem.Met.Sno., 
1928, 25, 622 

Aieo 


Cold molding 

American Insulator Corp., 

New Freedom, Pa. 

CM-4 

Akelit) 

C 


Akalit Kunstbornwerke 

A-G., Vienna 

CM-4 

Akea BmIii* 

Natural resin 
and PF 

4-hour varnish 

American Cyanamid A Chemi¬ 
cal Co., New York 

APV-3 
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Name 

Alcrol 

Composition 

Glycerol resin 

Forms, Uses 

Company 

U.S.S R. 

Source 

CM-4 

AlJuUnlto 

C 

f 

AladiniteCo., Inc.,Orange, N. J. 

CM-4 

Alastik 

PF 


Atas Ago Chem. Fabnk 

A.-G., Leipsig, Ger. 

K-2 

Albane 


Plastics 

Soo. Rhodiaseta, Pans 

CM-4 

Alberit 

PF 

t.f 

Scott, Bader A Co ,LtA .TiOnclon, 
W C. 2. Chem. Fabr Dr. Kurt 
Albert, Wiesbaden, Germany 

CM-4; BPY 

AJbertet 

A1 salt of Alber- 
tol, q V 



CM-4 

Albertol 

PF, F 

Modified, 8 

Scott Bader A Co,, Ltd , Lon¬ 
don. W C 2; Rohm A Haas Co., 
Philadelphia; Chem. Fabrikeu 
Dr. Kurt Albert, Wiesbaden, 
Germany 

CM-4. BPY. 
AR279 

About 

PF 

t 

Augsburgcr Kunsthars-Fabrik, 
Augsburg. Germany 

CM-4 

Alboresin 

UF 

111 

Kontakt-Rdmmler A .-G., F raiik- 
furt. Germany 

CM-4 

AlcoUte 

Px 

Denture 

Alcohte, Inc , Philadelphia 

CM-4 

Aldur 

UF 

m, t 

I.iico Products Corp., Brooklyn, 
N. Y. 

CM-4 ;Iv4. Knu 
Chem,, 1028, M, 
1367 

Aldfdale 

PF 

Blocks, molded 
articles 

I G Farbenind. A-G.. Frank¬ 
furt, Germany 

K-2, CM-4 

Alforder 

SR 

Shelves 

Alford A Alder, Ltd., London, 
England 

BP, 1934. •« 86 

Airtalat 

Alkyd resin 


Chem Fab. Dr Kurt Albert, 
Wiesbaden, Germany 

APV-2; CM-4 

AlKalitb 

Algine plastic 


De Charrard, Rueil, France 

PGB-2; CM-4; 
K-1 

Aiidne 

Sea-wecd- 

celluloid 

Molding comp. 

Paul Glaess, Paris 

K-2; CM-4, 
KPM271 

AlkaUt 

Sodium salt of 
phonolphthalein 
condensed with 
toluoyl chloride 

Coatings 


CM-4; Chem. 
Abs , 1932, 

5220 

Alkaltt 

C 


Alkalit Kuntsthornwerke 

A.-G., Vienna 

CM-4 

AlkoUte 

Phenolphthalein 

resin 



APV-2 

Alg|dal T, TT, 

Phthalio 

glyceride 

s 

I. G. Farbenind. A.-G., Frank¬ 
furt, Germany 

J88 

AUoprene 

Chlorinated 

rubber 


Imperial Chem. Industnes, Ltd , 
London S.W. 1 

Syn. App Fin,' 
1934, 6, 135 

Alloy C 

?, SR 


William Jessop A Sons, Ltd., 
Sheffield, England 

KPM271; 

CM-4 

Alfar 

Polyvinyl 

acetate-acetal 

Coatings and 
plastics 

Shawiniimn Chemicals, Ltd., 
Montreu; Shawinigan Products 
Corp., New York 

CM-4; APV-3 

AmaUth 

PF 



KPMa71; 

CM-4; AR337 

Amberdeen 

PF 



NSRll8;CM-4; 

KPM27I 

Amborglow 

PF 

t, luminous 

Laboratoires Industriels 
d’Asnieres, Pans 

CM-4 

Amberit 

(Amber itf>) 

PF 

s 

U. 8. A. 

NSR1I8; CM-4 
KPM271, 

Amberlac 

SR 


Resinous Products A Chenucal 
Co., Philadelphia 

OPD, 1934. IM 
(18), 21 
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Name 

Amberllto 

Composition 

SR 

Forms, Uses 

Amberol 

PF 

8 

Amblold 

c 


Ambra 

• 

PF 

t. clear solid 

Arobrasit 

PF 

t 

Ambroid 

Presecd amber 


Ambroln 

PF, etc. 


Ambrolne. alno 
called Stablllte 

X, copal-fiber 

f 

Ambrol 

SR 

8 

Amorine 


Insulators 

Amerith 

Px 

f 

Amerlold 

F 


Amerold 

C 


Amlantlne 

(Amian thine) 

PF?, copal 
plastic 


Amlnoplast 

UF 

General name 
for the hardened 
condensation 
product of ureas 
with aldehydes. 
Corresponds to 
"Phenoplast” 
and “Resite” 

Anka 

D 

Insulating parts 

Annealoglc 

Bitumen, etc 

Insulating ma¬ 
terials 

Aqualac 

Shellac 


Aquallte 

PF 

1 

Aquaretin 

Qllf 

Glycol 

bonborate 


ArboUte, 

(Arbolite B) 

F? 

f. 1 

Aroollte 

PF, F 

m 

Ardaiell 

? 

Cement 

Ardonlte 

PF? 

111 

Argollt 

C 


Arodor 

Chlorinated 
bipheny l resins 

Compatible with 
nitrocellulose 

AatMdci 

Asbestos com¬ 
position 



Company Source 


Resinous Products & Chemical 
Co , Philadelphia 

OPD, 1934, IM 
(18), 21 

Resinous Products & Chemical 
Co , Philadelphia 

APV-2,3;CM-4 

Dai-Nippon Celluloid Co , Ltd , 
Sakai, Japan 

CM-4; BPY 


CM-4; Plaatica, 
1028, 4, 263 

Chemische Fabrik Ambrasit, 
Vienna, H. Illner, London, E C.l 

CM-4; BPY 


PM188; CM-4 

Ver Isolatorcnwcrke A .-G., 
Vienna 

CM-4;KPM271 

Soc. Grandgencr . Perreux, 

France 

CM-4; Plastict, 
1926, t, 123 


NSR136; 

PM216 

American Insulator Corp , New 
Freedom, Pa. 

PGB-1; CM-4 

Celluloid Corp , Newark, N J. 

PGB-1; CM-4 

Amerloid Mfg. Co , Brooklyn, 

N. Y. 

PGB-3; CM-4 

American Plastics Corp., New 
Vork 

K-6 

Soe Roux, Paris 

KPM271;CM-4 


Kolloid-Z .1927. 
42, 175; AR160 


Callenders Cable A Construction 
Co , London, England 

BP, 1934, 6, 40 

Teiegrwh Const. A Mainte¬ 
nance Co , London, E.C. 3 

CM-4 

Kasebier Chatfield Shellac Co , 
New York 

PGB-1 

National Vulcanised Fibre Co , 
Wilmington, Del. 

Glvco Products Co., Inc , 
Brooklyn, N Y. 

CM-4 

N. V Philips’s Gloeilampen- 
fabrieken, Eindhoven, Holland; 
Philips Industrial ‘'Raw Mate¬ 
rials'^’ Dept , London, W.C. 2 

BPY 

American Record Corp., 
Scranton, Pa 

PGB.3, CM-4 

SymentiB Products, Ltd., Eccles, 
Lancs , England 

BPY 

F G Stokes, Ltd , Altrincham, 
England 

CM-4 

Argo Chem A Nahrungsmittel 
Fabrik, Prerov, Czechodovakia 

PGB-1; CM-4 

Swann Chemical Co., Anniston, 
Ala. 

APV-3; CM-4 
OPD, 1984, 12t 
(23), 35 

Dixine, Ltd., London 

Pla$ti€$, 1929, 
5,157 
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Name 

Composition 

Forms, Uses 

Company 

Saurce 

Atlidowii 

PF, etc 

m 

H. E. Ashdown (Birmingham), 
Ltd., Birmingham, England 

BPY 

Askol 

PF 


Anglo-Scottish Chemical Co., 
Ltd., Glasgow, Scotland 

CM-4 

Astrintte 

Bitumen plastic 

Acid- and alkali- 
proof molding 

General Plastics Corp , Ltd., 
I..ondon, S E 13 

PUutict, 1932,8» 
39; CM-4 

Astro^Kopal 

?SK. contains 
rosin 



Farben-Ztg., 
1930, Sft, 1981 

A thrombi t 

Px.F 


F. u M, Lautenschlager, 
Munich, Germany 

K-2 , CM-4 

Atlas 

PF 

‘ 

H Clarke A Co (Manchester), 
Ltd , Manchester, England 

K-6: CM-4 

Ausco 



Carl Austin A Co., Ltd., Toronto 

PGB-1 

Australlto 




PGB-2; CM-4; 
K-1 

Areco 

7 T^atheroid 


Willmott, Son A Phillips, Ltd., 
London, E C 3 

BPY 

Afecollto 

PF 

1 

Willmott. Son A Phillips., Ltd., 
London, ECS 

CM-4 

BCM/Brownle 

SR? 

m. f 

Brownie Wireless Co. (Great 
Britain), Ltd., London, N.W 1 

CM-4; BPY 

“BkL” 

Laminated 

PF, Plywood 
base 

1 

Bousefields,Ltd .London 

BP. 1034.9,7 

B.T.H. 

? 

m. l,f 

British Thomson-Housto.n Co , 
litd , Rugby, England 

BPY 

Bakdura 

PF 



Plastics, 1030, f, 
705; CM-4 

Bakelaque 

PF 

l.s 

Attwater A Sons, Preston, Eng¬ 
land , Mica A Insulating Supplies 
Co., Melbourne, Victoria, 
Australia 

CM-4; BPY 

Bakellte 

(Bakelit) 

PF 

m, 1, b, t 

Bakellte Corp , New York, N. Y., 
Bakellte, Ltd., London, 8.W. 1; 
Bakellte G.m b.H. Berlin, Ger 

CM-4;APV-3; 
KPM 272; 

BPY 

Balance 


Molded insula¬ 
tion 

Belden Mfg Co., Chicago 

PGB-1 

Baienit 

Shellac base 



K-1; CM-4; 
KunsC., 1020,19, 

no 

Bandalasta 

UF, F 


Brookes A Adams, Ltd., Bir¬ 
mingham, Ehgland 

CM-4 

Barber and 
Buffer 

PF 

m 

Barber A Duffy, I..eed8, Yorks , 
England 

K-6 

Barnacle 

7 

m, f 

E. W. Puckert, Ltd., West 
Croydon, England 

BPY 

Bajrkofaden 



Farbenfabriken Fr. Bayer. 
Leverkusen, Germany 

PGB-2 

Beacon 

UF,F 

Ware 


CM-4 

Beatl, see 

Beetle 

UF 

Ware 

Beatl Sales, Ltd., England 

CM-4 

Beatlware» 

M-L. See 
bf-L Beatlware 




Bebrit 


m 


Kunst..l932,t9» 
245; CM.4 

Beek-0*Lac 

SR 


Beck. KoUer A Co., Inc., 
Detroit, Mich. 

A?V-2; CM-4 

Beekacite 

PF or alkyd 
resin 

Varnishes and 
lacquers 

Beck, Holler A Co., Inc., Detroit, 
Mieh.; A. F. Suter A C^., Ltd., 
London, E.C. 

APV-3; CM-4 



1386 

Name 

Beckolloid 

Beckoiol 

Beetle 

Beetleware 

Belco 

BcU 

Bellerold 

BeUlng-Lee 

Belpleetle 

Bennetste 

Bensex 

Bernlt 

(Bernite) 

Beutene 

neX 

Bexite 

Bexoid 

Bikarten 

BlmoUthe 

BIncollte 

(Binoolithe) 

Blrmite 

BItoite 

Bltuba 

Bonnjrware 
Book Bnd 

BoMhbakeUt 

(Boech Bakelite) 

BrajUte 

Breiln 

Britmac 

Brittullle 
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Composition Forma, Uses Company Source 


SR 

Plastics 

Beck, Roller A Co., Inc , Detroit, 
Mich. 

O.P D.. 1934, 
126 (27), 54 

SR 


Beck, Roller A Co , Inc., Detroit, 
Mich. 

CM-4 

UF 

m 

Synthetic Plastics Co., New 
York; Beetle Products Co., Ltd , 
London, W.l 

CM-4 

UF,P 


Bcetloware Corp., New York 

CM-4 

Cellulose 


Nobel Chemical Finishes, Ltd., 
Slough, Bucks , England 

KPM-272; 

CM-4 


Molding 

Northern Industrial Chem. Co , 
Boston, Mass. 

PGB-1 

Rubber base 


Barret A Elers, I>td., London, E 3 

CM-4 

C & SR. F 

f 

Belling A Lee. Ltd., Enfield, 
Middlesex, England 

BPY; CM-4 

F 

Ware 

Belplastic, Ltd., London, W 10 

CM 4 

CA 


B. A. Parker, London 

APV-2; CM-4 

Bensyl cellulose 


British Xylonite Co , I^td., 
London,E 4 

BP, 1933,4, 423 

CA 


Zelluloidwaren Fabrik., 

Zolhkofen, Switz. 

APV-2; CM-4 

Aniline- 

butyraldehyde 


Naugatuck Chemical Co , 
Naugatuck, Conn. 

CM-4 

PF, etc . F 


British iJ^lonite Co , Ltd., 
London,E 4 

CM-4 

PF, etc 

f 

British Xylonite Co , Ltd., 
London, E. 4 

BPY; CM-4 

CA 


British Xylonite Co , Ltd., 
London,E 4 

APV-2; CM-4 

PF 

1 


Pla9tiC9, 1930,6, 
706; AR366; 
CM-4 

Resorcinol and 
trioxymethylene 


German General Electric Co , 
Berlin 

APV-2 

Resorcinol and 
trioxyrnethylene 

111 

Allgemeine Elektrizithts-Ges 

A -G , Berlin 

PGB-2, CM-4; 
K-2 

UF. F 


E Elliott, Birniinglmnt, Eng¬ 
land 

CM.4 

Refined asphalt 
or bitumen 


Gnmwood A De Geus, Ltd , 
London, E C 2 

BPY 

PF 

1 


PlatticB, 1930,6, 
706* CM-4; 
Aim5 

F, UF, PF 

Ware 

Reynolds Spring Co., Jackson, 
Mich. 

PUutiet, 1932,8, 
285; CM-4 

SR 

Moldings 

Ruhn A Jacob Molding Co., 
Trenton, N. J. 

R-e; CM-4 

PF 


Robert Bosch, Stuttgart, 
Germany 

Plastics, 1930.6, 
705; AR347; 
CM-4 

W, binder 


Atperican Insulator Co., New 
Freedom, Pa. 

CM-4; Pl4i9tie», 
1933,8,466 

SR 


Hercules Powder Co , 
Wilmington, Del 

CM-» 

C, PF, F 


C. H. Parsons, Ltd., Birming¬ 
ham» England 

CM-4 

PF 

m 

British Insulite, Ltd., Rochdale, 
England 

CM-4 
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Name 

Composition 

Forms, Uses 

Company 

Source 

Brofo 

Cumarone resin 


Brown k. Forth, Ltd., 

London, N.W. 1 

APV-2; CM-4 

Bmlonkapseln 

Cellulose cap¬ 
sules 


Chemische Fabrik von Heyden 
A.-G., Germany 

CM-4;KPM273 

Brownie 

SR 

m 

Brownie Wireless Co (Great 
Britain), Ltd.; Ixindon, N W. 1 

BPY 

Biicheronlum 

PF 

Shellac subst 

Kbln-Ehrenfeld, Germany 

N8R118. 124; 
AR283 

BulDelo 


Moldings 

De Jur Products Co., New York 

PGB-1 

C-E 950 

pr 

1 )ehtiire8 

Coe Laboratories. Inc., Chicago 

CM-4 

C. F. Board 

PK 

1 

Campbell Fibre Co , 

Stanton, Del 

CM-4 

C'abli'rit 

7 

Acid-resisting 
industrial linings 

St Helen’s Cable A Rubber Co , 
Ltd., Slough, Bucks, England 

BPY 

C'ampbelllte 

PF 

1 

Campbell Fibre Co., 

Stanton, Del. 

CM-4 

Camplico 



Campbell Fibre Co., 

Stanton, Del. 

PGB-1 

Camphrosal 

p-Toluenesul- 

phunaniide 


Chem. Fabrik von Hayden, 
Germany 

J253.320 

Carben 

Acetylene con¬ 
densation prod- 
iK’ts (Cuprene) 


Elektricitfttswerke T^nxa, Basle, 
Switserland 

KPM273 

Carbolite 

(Carbohthe) 

PF 

III 

Soe gen des Mati^res Plas- 
tiques, France 

CM-4; K-2 

Carbollthe 

SR 


Soc. Franoaise, Lyons, France 

PGB-1 

Carbolold 

PF 

ni 

Carboloid Products Corn , New 
York Dai-Nippon Celluloid C!o., 
litd , Sakai, Japan 

CM-4; BPY 

Carbonei 

Coal-tar pitch 

Softener for 
rubber 

Barrett Co , New York 


Cardolite 

Cashew oil 
polymer 


Irvington Varnish & Insulator 
Irvington, N. J. 

Du Pont 

Du Preru Man^ 
ual, p. 42 

Carnal! tbe 

C 


Barthelemy, France 

PGB-2 

Carnold 

V 


Cie G5n5ral d’Eleotricit^, 

France 

K-1; PGB-2 

Carta 

PF 

1 

Isola-Werke A -G., DQren, Ger¬ 
many 

CM-4 

CaAollth 

C 


Hollandsche Casolith-Werke, 

L. M. Mears, London E C. 1. 
Soc Oyannitbe, Montville, 
Rouen, France 

CM-4; PGB-2 

Cassold 

(CaesoKle) 

C 


Maison Blanpain, Esy, France 

K-1; PGB-2 

Catalaxull 

PF 

t 

Catalasuli Manufacturing Co., 
College Point, L.I..N Y. 

CM-4; PGB-3 

Catalln 

PF 

B, t 

American Catalin Corp., New 
York 

APV-2; CM-4; 
KPM273 

C5g5lte 

(Cegetite) 

(C^selite) 

PF 

m 

Cie. G5n5ral d'Electricit4, Pans; 
Manufacture d’Isolants A Ob- 
jets Moules, Vitry, France 

APV-2; BPY 

Cel-O-Glasa 

CA 

Coated netting 

Aoetol Products, Inc., New York 

CM-2 

Celanexe 

CA 


Celanese Corp., New York 

CM-4 

Celaitlc 

Px 

Box toe material 

Celaetio Corp., Arlington, N. J. 

CM-4 

Celastold 

CA 

i 

British Celanese, Ltd., London, 

BPY; CM-4 


w.i 
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Name 

Celerli 

Composition 

Forms, Uses 

Modeling com¬ 
position 

Company 

Apotela, Ltd , Zurich 

Source 

CM-4 

Celeron 

See Celeron 





Celescot 

Px 

m 

Celescot Co., Toledo, Ohio 

PGB-2; CM-4 

Celestol 

Alkyd Resin 


F. A Hughes & Co , Ltd., Lon¬ 
don, W. 1 

CM-4 

Cellmnite 

Aniline resin 
ppt. on fibers in 
paper machine 


Continental-Diamond Fibre 

Co , Newark, Del. 

Plastics, 1932, 
195; BP, 1932,4, 
286 

Cellmnite 


Laminated 

board 

Micanite A Insulators Co , Lon¬ 
don, E. 17 

CM-4 

Cellmstlne 

CA 

m 

British Celanese, Ltd., 

London, W. 1 

BPY, CM-4 

Celletta 

Px 


Verein fur Chemische Industrie 
A.-G., Frankfurt, Germany 

PGB-2; CM-4 

Celllt 

(Ollit-L) 

(Cellite) 

CA 


Farbenfabnken Fr Bayer. Lev¬ 
erkusen, Germany; Williams 
(Hounslow), Ltd., Hounslow, 
Middlesex, Eng. 

BPY, APV-2; 
K-2 

Cellomold 

CA 

Injection mold¬ 
ing 

F. A. Hughes A Co., Ltd , 

London, N W 1 

CM-4 

Cellon 

CA 

f 

F A Hughes A Co , Ltd., Lon¬ 
don, N.W 1; I, G. Farbenind. 
A-G., Troisdorf, Ger., Dr A. 
Eichengrdn, Germany 

KPM273; 

CM-4; K-2; 
BPY 

Cellulak 

F 


Irvington Varnish & Insulator 
Co , Irvington, N J 

PGB-1 

CelluUth 

Wood pulp 
product 



K-2 

CeUulold 

Px 


Celluloid Corp , Newark, N J. 

CM-4 

CeUttlold de 
Soclcer. See 
CellnMd 
Lehmann 

' 



CM-4 

Celluloid 

Lehmann 

Waxes, starch, 
casein, etc. 



CM-4 

Celluloilne 

Celluloid bleached 
by a double salt of 
Na and Mg 
sulphite and acid 


E. Cadoret and E Degraide 

K-2 

Celoron 

PF 

1, m 

Continental-Diamond Fibre Co., 
Newark, Del ;Macecbenn A Co.. 
Ltd., London, S.E. 11; Diamond 
Fibre Co , Ltd , London, S.E. 11 

BPY; CM-4 

Celtid 

Px 

f 

Rhenisch Gummimannheim- 
Nockerau, Germany; Adam 
Bernhard, New York 

PGB-1; CM-4 

Celralold 

CA on wood 
bsse 


Acetate Products Corp., Ltd., 
London 

PlasHcs, 1929,5, 
157 

Cerite 

PF 

s 

Clement A Rividre, Paris 

CM-4 

Cetee 

Refractory 

Ceramic type, 
cement-aabestoa 

Cold molding 
compositions 

General Electric Co., Pittsfield, 
Mass. 

CM-4 

Cetee» Non- 
Refractory 

Bituminous 
type, pitch, oil, 
asbestos 

Cold molding 
compositions 

General Electric Co., Pittsfield, 
Mass. 

CM-4 

Chatterton’i 

Ck»mpoiind 

Qutta peroha,^ 
tar and pitch 

Insulating ma¬ 
terial 

Pomona Rubber Co., Manchester, 
Ei^land; McGill Mfg. Co.. 
Valparaiso, Ind. 

BPY; CM-4; 
PGB-1 

Chlbrlaiut- 

•ehulc 

Chlorinated 

rubber 


I. G. Farbenind. A.-G., Frank- 
furt, Germany 

J85 
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Name 

ChristoJlt 

Composition 
PF, F 

Forms, Uses 

Company 

Westfalische Metallwarenfabnk 
Christophery G m.b.H., Iserlohn, 
Germany 

ChrystaUte 


Hot molding 
composition 


Oba 

UF, aniline resin 

m 

Soe Chom Ind , Basle, Switi , 
Ciba Co , Inc , New York 

CIbanoid 

UF 

m. 6, 1 

Ciba Co , Inc , New York, Soc 
Chem Ind , Basle, Switz ; Clay¬ 
ton Aniline Co , Ltd , Clayton, 
Manchester, England 

CInerit 

X, waterfflasa, 
copal and fillers 


Petrier, Tissot A Raybaud, Switz 

Clro 

Px 

Records 

Celluloid Printers, Ltd , England 

Clar-Apel 

CA 

P 

Du Pont Cellophane Co., Inc., 
Wilmington, Del. 

Clarltone 

?SR 

Articles 

Ashley Wirelers Telephone Co 
(1925), Ltd., Liverpool, England 

Cl^matelte 

PF 



ClemaUite 

Gum composi¬ 
tion 


Soc, Suisse de Clemat4ito, Swit¬ 
zerland 

Clemattte 

Asbestos, bitu¬ 
minous 



Clonallne 

Resins 


Soc RAsines &, Verms Artificiels, 
Lyons, France 

Co-OEal-ite 

PF 

Denture 

Co-ORal Dental Mfg. Ck> , Santa 
Monica, Cal. 

Codite 


Thermoplastic, 
vulcanised in¬ 
sulating fiber 

Continental-Diamond Fibre Co , 
Newark, Del 

CogebI 

PF, F 


Cie, Gen Beige dTsolants, 
Bruxelles 

Colasta 

PF, X, sulpho- 
nated oil 

m 

Colasta Co., Inc., Hoosick Falls, 
N.Y. 

Colbox 


Insulating ma¬ 
terials 

Blackall Bros , Ltd., London, 

E. 15 

Collector 

MIcanite 

Acetaldehyde 

resm-mica 

1 


Coltrock 

PF 

Cold-molding 

comp. 

Colt’s Patent Firearms Mfg. Co., 
Hartford, Conn. 

Coltstone 

X 

Cold molding 

Colt’s Patent Firearms Mfg, Co., 
Hartford, Conn. 

Compo-SIte 

F 


Compo-Site, Inc., Newark, N. J, 

Concordia 

F, SR 

Molded products 

Concordia Elect Safety Lamp 
Co., Cardiff, Wales 

Condeneit- 

Cellulac 

PF 

1 


Condensite 

(Condensit) 

, PF 

m 

Bakelite Corp , New York; 
Bakelite, Lt^, London, S W. 1 

Cobdensite- 

Cellttloie 

Condensite and 
vulcanised fiber 



Condulatum 


Insulation 

Mica Insulator Co., New York 

ConduUne 


Insulation 

Mica Insulator Co., New York 

Conlto 


Fiber products 

Continental-Diamond Fibre Co.. 
Newark, Del. 
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Source 

K-6; CM-4 

CM-4,H179 

CM-4; PG-B2; 
K-2 

CM-4; PGB-8; 
BP. 1938. S, 217 

KPM274.CM-4 

CM-4 

PGB-3; CM-4 

KPM275, 

CM.4 

RGP, 2932, 8, 
157, CM-2 

PGB-1: CM-4 

K-2; CM-4; 
Pla$tic», 1926, f, 
123 

CM-4 


CM-4 

CM-4 

PGB-3, CM-4 

CM-4 

AR268 

CM-4 

CM-4 

PGB-l; CM-4 
CM-4 

CM-4 

CM-4 

KPM275;CM-4 

PGB-1; CM-4 
POB-i; CM-4 
PGB-1 
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Name Composition Forms, Uses Company Source 


CooUeon 

F, PF 

Eleotno-light 

reflectors 

Benjamin Electric, Ltd .London, 
N. 17 

BP, 1935,6,440 

Coralex 

PF 


Soc. Francaise, Vitry, France 

CM-1 

Covnlt 

(Cornite) 


ni, pressed paper 

H. Weidmann, Ltd., St Gallen, 
Switx 

CM-4, APV-2 

Coronal 

UF 


Soc. I’Ambrolithe, Paris 

CM-4 

Crabtree 

SR 

Moldings 

J A. Crabtree A Co , Ltd., Wal¬ 
sall, Staffs , England 

K-6 

Cresophane 

PF, etc 


Cie. Franc d’Exploitation des 
Proc6d6s Plinatus, Paris 

CM-4 

Crigtalold 

PF 

t 

France 

CM-3; S207 

Cristalyx 

UF 


Edgard Israel, France 

CM-1 

Crommoid 

SR? 

Articles 

Cromwells, Ltd , Dudley Port, 
Staffs., England 

BPY;CM-4 

Crommold 

SR, F 

Ware 

Cromwells, Ltd , Dudley Port, 
Staffs., England 

CM-1 

Cromware 

SR. F 

Ware 

Cromwells, Ltd , Dudley Port, 
Staffs , England 

CM-4 

Crystalate 

Shellac base, F 

m 

Crystalate Gramophone Record 
Mtg Co , Kent, England 

BPY; CM-4 

Crystallte 

UF 


R5hm A Haas Co , Philadelphia 

CM-4 

CryttaUte 

UF 

m 

Crystalite Corp. of America, 
New York 

CM-4 

Crystallthe 

SR 

Transparent 

Ji^on Castany, Pans 

CM-4 

CryitalUte 

UF 

ni 


CM-4; Plaattcit, 
1926, 2, 14 

Cryitallolde 

Px 



KPM275 

Crystallone 

F 

Cut-glass imita¬ 
tion 

Paul Schlochoff, Pans 

CM-4 

CrystllUn 

PF 

t 

Crystillin Products Corp., 
Brooklyn, N. Y 

CM-4 

C^ystur 

UF 

t 

Panplastios, Heyden Chemical 
Co , Garfield, N J.; American 
Plastics Corp , New York 

PGB-3; CM-4 

Cumar 

Cumarone- 

indene 

ni, coatings, 
floor tile 

Barrett Co., New York 

APV-3, CM-4 

Cupren 

(Cuprene) 

Acetylene con¬ 
densation prod¬ 
uct 


Elektricitatswerko Lonsa, Basle, 
Switz. 

CM-4; 

KPM275, K-2 

Cy-lent 


Gears 

Timing Gear Corp , Chicago, Ill. 

PGB-1 

Cygnet 

SR, F 

ni 

Edison Swan Electric Co., Ltd., 
London, E. C. 4 

CM-4 

1> A B 


Silent timing 
gears 

Dalton A Balch, Inc., Chicago 

PGB-1 

Bako 

? 

m 

Commercial Utilities, Ltd., 
London 

CM-4 

Oamarda 

PF 

s, metal coating 

Bakelite, Ltd., London, S.W. 1 

BPY; CM-4 

Bartex 

Chlorinated 

rubber 


Metallgesellschaft A Schiedean- 
stalt, Germany 

CM-4 

Bayton Syn- 
thetle 

Petroleum hy¬ 
drocarbon 

Coatings 

Dayton Synthetic Chemicals, 

Inc., Dayton, Ohio 

APV-3 

Beeora 

SR, casein 

m 

Universal Metal Products, Ltd., 
Lancas.. England 

BP, 1934, 6, 40 

Beeorold 



Howard Specialties Co., Inc., 
Brooklyn, N Y. 

PGB-1; CM-4 
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Name 

DecoMiii 

Composition 

? 

Forms, Uses 

Dekorit 

(Deoorite) 

PF 

t. amber substi¬ 
tute 

Dentagleiie 

F 


iDemuitlne 

Same as Fiber 
IMamond 



Detel 

Chlorinated 

rubber 


Deverr 

SR 


Dexlne 

Contains vul¬ 
canised rubber 


Deionlte 

Acid- and alkali- 
proof rubber 


Dl-El 


Molding powder 

Diamond Fibre 

Vulcanized 

fiber 

f 

DIaphal 

UF 


Dllecto 

UF. PF 

1. f 

DllectoVF 

UF 

l.f 

DInoptaene 

PF 

s, m 

Dloferrit 

PF db Maisine 
(dried A ex¬ 
tracted corn) 


DIrigo 



Dorex 

PF 


Drybak Band 
Aid. See 
Bevollte 

Cloth treated 
with PF 


Dulux 

SR, modified 
alkyd 

p 

Dumold 

Px 

m 

Dundas 

Varnished fab¬ 
rics 


Duo-llte 

SO 


Dttprene 

(DuPrene) 

Oil-resisting 
rubber plastic 
from acetylene 


Duprenol 

Dara-C, If P 
and If E 

Chlorinated 

rubber 

PF 

s 

Dnradent 

UF 

Denture 

Diiralac 


T^ioquers 


Company 

Source 

Shanks A Ck> , Barrhearl, Eng¬ 
land 

CM.4 

Uhlhorn Bros , London, E.C. 1; 
Dr. F. Raschig G m.b.H., Lud- 
wigshafen, Germany; Herbert 
Doyle, Inc , Brooklyn, N. Y. 

CM-4; BPY; 
PGB-1; BP. 
1931, f, 552 

Canadian Industries, Ltd., 
Montreal, Quebec 

CM-4 


KPM276 

International Patent Co , De¬ 
troit, Mich 

CM-3 

Ver Chem. Febr. Kreidl, Heller 
A Ck> , Vienna 

BP, 1934, f, 132 

Dexine, Ltd., London 

Pkwfics. 1929, 5, 
157 

Dexine, Ltd., London 

PlaaHct, 1929, 
157; CM-4 

H. Weidmann, Ltd., St. Gallen, 
Swits. 

CM-4 

Continental-Diamond Fibre 

Co , Newark, Del 

CGP, 1930. *7, 
15217; CM-4 

Continental-Diamond Fibre 

Co., Newark, Del 

CM-4 

Continental-Diamond Fibre 

Co., Newark, Del 

CM-4 

Scott, Bader A Co , 

London, W C 2 

APV-2 


KPM276; 

CM-4; K-3 

Ohio Brass Co , Mansfield, Ohio 

PGB-2; CM-4 

Soc Dorex, Pans 

CM-4 

Johnson A Johnson, New 
Brunswick, N J 

Plnatics, 1933, f« 
21 

E I, du Pont de Nemours A Co , 
Philadelphia; Nobel Chem. Fin¬ 
ishes, Ltd., Slough, Bucks, Eng¬ 
land • 

CM-4 

Du Pont Viscoloid Co., New 

York 

CM-4 

Mica A Insulating Supplies Co.. 
Ltd., Melbourne, Victoria, Aus¬ 
tralia 

BPY 

Duplate Ck>rp., Pittsburgh, Pa. 

CM-4 

E. I. du Pontde Nemours A Co., 
Wilmington, Del. 

CM-4 

Ver. Laokfabr.-Orau-Relino, 
Germany 

CM-4 

Paramet Chemical Coip.; 

SUoock A Wittenberg Corp.. 

New York 

APV.8; CM-4; 
Chmn. Marktia, 
1932. ff, 40 

Bakelite Dental Supplies, 

London 

CM-4, BP, 

1932, 4, 186 

Sewall Paint A Varnish Co., 
Kanaas City. Mo. 

PGB-1 
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Name 

Dtirmnold 

Composition 

PF with shellac 

Forms, Uses 

Company 

Specialty Mfg. Co., Hoosick 
Falls, N. Y.; Duranoid Co., 
Newark, N. J. 

Source 

APV-2; CM-4 

Darftt 

Same as Fibre 
Diamond 



KPM27fi 

Durai 

PF 

1 

Isola-Werke, DOren, Germany 

AR355; CM-4 

Ihircoton 

Textile impreg¬ 
nated with PF 


Meirowsky A Co., A.-G , Porz 
am Rhein, Germany 

CM-4 

Durecol 

GP 


^tablissemcnts Kuhlmann, 

Paris 

CM-4 

Durei 

PF 

m, 8 , f 

General Plastics, Inc 

North Tonai^anda, N Y. 

APV-3, C’M-4 

Durit 


Shellac substi¬ 
tute 

Robt Rauh, Inc , Newark, N. J. 

PGB-1 

Durlte 

PF 

s, m 

Durite Plastics Div , Stokes A 
Smith Co., Philadelphia 

APV-2, 3; CM-4 

Ihirlum 

Resorcinol-for¬ 

maldehyde 

m 

Durium Products Corp., New 
York 

APV-2, CM-4 

Duro-Kerit 

PFt 


Plastika G m b.H., Galalith Gcs. 
Hoff , Harburg-Wilhelmsburg, 
Germany 

CM-4 

Duroftol 

SR 


Chem. Fab. Dr. Kurt Albert 
GmbH, Amoneburg-Weis- 
baden, Germany 

CM-4 

Ditfold 

PF 


Soc. Francaise fihale de la Bakc- 
lite-Company, Plachy, F'rance 

CM-4; K-2 

Durollt 

PF 

t 

Soc du Duroid, Enghien, France 

CM-4 

Durollt 

? 


Heko-Werke, Berlin-Tempelhof 

CM-4 

IHiropdne 

(Duropene) 

Solid solution of 
tnchloriBoprene 
in camphor 


Peachy 

KPM276; K-2; 
K-1 

Duropbene 

PF 

8, tn 

Scott, Bader A Co , London. 

WC 2 

CM-4 

Duroprene 

Chlorinated 

rubber 


A H Davis, Ltd., Liverpool 

Chem Age {Lon¬ 
don), 1921, 4, 
508 

Duroware 

UF. F 

Ware 

Beetle Products Co., Ltd., 
Worcestershire, England 

K-2; CM-4 

Ihu 

Alkyd resin 


Nobel Chem. Finishes, Ltd., 
Slough, England; E. I. du Pont 
de Nemours A Co , Wilmington, 
Del 

CM-4; APV-2 

Bbtnit 

X, substitute for 
“Bois-durci” 
(blood albumin 
compound) 


l^tablissements Grivolas, Paris 

CM-4; 

KPM276; K-2 

Bboncstos 

? 

m, articles 

Ebonestos Insulators, Ltd , 
London, S.E. 15 

BPY; CM-4 

Bborin 

Gum compound 


Soc. Beguin, Paris 

PGB-1 

Bbartn 

X 

Hot molding 

Soc. Beguin, Paris; I. G. Farbe- 
nind. A.-G., Frankfurt, Ger- 
niany 

K-2; CM-4; 
H179 

tcaUle t7% 

PF 

t 

Labs. Ind. d’Asnieres, Paris 

CM-4 

Bdetmanbl 

SR 


Resan Kunstharzfabrik A.-G., 
Vienna 

CM-4 

BUatlea 

SO, SR inter¬ 
layer 


I. G. Farbenind. A.-G., Frank¬ 
furt, Germany 

CM-4 

BlMtoUtb 

PF 

t 

Herold A.-G., Hamburg, 
Germany 

BPY: CM-4; 
AR337 
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Name Composition Forms, Uses 


ElbeUt 

SR 


Dbeiilt 

SR 


about 

SR 


aeetrobestos 

X 

Cold molding 

aectrolne 



aectroUte 

Gum compound 


aectroso 

X 

Hot molding 

Oophnntide 


Laminated 

board 

afbein- 

innch# 

?SR 

1, papier mach^ 

Orenlte 

Resin adhesive 


OUnol 

?SR 

m 

EUlson 

Laminated 

PF 

1, gears 

KUmar 

?SR 

m 

Elo 

PF 

8, m, 1 

Empire 


Insulating 

materials 

Endura 

'JF. F 

Ware 

EoUtf formerly 
JuveUth 

PF 

t 

Epok 

SR 

s, m 

bgoUth 

C 


Ericon 

PF 

1, panelling 

Unite 

SR 

s 

Erinofort 

CA 

f, m 

Erinold 

C 

! 

UnoLO&P 

PF, resin inter¬ 
mediate 


Erlnopol 


Dip polish for 
casein A horn 
materials 

bnoUtb 

Yeast-aldehyde 


ahaUte 

(Edialite) 

T, asbestos, sine 
oarbonate and 
powdered coal 

m 

Estorol 

Alkyd and modi- 

Coatings 


fled ftlkyd resin 


Company Source 


L. Briiggemann. Hellbron, 
Germany 

CM-4 

L. Briiggemann, Hellbron, 
Germany 

CM-4 

L. Briiggemann, Hellbron, 
Germany 

CM-4 

Johns-Mansville, Inc., New 

York 

PGB-l; CM-4; 
H179 

il^tabliesements Grivolas, Paris 

PGB-2; CM-4 

^tablissements Grivolas, Paris, 
France 

PGB-l 

Insulator Mfg. Co., 

Brooklyn, N.Y. 

CM-4 

Mica A Insulating Supplies Co., 
England 

CM-4 


KPM277;CM-4 

C. Werfel 

APV-2; CM-4 

Ellison Insulations, Ltd., Bir¬ 
mingham, England 

KPM277;CM-4 

Ellison Insulations, Ltd., Bir¬ 
mingham, England 

BPY 

Ellmar Mouldings Co., Birming¬ 
ham, England 

KPM2n;CM-4 

Birkbs^s, Ltd., Liversedge,Yorks., 
England 

CM-4; APV-2 

Mica Insulator Co., New York 

POB-1 

Beetle Products Co., Ltd , 
Worcestershire, England 

PlatHc$. 1927. S, 
606; K-2; CM-4 

iStablissement Kuhlmann, Paris; 
Kunstharsfabrik Dr. F. FoUak, 
Vienna 

KPM277;CM-4 

British Resin Products, Ltd., 
Kingston, Surrey, England 

BPY; CM-4 

McLeod & McLeod, London, 
W.C. 1 

BPY; CM-4 

Memtt Eng. & Sales Co., Lock- 
port, N. Y. 

CM-4 

Erinoid, Ltd., London, E.C. 2 

CM-4 

Erinoid, Ltd., London, E.C. 2 

CM-4 

Erinoid, Ltd , London, E.C. 2; 
Mica dk Insulating Supplies Co., 
Melbourne, Victoria, Australia; 
American Plastics Corp., New 
York 

CM-4; BPY 

Erinoid^ Ltd., London, E.C. 2 

APV-2; CM-4 

Erinoid, Ltd., London, E.C. 2 

BPY 

BlQoher A Krause, I^ipiig, Ger¬ 
many 

CM-3;KPM277 

Mursahn A Fritsoh Siemens- 
S^uekert Werke A.-Q., Berlin 

igPM277;CM-4 

Paramet Chemical Corp; Strpoek 
dt Wittenberg Corp., New York 

APV.2,8; 

CM-4 
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Name 

Etterpol 

Composition 

SR 

Forms, Uses 

Company 

Glyoo Products Co., Inc., Brook¬ 
lyn, N. Y. 

Source 

CM-4 

Kstrsllt 

(Eatralite) 

PF 



Plastics, 1930, 
705; CM.4; 
AR347 

KiweUt 

Asbestos and 
binder 


Siemens-Schuckert-W erke 
G.m.b.H. 

KPM277;CM-4 

Ethanlte 

Ethylene- 
dicbiloride and 

Ca polysulphides 

Oil-proof rubber 
substitute 

Wilfred Smith, Ltd., London, 
W.C. 3. 

CM-4; BP, 1933 
4, 301, 440 

Buboolith 

TB 

Flooring material 

Soc anon. Euboohth, Paris 

CM-4 

Braplagtln 

F 


Evered Sc Co . Ltd., England 

CM-4 

Eitrmplast 


Insulators 

Vorwerk Sc Sohn, Wuppertal- 
Barmen, Germany 

CM-4 

Vabrigemr 


Silent gears 

Dalton Sc Balch, Inc., Chicago 

PGB-1 

Fabroil 

PF 

Gears 

General Electric Co , Schenec¬ 
tady, N Y ; British Thomson- 
Houston Co., Rugby, England 

CM-4 

Fabrolite 

PF 

m 

British Thomson-Houston Co , 
Ltd , Rugby, England, Commer¬ 
cial Utilities, Ltd , London 

BPY, CM-4 

Fantasit 

(Fantaeite) 

UF 


Rhen -Westfal SprengstofT A -G., 
Troisdorf, Germany 

CM-2; AR408 

Faollte 

PF and asbestos 



Chfm Ahs , 

1935. 29, 3060 

Farllte 

PF 

1 

Farley Sc Loetsoher Mfg. Co , 
Dubuque, Iowa 

CM-4 

Faturan 

PF 

f 

Dr Heinrich Traun & Sdhne and 
Herold Akt. Ges., Hamburg, 
Germany 

BPY; CM-4 

Fermi t 

? 

III 


GZ, 1931, 45, 
1010, CM-4 

Ferroiell 

PF? 

1 

Deutsche Ferrosell GmbH, 
Augsburg, Germany 

K-2, CM-4 

Festollan 

F, SR. Px 


Allgem. Elektncitftts-Ges., 

Berlin 

K-5 

Fiber Diamond 

Gutta-porchn 
subst with pow¬ 
dered sulphur, 
antimony sul¬ 
phide, iron oxide, 
asbestos, einc ox¬ 
ide and sulphate, 
el ay and am¬ 
monium car¬ 
bonate 


Dermatine, Ltd , London 

CM-4,KPM278 

FIberlac 

Px 

liacfiuers, 

enamels 

Fiberloid C'orp,, Indian Orchard, 
Mass. 

BPY 

Ftberlold 

Cellulose nitrate 
and acetate 


Fiberloid Corp , Indian Orchard, 
Mass. 

CM-4 

FIberlon 

PF 

t 

Fiberloid Corp., Indian Orchard, 
Mass. 

CM-4 

FIbestos 

CA.SG 

f 

Fiberloid Corp., Indian Orchard, 
Mass. 

BPY; CM-4 

FIbroe 

Fibrot 

FImteUte 

Flrmold 

PF 

PF 

PF 

CA.Px 

f, 1 

1,8 

McLeod Sc McLeod, London, 
W.C. 1.; Fibroo Insulation Co., 
Valparaiso, Ind. 

U. S. A. 

Italy 

Bluemel Bros., Ltd., Wolston, 
England 

PGB-1; BPY 

NSR122 

PIastict.1929,9, 
687; CM-4 

BPY: CM-4; 
KPM278 
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Name 

Flexbestos 

Composition 

SR, asbestoB 

Forms, Uses 

Brake linings 

Company 

H. Trist A Co., Bristol, England 

Source 

BP, 1934. 224 

Flexo 

Resins 


Glyco Products Co., Inc., Brook¬ 
lyn, N. Y. 

CM-4 

Flexoregln GG-1 
and K-1 

Polymerized ter- 
pene resins 

Modifiers 

Glyco Products Co., Inc., 
Brooklyn, N. Y. 

Plastics 

Formallte 

PF 


Bakelite, Ltd., Greet, England 

CM-4 

Formapex 

Rflocarta 



loco Rubber & Waterproofing 
Co., Ltd., Glasgow, Scotland; 
Mica A Insulating Supplies Co., 
England 

CM-2 

Formica 

PF, tTF 

1 

Formica Insulation Co., Cincin¬ 
nati, Ohio 

CM-4 

Formlta 

PF 


Bakelite Corp., New York 

K-2 

Formite 

PF 

t 

Bakelite, Ltd., London, S W. 1. 

BPY; CM-4 

For moll t 

? 

in 

Hamburger Gummi-Waren Coni- 
pagnie, Hamburg, Germany 

CM-1 

Formollt 

(Forniolite) 

X 


Alexander M. Nastukoff, Moscow 

K-2; CM-1 

Formvar 

Polyvinyl 

acetate-methvlal 

Coatings, ad¬ 
hesives 

Shawinigan Chemicals, Ltd., 
Montreal, Quebec; Shawinigan 
Products Corp., New York 

CM-4;/.S.C I., 
1934, 38, 614; 
BP, 1934, 132 

Futan Futon 

? 

Articles 

Cable Mfg. Co., Ltd., Bratislava, 
Czechoslovakia 

BPY 

Futurit 

PF 


Kabelfabrik & Draht Ind., Wien; 
Kabelgyar-Werken, Hungary 

CM-4 

Fybreold 

Insulating paper 


Wilmington Fibre Specialty Co., 
Wilmington, Del. 

PGB-1 

G and E 


Insulation 

Gdrner & Engels, Dresden 

CM-4 

G* E* E« 

Ebonite sheets 


McLeod A McLeod, London, 
W.C. 1 

K-6 

Galakelllte 




pgb:2 

Galalith 

(Ualalithf*) 

C 


Galalith, Ltd., London; Interna¬ 
tionale Gal. Ges and Hoff A Co , 
Harburg, Germany 

KPM278;CM-4 

Galatlx 


m 

Litmos A Co , Ixindon 

PloBtics, 1929, St 
157 

Galley’ii Dental 
Eeslii 



John U. Galley A Co., New York 

PGB-2 

Gallla-Rubber 

Rubber base 
plastic 


Manufacture dTsolants A Objets 
Moulds, Vitry, France 

BPY; CM-4 

Gansollte 

? 


Gansolite, I^td., Nijkerk, Nether¬ 
lands 

CM-4 

Gardllte See 
SantoUte 

Toluene sul- 
phonamide- 
lormaldehyde 


Monsanto Chemical Co., St. 
Louis, Mo. 

APV-3 

Geaphtal 

GP 


Allgem. ElektriciUts-Ges , Ber¬ 
lin 

APV-2; CM-4; 
K-6 

Geax 

PF 

1 


AR355 

G«d«Ute 

Phenol-, cresol- 
formaldehyde 


Soc. Huiles, Goudrons et Ddrivdea, 
Paris 

CM-4 

Gelold 

Gelatin base 


Urbain Thuau, Germany 

POB^; CM-4 

Geira 

Polyvinyl ace¬ 
tate 

Coatings, plas¬ 
tics, adhesives 

Shawinigan Chemicals, Ltd., 
Montreal, Quebec; Shawinigan 
Products Corp., New York 

CM-4 

Gematono 

PF 

t 

A. Knoedler Co., Lancaster, Pa. 

CM-4 

GenclYcx 

PF 

Denture 


CM-4 
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Name 

GedUtli 

(Qoolithe) 

Composition 

?SR 

Forms, Uses 

Company 

Source 
KPM278; K-3 

GUd«r 

F, CA? 

m 

A. W. Kanis, LondoiK Oayonne, 
Bexley, Kent, England 

BPY;CM-4 

Olorft 

c 


Sohiel A Spol Sternberg, Ctecho- 
slovakia 

PGB-2; CM-4 

Gltttol 

SR 


U. S. 8. R. 

CM-4 

Ghitollne 

8I1M 

Methyl oellulose 
ether 


Advance Solv. A Chem. Corp., 

New York 

Gljeolae 

GP 


£tablissements Kuhlmann, Paris 

CM-4 

GUreollte 

PF. UF 

m 

Glycolits Co., New York; Glyco 
Research Labs., Phila., Pa. 

PGB-3; CM-4 

Glyeopon 

Condensation 
product of glycols 


Glyco Products Co., Inc., Brook¬ 
lyn, N. Y. 

K-3 

Glyptml 

(Glyptale) 

GP 


General Electric Co., Schenec¬ 
tady. N. Y.; Bakelite G.m.b.H., 
Berlin 

CM-4; APV-2; 
KPM278; K-3 

Glyptonlte 

Glyptal-bonded 

mica 


Mioanite A Insulators Co., Ltd., 
London, E. 17 

APV-2; BPY 

Gramaphold 

(Qramaphaoid) 

? 

Records 

General Plastics Corp., Ltd.. 
London, S.E. 13 

CM-4; PUxBtica, 
1933, 8, 466 

CMf Faturan 

PF 

f 

Herold A.-G., Hamburg, Ger¬ 
many 

KPM279 

Gual-A*plienfi 

Turpentine by¬ 
product 


Wood Chemical Products Co., 
New York 

PGB-3 

Gamnilto 

(Oummithe) 

Bituminous 

Insulation 

Manufacture dTsolants A OUets 
Moulds, Vitry, France; Cie. 
G6n6rale d*£lectricit6, France 

CM-4; BPY: 
PGB-2; KPM 
279 

Gammold 

Paper and tex¬ 
tile base 

Articles 

Cable Mfg. Co., Ltd , Bratislava, 
Cseohoslovakia 

BPY 

Guramon 

F, PF, bitumen, 
rubber 

cold molding 

Garfield Mfg. Co.. Garfield, N. J.; 
Rhein. Westf. Sprengstoff A.-G., 
Troisdorf; Isolatoren-Werke, 
Mfinchen, Germtany 

K-3; CM-4; 
KPM279 

H. Y. 


Laminated 
plastic sheets 

McLeod A McLeod, London, 
W.C. 1 

BPY 

HaefclFto 

C. PF 

t 

Emil Haefely A Cie., Basle, 
Swits. 

CM-4 

Hatoi 

? 

Ware 

British Xylonite Co., London 

CM-4 

Hallslte 

PF 


Halisite Corp., New York 

CM-4 

Halolume 

CA 


British Electrical Installations 
Co., London 

APV-2; CM-4 

Halowai 

Chlorinated 

naphthalenes 


Halowax Corp., New York 

CM-4 

Hares 

(Hares! te 
Haresplatten 
Harox, Harex) 

PF 

s. m, 1 

H. Rfimmler A.-G., Spremberg, 
Germany 

APV-2; CM-4; 
K-4 

Haresit 

Plaiten 

PF 

1 

H. Rfimmlcr, A.-G., Spremberg, 
Germany 

CM.4 

Harex 

PF 

1 

H. ROmmler, A.-G., Spremberg, 
Germany 

CM-4 

Harlequin 

TJF.F 


Beetleware Corp., New York 

CM-4; K-3 

Barrel 

Cashew nut do> 
rivative 


Harvel Corp., Irvington, N. J. 


Havftte 

UF 

m 

Watertown Mfg. Co., Water- 
town, Conn. 

PGB-S 


HsiMltt 


PF 


1. pAoelling 


Hftakelito Mfg. Corp., Chicago CM-4 
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Name 

Composition 

Forms, Uses 

Company 

Source 


PF>asbestoe 

Building material 

Haveg Corp,, Newarl^ Del.; 
SAuresohuts Q.'m. b. H., Ber¬ 
lin 

CM-4; K-4; 
PUutiet, 1933, fit 
19 

HecoUte 

Px 

Dentures 

American Hccolite Denture Corp. 

Pla«ftcs.l933,9» 

168 

Hekolltli 

(Heoolithe) 

Plastic composi¬ 
tion 


Heko-Werk Chemische Fabrik 
A.-O., GrQnewald, Giermany 

POB-l;CM-4 

Hellostt 

PF? 

Insulating resins 

Kontakt-Rdmmler A.-G., Frank¬ 
furt. Germany 

K-3; CM-4 

Hemcoware 

UF, F 


Bryant Electric Co., Bridgeport. 
Conn. 

CM-4 

Hemlt 


Insulation 

Garfield Mfg. Co.. Garfield. N. J. 

PGB-1 

Heptene Base 

Aniline- 

Heptaldehyde 


Naugatuck Chem. Co , Nauga¬ 
tuck, Conn. 

CM-4 

Herculfte 

PF. X 

m 

Colasta Co., Hoosick Falls. N. Y 

PGB-3, CM-4 

Herkollte 

PF? 

Insulation 

General Electric Co , Schenec¬ 
tady, N. Y. 

PGB-3;CM-4 

Herollth 

PF 

General Trade- 
Mark covering 
Elastolith, 
Marbolith. 
Faturan, g.«. 

t. s 

Herold A.-G., Hamburg, Ger¬ 
many 

CM-4; BPY; 
Syn. Appl. Fin., 
1931, 9, 89 

Heureka 

PF 

Denture 


CM-4 

H4?Anold 

Rubber, sulphur 
and camphor 


Gcrner 

KPM279: 
CM-4; K-3 

Hlghtanslte 

T 


Hightcnsite, Ltd. 

BP. 1930. 9» 
280; CM-4 

Homae 

SR 


Walton Chem. Co., Ltd., Liver¬ 
pool, England 

CM-4 

Hopan 



Kunstharsfabrik Dr. F. Poliak, 
Vienna 

PGB-1 

Hyeolold 

Px.CA 


Hygienic Tube A Container Co., 
Newark, N. J. 

P{<M(iet,1931.7, 
262; CM-4 

Hydroresln 

SR 

Sticky, non¬ 
drying 

Glyco Products Co., Inc., Brook¬ 
lyn, N. Y. 


HrU 

Px. F 


Hygienische Ind. G., Ostortag, 
Luawigsburg, Germany 

CM-4 

I. C. 1. MouM- 
Ing Powden 

PF 

m 

Imperial Chem Industries, Ltd., 
London, S.W. 1 

CM-1 

IberoUtlia 

PF 


Soc. rOrolithe, Rueil, France 

CM-2 

IdaUte 

PF 


Bakelite, Ltd., London, S.W. 1 

BPY; CM-4 

Idttol 


Shellac substi¬ 
tute 

U. S. SLR. 

CM-4 

IdoBlta 

PF 

t 

Damard Lacquer Co., Ltd., Bir¬ 
mingham, England 


Idytol 

PF 



RGP, 1982, 8, 
295; CM-4 

Imparlal 

B. K. Gvm 
Imperial 

Fki Gum 


Coatings 

J. D. Lewis Sc Co., Providence, 
R. I. 

APV-3 

Imperial 

Kstw 


Coatings, 

linoleum 

J. D. Lewis St Co., Providence, 
R. I. 

APV-3 

Impermo 

PF.F 

Containers 

F. L. Stoffel, Arbon, Swits. 

BP, 1934, •» 817 

Inerlnll 


Insulation 

Christiani A Nielsen, Hamburg, 
Germany 

CM-4 


Amer. MMbine St Fottiidiy» Co. PQB*S; 
BrooUsm. N. Y. ^ 


Inda 
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Name 

Indur 

Composition 
Phenolic SR 

Forms, Uses 

Company 

International Tar Sc Combustion 
Co.; Reilly Tar Sc Chemical Co., 
Indianapolis, Ind. 

Source 

PGB-3 

Indurltc 

PF 

m 

“Indunte” Sales, Ltd., London 

CM-4 

Industrol 

SR 


£tabli88ement8 Kuhlmann. Pans 

CM-4 

Infiiselai 

UF 

Wood-lacqucr 

Beetle Products Co., Ltd., Ix)n- 
don 

APV-2; CM-4 

lofuaite 

Heat-reeisti ng 
molding material. 
Mineral binder 


Manufacture d’Isolants et Objets 
Moulds, Vitry, France 

CM-4; BPY 

Inllte 

X, asphaltic base 

f 

Inland Mfg. Co., Dayton, Ohio 

CM-4 

Inodite 

See Ondoito 




CM-4 

Insulate 

X 

Hot molding 

Insulation Mfg. Co , Brooklyn, 
N. Y. 

CM-4 

InsuUt 

W 


HackuS'Brooks Co., Minneapolis, 
Minn. 

CM-4; K-2 

Insult te 



Insulation Mfg Co , Brooklyn, 

N Y. 

PGB-2 

Insulold 

CA 

Bands 

American Products Mfg. Co., 
New Orleans, La. 

K-3; CM-4 

Insurok 

PF 

' 

Richardson Co., Melrose Park, 
Ill 

PGB-3, CM-4 

In veil tb 

PF 


Kunstharzfabnk Dr F Poliak, 
Vienna 

NSR118,179 

Irgonlte 

SR 


.1 R. Geigy 8 A., Basle, Swits. 

CM-4 

Isogallthe 

(leogallithe) 

C 


Garrauad, Tailleburg, France 

PGB-2; 
KPM279; K-1 

Isoiematl 

SR 

s 

Soc. des Laques Sc Isolants, 
Lyons, France 

CM-4 

Isolld 

PF 


Soc. Francaise, Lyons, France 

K-1; CM-1 

IsoUcrstabl 

PF 



Plastic*, 1930,6t 
705; CM-4 

IsoUte 

(leoht) 

PF 

8. 1 

Soc. Francaise, Lyons, France 

PGB-1; K-1; 
K-3 

IsoUthe 

(loUth) 

PF? 


Soc Francaise, Lyons, France; 
Soc Begum, Pans 

CM-4; K-1; K-3 

Isoloid 

CA 


Charles Martin, Lavallois, France 

APV-2; CM-4 

Isophan 

Ethyl cellulose 

P 

Cellonwerke, Charlottenburg, 
Germany 

CM-4 

Isoplac 


Insulation 

Soc. Isoplac, Paris, XVII 

CM-4 

Isotex 

SR 


Soc. rAsbestite, Paris 

CM-4 

Issolln 

SR 

8 


CM-4 

Issolin 

PF 

Shellac 8ubsti- 
tute 

Dresden 

NSR124,118; 
AR283 

UsoUth 

SR 



KPM279;gM-4 

Issolith Resol 

PF 

8 


KPM280: , 

AR324; K-3 

Iteeo 

PF 

Denture 


CM-4 

Ixalenr 

PF 

t 

Celluloid Corp , Newark, N J. 

CM-4 

iTOlt 

Ivolt 

UF 

PF 

m 

t 

Soc. Beguin, Paris 

^tablissements Kuhlmann, 

Paris 

PGB-2 

CM-4 


Kunstharsfftbnk Dr F. PoUak. CM-1 
Vienna ' 


iTOit 



TRADE NAMEU LIST 


1399 


Name Composition Forms, Uses Company Source 


iTolt-Opal 

PF 

t 

l^tablissements Kuhlmann, 
Paris 

CM-4 

iTorax 

PF 

t 

Herold, A -G , Hamburg, 
Germany 

CM-4 

iTorlotd 

PF 

f.t 


Modem Pla$He§, 
1035, U(0), 54 

lyrlt 

PF 

t 

iStablissements Kuhlmann, 

Paris 

CM-2 

iTrlte 

PF 


Soc. Anon. Ivra, Torino, Italy 

CM-4 

Ixolain 

Phenolic base 

Denture 

Ixolain Oes , Germany 

CM-4; Plantien 
1927, 3, 551 

JMS 

?SR 


Chemie & Technik J M,8. 

G.m b H,, Hamburg, Germany 

K-3. CM-4 

Jacellte 


f 

J A. Crabtree A Co , Ltd., 
Walsall, England 

CM-4 

Jarax 

PF 

1 

Jaroslaw’s Glimmer-Waren- 
Fabrik, Berlin 

CM-4 

JaioUte 

PF. F 


Cie Ind. de M6canique 
Horlogerie, Pans 

CM-4 

JeTanoUte 

GP, wood roHin 


♦ 

APV-1 

Jefelite 

PF. with talc 
powder 


Kunstharsfabrik Dr F Poliak, 
Vienna 

KPM280 

Jewell n 

PF 

t 

Jewelin Corp , Woodside, N. Y 

CM-4 

Joanite 

PF 

t 

^amte Corp , Long Island City, 

K-3; CM-4 

Jonite 

W 


Akt. Torefors Sagverk, Sweden 

CM-4 

Jurid 

Tasbestos filler 

m 

Kirchbaoh, Germany 

CM-4 

Juvellth 

(Juvelit) 

PF 

t 

Kunsthar-fabrik Dr. F. Poliak, 
Vienna, i^tablissement Kuhl¬ 
mann, Pans 

KPM280; 

CM-4 

K>M[ 

See Itesin KM 

SR 

8 

Advance Solvents & Chemical 
Corp , New York 

CGP, 1033, SO, 
16591; CM-4 

KabeUt 

SR 


Bredovska, Ocechoslovakia 

PGB-2, CM-4 

Kalanite 

Bituminous 

Insulator 

Callender's Cable A Const Co., 
Ltd., London 

K-6, CM-4 

Karben 

See Kupren 

Acetylene con¬ 
densation prod¬ 
uct 


Klektncit&tswerke Ix>nza, 

Basle, Switz. 

K-3; CM-4 

Karbollte 

PF with naph¬ 
thalene Bul- 
phonic acids 


U.S. S R 

Plaeiice, 1926,2, 
391,436;CM-1; 
PGB-2; K-3 

KaroUth 

C 

f, m 

American Plastics Coip., New 
York; Karolith Corp , Long Is¬ 
land City, N. Y. 

CM-4 

Kaurlt 

UF in aqueous 
sol. 

Binder 

I. Q. Farbenind. A.-G., 

Frankfurt, Germany 


Kaynlte 


m 

Waterbury Button A Mfg. Co., 
Waterbury, Conn^ 

PGB-1 

Keebush 

PF resin and 
acid-resistaat 
compound 


Kestner Evaporator A Engi¬ 
neering Co , London, S W. 

CM-4 

Kelacoma 

UF, F, PF 

m, tiles and 
cement 

Kelacoma Ltd., Welwyn, Gar¬ 
den City, England 

KPM280: 

BPY, CM-4 

KelUta 

PF 


Kell<^ Switchboard A Supply 
Co., Chicago 

CM-4 

Kent 

C.F 


‘ Intemationate Galalith Ges., 
Harburr^WUhelmsburg, Ger¬ 
many; Qalalith, Ltd., London 

CM-4 
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Name 

Klttamt 

Composition 

PF or GP 

Forms, Uses 

Company 

Bakelite G.m.b.H., Berlin 

Source 

K-fi; CM-4 

Kodalold 



Eastman Kodak Co., Rochester, 
N.y. 

PGB-2 

Koda^>ak 

CA 

Sheet, P 

Eastman Kodak Co., Rochester, 
N. Y.; Tennessee Eastman Co., 
Kingsport, Tenn. 

CM-4 

Koken 

SR 


Nippon Paint Co., Ltd., Japan 

CM-4 

Kottnit 

Lignite, cresol 


Studien A Verwertungs 
Q.m.b.H., MOlheim, Germany 

CM-4; 

BP, 1033, 4,445 

Komac 

Coal-tar pitches 


American Tar Products Co., 
Pittsburgh, Pa. 


KolNin 

PF 

m, 8 

Kunstharsfabrik Dr. F. Poliak, 
Vienna 

APV-2; CM-4 

Kopol 

SR 


Beck, Koller A Co , Inc., 

Detroit, Mich. 

CM-4 

Kormtoo 

PF 

t 

Wedig A Reuss, Eilenburg, 
Germany 

CM-4 

Koroteal 

Modified vinyl 
halide polymer 

m, f 

B, F. Goodrich Co., Akron, 

Ohio 

Jnd. Eng. Chem., 
1036, 27, 667; 
BP, 1035, 7, 55. 

Kupren 

Acetylene con¬ 
densation prod¬ 
uct 


Elektrisitfttswerke Lonsa, Basle, 
Swits. 

CM-4; K-3 

Knrllac 


Shellac substi¬ 
tute 

£ I. du Pontde Nemours dc Co., 
Wilmington, Del. 

PGB-1 

Kjloid 

C 


Kyloid Co., Muskegon, Mich. 

PGB-2; CM-4 

Laaallta 

(Laealith, 

Laoaulite. 

Laoaulith) 

SR 


Soc. d*Appl. des Goudrons A 
Ddriv6s, Paris 

CM-4 

Lacanito 

PF, shellac base 


American Record Corp., Scran¬ 
ton, Pa.; Scranton Button Co., 
New York 

CM-4; PGB-3 

Laccaln 

PF 


Louis Blumer, Zwikau, Germany 

CM-4 

Lacrinlte 

C, PF 

f 

Lacrinoid Products, Ltd., Ix)n- 
don. E. 7 

CM-4; BPY 

Lacrlnold 

F 

Artificial horn 

Lacrinoid Products, I,td., Lon¬ 
don, E. 7 

CM-4 

Lactit 

C, boric acid and 
lead acetate 



K.3 

Laetito 

C (hydrated ca¬ 
sein, alum, bo¬ 
rax, starch) 



CM-4; K-3 

Laetitls 

C, metallic ca¬ 
seinate 



CM-4 

Lactold 

C 

f 

British Xylonite Co., England 

CM-4 

Laanlosa 

GP 

s 

Grindley A Co., Ltd., London, 
E. U 

APV-2; CM-4 

Lakllae 

PF 

m 

Jos. Lucas, Ltd., Birmingham, 
England 

CM-4 

Laulcold 

PF, UF 

1 

Mica Insulator Co., Chicago 

PGB-3; CM-4 

(Liwid^) 

PF 

1 

Ellison Insulations, Ltd., Bir¬ 
mingham, England 

KPM281; 

CM-4 

iMdpIt# 

Vulcanised fiber 
product 


National Vulcanised Fibre Co., 
Wilmington, Del. 

Old King Cole, Inc., Canton, 
(Wo 

PGB-l 

PGB-l 


Pitch from hard- 
w^diMiUation 

SheUac compo- 
dtion 

Ifu^n Trading Co., Newark, 
N. J. 
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Name 

Composition 

Forms, Uses 

Company 

Source 

LMllae 


m 

Jos. Lucas. Ltd., Birmim^am, 
England 

CM-4 

Lennlte 

PF 

Dentures 

Ohio Chemical k Mfg. Co.. 
Cleveland, Ohio 

CM-4; PlasUet, 
1027, S, 652 

Lcolftn 

D 


Leo-Werke, O.m.b.H., 

Dresden, Germany 

CM-4 

Leuehtol 

SR 


Nippon Resin Kogyo Co., Ltd., 
Japan 

CM-4 

Leakon 

SR 

m, f 

Imperial Chemical Industries, 
London. S.W. 1 

BP, 1936. 

440 

Leukorit 

PF 

t 

Uhlhorn Bros., London E.C. 1; 
Dr. F. Raschig. G.m.b.H., Lud- 
wigshafen, Germany 

BP, 1931, 2, 
562; CM-4; 
BPt 

Lewlfol 

Modified alkyd 
resins 

Coatings 

J. D. Lewis k Co., Providence, 
R. I. 

APV-3; CM-4 

lifllSt 

W 


Cristof k Unmack A.-G. 
Oberlausits, Germany 

CM-4; K-d 

liiiftpex 


Varnished fab¬ 
rics 

Mica k Insulating Supplies Co., 
Ltd., Melbourne, Victoria. Aus¬ 
tralia 

BPY 

Lln«x 

PF 

1 


CM-4 

lindaleur 


f 

Celluloid Corp.. Newark, N. J. 

PGB-l 

Llngm-Longa 

UF 

f, ware 

Beatl Sales Co., London; 

C. Hughes, Birmingham, 

England 

CM-4; BPY 

LInolln 

? 

Insulation 

Lindsay k Williams Ltd., 
Manchester, England 

CM-4 

Llonlte 



Lionite Insulation Corp., 
BrooUyn, N.>Y. 

PGB-l 

Uthollte 

? 

Molded articles 

Litholite Insulators Ltd., 

London, E. 8 

BPY 

tx>chron 

UF in alk. soln. 

Applied with an 
acia salt for fire¬ 
proofing 

I. G. Farbenind A -G., 

Frankfurt, Germany 


Locron 

UF 

8 

I. G. Farbenind A.-G., 

Frankfurt, Germany 

CM-4 

Lonarit 

CA 

m 

LonaritG.m b.H.,Berlin;^ein- 
isch-Westf&lische Sprengstoff- 
Fabrik, Germany 

BP, 1932. S» 

621; CM-4; 
KPM281 

Lor-Wal-Uth 

PF 

t 

Chemie k Technik J. M. S. 
G.m.b.H., Hamburg, Germany 

CM-4; K-3 

Lorlval 

PF 

t, m 

Lorival Mfg. Co. Ltd., 

Southall, England 

BPY; CM-4 

K-6 

Low Bake 

SR 

Coatings 

Nobel Chemical Finishes Ltd., 
Slough, England 

K-6 

Ludenlt 

PF 

t 

Luoien Eilertsen 

KPM282{CM-4 

Ladte 

Px 

f 

Du Pont Viscoloid Co., Arling^ 
ton, N. J. 

CM-4 

Ludomlte 

(Lugdomite) 

CA 


Soo. Lyonnaise de Celluloids, 
Lyons, France 

APV-2; CM-4 

Luglai 


SG with a resin 
center sheet 

Sioherheitsfflas G.m.b.H., 
Kunsendon, Germany 

CM-4 

Lamarlih 

CA 

m 

CeUuIoid Corp., Newark, N. J. 

CM-4 

Lapintt 

C 


Lupinit, Gjn.b.H., Mannheim, 
Germany 

CM-4 

LtttterMd 

Px 

P.f 

SUoooks-MiUer Co., 

South Orange, N, J. 

PGB-8; CM-4 

Losttlac 


m 

Joe. Luoas, Ltd., Birmin^batn, 
England 

CM-4 
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NaiUe 

Lttxmn 

Lnxene 

Luzlte 

LuxoUth 

ML Beatlware 

Macold 

Magranlt 

(Magranute) 

Blalslne 

Malxewood 

MalsoUth 

Makalot 

Maklodona 

Maleaia 

Mandem 

Marballn 

Marbletta 

Marblold 

Marblold 

MarboUth 

Margollt 

Marpresslt 

Marrelex 

Masa 

Masonite 

Mastol 

MastoUte 

Masuron 

MaTfblr 

Mafobmax 

(Mago^pr 
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Composition Forms, Uses Company Source 


UF 

8 

Luxite, Inc., Boston, Mass. 

APV-2; CM-4 

PF 

Denture 

Ransom A Randolph. Toledo, 
Ohio; Bakelite Corp., New York 

CM-4 

UF, PF, F 

s, m 

Luxite, Inc., Boston, Mass. 

CM-4 

C 


Soc. rOyannaxienne, 

Oyannax, France 

PGB-2; K-1 

UF, F 

Ware 

Billmyre Mfg.Co.,Ltd., London; 
Beatl Salts Ltd.. London 

CM-4 

Px 

Dip finish 

Crawford, MacGregor Canby, 
Dayton, Ohio 

PGB-3; CM-4 

PF 

1, 8 

Australia 

APV-2; CM-4, 

. PGB-2 

Dried and ex¬ 
tracted corn 

Celluloid sub¬ 
stitute 


KPM282;CM-4 

W, cornstalk 
board 


Maizewood Products Corp , 
Dubuque, Iowa 

Ce, 1930, 1, (9) 
(10) ; CM-4 

Resinous mate¬ 
rial from corn¬ 
stalks by treat¬ 
ment with caus¬ 
tic soda 


Prepared by U S. Bureau of 
Soils and Iowa State College 

RGP, 1930, 6, 
461; BP, 1930, 
2, 31; CM-4, 
KPM282 

PF 

s, ni 

Makalot Corp , Boston, Mass. 

APV-2. CM-4 

Hard rubber 
plastic 


McLeod A McLeod, London, 
WC. 1 

KPM283 

PF 



RGP, 1932, 8, 
157; CM-4 

Ebonite 

f 

McLeod A McLeod, London, 
WC. 1 

K-3; CM-4 

PF, ? 

f 

Federal Cutlery Co , New York 

CM-4 

PF 

t 

Marblette Corp , Long Island 
City, N. Y. 

CM-4 

CA 


Speights, Ltd , England 

K-3 

UF 


Dai-Nippon Celluloid Co , Ltd., 
Sakai, Japan 

BPY 

PF 

t. f 

Herold A-G., Hamburg, Ger¬ 
many 

CM-4. BPY 


Cold molded 

Ver Isolatorenwerke A.-G., Ger¬ 
many 

CM-4 

F. PF. UF, with 
asbestos-cement 
sheets 


Philips Industrial, JiOnduii, 

WC 2 

BPY 


SG 

I'inglaiul 

PGB.2, CM-4 

PF 

1 

Masa, G.m b.ll., Berlin 

K-3, CM-4 

W 


Masonite Corp., Laurel, Miss. 

CM-4 

PF 

s 

Symentis Products, Ltd., Ecclos, 
England 

CM-4 

PF 

1 

Symentis Products, Ltd., Eccles, 
England 

CM-4 

CA 

f, m 

John W. Masury and Sons, 
Brooklyn, N. Y. 

CM-4 

?SR 

Molded hard¬ 
ware 

Harrison Bros., Birmingham, 
England 

BPY 

PF, mica 

Insulation 

John Moores A Co., Salford, 
Lancas., England 

AR366; CM-t 
Plastics, 6t 

705 
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N«me Composition Forms, Uses Company Source 


•waf* 

Miea-Unen and 
paper 

Insulation 

Meirowsky d Co. A.-G.. Pors, 
Germany 

BPY 

Mcgobmo 


Molded insula¬ 
tion 

Waterbury Button A Mfg. Co.. 
Waterbury. Conn. 

PGB-1 

MelfMid 

Sugar-aniline 


Meigsoid Corp.. Jersey City. N. J. 

CM-4 


Siliea-elay. 
powdered Bller 

m 

F. W. Buk A Co.. New York 


Melatlto 

PF 


France 

NSR118 

Membrftiill 

Aqueoue alkyd 
emuleion 



CM-4; APV-2 

MeUksUn 

(Metakaline) 

PF 

Shellae substi¬ 
tute 


RGP. 1932, 8, 
157: AR283: 
CM-4;N8R118. 
124 

Bfetduro 

PF 

t 

Metduro. Ltd., London 

PUutiet, 1929, it 
294; CM-4 

Metronole 

Bee Bfetduro 





Mleabond 

GP, mioa 

f. articles, 1 

Continental-Diamond Fibre Co.. 
Newark. Del. 


MfeefoUam 

PF, mica 

1 


PtaHie$, 1930, i« 
705: CM-4; 
AR^ 

BlieelM 

Mioa 

1 

Soc.Franoaisele Micalas.Franee; 

J. Moores A Co., Salford, England 

CM-4 

Mleanlte 

(a) Hard 

(b) Molding 
(o) Flexible 

Shellao-bonded 

mioa 

3--^ shellao 

15% plaetio 
S-*10% plaetio. 
with oaetor oil 


J. Moores A Co.. Salford, Eng¬ 
land 

BP, 1931,8.444; 
Piostics. 1929.it 
156; CM-4 

MUearto 

(Mikarta) 

PF, UF 

1, ware 

Westingbouse Electric A Mfg. 
Co., East Pittsburih, Pa. 

AR355; CM-4 

BUeo 


Insulators 

Mogadore Insulator Co., Moga- 
dore, Ohio 

PGB-1 

MieoUte 

PF. glutens 

m 

E H. Kellogg A Co.. Paris; Paul 
Edgard Basset, Paris 

CM-4 

Mlhitile 

PF 

1 



Rsv. psn. d4t 
F6lsct..l926. 19t 
624 

Mlnotext 

PF, aebeetoe filler 

m 


CM-4 

Mlrelbol 

PotaFsiute oleo- 
abietate 


Glyco Products Co., Inc., Brook¬ 
lyn. N. Y. 


BfoM Wood 


Wood substitute 

Wood Amalgam Co., Bloomfield, 
N. J. 

BPY 

Moldarta 

PF, UF 

m 

Weetinghouse Electric A Mfg. 
Co., East Pittsburgh, Pa. 

CM-4 

MoMlte 

CA 


American Cellulose A Chemical 
Mfg. Co., Now York 

CM.4 

MonoUte 

(MonoUthe) 

X 

Hot molding 

Mono watt Electric Corp.r New 
York: General Electnc Co.. 
Pittsfield. Mass. 

PGB-3; CM-4; 
K-8 

Bfouldeiulte 

PF 

m 

Damard Lacquer Co.. Greet, 
E^la^: Bakeiite Ltd.. London. 

CM.4; BPY 

Mouldlnga of 
Merit 

F. PF. UF 

Artieles 

Emulators. Ltd.. London, N. 18 

CM-4; BPY 

Mouldritd 

F. PF 

m, s 

s 

Croydon Mouldrite, Ltd . Croy¬ 
don. England 

CM-4; BPY 
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Name Composition Forms, Uses Company Source 


MowiUth 

Vinyl reaina 

Coatings, adhe¬ 
sives, i^asties 

Advance Solvents A Chemical 
Co., New York; I. O, Farbenind. 
A.-O., Frankfurt, Germany 

APV-1, 8; K-3; 
CM-4 

MowtUl 

Polyacetal 


I. G. Farbenind. A.-G,, Frank¬ 
furt, Germany 


Mycftlei 

Mica-lead borate 

m 

General Electric Co., Schenec¬ 
tady, N. Y.; Isolantite, Inc., 
Belleville, N.J. 

BP, 1933, 4, 
341; CM-4 

Myrac 

PF, liquid 


Mitchell-Rand Mfg. Co., New 
York 


N. A. D. 

(N. A. F.) 

Ebonite 


McLeod A McLeod, London, 
W.C. 1 

K-6 

N. P. S. Besin 

Cumarone- 

Indene 

8, oil varnishes 
and chewing gum 

Neville Co., Pittsburgh, Pa. 

APV-3 

Nacrolaque 

CA 

Pearl sheeting 

May A Baker, Ltd., London, 
8.W. 11; Jos. H. Meyer Bros., 
Brooklyn, N. Y. 

BPY; CM-4; 
PGB-2 

Nally Ware 

?SR 

Ware 

Nally, Ltd., Sidney, N.S.W., 
Australia 

BPY 

Namelold 

CA base 

Imitation silver 

Harrold Mfg. Co , Ltd., Birming¬ 
ham, England 

CM-4; BPY 

Necolantlc 


Cements 

Imperial Chem. Industries, Lon¬ 
don, 8.W. 1 

CM-4 

NellUte 

UF 

m 

Watertown Mfg. Co , Water- 
town, Conn. 

PGB-3, CM-4 

Neoleukortt 

PF 


U. 8. 8. R. 

CM-4 

NeoUth 

(Neolite) 

'PF 

1 


PloiticB, 1030, g» 
705: CM-1; 
AR355 

NeoUtln 

C 


Deutsche Kunsthom-G.m.b.H., 
Hai'ptbUro-Hamburg, Germany 

KPM283;CM-4 

Neophan 

CA 

P 

Cellon Works, Charlottenburg, 
Berlin 

KPM283; 

CM-4; POB-2 

Neoreiilt 

PF 

8, m 

Aug. Nowack A -G., Bautsen, 
Germany 

CM-4 ; APV-2 

Neatorite 

PF 

m, 8 

James Ferguson A Sons, Ltd., 
Merton Abbey, London; Mica 

A Insulating Supplies Ltd., Mel¬ 
bourne, Victoria, Australia 

CM-4; BPY 

Nerllle Beafn 

Cumarone- 

Indene 

Coatings, plas¬ 
tics 

Neville Co., Pittsburgh, Pa. 

PGB-3; APV-3; 
CM-4 

Nertndene 

Cumarone>Indene 

Coatings 

Neville Co., Pittsburgh, Pa. 

APV-3 

Ntbren Wax 

Halogenated 

naphthalenes 


Advance Solvents A Chemical 
Corp., New York 


Nllcrodlum 

PF, bitumen 

Molded articles 

Pritchett A Gold and E. P. S. Co., 
London 

BP, 1934, 6, 317 

Nliliiold 

Gelatin products 


H. Bossi 

KPM284;CM-4 

Klxonold 

Px 


Nixon Nitration Works, New 
Brunswick, N. J. 

PGB-1; CM-4 

Nobelliie 

PF 

t 

Sicaloid, Ltd., London, E.C. 4: 
Soc. Nobel Franoaise, Paris 

CM-4; BPY; 
K-8 

NorgliM 

X, alginates 


Chem. Fabr. Norgine, Aussige, 
Germany 

P{(Mf»es,1930,«t 
636: CM-4 

Narloe 

F 

m 

No^n Labe. Co., Lockport, 

N. Y. 

CM-4 


Transparent and 
translucent res¬ 
ins 

! 

Ambi -V erwaltung, 
^Berlin-Johannestnal 

K-6; CM-4 
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Name 

Nofdold 

Composition 

Products from 
cellulose esters 
and ethers 

Forms, Uses 

Company 

Imperial Chem Industries, Ltd 
London, S W. 1 

Source 

CM-4 

Novlte 

PI 

m 

Imperial Chem. Industries, Ltd., 
London, S.W. 1 

CM-4 

IfOTOlBk 

PF 8 

Also general term for fusible soluble 
PF resins made with acid catalyst 
Includes class known as “ Saliretin’* 
resins. 

Bakelite Corp , New York 

APV-2; 

N8R124: 

CM-4: AR146 

Nofolithe 

CA 


Soc. Bellignite, BelHgnat, France 

K-l; CM-4 

NoTorealt 

Resorcinol- 

Trioxymethylene 


Aug. Nowack, Bautscn, 

Germany 

APV-2; CM-4: 
K-3 

NoToteit 

PF 

Molded gears 
(fabric filled) 

Germany 

Plasties. 1930.6, 
706; CM-4 

Nulolil 

PF 

s 

U. S. A. 

NSR118; 

KPM284 

Nuplni 

UF 

m 

American Nuplax Corp., 

New York 

CM-4; PGB-3 

Nuenl 

PF, F 


Williams (k Laird, Methil, 
Scotland 

CM-4 

Oil Stop 

Liquid cashew- 
shell polymer 

Used with para- 
form for cable 
splices 

Irvington Varnish ft Insulator 
Co., Irvington, N. J. 


OloFine 

Polyvinyl esters condensed with extracted **stand oil/’ such as Tekaol 
(q.v.). See also Chapter 61 of text. 

Chem. Abe.. 
1932, 600 

Omeglte 

PF 

m 

Bnt. Dyestufis Corp., Ltd., 
U-C.l.), Manchester, England 

K-6; CM-* 

Omnllitlie 

C 


Motende, Charente, France 

PGB-2; K-l; 
CM-4 

Onniote 

7 

Heat insulation 


BP, 1930, 2, 
242; CM-4 

Ondolne 

PF 

m 

Soc anon. Franc, du Ferodo, 
Paris 

CM-4 

Ondolte 

PF 

m 

Afcom, Ltd., London; Soc. anon. 
Franc, du Ferodo, Pans 

CM-4; BPY 

One Bake 

SR 

Coating 

Nobel Chemical Finishes, Ltd., 
Slough, England 

K-6 

Opal 

£»elTolt 

PF 

t 


K-3; CM-4 

Opalai 


Non-explosive 
celluloid articles 

Crayonne, Ltd , Bexley, 

Kent, England 

KPM284;CM-4; 

BPY 

Orca 

Acrolein resin 

Insulation and 
lacquers 

France 

NSH116. 164 

Orlak 

PF, F 


Chance Bros, ft Co., 

West Smethwick, England 

CM-4 

OmaUtli 

PF 

t 

Herold, A.-G., Hamburg, 
Germany 

CM-4 

Orelltlie 

CA 


Soc. rOrolithe, Rueil, France; 
Soo. rOyonnaxienne, Oyonnax. 
France 

APV-2; CM-4 

Ortolan 


Insulation 

Gebr. Mayer, Esslingen, 

Germany 

CM-4 

Ortollt 

PF 

m, s 

Ostolit Corp., Winchester, Mass. 

PGB-3; CM-4 

Ofoeetirl 

CA 


Soc. I'Oyonnaxienne, Oyonnax, 
France 

APV-2; CM-4 


F.X. 


Ebonite 


McLeod d McI.«od; London, 


K-0 
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Name 

PaaaUic 

Composition 

Shellae 

Forms, Uses 

Company 

Kasebier-Chatfield Shellac Co., 
New York 

Source 

PGB-l 

VmiKliira C 

PF 

B 

Paramet Chem. Corp., New 

York 

J.S.CJ, 1934, 
«»613 

FiMMiTt* 

PF 

1 

Panelyte Corp., Trenton, N. J, 

PGB-3; CM-4 

Faallai 

Aniline-formal* 
dehyde, with 
paper pulp 

Insulating ma¬ 
terial 

Mioanite A Insulators Co., 

Ltd., London, E. 17 

BP, 1933, i, 
661; CM-4 

Fanollte 

T 


I. Paenson A Cie., Paris 

CM-4 

FanpiMite 

PF 

t 

American Plastics Corp., 

New York 

PGB.3; CM-t 

FantoUt 

PF 

t 

Augsburger Kunsthars-Fabrik, 
Augsburg, Germany; Punfield A 
Barstow, Ltd., London, E.C 2 

CM-4 

Famarflat, 

German generic 
nameforDullet- 
IMTOOf glaM 




CM-4 

Faplar Maehe 

tF, preaaed paper 



CM-4 

Fapytoplaai 




BP. 1930, 3, 
323; CM-4 

Faraconma- 

rona 

Cumarone and/ 
or indene resin 


Barrett Co., New York 

CM-4 

Faradnra C 

PF 

s, coatings 

Paramet Chemical Corp., 

New York 

APV-3 

Faracutta 

Rubber, wax 

Electrical insu¬ 
lation 

Bell Telephone Labe., 

New York 

APV.2; CM-4 

Faralac 

GP4PF-8R 

8, m 

Imperial Chem. Industries, 

Ltd., London, S.W. 1 

BPY: CM-4 

FaraUitaa 

D, ? 


£tabliseement8 Kuhlmann, 

Paris 

CM-4 

FaraMd 



Paraloid Works, Ine., New York 

PGB-l 

Faramat 

Balar Gum 

Natural resin 
modified with 
glycerol 

Coatings 

Paramet Chemical Corp., 

New York 

APV-3 

Faranoi, tPt 
Bard, ki Hard 

PF 

8 

Paramet Chemical Corp., 

New York 

APV-3; CM-4 

Faraplai IB 

BOl, GM 

Alkyd resin 


Resinous Products Co., 
Philadelphia, Pa. 

APV-3 

Faravar 

Chlorinated 

rubber 

S 

Naugatuck Chem. Co.. 
Naugatuck, Conn. 


FarfMt 

Px 

Dentures 

Parisien Chem. Co., 

Toledo, Ohio 

CM-4 

Farkaalta 

(Parkeaiiie) 

Px and rubber, 
with oils 


Parkes, in England, 1865 

K-1 

Faralmon 

SR 


Ver. Stahlwerke, A.-G., 
DOsseldorf, Germany 

CM-4 

Faraolaa 

GP 

s 


CM-4 

Farcottu 

Sea Flbar 
IMauiimd 




KPM284 

Fatantlack 

D 

Hardenable 

binder 

Louis Blumer, Zwickau, 

Germany 

CM-4 

FaioMn 

PF 

1, insulation 

Micanite A Insulators Co , Ltd., 
London 

Pfasfics,1929,f, 
166; K-4; CM-4 

Faarlald 

Px 


Meyer Bros., Brooklyn, 

PGB-2: CM-4 

Fauaaal 

Coal-tar prod¬ 
uct 


^1 Products 

PGB-3 
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Name 

Composition 

Forms, Uses 

Company 

Source 

Pwofulate 


Insulating ma¬ 
terials 

Blackall Bros. Ltd., 

London, E. IS 

CM-4 

P«r»Ut 

(Perftlite) 

PF 

P,1 


PloiHet, 1930, 
706; CM-4; 
AR^ 

Pergttt 

Chlorinated 

rubber 


Advance Solvents A Chem. 

Corp., New York 

Syn. App. Fin,t 

PerniMliroiiie 

OP 



PUuHet, 1033, t» 
232; CM-4 

PernuJI 

PF 

s 

Le Bois Bakelisfi, Nancy, France 

CM-4 

PermapUftle 

PF 


E. M. Wright, London, E.C. 4 

CM-4 

Perspex 

SR 

m, f 

Imperial Chem. Industries, 
London, S.W. 1 

BP, 1936, 

440 

Pertinax 

PF 


Meirowtky A Co., Pors am 
Rhein, Germany 

CM-4 

Pertinlt 

UF. F 


Mcirowsky A Co., Pors am 

Rhein, Germany 

CM-4 

Petrex 

a-Terpinine-nia- 
leic anhydride 


H^rcule^^ Powder Co., 
Wilmington, Del. 


Phenae 

PF modified 
with eeter gum 


American Cyanamid and Chem¬ 
ical Corp., New York 

Jnd. Bno. Chem , 
1934, 714, 

Paint, Oil, Chem. 
Ecs.,1936,t7(17) 

Phenester 

SR, oumarone 
type 


Neville Co., Pittsburgh, Pa. 

CM-4 

Phenoform 

PF 


US.A. 

N8RU8 

Phenolil 

PF 


Mica Mfg. Co., Ltd., England 

CM-4 

Phenolic 

PF, F 


American Record Corp., 
Scranton, Pa. 

CM-l 

Phenolln 

PF 

t 

Du Pont Visooloid Co., 

Arlington, N. J. 


Phenollte 

PF, UF 

1 

National Vulcanised Fibre Co., 
Wilmington, Del. 

PGB-3, CM-4 

Phenqplasts 

See KMlte 

PF 



AR146; 

KPM286 

Phlllte 

PF 

m 

N. V. Philips Gloeilanmenfab- 
riecken. Eindhoven Holland; 
Philips Industrial, London 

K-4; CM-4; 
BPY 

Plexlpum 

D 

Used in Luglaa 

R5hm A Haas, A.-G. 

Darmstadt, Germany, and 
Philadelphia, Pa. 

CM-4; PGB-3 

Phobophene 


From tannery 
waste 

Westinghouse Electric A Mfg. 
Co., East Pittsburgh, Pa. 

CM.4 

Phonyeord 

PXr T. F 

Records 

Phonycord, G.m.b.H., Berlin 

CM-4 

Pieein 

Bituminous 

Flexible thermo¬ 
plastic cement 

Schrader A Elhlers, New York 


Plaskon 

UF 

m 

Toledo Synthetic Products, 

Inc., Toledo, Ohio 

PlaeHee, 1931.7, 
664;BP, 1032.3, 
477; CM-4 

Plasmle 

SR 


James Packer Wagner, 

London, E.C. 2 

BP. 1934,3, 180 

PUm 

UF 

Organic glass 
t 

PoUopas, Ltd., Nottingham, 
England 

CM-4 

Plastaeale 

CA 

m. f 

Du Pont ^^sooloid Co., 

Arlington, N. J. 

PGB-3; CM-4 

^Uutam 

? 


8oc. Lilloise Plastam, 

Lille, France 

CM-4 

nastteo 

? 


M. Marioal, Vauoluse, France 

ROP, 1930, 3, 
609: CM-4 
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Nftme 

FlMtteon 

Composition 

Non-drying ad¬ 
hesive, contain¬ 
ing rubber de¬ 
rivative 

Forms, Uses 

Company 

B. F. Goodrich Rubber Co , 
Akron, Ohio 

Source 

riMttne 

(PlMtill) 

CA 


Soc. Nobel Franoaise, Paris; 
Sicaloid Ltd., London. E.C. 4 

BPY; APV-2 ; 
PGB-2; CM-4 

Fiaito Betln 

Polystyrene 


Advance Solvents A Chemical 
Corp., New York 

APV-8; CM-4 

F AStHMmi 

SR 


Rex Campbell A Co., Ltd , 
England 

CM-4 

FlftttOINll 

UF 

s 

I. G. Farbenind. A -G., Ger¬ 
many; Pollopas, Ltd., London, 
E.C. 1 

5|/n. Appl. Fin., 
1932, 9, 120; 
APV-2; CM-4 

Flastose 

PF, CA, F 

m 

Soc la Plastose, Paris IX; 

Soc. Vandier, Niort France; 
Afcom, Ltd., London 

PGB-2; CM-4, 
K-1 

Flax 

See Eucel 

Rubber- 

cellulose 

s 

Plax Products. Ltd., 

London, 8.E. 6 

APV-2; CM-4, 
BPY 

Flexlte 

Sej with SR 
interlayer 


Rohm A Haas A.-G., 

Darmstadt, Germany 

CM-4 

FHaUte 

Rubber resins 

s 

Goodyear Tire A Rubber Co , 
Akron, Ohio 

CM-4; PGB-3 

Flioform 

Rubber deriva¬ 
tive 

m 

Goodyear Tire A Rubber Co , 
Akron, Ohio 

CM-4; Plastics, 
1033, 9, 18 

FlloUte 

Rubber* deriva¬ 
tive 

s 

Goodyear Tire A Rubber Co., 
Akron, Ohio 

BP. 1933, 4, 

546; APV-3 

Fluflusin 

UF 


Kunstharsfabrik Dr. F. Poliak, 
Vienna 

CM-2 

Flynallth 



Isaac Frenkel, Paris 

PGB-2 

FoUoiias 

UF, F 

m, 8 

Kunsthartfabrik Dr. F. Poliak, 
Vienna; Dynami^A.-G., Trois- 
dorf, Germany; Etablissements 
Kuhlmann, Paris 

^CM-4 

Follopas- 

Flamn 

UF 

1 

Venditor, G.m.b.H., Berlin 

CM-2 

Folytiit 

Polymerized 

butadiene 


I. G. Farbenind. A.-G., Frank¬ 
furt, Germany 


Folyroc 

7 

t 

Etablissements Kuhlmann, Pans 

CM-4 

Folysti 

Px 


I. G. Farbenind. A.-G., Frank¬ 
furt, Germany 

K-5 

Forccdent 

Vinyl (7) 

Denture 


CM-4 

Fomllanlto 

(Poraellanite) 

C 


Soc de Carraud, Ruel, France 

K-1: KPM286; 
PG^2 

Fress Matf 



American British Chemical Sup¬ 
plies, Inc., New York 

PGB-2 

FreMmlkanit 

(Press Mioanite) 

PF-mica 

1 


Plastics, 1030.9, 
705; CM-4; 
AR355 

Frasudl 

PF 



Plasties, 1030.9, 
706; CM-4 

Fraatollaa 

Resins 


Allgem. Elektricit&ts-Ges., Ber¬ 
lin 

CM-4 

Freslonli 

Asbestos and 
binder , 



CM-4:KPM280 

Frasispaa 

Gelatinised cel¬ 
lulose 



KPM286 

Ffiml 

UF 

t 

Soc. aimn. des Matiires Plas- 
tiques, Paris 

CM-4 
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rritnui 

?,F 

Ware 

Mica Mfg. Co., Ltd., Bromley, 
Kent. England 

CM-4; BPY 

Probo 

PF. F 

1 

L. Poulain, St. Ouen, France 

CM-4 

ProgllM 

Cellulose-base 

varnishes 

Acid- and alkali- 
resistant 

Soc. R4sines A Vernis Artificiels, 
Paris 

CM-4; BPY 

Proglllte 

PF 

s, m 

Soc. Progilite, Lyons, France; 
Soc. R^smes A Vernis Artificiels, 
Paris 

APV-2; PGB-1; 
BPY; fc-4 

Protoctoid 

CA 

P 

Celluloid Corp., Newark, N. J. 

CM-4 

Proteollte 

C 


Industria Italiana della Prote- 
olite, Milan, Italy 

PGB-2; CM-4 

Prygtel 

UF 

t 

Sioaloid, Ltd., London; Soc. In- 
dustrielle des Mati^res Plas- 
tiques, Paris 

BP, 1931. 

.562; KPM28G; 
CM-4 

Prystallne 

UF 

III 

Soc Nobel Francaise, Pans 

CM-4 

PyTmdioUii 

Px 

f 

Du Pont Viscoloid Co., Arling¬ 
ton, N. J. 

PGB-3: CM-4 

Pyimlln 

Px 


Du Pont Viscoloid Co., Arling¬ 
ton, N. J.; Canadian Industries, 
Ltd . Montreal, Quebec 

CM-4 

PyHdo 

Kubber 

Polymerised 

aorolein- 

methylamine 



AR128 

PyropUx 

PF, X 

Cold molding 

Cutler-Hammer, Inc., Milwau¬ 
kee, Wis. 

CM-4 

Pyroxeote 

Px solution 


Pyroxylin Products, Inc , Chi¬ 
cago, Ill. 

PGB-3 

ft. P. X, 

Ebonite sheet-s 


McLeod A McLeod, London, 
W.C. 1 

K-6 

ftadlllx 

Rapeseed oil- 
sulphur chloride 
pit^uot 



Chem. Ab$„ 

1931, M, fiOlfi 

ftMtloulte 

SR 



KPM286;CM-4 

ftainbow Ware 

UF.F 


Billmyre Mfg Co , Ltd , Lon¬ 
don, S.E. 17 

CM-4 

ftamot 

PF, F 


Universal Electric Lamp Co , 
London, E.C 2 

CM-4 

ft«dloiilte 

Copal 


Soc. Francaise, Gardy, France 

K-1; P^-B-2 

ftedmanol 

PF 

m 

Bakelite Corp., New York; 
Bakelite, Ltd , London, S.W. 1 

CM-4; BPY 

fteOlte 

SR 

m 

Dante Badino, Genoa, Italy 

CM-4 

fteleollt 


Insulation 

Reicolit 0 m.b.H., Berlin 

CM-4 

fteUanee 

Px and CA, F 


Reliance Ltd., Twickenham, 
England 

CM-4 ; K-4 

ftapellt 

PF 



CM-4 

ftepettt 

(R^tite) 

PF 



PUutie$, 1930, t, 
706; CM-4; 
AR365 

ftMan 

PF 

t 

Bakelite Corp., New York; 
Kunstharxfabrik Reean, Mo»- 
bierbaum, Germany 

N8R118. 179; 
CM-4: K-1 

ftMBtt 

PF 

t 

Kunstbarsfabrik Resan, Moa- 
bierbaum, Germany 

CM-4 

ftateoUto 

PF 

m. • 

Raacolite Corp., NewtonviUe. 
Maas. 

FQB-3; CM-4 


GP 



APV-2 
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Name 

BMlbond 

Composition 

SR, paper 

Forms, Uses 

Used to bond 
plywood 

Company 

Bakelite Ltd., London, S W. 1 

Source 

BP, 1934.9,272 

SMirnm 

SR, paper 

Used to surface 
wood 

Bakelite, Ltd., T.«ondon, S.W. 1 

BP. 1934,9,272 

Betln AH. 
AWt, AWt 

SR 

s 

Advance Solvents AChem. Corp., 
New York; J. M. Steel A Co., 
Ltd., London, W.C. 2 

CGP, 1981, *8, 
15. 366; CM-4, 
APV.2 

EctlnKM 

Modified atkyd 
resin 


Advance Solvents A Chem. Corp , 
New York 

CM-4 

Hctlii fC 

SR 

s, adhesive with 
ethyl cellulose 

Advance Solvents A Chem Corp., 
New York; J. M. Steel A Co , 
Ltd , Txindon, W.C 2 

BPY 

IMiperlMi 

PF 


Italy 

Flaatica, 1029.9, 
38; CM-4 

Eetin 

Snperbo 

PF 


Italy 

Flaatica. 1929. 5, 
38; CM-4 

Besintt-M 

SR 

Compatible with 
CA, nitrocellu¬ 
lose and vinyl 
acetates 

Advance Solvents A Chem. Corp., 
New York 

APV-3 

BMinIt 

(Resinite) 

PF 

s, t 

Bakelite Om.bH., Germany; 
Knoll A Co., Ludwigsbafen, 
Germany 

PGB-2, APV-2; 
<pM-4 

Bcilnold 

F 


ifitabls. Diirrschmidt, Lyons, 
France 

CM-4 

Eetlnol 

PF 

s, m 

Dr F Rasrhig GmbH, Lud- 
wiRshafen, Germany 

CM-4; APV-2; 
Cf. NSRll 

Betlnoi^last 

SR 

Plasticiser 


Chem. Aha., 
1931,25,423 

Bctlnoi 

PF 

8, m 

Resinox Corp., New York 

CM-4; APV-2 

Eetitton 

PF 

Heat-resisting 

Kontakt-Rfimmler A -G., Frank¬ 
furt, Germany 

CM-4 

BMiftO 


Insulation 

Tueo Products Corp., New York 

PGB-1 

Bmistol 




Flaatica, 1920,5, 
631 

Eeslston 


Hard rubber in¬ 
sulation 


Flaatica, 1929,5, 
531 

EmII 

(Retite) 

Cf Resol, Resitol and Phenoplast 
Collective name for PF resins in the 
**0" stage 


NSR124:CM-4; 
Chem Aba., 

1933, 27, 3835; 
KPM287; 
AR146; kunat., 
1933, 29, 100; 
Ch€m.Zta.,mZ, 
97,734 

BMitolf general name for the 

stage of PF resins 


N8R124, Chem 
Ztg., 1913, 97, 
734 

Betoglas 

(Reaoi^) 

Polystyrene 

8 

Advance Solvents A Chem. Corp., 
New York 

APV-3; CM-4 

Etotd* general name for all resinous plastics, chosen in 
19S0, ny N E. M. A., Molded Insulation Section, but 
not generally adopted 


Plaatiea,l929,if 

222 

Hdeol 

(Resole), general name for the soluble or stage of 

PF resins 


C5<m. Fla., 1913, 
97.784; 
NSR124jCM-4; 
kpm£7 

BMoiie 

Rubber eompo- 
sition 



Plaatiea, 1929,5, 
581 

mNM^pdi 

VF 

m 

H. Roemmler, A.-O., Spremberg, 
Germany 

BP, 1931,9,148: 
CM-« 
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BMOpon 



Reso Products Co. 

Plasedst,imS» 

531 

BefOTln 

Vinyl resin 

Dentures 

8. S. White Dental Mfg. Co.. 
Philaddphia, Pa. 

BP. 1933,79; 
Chi-4 

Setplian 



Reso Products Co. 

Ftaatiu, 1929. f, 
581 

BpfoUte 

Cloth ixnpr^ 
nat^ with PF 


Revolite Corp.. New Brunswick, 
N.J. 

CM-4: PlattHet, 
1983; it 21 

BemoUte 

F. SR 


Reynolds Spring Co.. 

Jackson, Mioh. 

CM-4 

Beynomold 

? 

Articles 

Reynolds Spring Co., 

Jackson, Mich. 

BPY 

EeieUto 

PF 


Cussons Sons h Co.. 

Manchester, England 

CM-4 

Eeilnel 

Polymerised 
terpene resins 


Qlyoo Products Co., Inc., 
Brooklyn, N.Y. 

CM-4 

EM 7 I 

Alkyd resins 

Coatings plas* 
tioisers 

American Cvanamid A Chemi¬ 
cal Corp., New York 

APV-3; CM-t 

EhodUUne 

CA 

P 

Soo. des Usines Chim. Rhone- 
Poulenc, Paris: May Baker, 
Ltd., London. S.W. 11 

CM-4 

Ehodold 

CA 

f, m 

Soe. dee Usines Chim. Rhone- 
Poulenc, Paris; May db Baker, 
Ltd., London, S.W. 11; Cana¬ 
dian Industries, Ltd., Montreal 

BPY; CM-4 

Ehodophane 

CA 

P 

Soc. des Usines Chim. Rhone- 
Poulenc, Paris; May dc Baker, 
Ltd., London, d.W. 11 

CM-4 

Elchelain 

UF, F 

Ware 

Richardson Co^ 

Melrose Park, 111. 

CM-4 

Elehwftre 

PF 

m 

Makalot Corp., Boston, Mass^ 

PGB-3; CM-4 

ElcoUt 

(Rioolite) 

PF 


SQdd Isolatorenwerke, 

Freiburg, Germany 

AR347; CM-4; 
BPY 

EipoUn 

T 



ROP, 1932, S, 
319; CM-4 

EoAnolcI 

UF, F 

m 

Roanoid, Ltd., Glasgow, 

Scotland 

CM-4 

Eobert Esuh 
X-IM 

Alkyd 

8, varnishes 

Robert Rauh, Inc., Newark, 

N.J. 

APV-3 

Eobert E»uh 
N-S, QD No. 1 

PF 

s. varnishes 

Robert Rauh, Inc., Newark, 

N.J. 

APV.3 

Eobert E»uh 
t|DK 

PF and fossil 
resin 

s, varnishes 

Robert Rauh, Inc., Newark, 

N.J. 

APV-3 

Eobarine 

?, natural resin 
base 

m 

Soc. d'lsolants et Objets 

Moulds, Vitry, France 

BPY; CM-4 

Eockite 

PF 

s, m 

Rockhard Resins, Ltd . 

Ixindon; F. A. H^hes db Co., 
Ltd., London, N.w. 1 

CM-4; APV-2 

Eoekfhell 

PF 

s, m 

Rockhard Resins, Ltd., London 

CM-4; APV-2 

Eoerex 

SR 

a 

Rex Campbell db Co., Ltd., 
England 

CM-4 

Eonistte 

F, UF 


Rolls Rasor, Ltd., London, 

N.W. 2 

CM-4: BPY 

EomoUto 

Rubber resin 
product 


Soo. La Ronite, Rosny, France 

K-4: CM-4; 
KPM287 

EonllM 

UF 

For injection 
molding 

Soe. La Ronite, Rosny, France 

BP.10S1,»«S74; 
CM-4: PloifiVf. 
1932, kf 280 
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Name 

Bonlfol 

Composition 

PF 

Forms, Uses 

For Injection 
molding 

Company 

Soo. I^a Ronite, Rosny, France 

Source 

BP, 1031,9,674; 
CM-4: PUuticB, 
1032, 8, 230 

Eonite 

CA 

For injection 
molding 

Soc. La Ronite, Rosny, France 

CM-4 

Eonyx 

PF 

f. t 


Modern PUuliee, 
1036, 19(0), 64 

Eouges 

Fbobophene 

Tannery waste 
plastic 



KPM287 

Eoxon 

PF, F 


Roxon, Ltd., London, E.C. 4 

CM-4 

Eucel 

See Plax 

D, rubber- 
cellulose mixture 

s 

Plax Products, Ltd., 

London, S.E. 5 

CM-4; BPY 

Endex 

PF 


Soc. Dorex, Paris 

K-1; CM-4 

Ettoerlt 

PF 

1. m 

Electro-Isolier-Industrie, Wahn, 
Germany 

CM-4 

Eyertex 

PF 


Jos. T. Ryerson A Son, Ino., 
Chicago 

CM-4 

S.D.O. 

Synthetic drying 
oil from acety¬ 
lene 

Coating 

E. I. du Pont do Nemours A Co , 
Wilmington, Del. 


8t. Bernard 

F, non-explosive 
cellulose deriv. 

Molded articles 

A. W. Kanis, London 

KPM287, 

CM-4 

Sakalold 

X, from sugar 


Industrial Sugar Products Corp , 
New York 

CM-4 

Sallgenin 

Type Resin, general name for PF resins made through 
the formation of saligenin (orthol^droxybensyi alco¬ 
hol) and its later transformations. Such resins are also 
known as **8aiiretin’' resins. 


N8R127. 132; 
AR147 

SaUreUnt general term for PF resins such as those 
hardened by elimination of phenol from a Novolak 
type resin. Saligenin is formed at one stage in the 
process. 


NSR124, 

AR146 

Sanl-loid 



Louis Samets, Inc., 

Westport, Conn. 

PGB-1 

Santollte 
MHP, MS 

Toluene- 

sulphonamide- 

formaldehyde 

Coatings 

Monsanto Chemical Co., 

St. Louis, Mo. 

APV-l, 

SatoUta 

CA 


Dr. Sato, Japan 

K-1; PGB-2 

Scarab 

UF 

m 

Beetle Products Co., Ltd., 
London,W. 1 

BP, 1034.6,167 

Scbecl Lac 


Shellac substi¬ 
tute 

Wm. H. Scheel, New York 

PGB-1 

ScbcUan 

(Shellan) 

UF 

s 

Kunstharsfabrik Dr. F. Poliak, 
Vienna 

APV-2; CM-4 

ScbelUt 

(Shellit) 

PF 

t 

Kunstharsfabrik. Dr. F. Poliak, 
Vienna; ifitablissements Kuhl- 
mann, Paris 

CM-4 

Seckay 

Chlorinated 

naphthalene 


Imp. Chem. Ind., Ltd., England 

Chem. Age {Lon- 
don), 1034, Ilf 
383; CM-4 

Sdanltc 

C 


England 

K-1: PaB-2 

S4tabonlte 

Rubber and resin 


Mfre. d’Isolants A Objete 
MouUs, Vitry, France 

CM-4; K-4 

S«tac«t«lta 

PF 

m 

Mfre. dTsolants A Objete 
Moulds, Vitry, France 

K-4; CM-4 

Steafstf 

Methylcyclo- 
haxanol stearate 

Plasticiser and 
mold lubricant 

Howards A Sons, Ltd., 

Ilford, England 

BP, 1033. 4, 
469; BPY 

SbtnoM 



G. H. Harris Co., Brooklyn, 

POB-1 
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SheDwafe 

? 

Articles 

Qen. Mouldings Co.. Ltd., Lon¬ 
don. N.W. irBrownie Wireless 
Co. (Great Britain), Ltd., Lon¬ 
don. N.W. 1 

CM-4; BPY 

BlboUte 

PF 

Shellac subst. 

U.8.A. 

AR283; CM-4: 
NSR118. jL24 

Bicallta 

(Sicalithe 
Sicalite N) 

C, with resins 
or Px 

f 

Sicaloid, Ltd., London; Soc. 
Nobel Francais^ London; Soc. 
Industrielle du Celluloide, Paris 

KPM287; 

CM-4; K-4 

Sieold 

CA 


Sicaloid, Ltd., London; Soc. 

Ind. du Celluloide, Paris 

CM-4 

Mac 

8ldac<»laol 

V 

P 

Sylvania Industrial Corp., Fred¬ 
ericksburg, Va.; Soci^te Ind. de 
la Cellulose, Ghent, France 

CM-4; K-4 

Slffalcoi 

PF 


Italy 

Pla$t%e$A9dO,%t 
589; CM-4 

SUnllei 

PF 

t 

Labs. Ind. d’Asnidres, Paris 

CM-4 

SImlUt 

PF 

t 

Labs. Ind d'Asnidres, Paris 

CM-4 

SIMto 

BakcUt A 

PF 

8 


KPM288; 
AR324; CM-4 

SoUdlte 

SR, pitch and 
asbestos, F 

m 

Solidite A Synthetic Mouldings. 
Ltd , London, S.W. 4 

CM-4; BPY 

Sollgen 

Naphthenatea of 
lead, cobalt, 
manganese 

Paint driers 

Advance Solvents A Chem. 

Corp., New York 


South 

PF 

t 

Reja) A Spol, Prag, 
Ceechoslovakia 

CM-4 

SOUTCIO 

F, UF, ? 

Ware 

Souvenir Mfg. Co., 

Birmingham, England 

CM-4 

Spaulding 

Bakelite 

F 


Spaulding Fibre Co., 

Tonawanda, N. Y. 

PGB-l 

SpauMItc 

PF 

1, gears 

Spaulding Fibre Co., 

Tonawanda. N. Y. 

CM-4 

StablUtc 

Also called 
Ambrolne 

Copal-fiber 


Soc. Grandgener, Perreux, 

France 

PlasticB, 1926.2* 
123; CM-1 

SUbltttc Fine 

Rubber base di¬ 
electric and SR 


Manufacture d’lsolants et Ob jets 
Moulds, Vitry, France 

K-4; CM-4; 

BPY 

BUbatIt 

SR 


Soc Grandseigneur, Perreux, 
France 

’k-4 

Stacol 

Inorganic sol¬ 
uble resin 


Glyco Products Co , Inc , 
Brooklyn, N. Y. 

CM-4 

StanoUtc 
liquid* Hard 

Petroleum resid¬ 
ual pitch 

Plastics 

Standard Oil Co of Indiana. 
Chicago 


Starkware 

UF. F 

Ware 

Insulation Mfg. Co., Brooklyn, 
N.Y. 

PGB-3; CM-4 

StarUtc 

SR 


Soc G6n. Const. Rlectro- 
mechanique, Limoges, France 

CM-4 

Btarpasa 

UF 


Soc. Q4n. Const. Electro- 
mechamque, Limoges, France 

CM.4 

Stooo 

Bituminous 

plastic 


Jos. Stokes Rubber Co., Ltd., 
Welland, Ontario, and Trenton, 
N. J. 

POB.3; CM-4 

Streettp 

UF. F 

Ware 

Streetly Mfg. Co., Ltd.. 

London 

CM-4 

Stryottm 

SR 

f 

N. D. Seekabelwerke A.-G., 
Oldenburg. Germany 

BP, 1984. t* 179 

Ba>Lac 


Substitute for 
shellao 

Twin City Shellac Co., 

Brookljm, N. Y. 

PGB-l 
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Name 

8«b«rlt 

Composition 

Wasta cork par- 
tides treated 
with collodion 
and castor oil 

Forms, Uses 

Company 

Source 

CM-4; 

RPM288 

Sufter- 

Beckmclte 

PF 

s 

Beck, Roller A Co.. Inc., 

Detroit. Mich., and Vienna 

CM-4 

Saper* 

Bfliniilte 

Glyptal-bonded 

mica 


General Electric Co., 
Schenectady, N. Y. 

APV-2; CM-4; 
BP, 1931,3,444 

Svperitollte 

PF 


Italy 

PlaHies, 1930,6, 
587; CM-4 

Superlft 

SR 


Stein, Berlin 

CM-4 

Saprareten 

Dammar de¬ 
rivative 

Paint vehicle 


ffril Chem. Abe. 
B, 1931. 768 

Srlphrap 

CA 

P 

Sylvania Industrial Corp., Fred- 
encksburg. Va 

CM-4 

Sylraph 

V 

P 

Sylvania Industrial Corp., Fred¬ 
ericksburg, Va. 

BP, 1931,3,149 

Srlfanla 

V 

P 

Sylvania Industrial Corp., Fred¬ 
ericksburg, Va 

CM-4 

Spn-plioriii 

SR 


Blackburn A Oliver, England 

K-4; CM-4; 
APV-2 

SsmoM 


Cements 

Imperial Chem Industries, Lon¬ 
don, 8.W, 1 

CM-4 

Sjmteilae 

Acetaldehyde 

condensate 

Shellac substi¬ 
tute 

Roessler A Hasslacher Chem 
Div., E. I du Pont de Nemours 

A Co., Wilmington, Del. 

AR260 

Byntluiforiu 

PF, F 


Synthaform, Berlin 

CM-4 

Slvtluiiie 

PF 

1 

Synthane Corp., Oaks, Pa. 

CM-4 

SpntbeK^opal 

Ester gum 

s 

Beck, Roller A Co., Inc , De¬ 
troit, Mich. 

PGB-1 

Syntliollto 

PF? 


Soc. anon la Syntholite, Paris 

R-4, CM-4 

T C SMln. See SmIo, T C 




Tapa 

SR 

Molded articles 

W. J. Charlesworth, Ltd., Bir¬ 
mingham, England 

CM-4; BPY 

Taumallt 

PF 

t, f, ware 

Condnip, Ltd., London. E.C. 3, 
Isopresswerk, Berlin 

CM-4; BPY 

Tarlor 

PF 

1 

Taylor A Co,, Inc., Norristown, 
Pa. 

CM-4; PGB-3 

1^1 



Garfield Mfg. Co., Garfield, N. J. 

PGB-1 

Taglae 

Modified GP 

Lacquers 

American Cyanamid A Chemical 
Corp., New York 

APV-2,3; CM-4 

Teio 

SR 

s, adhesives 

Th. Goldschmidt A.-Q., Essen. 
Germany; Theo. Goldschmidt 
Corp., New York 

CM-4; APV-2 

Tegofan 

Chlorinated 

rubber 


Th. Goldschmidt, A.-G , Essen, 
Germany; Tegofan G.m.b.H., 
Hamburg, Germany 

CM-4 

Tagopran 

SR 


Th. Goldschmidt, A.-G., Essen, 
Germany 

CM-4 

Takaol 

The mixture of 
unsaturated glyc¬ 
erides separatw 
from the saturated 
glyceridea in stand 
dl» or specially 
treated drying oils 




Mae 

FT 

Molded articles 

J. H. Tucker A Co., Ltd., Bim 

BPY 


niinijuun. Eng Uud 
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Tdaelto 

PF 

m 

J H. Tuckei: ic Co., Ltd., Bir¬ 
mingham, England 

BPY;AR847 

Tfleonax 

Bituminous 

plastic 


Telegrwh Const, it Mainte¬ 
nance Go., London 

CM-4 

Teleonlte 

• 


Insulation 

Telegr^h Const, k Mainte¬ 
nance Co., London 

CM-3 

TOendnron 

? 

m, insulators 

Thomas de la Rue k Co., Ltd., 
London 

CM-4 

Tdnfteite 

Tenaiit) 

F, asbestos- 
bituminous 

PF 

m 

Allgem. Elektr Ges., Berlin 

PGB-2; K-1; 
CM-4;KPM288 

Tenalmn 

PF 

f 


PlatUci, 1030, •» 
705; CM-4; 
AR347 

Tenmtext 

PF. ra*-filled 

m 

Allgem. Elektr. Oes., Berlin 

CM-4 

Tenaiit 

See Textollte 

PF 


Allgem. Elektr. Ges., Berlin 

CM-4 

Tenite 

CA 

in, f 

Tennessee Eastman Corp , Kings¬ 
port, Tenn. 

CM-4 

Tensulam 

Thermoplastic 

Acid-and alkali- 
resisting, m 

Berry, Wiggins & Co , Ltd., 
England 

BPY; CM-4; 
KPM288 

Teppertte 

Polystyrene 

Denture 

Martin Rubber Co k Teppertte 
Co., Long Island City, N. Y. 

CM-4; POB-a 

TetroUth 

? 


Kunsthornwerke Teterow, Meck¬ 
lenburg, Germany 

CM-4 

Text-Ttlea 

UF? 

Tiles 

Kelanoma, Ltd., Welwyn, Gar¬ 
den City, England 

CM-*, K-4 

Textit 

F 

Acid-proof 

moldings 

Cable Mfg. Co. Ltd . England; 
Kabel-Fabric A.-G , Bratislava, 
Csechoslovakia 

CM-4; BPY 

Teitodite 


Timing gears 

John C. Hoof k Co , Chicago 

PGB-l 

Textoll 


Fiber gear board 

General Electric Co., Schenec¬ 
tady, N. Y. 

PGB-1 

TextoUte 

PF 

f, m, 1 

General Electric Co , Schenec- 
tany, N. Y. 

CM-4 

Ttaermaiote 

W 


Agasote Millboard Co., Tren¬ 
ton, N. J. 

CM-4; K-4 

Thermold 


Cold molding 

Technical Products Co , Pitts¬ 
burgh, Pa. 

PGB-1 

Tbermollte 

Px 

Denture 

Thermolite Prod. Corp., Chicago 

PGB-a 

ThermopUx 

X 

Cold molding 

Cutler-Hammer, Inc., Milwau¬ 
kee, Wis. 

CM-4 

Thermoprene 

Rubber deriva¬ 
tive 

Adhesive 

B. F. Goodrich Rubber Co., 
Akron, Ohio 


Thermoie 

CA. benzyl 
cellulose 

Dentures 

"Bakelite” Dental Supplies, 
London, N. 3 

CM-4; BPY 

Thedt Supra 

SR 

m 

Presswerk A.-G., Essen, Qer» 
many 

CM-4; K-0 

Thedt TextII 

SR 

' 

Presswerk A.-G., Essen, Ger¬ 
many 

CM-4: K-5 

Thidcol 

Polymethylene 

polysulphide 



BP, 1033, 4» 
440: CM-4 

Thtobonlte 

Bee 

Thloiieetite 

Rbonite 

SR 

Alkali-resisting 


BP, 1030,9,52; 
PIosftM, 108t7, 
10; CM-4 

Tbktleetlte 

Ebonite 

8R 

Injeetion mold- 
ing 

Soe. la Thiolite, Joinville-le- 
Pont, France 

Plasties, 1031,7, 
10; BP. 1030,9, 
52; OM-4 
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Name 

Composition 

Forms, Uses 

Company 

Source 

Thiokol 

OleSn poly> 
sulphide 

Molded articles 
rubber substitute 

Thiokol Corp., Yardvillc, N. J. 

BP, 1933, 4, 
440; CM^ 

ThloUte 

PF treated with 
sulphur chloride 


Soc. la Thiolite, Joinville-le- 
Pont, France 

/.5.C.J.,1927, 
46, 573: CM-4 

Thyrite 

Porcelain type 

Lightning ar¬ 

General Electric Co , Schenec¬ 

Ind.Eng.Ch^m., 
1930. n, 395* 
CM-4 

plastic, silicon 
carbide coated 
with metal, by 
spray process 

resters 

tady, N. Y. 

Toraetlte 

Chlorinated 

Coating 

Hercules Powder Co , Wilming¬ 

Syn. App. Fin.t 
1931.3,ft:J85; 
CM-4; 

Chem. Ab$., 

1933, 37, 2337 

(Tornetit) 

TeroQ 

rubber 

Turpentine- 

sulpnur 

Imprcgnant 

ton, Del.; Herold A.-G , Ham¬ 
burg, Germany 

Tortal^iid 

CA, F 


Fiberloid Corp , Indian Orchard, 
Mass 

APV-2; CM-4 

TotaUto 

C 

Whitencr for in¬ 
terior walls 

Wilbur A Williams Co., 101 Park 
Ave., N. Y. C. 

Plastics, 1933, •• 
252 

Trantpcrlt 

(Transparit) 

V 

P 

Wolflf A Co., Walsrode, Germany 

PGB-2; CM-4; 
KPM289 

Tranfphllite 

? 

f, m 

Philips Industrial, London, W.C. 
2; N. V. Philips* Gloeilampen- 
fabrieken, Eindhoven, Holland 

BPY 

Trefoil 

PF 


Bakelite, Ltd., London, S.W. 1 

CM-4 

Trout 

Px, CA 

f.m.l 

Rhen. Westf. SprengstofT A.-G , 
Troisdorf, Germany; Adam Bern- 
hard, New York 

CM-1; K-4 

Trout F 

Px 

Non-inflammable 

Dynamit A.-G., Troisdorf, Ger¬ 
many 

CM-4 

Trouts 

PF 

m 

Dynamit A.-G., Troisdorf, Ger¬ 
many 

CM-3 

TroUt-Speslal 

PF 

m 

Dynamit A.-G., Troisdorf, Ger¬ 
many; Adam Bernhard, New 
York 

CM-4; PGB-3 

Trout W 

CA 

m 

Dynamit A.-G., Troisdorf, Ger¬ 
many 

CM-4 

Troll tan 

PF 

m, wood flour 

Dynamit A.-G , Troisdorf, Ger¬ 
many; Adam Bernhard, New 
York 

CM-4; PGB-3 

TroUtan H 

Now called 

FoUopas 

UF 

in 

Dynamit A -G., Troisdorf, Ger¬ 
many; Adam Bernhard, New 
York 

CM-4; PGB-3 

TroUtan ProUle 


Continuous 
molded shapes 

Dynamit A.-G., Troisdorf, Ger¬ 
many 

CM-4 

TroUtan S 

PF 

m 

1. G. Farbenind. A.-G., 

Troisdorf, Germany 


TroUtan Z 

PF 

m, light colors 

Dynamit A.-Q., Troisdorf, 
Germany 

CM-4 

TroUtai 

PF 

1 

Adam Bernhard, New York; 
Dynamit A.-Q., Troisdorf, Ger¬ 
many; F. A. Hughes A Cb., Ltd., 
London, N.W. l 

CM-4; BPY 

TroUto 

Special X 

Px 

UF 

f 

F. A. Hughes A Co., Ltd., 
LondonTN.W. 1 

BPY: 

KPM289 

AR408 

TroUtiil 

Polystyrene 

m 

Dynamit A.-G., Troisdorf, Ger¬ 
many; F. A. Hughes A Co., Ltd., 
Loi^on, N.W. 1 

CM-4; BPY 

TroUtnl-roUcn 

? 


Dynamit A.-G., Troisdorf, 
Germany 

CM-4 



TRADE NAMES LIST 


1417 


Name 

TMlon 

Composition 

PF 

Forms, Uses 

t 

Company 

Dynamit A.-G., Troisdorf. Ger¬ 
many; Adam Bernhard, New 
York 

Source 
CM-t; PGB.3 

Troloii-Platleii 

PF 

1.1 

Dynamit A.-G., Troisdorf, Ger^ 
many; Venditor G.m.b.H. Berlin 

CM-4; K-6 

Trolone 

PF 

t 

F. A. Hughes & Co., Ltd., 
London, N.W. 1 

BP, 1934, €,173 

Trolnlold 

Vinyl resin 


Dynamit A.-G., Troisdorf, 
Germany 

CM-4 

Trabor 

SR, wood 

Boards, sheets 

Games d; Entertainments Sup¬ 
ply Co., Ltd., London 

BP. 1934,6, 86 

Tufnol 

(Tufnal) 

PF 

l.f 

Ellison Insulations, Ltd., 
Birmingham, England 

K-4; CM-4 

Tuftest 

Vulcanized fiber 

f 

Wilmott. Son A Phillips. Ltd , 
Ix>ndon, E C. 3 

Bpy 

Turai 

PF 

1 


Plastics, 1930, f, 
705, CM-4 
AR355 

Turb»x 

PF 

1 

Jaroslaw's Glimmer-Waren- 
Fabrik, Berlin 

CM-4 

Tarbonlt 

(Turbonitfi) 

PF 

m, 1 

Jaroslaw’s Glimmer-Waren- 
Fabrik, Berlin 

CM-4; AR366 

TyloM 

Methyl cellulose 
ether 

s 

Advance Solvents A Chem. 

Corp., New York 

APV-2; CM-1 

UltrasIt 

PF 

1.1 

Chemische Fabrik Ambrasit, 
Vienna; H. liner, London, E C. 1 

CM-4; BPY 

Unyt« 

UF 

m 

Unyte Corp., New York 

CM-4; Plastics, 
1932, 8» 76 

Urallte 

UF 

ni, f 

American Record Corp , Scran¬ 
ton, Pa.; Soc. R^sines dt Vernis 
Artihciels, Paris 

CM-4 

Urelt 

(Ufeite) 

Collective name 
for UF resins 



ChfSW, A6s., 

1933, 37, 3835; 
CM-4; Kunst., 
1933, 38, 100 

Urocristal 

UF 

m, transparent 

Soc. Rdsines & Vernis 

Artiflciels, France 

CM-4 

UroDbane 

UF 

m, transparent 

Soc Rdsines ft Vernis 

Artiflciels, Paris 

CM-4 

UtlUt 

(Utilet) 

PF 

t 

Augsburger Kunsthars-Fabrik, 
Augsburg, Germany 

CM-4 

V6B 

Aniline-aldehyde 

condensation 

Rubber 

antioxidant 

Naugatuck Chem. Co , 
Naugatuck, Coxm. 

C/iem. Abs , 
1932,36,3408 

Tanallte 


m 

Vitalite Co., Ltd., London 

Plastics, 1929,8, 
156 

Varcrex 

SR 


Rex Campbell ft Co., Ltd , 
England 

CM-4 

Tarcum 

PF 

s 

Varcum Chemical Corp., 

Niagara Falls, N. Y. 

CM-4; PGB-3 

Vartted Fibre 

Fiber board 

Insulation 

Sterling Fibre Board Co., 

New York 

PGB-l 

Vamodag 

Colloidal graph¬ 
ite in PF varaish 


Acheson Colloids Corp., 

Port Huron, Mich. 


Veryx 

UF 


Edgard Israel, France 

CM-4 

Flaoonlt 

Nat. resin base 

m, thermoplas- 
tio 

Ver. Isolatorenwerke A.-G., 
Boflin-Pankow 

CM-4; K-4 

^etrolae 

Vinyl rerin 

m,reoords 

RCA Victor Co., Camden, N. J. 

CM-4 

▼letren 

Polsrstsrrena 

resin 

m 

Naugatuck Chemical Co., 
Naugatuck, Conn. 

CM-4 
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Name 

▼Imrit 

(vi^to) 

Composition 

PF 

Form|j; Uses 

t ' 

Company 

Uhlhom Bros., London. E.C. 1; 
Dr. F. ^^chig, O.m.b.H., Lud- 
w^hafen, Rhine, Germany 

Source 

BP.1931.»,fifi2; 
AR337; CM-4; 
BPY 


CA sheet on 
wire netting 



FlaHict, 1933, t, 
232; CM-4 

Tlnarol 

Polyacetal 

s 

I. Q. Farbenind. A.-G., 

Frankfurt, Germany 



Polyvinyl ace¬ 
tate 


Consortium fCir Electrochem- 
ische Ind., G.m.b.H. Germany; 
Dr. A. Wacker A G. 

CM-4; J86 

▼Infol 

Pine by-product 


Hercules Powder Co , 
Wilmington, Del. 

CM-4 

▼layUte 

Vinyl resin 

m, coatings 

Carbide A Carbon CheniieaU 
Corp , New York 

CM-4; APV-3; 
Ind. Sng. Chtm., 
1933, %$, 646 

Tlnylold 

Vinyl resins 

Coatings 

Carbide A Carbon Cheni. Corp., 
New York 

Ind. Eng. Chem. 
1933, 25, 64.6 

TlraUte 

Netting coated 
with cellulose 
acetate 


Darlington Fencing Co., Ltd., 
London, E C. 4 

CM-4 

yiMold 

X. SR 

m 

Viscose Development Co , Ltd , 
England 

KPM290; 

CM-4. BPY 

Tlfcoloid 

Px 

f 

Du Pont Viscoloid Co., I^eomin- 
ster, Mass., and Arlington, N. J. 

CM-4 

Vltkanol 

Hydrocarbon 

piolymer 

Coatings, adhe¬ 
sives 

Advance Solvents A Chem. 

Corp , New York 


▼Itldiig 

CA 

P 

Visking Corp , Chi^o 

CM-4; POB-a 

Vltkoplut 

Aluminum 

naphthenate 


Advance Solvents A Chem. 

Corp., New York 


YItrolui 

Cellulose com¬ 
position 

Panes 

W. dc 0. Baird, Ltd., England 

CM-4, APV-2 

Tortei-Burt 

PF, F 


Vortex Cup Co., Chicago 

CM-1 

yuloibefton 

Rubber-asbestos 

Insulation 

Colt’s Patent Fire Arms Mfg. 
Co., Hartford, Conn.; Geo. H. 
Scholes A Co., Ltd , Manches¬ 
ter, England 

KPM290; 

PGB-1 

Tulcalock 

Resin soln., con¬ 
tains Thermo- 
prene 

Adhesive espe¬ 
cially for bond¬ 
ing rubber to 
metal 

B. F. Goodrich Rubber Co., 
Akron, Ohio 

Chem and Met., 
1936. 42(7). 16 

Talcdd 

PF 

1, using vulcan¬ 
ised fiber 

Continental-Diamond Fibre 

Co., Newark, Del. 

CM-4 

Yttleold 

Parchment] sed 
cellulose, 
impreg. with 
aniline resin 


Continental-Diamond Fibre 

Co , Newark, Del. 


Vulcone 

Aniline-aldehyde 


Soo. du Pont de Nemours 

Xunsf..l925.15, 

114 

Vydon 

Vinyl resin 

Dentures 

Lee S. Smith A Son Mfg. Co., 
Pittsburgh, Pa. 

BP, 1933, 5, 79; 
CM-4 

Waeker 

SiMiUe 

Acetaldehyde 

resin-modified 

shellac 


Dr. Alexander Wacker Ges., 
Mfinich, Germany 

AR260,266; 
CM-4 

Wftbnerit 

PF 

1 

Elektro-Isolior-Industrie, 
G.m.b.H., Wahn, Germany 

CM-4 

Walkerfto 

PF 

Denture 

Dental Mfg. Co. Ltd.. England 

CM-4: 

J.A.C.3., 1933. 

52,670 

WalMMrII 

f 

m 

Eiektro-Isolier^Industrie, G.m. 
b.H., Wahn. Germany 

CM-4 
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Name 

WftDdrlto 

Composition 

PF 

Forms, Uses 

Company 

H. Wandrowsky, Berlln- 
Friedenau, Germany 

Source 

PaB.2; CM-4; 
K-l 

WftterUte 

S^ene resin, 


Watertown Mfg. Co., 

Watertown, N. Y. 

CM-4; APV-2 

WeojMtt 

(Wenjacite) 

PF 

t 

Kunst-Rohstoff, A.-Q., 

Hamburii, Germany 

CM-4 

Westburf 

Ware 

PF, SR. X 

m 

Reliance Mfg. Co. Ltd., 

London. E. 17 

CM-4; BPY 

Xanttafilltb 

PF 


Cie. Franc. Plinatus. Parts 

CM-4 

Xlllte 

PF 

t 

Italy 

Plastics. 1930, •* 
589; CM-4; K.4 

Xylonite 

(Aylonit) 

Px 

f 

British Xyluuite Co , 

London, England 

CM-4; PGB-2 

Xylose 

Benzyl cellulose 

Denture 

‘*Bakelite" Dental Supplies, 
London, N. 3 

BP. 1932.4,180; 
CM-4. BP\ 

Tunos 

PF. F 


Universal Electric T^amp Co , 
lx>ndon, E.C. 2 

CM-4 

Zalmlte 

PF 

in, 8 

Simmons Co., Kenosha, 
Wisconsin 

CM-4; PGB-3 

Zellon 

See Ollon 

CA 


Deutsche Celluloid Fabnk, 
Eilenberg, Germany 

CM-4; PGB-1 

ZeUwonet 

PF 


Fabryka Kabli, Krakow, Poland 

CM-3 

Zellwonet 


Creaseless tex¬ 
tiles 

Tootal. Broadhurst, Lee Co., 
Ltd., Glossop, England 

CM-3 

Zyl 

PF 


Maguaaco Roggero A Co , 

Genoa, Italy 

CM-1 

Zyl 

UF 

t, m 

Meunier (France) 

CM-1 

Zyl 

X, aldehyde 
resins 


Consortium fdr Elektrochem. 

Ind , MQnchen, Germany 

CM-1 
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—, — fuming nitiic acid, 725 
-, -- furfural, 587 
—, — mercuric oxide. Ml 

— methvl ethyl ketone. Ml 
—, — a-naphthvlamine, 1198 
—, — nitrosyl chloride. 725 

. — phenol. 886, 388. 410, 4*^ 

— platinum dichloride, Ml 

— rape oil and cariiauba wax, Ml 
—, — resorcinol, 887 

—, — sodium vinylacetylide, 150, 151 
—, — sulphur^ Ml 
—, — sulphune acid, MO 
—, — vinyl bromide, 1258 
—, — sine chloride, Ml 
—, separation of resins from sTudge by, 229 
—, solvent, acetaldehyde-phenol rerin, 283 
—. —, alkyd resins, 879. 961, 964. 965, 982 
—, ~, amme-aldehyde resins, 701 
—, antimony chloride, 1219 
—, —, cellulose esters, 89 
—, —, chlorinated lignic acid, 1156 
—, —, chloroprene rubbefr, 159 
—, —, cresol-formalin resin, 818, 367 
—, 4,4'-dihydroxydiphenyldihydrorubber, 1114 

divinylaoetylene polymers, 152 
—, formaldehyde-aiyloxyaliphatio acid resina, 


furfural resins, 


517, 528, 580, 585, 


, haloffenated rubber, 1105, 1118 
—, modification phenol-aldehyde reeins, 488. 441 
petroleum resins, 808 

—, ^enol-aldehyde resins» 818, 858, 448, 446, 
fO 

plhstiot, 710 

—, polymerylie estsri, 1678 
resin esters, W 

salicylic a<ra>fonns]dshyde resin, 874 
stannie chloride, 1810 


Acetone, solvent, tar Acid-furfural resin, 369 
—, —, urea-furfural resin, 670 
—. —urea resin, 687. 644, 676 
—, —vinyl resins, 1025, 1058 
~, —, wo^ tar derivatives, 752 
—, use of, in polymerization of 1 , 8 -dienes, 180 

, m preparation of transparent phenol-alde¬ 
hyde resins, 371 

—, m purifying rumarone resin, 118 
—, —, removal of sulphur, 1115 
—, —, urea-furfural reaction, 660 
Acetone-anil, reainification. 600 
Acetone cyanohydrin, metnacrylie acid from, 1080 
Acetone-dihydroxysuccimc dialdehyde, 507 
Acetone-formaldehyde resin, 485 
—, cold-moldmg composition from, 1289 
Acetone-furfural resin, 537, 589 
Acetone-a-naphthil, 1108 
Acetone oil, condensation with furfural, 588 
Acetone peroxide, tunf oil polymerised with, 1210 
Acetone-resorcmol ream, preparation, 878 
Acetonitrile, solvent, polyvmyl acetate, 1026 
Acetonyl thiocyanate, oondenaation with ammonia, 
1182 

Acetophenone, action of formaldehyde on, 556 
—, condensation with acetaldehyde, 557 
—, — furfural, 688 

—, — phenol and hexamethylenetetramine, 555 
—, decomposition, thermal, 555 
~, from a-ethox^yrene, 1010 
—, modifier, phenol-aldehyde resins, 431 
—, nature of melts, 80 
—, plasticizer, polyvinyl chloride, 1088 
—, reaction with phosphorus pentadiloride, 258 
—, reduction, electrolytic, 555 
—, solvent, polyvinyl chloride, 1088 
Aoetophenoneketasine, 735 
3-Acetoxybutanol, preparation of, 500 
/}-Acetoxyethyl butyl phthalate, plasticiser, 897 
Acetoxymaleio acid, carbon suboxide from, 1014 
Acetylacetone, condensation with alddiydes, 568 
condensation with ethyl isocarbamide, ^1 
Aoetylaldoldimethylaoetal, 499 
Acetylamline, action on urea resins, 659 
Acetylated denvatives of phenol-aldehyde itaina, 
320 

Acetylated glycerols, from glycidol acetate, 904 
Acetylated ph«ioi, reaction with sulphur dichlo- 
nde, 1188 

Acetylating agents, reaction with sulphouamide de¬ 
rivatives, 722 
Acetylation, chitm, 1255 
—, phenol-aldeliyde lesins, 422 
—, polyethylene oxide, 902 
—, polyviayl alcohol, 1055, 1056 
—, urea ream degradation products, 580 
N'-Acetylcarbasole, 553 
Acetyl cellulose, filler, 352 
—, in lacquer, 719, 720, 749, 960 
—, modifier, phenol-aldehyde resins, 438, 484 
Aoetyl chloride, action on alkylfurylearbtnob, 520 
—, action on phenol-sulphur resin, 1198 
—, action on roam, 767 

—, catalyst, phoiol-acetaldehyde reaction, 382 
—, , phenol-formaldehyde reaction, 857 

—, in ketone synthesis, 1188 
—, reaction with aryl sulphonamkles, 722 
—, — cyclohexanonebenail, 560 
—, — trans-l, 2 -dimethylcyclopropane- 141 ~dicarbox- 
ylio acid, 999 

—, — dimethylolurea-adipio l,r-diglyceride com¬ 
pound, 668 

—, hydroxybensdio acids, 878 

— monomethylolurea-glycol compound, 666 
—— monomethylolurea-monoethanolamme com¬ 
pound, 667 
—, — ol^is, MO 

Aoetyl cyanamide, polymerisation, 781 
Aoetyleyoloaldol, from acetaldehyde, 490 
Aoetylbeosoyl, condensation with salicylic aldehyde, 
587 

Acetyl bsnsoyl peroxide, preparation, 1082 
Ace^ derivativse, bsnxaldehyde-phcnol resin, 278 
—, ursa rssin, 580 
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Acetylene, acetaldehyde ftoin, 493 . 495 
—, acetals from, 496 
—, acetic acid from, 380, 490 
—, aldehyde resin from, 493, 494 
—, action of steam on, 275 
—, additive polymerisation of, 142 
—, alcoholation of, 495 
—, amorphous polymers of, 142, 143 
—, bromoprene from, 159 
butadiene from, 178 
—, chloroprene from, 155 
—, condensation with aniline, 703, 704 
—, — esters, 161 
—, — hydrocarbons, 101, 384 

controlled polymerisation of, 147 
—, crotonaldehyde from, 495 
—, cuprene from, 143>140 
—, diacetylene from, 162 
—, dimers from, 147 
—, 2-8-dimethylbutadiene from, 177 
—, drying oils from,' 142 
—, electrical insulation from, 101 
—, electropyrolysis of, 162, 105 
—, from calcium caibide, 101 
—, from cracked petroleum gases, 142 
—, from ethylwe, 105 
—, from ethylene dichloride, 1035 
—, from natural gas, ‘ 142 
—, heavy, 144 
—, hydration of, 495, 763 
—, isoprene from, 177 
—, lower polymers of, 142 
—, nitration products, resins from, 720 
—, polymerisation of, 142-149, 104 
—, preparation of acetaldehydedisulphonic acid, 
419 

—, — rosin-modified phenol resin with, 400-401 

—, pyrol 3 rtio products of, 250 

—, raw material for resins, 9, 142 

—, reaction with acetic acid, 101, 1017, 1022 

—, — ammonia, 275 

~, amyl alcohol, 101 

—, — aniline, 148. 149 

—, — arsenic trichloride, 1012 

—, ^ carbon monoxide, 101 

—, — o-chlorophenol, 385 

— diphttivlolpropane, 380 
—, — fats, 101 

, — fuming nitric acid, lOi, 737 
—, — halogens, 143, 101 
—, — hydrochloric acid, 149 
—, —- hydrogen bromide, 1037 
—, — hydrogen cyanide, 1070 
—, — hydrogen chloride, 1035, 1037 
—, — hydrogen sulphide, 275 
—, — hydroqumone, 383 
, — monovinvlacetylene, 148 
—, — naphthol, 383 
—, — olefins, 101, 184 

— phenols, 101, 383, 384, 385 
—, — phenolsulphonie acid, 385 
—, — rosin, 804 

—, — tar*oil hydrocarbons, 275 
resins from, 275, 495 
—, source of, 142 
—, styrene from, 250 
—, synthesis of, 178 

—, synthetic rubber-like substances from, 142 
—, thermal decomposition of, 162 
—, trimers of. 143, 147 
vinylacetylme from, 149 
—, vinyl compounds from, 1007, 1010 
A^ylene*aniline resins, 703 
Aeetylene*bensene solution, styrene from, 250 
Acetylene dicarboxylio acid esters, mechanism of 
addition of, 852, 853 

Acetylene homologues, polymerisation of, 101, 102 
Acetylene-hydrogen mixtures, indene from, 90 
Acetylene-mtrio acid re 8 cti 9 n product, 161 
Aeetylene-phenot resins, mercury salts as catalyst 
for, 888 

Acetylene polymers, coating compositions from, 100 
(hying oils from, 147, 158, 154. 100 
—, pmymerisation o7, 148, 140, 147 
rehetions of, 142, 148, 100 


Acetylene tetrabiomide, reacted with phenol, 1138 
—, reacted with xylene, 1137 

Acetylene tetrachloride, catalyst, furfural-phenol 
condensation, 527 
—, non-inflammable varnish, 432 
—, plasticizer, vulcanized rubber, 1115 
—, removal of water from, alkyd resins, 877 
—, solvent, for phenol resins, 443, 444, 440 
Acetylene tetramer, drying oil from, 153 
—, formation of, 148 
1-AcetylindoIe, resinification, 743 
1 -Acetyl-S-isopropyhdene-l-cyclopentene, 727 
Acetyl peroxicle, action on rubber, 1003 
Acetylphenylhydrazme, 501 
Acetylphthalimide, JS3 

Acetylsalicylic acid, reaction with aralkyl halide';, 
1133 

—, condensing agent, urea and formaldehyde, 610 
—, modifier, urea-aldehyde resins, 678 
Acetylsulphunc acid, action on rubber, 1100 
—, preparation, 1018 
6-Acetyltetralin, 724 

Acetylurea, condensation with formaldehyde, 588 
—, film hardening agents for, 633 
Acetyl value, 1201 

Acid acceptors, effect on chloroprene rubber, 157 
Acid amides, condensation with aldehydes, 089 
—, condensation with furfural, 535 
—, preparation from urea, 570 
Acid anhydrides, from carbon suboxide, 1012 
—, reaction with unsaturated acids, 549 
—, — urea-aldehyde resins, 665 
—, use, vinyl-ester polymerization, 1057 
Acid chlorides, effect on hardening temperature of 
alkyd resins, 880 

—, reaction with alcohol-modified urea-aldehyde 
resins. 605. 600, 668 

—, solubilizing agents, resin recovery, 629 
Acid dyes, laxes with urea resins, 042 
Acidic resins, from petroleum, 201 
Acidity of rosin, 26 

Acid numbers, alkyd resins, 913, 914, 956, 981 
chlorinated rosin, 803 
—, copal esters, effect on enamels, 819 
—, effect in esterification of copals, 808, 809, 810 
—, ester gum, 802, 816 
—, intermediate glycerol phthalates, 866 
—, phenol-aldehyde resins, 397, 400 
—, resins, 1256, 1260 
—, Rezyls, 956 
—, rosin, 772 
—, rosin esters, 793-796 
—, shellolio acid lactone, 1006 
—, waxes, 814, 815 
Acid-proofing impregnant, 1205 
Acid-proof structures, of phenol-aldehyde resins, 
1332, 1333 

Acid resistance,, Qlyptal lacquers, 956 
phenolphthalein resins. 1^2 
Acid-resistant coatings, alkyd resins in, 964 
—, chlorinated rubber in, il, 1116-1125 
~j from vulcanised urushiol, ISMIO 
Acid-resistant materials, from cuprene, 146 
Acid-resistant resins, by phenol-formaldehyde re¬ 
action, 852, 853 

Acid-resisting conveyor belts, 1104 
Acid-resisting surface, sulphur in, 1162 
Acid-resisting products, from sulphur-selenium 
composition, 1168 

Acids, action on (blorinated gutta-percha, 1128 
—, action on chlorinated rubber, 1117, 1119, 1121 
action on modified phenol-aldehyde resin, 1126 
—, action on unsaturat^ hydrocarbons, 229 
by oxidation of gasoline, 228 
catalysts, activity of, 278, 279 
—. —, aldefayde-dihydroxybensophenone conden¬ 
sation, 378 

» condensation aldehydes and amines, 691 
—, —, condensation aniline and formaldehyde, 695 
condensation urea and formaldehyde, 689, 
596, 5^, 608-611. 610, 617, 661, 662, 665. 074 
—, effect on phmol-ald^yde resins. 835. 365 

reaction, 348-351, 361. 

367-371, 377, 445 

—, —, polymerization vinyl esters. 1025 
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Acids, catalysts, polystyrene, 238, 241, 253 
, —, resorcinol-benzaldehyde reaction, 278 
j —series of phenol-formaldehyde condensat on 
reactions with, 342 

, sulphonamide-aldehyde resins, 714, 718 

two-stage wet process, phenol-aldcihyde res¬ 
ins, 317 

coagulation of latex by, 1091 
, conversion of soluble fusible resins to insoluble 
infusible, with, 349 

decomposition of planter molds with, 465 
, effect on chloroprene-nibber latex, 157 
, — cvanamide, 679 

, — hardenmg temperature, alkyd resins, 880 
, *— polymerisation of butadienol esters, 152 
, — pol5r5t^ene color, 241 
, — resin formation, 623 

— shellac, 25 
fatty, chlorinated, 1158 
from gum, 224, 225 

neutralization in cumarone polymerization, 111, 
117, 118 

oxidizing, effect, on rubber hydrochloride, 1112 
resistance of cumarone resin to, 125 
specific viscosity of, 73 
use of, in acetylene polymenzation, 149, 150 
, in refining coal-tar fractions, Ml 
. light-fast resin solutions, 1250 
, to facilitate drying of lacquers, 940 
Acid sa’ts, catalysts, cumarone polymerization, 118 
curmg, urea resins, 621 
, urea-acrolein reaction, 670 
condensing agents, phenol-aldehyde resins, 290 
in varnish, prevention of yellowing, 1378 
solubilizing agents, resm recovery, 629 
use, light-fast resin solutions, 1250 
“Acidseal” paints, composition of, 1098 
Acid sludge, chlorination of, 218 
—, reaction with linseed oil, 1234 
—, resms from, 217, 218, 228 

siilphonic acids from, 217, 228, 229 
Acid-tar, resins from, 120, 121 
Aconitic acid, use in alkyd resins, 883 , 891 
—, reaction with rosin, 804, 856 
Acoustic diaphragms, 643, 649 
4coustio disks, preparation, 1249 
Acraldehyde, condensation with aniline, 688, 702 
condensation with, p-toluidine, 688 
halogenation of, 506 
reaction with cyclohexadiene, 838 
■ ammonia, 686 
Acrolein, acrylic acid by oxidation, 1069, 1070 
by distillation of gum, 224 
condensation with aniline, 688, 702 
disacryl from, 501, 502 
from cyclopropene dibromide, 504 
from glycerol, 501, 994 
gelation of, 502 

iron as catalyst in preparation of, 994 
oxidation of, 501 

> polymerization of. 501, 502, 503, 504 
. polymerized, modifier for urea resin, 632 

polyvinyl acetal of, 1061 
reaction with ammonia, 503 

— btitadi^ies, 831 

— cvclopentadiene, 834, 835 

— glycerol, 503 

— methvlurea, 670 
, — a-phellandrene, 843, 844 

■ phenol, 391, 504 

> — phenylhydrasine, 504 
. — silver oxide, 503, 1069 

— sodium vinvlacetylide, 151 
; — thiourea, 670 

Acrolein resins, properties of, 601, 502 
reaction with phenol, 391 

— urea, 671 
. uses, 504 

Acrolein-urea resins, preparation, 170, 671 
Acrylates, oo-polymers of, 1075 
Acrylic acid, acid chloride of, 1069, 1674 
—» amide of, 1069 

—. comparison to vinyl alcohol, 1069 

CO-polymerised with acrylic esters, 1076 
—, CO-polymerized with styrene, 1075 


Acrylic acid, esters of, 1069 
—, fiom ethylene, 1070 

—, functional derivatives, esterification, 1073, 1074 
—. —. polymenzation, 1074, 1075 
—, in alkyd resins, 890 

—, halogen substitution products of, 1079, 1080 
—, higher polymers, structure, 1071, 1072 
—, nitrile of, 1069 
—, photopolymenzation of, 1071 
—, physical properties of, 1069 
pDljinerization, 1070-1076 
—, pol}rmerized with vinyl compounds, 1079 
preparation of, 1069, 1070 
—, pyrolytic products of, 1072 
—, reaction with anthracene, 840 
—, — stannic chloride, 1071 
Acrylic acid amide, 1069 
pol 3 rmerization, 1074, 1075 
Acryhc acid anilide, polymerization, 1074, 1075 
Aciydio acid chlonde, acrylic esters from, 1074 
—, poljrmerization, 1074, 1075 
—, preparation of, 1074 
—, reactions of polymers, 1075 
Acrvlio acid derivatives, co-polymers of, 1075, 
1076, 1078 

—, moldmg powders from, 1081 
—, polymerization, 1075 

—, poljonerization with vinyl ethers in emulsions, 
1076 

Acrylic esters, co-polymers with acrylic acid de¬ 
rivatives, 1075, 1076 

—, co-polymerized with vinyl compounds, 1057, 
1075-1078 

—, co-polymerized with styrene, 244, 1075, 1079 
—, polymerization of, 1072-1079 
—, preparation of, 1073, 1074 
—, structure of, 1009 

Acrylic nitrile, polymerization, 1074, 1075 
—, polymerization of 1,3-dianes, 181, 188 
Acrylonitrile, polymerization with styrime, 244 
—, reactions of polymers, 1075, 1076 
Acryhdene-glycerol, polymenzation of, 503 
Acrylyl chloride, polymerization with styrene, 244 
Actinic light, accelerator oxidation, 228 
—, effect of, chlorination of oils, fats, 1220, 1221 
- polymerization of esters of unsaturated acids 
with, 1076 

Actinic rays, absorption by oil-resin varnish films, 
977 

—, catalvst, reaction, acetylene and hydrogen 
bromide, 1037 

—, opacity of varnish films due to, 20 
Active carbon, action on ethylene oxide, 991 
—, catalyst, acetylene-hydrogen reaction. 1070 
—, —, condensations, urea and formaldehyde, 593 
—I —» preparation of acrylic acid, 1070 
—, —, preparation of vmyl chloride. 1035 
—, —, separation of styrene, 253, 254 
—, impregnation with water glass, 1074 
“, polymerisation catalyst, M 
Acylated resins, with boric acid, 797 
Acylation, phenol-formaldehyde resins, 422 
—, phenol-sulphur resins, 1187 
—f polyvinyl alcohol, 1059 
—, sulphone from cyclohexene, 168 
Acvl derivatives of resin alcohols, 1193 
AC-Zol, preservative, for teH panels, 1368 
Addition polymers, 15, 45, 47, 50 
Additive heteropolymerization, 854 
Adherence of lacquers, 826 
Adhesion, cellulose esters, 21 

films formed by acetylene polymers, 158 
lacquers, influence of alkvd resins, 055, 969 
—, lacquers and varnishes, determination by abra¬ 
sion teste, 1367 
—, polystyrene coatings, 248 
vamish film»r 19 

Adhesion tests, for lacquers and varnishes, 1867 
—, for varnishes, 1877 
Adhesive compositions, furfural in, 518 
Adhesive plas^r, isobutylene polymers in, 200 
Adhesives, amine-alclehyde resins, 066 
—, Aroclors as, 1150 

—, casein-modified biuret-cyanuric acid-formalde¬ 
hyde resin, 685 
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AdhftAives, c»8(Uii<niodifi('d uteft-aUlohyde resins, 670 
oiimMrQne ream ui, 180, 133. 136 

resin, 679, 6M. 

, for electrical condensers, 479 
for sold leaf, alkyd resin in, 062 
for unoleum, 141, 437 
for jiica, from silica gel, 1237 
—, for rubber, 1100, 1101, 1108, 1200 
—, for safety glass, 261, 262, 480, 484, 718, 719, 
783. 1083. 1086. 1086. 1096 
from alcohol-modified urea-aldehyde resm, 669 
—. from balata resim 1100 
—. from bromorubber. 1126 

from butadiene polymerisation, 183, 184 
-'.from casein-modified phenol-formaldehyde 
resins, 417 

from chlomprene rubber, 168 
—, from chloronibbor, 1121, 1126 
—, from diene polymers, 200 

from dihydroxybensophenone-aldehyde lesm, 

373, 374 

from ester gum, 819 
—, from glycolic acid, 27, 28 
—, from glycolic acid resin, 1004 
—. from fl^tta-percha resm, 1100 
—, from isobutylene polymers, 200 
—, from latex, 1094 

from methyl metha6rylate polymers, 1081 
' , from modified phenol-fomnaldehyde resins, 417 
—. from modified polyvinyl alcohol, 1067 
—. from naphthenates, 206, 207 
—, from natural resins, 18 
—from oily polymers of 1,3-dienes, 185 
—from phenol-aldehyde resm, 329 
—from rubber, 1092^ 

from rubber-modified phenol-aldehyde resin, 

436 

—, from rubber-phenolsulphonic acid product, 1098 
—, from shellac, 24 
—. from sucrose octa-acetate, 28 
—, from sulphurise Japanese lacquer, 1206 
, from sulphurised stearin pitch, 1203 
—, from ^erpenes, 781, 783 
—, from urea-acrolein resins. 671 
—, from urea resins, 630, 639 
—, from, vinyl resins, 1028, 1060, 1051, 1059, 1082, 
1067 

—, from vulcanised rubber, 1104 
—, oxidised rubber in, 1093 
phenol resins, 479-481 
—, phenol resins with glue, 485, 486 
—phenol resins with linseed oil, 486 
—, phenol-sulphur resins in, 1186 
—polyacrylic esters. 1077, 1078 
—, polyvinyl acetate, 1028 
—, polyvinyl acetate-alkyd resin as, 942 
—. Portland cement-phenol-aldehyde composition, 

437 

—, resin-cellulose ester, 1244 
—, rubber-formaldehyde compound, 1100 
—, urea-phenol-aldehvde resin, 676 
urea resins. 665, 644, 646. 686 
, vinyl acetate, 1067 
—, waterproof, wood veneering, 690 
—, water-sensitive, use of synthetic-nibbcr coat¬ 
ing compositions with, 200 
Adhesive sheets, use of resins, 1744 
Adhesive strength of methylnibber, 178 
Adipic add, condensation with 1, 3-butylene glycol, 
898 

—.glycerol, 604, 891 
—, — polyhydroxy acids, 910 
—, — triethanolamine, 892 

—, didiloride, condensation with ethylene glycol, 

892 

—, preparation, 891, 1141 
—, reaction with trimethvlene glvrol, 999 
-. use in alkyd rSiSins, 883, 908. 915, 936. 963 
Adipic anhydride, polymeric form, 996 
Adipic dismide, reaction with formaldehyde, 685 
Adipki 1. t'-diglycerlde, reaction, with dimethylo- 
lilrea, 668 


Adipic esters, modifiers, phenol-aldeliyde rcbinis, 

433 

—, plastidsers, celluloid, etc., 891 
Adsorbent earth, reains removed by, 227 
—, cracked gasoline polymerised by, 226 
Adsorption of liquids, by varnish films. 20 
Adsorption, purification of resins bv. 336 
Adsorptive power of alkyd resins, 868 
Agar-agar, modifier, urea-aldehyde resins, 683 
Agate point scratch test, 1361 
A^lutinants, acetaldehyde resins as, 496 
—. from phenol-aldehyde resins, 849 
Aggregation of silk jelly. 69 
Aging of chloroprene rubber, 168 

— driSrs, 786 

Agitation, during cumarone polymeiisation, 109, 110, 
111, 114 

—, during ouprene-formation. 146 
—, during rubber-chlorination, 1110 
Air, absorption of, by divinylacetylenc, 162 
—, action on acetylene polymers, 143 
—, — indene, 98, 101 
— xylenols, 270 
—, discoloration by, 831 
, dissolution in polystyrene, 237 
—, efiect of, on bensaldehyde-phenol resin, 278 

- , on phenol-ald^yde resins, 336 
~, —, on polycyclopentadiene, 188 

~, on polymerisation of butadiene derivatives, 
171, 199 

—, —, on polymerisation of vinylethinyl carbinols, 
151 

—, —, on preparation of polystsrrene, 239 

—, —, on rubber, 1109 

—, filtration m resin manufacture, 608 

—, purification of urea with, 667 

Air-blowing, of linseed oil, 1227 

Air-drymg coatings, from reeistols, 444 

Air-diying varnishes, time of drying, 1364 

Air-oxidation of phenol, catalysts for, 271 

Airplane coatings, from synthetic resins, 1878 

Airplane propellors, from laminated duck, 474 

Airplane wings, coatings for, 199, 448, 968, 1128 

Akuammine perchlorate, resinification, 745 

Alanine from lilk hydrolysis, 69 

/9-Alanine methyl ester, polymerization of, 1000 

Alban, 1091 

Albertite, nitration, 729 

"Albertol number” of tung oil, 401 

Albertol resins, color test, 1263 

—, method of incorporating with varnishes. 820 

—, modifiers, for phenol-aldehyde resins, 397 

—, preparation, 402 , 412 

—, solvents for, 40’ 

—, use in primers. 818 
—, use of aluminum salt of, 402 
—, with ester gum in varnishes, 820 
Albumm, effect of tanning agents on, 200 
—, flocculants for methylolureas, 696 
—, incorporation with urea resins, 645 
—, modifier, dicyanodiamideformaldehyde resins, 
680 

—, —, phenol-formaldehyde resins, 414, 416. 416 
—, —, urea-phenol-aldehyde resins, 676 
—, reaction with ethylene oxide. 9M 
—, removal of, from rubber, 1096 
—, use in chloroprene-rubber latex, 167 
—, — in isoprmie polymer, 200 
—, — with rubber-modified phenol-aldehyde reains, 
486 

Albumin-formaldehvde waste, modifier, phenol- 
formaldehyde resins, 417 
Albuminoid, artificial, urea resin as, 587 
Albuminoids, precipitation with phenol rasin, 4^6 
Albuminous material, incorporation with amine- 
aldehyde resins, 700 

Albuminous sub.stances, emulsifying agents, for 
styrene emulsions, 246 

\Ii'oholainines, condensation with pbthalic an¬ 
hydride, 904 

Alcoholates, catalytic formation of, 496 

reaction with alcohol-modified urea-aldehyde 
resins, W, 6W 
—, — vinyl halidii, 1008 
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Aldehydes 


Alooholfttion of aoetyleno, 405 * 

— of biuret, 571 

Alcoholic ammonia, reaction with o-nttrociima- 
iupiiyiglycoyt nitrile, 736 
Alcoholie potsah, action on acetal. 495 
-, — methyl•m<nitrobcnsyimalonate. 726 
Alcoholic purification of roein. 765, 766 
Alcohol-modified TeglHce, prepsiatioii of, 014, 015 
Alcohold, ammonia-formaldehyde reaction in, 4^ 
—, controlling agmit, for phenol-aldehyde ream, 
329 

—, cooling agent, 344 
—, dehydration of, 354 
—, diluent, creeol-acetaldehyde reaction. 880 
—, resorcinol-benaaldehyde reaction, 378 
—, effect on alkyd resins, 881 
-, — flow, urea resins, 620 
—, — solubility of urea resins, 630 

— thiourea resin film, 634 
—, electropyrolyais of, 162 

—, esterification with poly hydroxy acids, 911 
—, higher, use, emulsification of 1,3-dienes, 180 
—, hydroxybensyl, separation of, 281 
—, in punfioation of rosin, 766-768 
—, modifier, dihydroxybensophenone-aldehyde res¬ 
ins, 374 

—, monohydric, oxidation of phenols in, 271 
—, plasticiser for phenol-aldehyde resin, 285 
—, reaction with acrylic acid chloride, 1074 

— ffiycerides and phenol-ald^yde reeins, 428 
—, — phenyl vinyl ketone, 557 

—, — polyvinyl chloroacetate, 1034 

—, -ni* thiourea. 663, 664 

—, — urea 663, 664, 665, 666 

—, — vmylacetylene, 149 

-, resins from, 1007 

—, retarding effect, condensations, 593 

—, solvent, acetaldehyde-phenol resin, 283 

—, —, acetaldehyde-reeorcmol resinifioation, 278 

—, —, alkyd reeins, 966, 974 

—, —, amine-aldehyde resins, 701 

—, —, bensaldehyde-phenol resms, 278, 364 

—, —, casein, 415 

—, —, chloroprene, 159 

4,4'-dinydroxydiphenyldihydrorubber, 1114 
—, —, divinylacetylene pobuners. 152 
—. —, formaldehyde-aryloxyaliphatic add resins. 
375 

——, furfural-aniline resin, 588 
“» —» furfural-p-toluenesulphonamide resin, 535 
—, —, isobucoinio acid-resorcinol resin, 1255 
—, modified cumarone reeins. 119 
—, modified dicyanodiamide-formaldehyde reein. 

580 ^ . 

—, —, modified phenol-aldehyde resine, 441 
—, , a-naphthol-formald^yde resin, 284 

—, —. parafdehyds-cresol resin, 364 
, petroleum reeine, 202 

—,phenol-furfural redn, 520, 526, 527, 535, 519, 
530, 538 

—, phenol reeins, 406, 443, 456 

polyvinyl acetate, 1085 
—, salicylic acid-formaldehyde resin, 374 

—, —, urea-furfural resin, 670 

urea-phenol-aldehyde resin, 676 * 

—, —, urea resin, 635, m, 637, 544, 648, 665 
——, wood tar denvatives, 752 
—* —. xylwiol-formaldehyde reein, 570 
—, Bourcee, 754, 994, 1008 
—, tertiary, reactions with ketene, 554 
unsaturated ethers from, lOll 
—, urea-formaldehyde condsneation in, 635 
—^ purification of pbenol-ald^yde reeine, 

—. — purifying cumarone reeine. 118 
—, — urea-furfurgi reaction. 669 
Alcohol-soluble ro^s, 1188, 1181 
Alwhol-urea reeins, r^ion with metals, 664 
Aldasmes. thermal decomposition, 785 
AJdehydase. yeast ensyme, 494 
AM^df-acids, polymerisation of, 606 
Alathy^-amine condensation, factors. 691 
Alwyds-amiiie issins. incorporation with phenol- 
nldeiiyds rssiiia. Tit 
—» css siss amine-aldehyde reeins. 


Aldehyde-ammonia, hardening agent, 481. 702, 1280 
—, reaction with pyrogallio acid, 278 
—, — thiourea, 646 
—, vulcanisation accelerator, 196 
Aldehyde-ammonia-urea resins, 684 
Aldehyde-bisulphite, condensation with amines, 
707 

—, iiatdening agent, acetaldehyde-phenol resms, 
381 

Aldehyde-creosote resins, m sound records, 363 
Aldehyde-dihydroxy-bensophenone reeins, 373, 374 
Aldehyde hydrasones, reactions with acetoaceuc 
ester, 785 

Aldehyde-phenol reaction, use of tar-oU diluents, 
362 

Aldehyde-phenol resins, adherence to mica, 9S3 
—, identification, 1257 
—, see aUo Phenol-alddaiyde reeins. 
Aldehyde-phloroglucmol condensations, 761 
Aldehyde-polysuTphide reeins, 1181, 1182 
Aldehyde-polythionate, condensation with urea, 
1183 


Aldehyde resm, 492, 495 
—, fiom glycerol, 9M 
—, incorporation with vinyl reeins, 1032 
—, pyrolysis of, 1068 
Aldehydes, action on tars, 374 
—, action on wood, 749 
—, anhydrouSp use of, 316, 326, 327 
—, as hardening agents, 750 
—, by oxidation of gasoline, 233, 223 
—, by oxidation of petroleum hydrocarbons, 671 
catalytic polymensation of, 496 
, chlorinated, reaction with phenols, 421 
—, condensation with alkylcaroasolee, 744 
—, — amides, 689, 703 
—, — aminophenols, 689 
—, — o-aminothiophenols, 398 
—, — ammonium dithiocarbamates. 705 
—, — aniline-2,4,0-tnsulphonamide, 715 
—, — aromatic sulphonamides, 715 
—, — bensothiasolee, 302 
—, — diarylaminee, 709 
—, — dihydroxybeniophenone, 873, 374 
—, — eaters of aromatic hydroxyoarboxylic acids. 
374 

—, — hydrogenated naphthalenes, 365 
—, — imidee, 703 
—, — ketones, 5W, 546, 559 
—, — lignin, 748 
—, — mtro compounds, 726 

—— phenols and aromatic carboxylic acids, 376 
—— pyrrofe derivatives, 741 
, — sulphite liquor, 754 

tar acids, 361, 362, 363. 364 
—, — thiophospbor>d amide, 1241 
—, — urea, 571-576 
—, cyanohydrins from, 497 
—, from gum, 124, 225 
—, from petroleum, reaction with urea, 671 
—, neeous, reaction with phenole, 182 
—bard«iing agents for aniline resins, 698 
—, m pyroligneous acid, 751 
—, mixed, complex resins with, 714 

, in phenol-aldehyde condensation, 368 
—, oxidation of petroleum, 208 
—, polymensation of, 20, 505 
—, polymerised, from gum, 325 
, reaction with aminophenols, 310 
—, — aryl thioureas, 058 
—, — cashew-shell oil, 377. 1231 
—, — coal-tar fraction. 120 
—, — diketotetrahydrothiasolee. 575 
—, — halogmted phenols. 421 
—, — metallie phenolates. 438 

— monochlorourea, 574 

—, — pbenol-urea-ketone resins, 075 
—, — polyh 3 rdrie alcohols. 1002 

— polyhydroxy rubber compoai>ds, 1093 

— polyvinyl compounds. 1029. 1060-1056 
—, — rubber, 486 

—. — sodium vifiylaoetylide, 150, 151 
—, — sulidmaated phenol-fat mixturee, 421 
—, — sulj^itted phenols, effect of urea deriva¬ 
tives. ITT 
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Aldehydes, reaction with mea^ulcohol comlenHation 
products, 065 

—, — urea and gum accioides, 676 
—, — vinyl compounds, 1064, 1065 
—, resinified by alkali, 20S 
sensitivity to alkalies, 497 
—, solvents, polyvinyl esters, 1025 
unsaturat^ ethers from, 1010 
—, unsaturated, reaction with phenols, 391, 392 
—.use of, polymerisation of 1,8-dienes. 183 
—, —, preparation of abradants, 987 
Aldehyde-sulphonamide resins, identification, 1258 
Aldehyde-sulphur resins. 1179 
Aldehyde-tar acid resins. 361-364 
Aldehyde-thiosulphate, condensation with urea, 
1183 

Aldehydic base resins, with tars, 274 
Aldehydio resin, from rubber, 10^ 
Aldehydo-carboxylic acids, condensation, with 
phenols, 875, 894 

o-Aldehydophenoxyacetic acid, cumarone from, 93 
m-Ald^ydophenyl carbonute. nitration, tars fioui, 
725 

3- and 5-Aldehydosalicylic acids, 309 
Aldol, condensation with acetone, 549 
—condensation with amines. 700, 705, 708, 709 
—, condensation with diphenylgiianidine, 703 
—, orotonaldehyde from, 500 
—. formation of, 178, 4^ 

—, polsrroerisation of, 498, 499 

—, reaction with casein and phenol, 417 

—, — dimethyldihydroresorcinol, 497 

—, — phenols, 892 

—, — polyvinyl alcohol, 1061 

—— urea, 672 

—, use of, 398 

Aldolization, 489, 497 

Aldol-a>naphthylamine, 708, 1099 

Aldol resin, 490. 492 

Aldol-rosin condensation, 776 

Aldol-urea resins, 684 

Aldoses, condensation with urea, 710 

—, condensation with aromatic amines. 710 

—, reaction with hydroxybensyl alcohol, 760 

Aletmtic acid, formula of, lOM 

—, from lac resin, 1005 

—, substitutes for, 1006 

Aleuritinic acid, reaction, with polyvinyl alcohol, 
1057 


Algm, with urea resin, 631 
Alginates, acetate preparation, 1854 
—, incorporation with urea-formaldehyde ie«in, 
931 

—, modifier, urea-aldehyde resins, 685 
—, nitrate, preparation, 1254 
Alginie acid-paraffin resin, preparation. 1254 
Aliphatic acids, effect on brittleness, alkyd resins, 

m 

Aliphatic alcohols, rosin esterification with. 798 
Aliphatic chloroethers, resin esters with, 797, 814 
Aliphatic hydroxyl groups in phenolformaldehyde 
resins, 310 

Alkalies, action on chlorinated gutta-percha, 1128 
—, action on chlorinated rubber, 1117, 1119, 1121 
—, action on cotton, 750 
—, action on hydroxybensyl alcohol, 298 
—, action on isoprene sulphone, 172 
—^ action on phenol-aldehyde resin, 1126 
—, action on sulphone from cyclohexene, 167 
—, cmt^sts, adolisation of acetaldehyde, 489 
—, —, CAnnissaro reaction. 489 

condensation of n-butylene acetone, 550 
condensation of cyclohexylklene-oyclohexa- 
none and terephthalalddhyde, 560 
—, —, condensation of dil^nsylideneacetone, 562 
—, —, condensation of O-pseudoeumylacetone, 555 
—, —, m-hvdroxytoluic acid-formaldehyde conden¬ 
sation, 874 

—, —, in polymeriiation of ethylene oxide. 990 
—, phenol-aldehyde renettom 861-869, 376, 377 
, phenol-ketone reaction, 889 
polymeriaationf, aatthyioiiiroMi 181 
—, —, po^^vinvl-aleohol aUcvlatloo, 1660 
In thio p b en ol*a*d«iiyde metlon, Vf 
--r, —, urethan-formaldehyde reaction, 688 


Alkalies, caustic, devulcanising rubber, 1115 
—, —, in isoprene polymerisation, 178 
—, condensing a<ent, cyolohexylidene-cyclohexH- 
none, 558 

—, effect on chloroprene rubber, 157, 150 
—, — phenol-aldehyde resins, 865 
—, — vinylacetylene polymer, 150 
—, hardening of acid-tar resins with, 121 
—, in dehalogenation, 1158 
—, reaction with acetal, 495 
—, resistance of cumarone resin to, 125 
—, resistance of Qlyptal lacquers to, 955 
—, separation of acid from sludge by, 229 
—, solvents, benzaldehyde-cresol resin, 364 
—, —, isosuccinic-resorcinol resin, 1255 
—, —, phenol-aromatic acid-ald^yde resins, 376 
—, —, salicylic acid-formaldehyde resin, 374 
Alxali hydroxides, catalysts, phenol-aldehyde 
condensation, 842, 368 

—, catalysts, polymerisation of styrene, 242, 243 
catalysts, vinyl-acetate hydrolysis, 1057 
—, resin puiification with, 836, 387 
Alkali metal alcoholate, use of in mono- and di- 
glycerido production, 928 

Alkali metal alkyls, catalysts, in butadiene poly- 
mensatiun, 176 

Alkali metals, as trigger catalysts, 49 
—, catalysts, in polymerization of 1,3-dienes, 178, 
179, 184, 189, 198 

Alkali metal salts, coagulation of synthetic rubber 
latices, 181 

Alkaline catalyst, phenol-aldehyde resin, 238, 364, 
445, 446 

Alkaline condensing agents, for phenol-aldehyde 
resins, 289, 320, 348 
—, for urea resins, 579, 615, 616, 641 
Alkaline-earth hydroxides, resm purification with, 
336, 337 

Alkaline-earth oxides, polymei ization of castor oil 
with. 1223 

—, stabilizers, vinyl resins. 1048 
Alkaline polysulphides, reaction with 4'-benz£neazo- 
2,4-dimtrodiphenylamine, 1195 
Alkalme reagents, treatment of dimethylohirea 
with, 638 

Alkaline solutions, of phenolic resins, 319 
—, reaction with acrylic acid polymers, 1075 
Alkali phenolates, reaction of hexamethylenetetra¬ 
mine with, 362 

—, leaction with formaldehyde, 338, 362 
—, — polyvinyl chloroacetate, 1034 
Alkali polyacrylates, color lakes with, 1072 
Alkali polysulphides, modifiers, urea-nldelivde 
resins, 683 

, reaction with formaldehyde, 1181 
—, reaction with tall oil, 1172 
Alkali-resistance, copal ester coatings, 819 
—, phenolphthalein resins, 1252 
Alkali-resistant xmpregnant, phenol-sulphur re'<in 
as, 1191 

Alkali-resistant paints, chlorinated rubber in, 11 
Alkali sensitivity of alkyd resins, decreasing of, 
924 

Alkali sludge, naphthenic acids from, 205, 206 
Alkali so^s. effect on translucent resin, 467 
Alkali solutions, polymerisation of formaldehyde 
in, 342, 343 

Alkali sulphides, catalysts, phenol-alcohol resins, 


—. reaction with olefin diohlorides, 1160 
Alkalit, 1252 

Alkali xanthates, modifiers, urea-aldehyde resins, 
688 

Alkaloids, resins from, 744 
Ajkoxybenzenes, condsnsatiaQ with butadiene, 194 
Alkyd resins, acid-proof coatings, 964 
action of sulphur chloride on, 1206 
—, adhesive for goM leaf, 912 
, adsorptive powers of, 868 
—arc-resistant mate^Is, 986 
artificial leathar, 965, 985 
art fiefaa lilk <i»m. ill 
—• ***• 

bddnt. aw. »», MO 
—, binder for abnuiutt, OH, OOT 
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Alkyd lesintt, binder for Bubeeloti cloth, 087 
binder for mica, 1274 
—, binder for multiple coatinge, 976 
—, bonding agent for cellophane shecU, 077 
—, brake lining, 087 
/9-8tage. 960, 964 

caetor oil-modied, properties of, 965, 068 
catalysts, hardening, 960 

phenol-formaldehyde reaction, 860, 351 
celluloid substitutes, 874 
cements, 916, 917, 989 
—, changes during hardening, 980 
—, classification of, 868, 875, 974 
—, coatings for candles, 966 
—, — cellophane; 966, 077 
—, — composition tiles, 088 

— paper, 945, 969 
—, — tin cans, 962, 077 
—, — wire, 966 

—, — works of art. 950 
—, cold-moldmg of, 981 
“, colloidal behavior of, 860 
—, color, effect of furfural, 882 
—, —, neutralisation. 891 
—, color-retention of, 976 
—, combination with polyvmyl chloride, 1044 
—, comparison of electrical resistances and esterifi¬ 
cation in, 867, 868 
—, comparison with shellac, 905 
—, compatibility with nitrocellulose, 883, 898 
C-stage, 961 
—, curing time, 878 
—, decreasing alkali sensitivity of, 924 
~, defects of, 934 

—, dehydration catalysts for hardening of, 081 
—, dentures from, 088 
—, dielectric strength, 877 
—drying, with nitrocellulose, 972 
, —. solvents for, 974 
—, durability of, 10, 877, 957, 968, 959. 966 
, edible, 888 

—, effect in linseed oil paints, 969 
~, — nitrocellulose lacquers. 066 
—, effect of water, 877, 1376 
—, electrical insulation, 917 
—, electrical properties, 882, 894 
—, emulsions of, 946-040, 064 
—, exposure testa on, 957, 969 
—, floor covering from, 9^, 983, 086 
—, foundry cores, 987 
—, frosting of, prevented, 930 
—, fusible type, 69 
gaskets, 874, 986 
glaxe for walls and tiles, 950 
—, grinding wheels, 986 
—, groundcoats for lacquer, 069 
ground-joint lubricant, 891 
halogenated acids in, 884 
—hardening temperature, effect of acids, 880 
—, heat-resistance of, 964 
—, in chewing-giun. 888, 943 
—, incorporation of cumarone resin into, 943 
—, — casein into, 943, 944 

— metallic soaps, 881 

—, phenolic resins into, 430, 934, 936, 943 
—, * rubber into, 892, 900, 943 
—, — shellac into, 902, 943 

—, incorporation with urea resins, 646 , 661, . 662, 
663 

—, — vinyl resins, 943, 1060 
—, influence of castor oil on properties Si, 968 
influence of phenol-formaldehyde on, 864 
—. influence on adhesion of lacquers, 969 
—, influence on curing of rubber, 986 
—, infusible type, 69 
—, in mastics, 978 

laminated glass, 892, 893, 963, 989 
laminated products from, 949, 987 
leather impregnants. 924 
—. light-transmission charaoteriatir of. 9.57 
low acid number with sine oxide, 977 
—, low-temperature curing of, 980 
machining of, 873 
metalUo salts of, 946, 946, 949 
—, method of molding, 981 


Alkyd 

Alkyd reHiiiK, mellKxU of icclucuig ucid number, 981 
—, mica sheets, 982, 983. 

—, milling of, 873 
-, misoibilitv of, 942, 943 
—, mixed type, 873, M7, 902 , 930 
—, modification with synthetic resins, 876, 034-944 
modified, compatability with mtroeellulose, 935, 
937, 938, ^9, 942. 943 

*-, “, solubility m petroleum hydrocarbons, 034, 
936 

-, use of rosin in, 876, 936, 936, 937, 938, 940 
—, —, with drying oils and drying oil acids, 918- 
033 

—, —, with natural resins, 905-917 
—, —, with non-drying oils and acids, 906-917 
—, modifiers, for urea-aldehyde resins, 661, 662, 663 
—, —, phenol-aldehyde resms, 428, 430 
—, —, phenol-resin varnishes, 446 
moisture-permeability of, 959 
—, molding of, 873 

—, moldmg compositions from, 907, 016, 027, 928, 
944, 980, 081, 988 
—, nature of (Elation of, 868 
—, neutralisation of, 913, 914, 916, 946 
—, non-breakable watch glasses from, 988 
—, offset rolls, 989 
—, oxidation inhibitors for, 976 
—, oxidation of, 911, 914, 972 
, parchment-like paper with, 989 
—, phonograph needles, 988 
—, photographic films from, 988 
—, phthalide-plasticized, 439, 942 
plasticizers, 618, 660, 897 
—, —, chlorinated rubber, 966 
—, —, nitrocellulose, 874, 892, 901, 908, 964, 966, 
080 

—, —, urea resin, 941 
—, —, vinyl halide reems, 1042, 1063 
—, polar orientation m, M8 
—, primary valence forces in, 869 
—, primer coatmgs of, 969, 960, 966, 969, 976 
—, punting inks, 962, 979 
—, leaction with carbonate pigments, 973 
—, reduction of ultraviolet transparency of, 960, 
951 

—, retarders, 881 

—, refrigerator linings from, 964 
—, resistance to water, 906 
—, rods from, 878 
—, rubber accelerators, 892 
—, rubber coatings, 911, 924 
—, rust-preventing pamts, 976 
salts of, 945, 946. 949 
—, sanding sealer, 970 
—, sandpi^r, 986, 987 
-, saponification, 876, 877. 946 
—, scorch-retarders for rubber, 986 
—, secondary valmce forces in, 869 
—, sheets from, 873 
—, sol-gel transformation in, 869 
—, sound records from, 988, 1336 
—, spinning-noBsles from, 988 
solvents for. 879, 880, 966, 964 
—, stages of resmification, 877 
—, stencil sheets, 962 
—, synthetic fibers from, 89, 90 
—, three-dimensional pattern in, 864 
—, types of molds, 878 
—, undercoats for lacquers, 976 
—, use of accelerators in, 911 
—, — acetic acid in hardening of, 946 
—, — adipic acid in, 986 , 

— alummum chloride Ui, 917 
—, — amines in, 918, 914 

— amino adds in, 882, 944 
—, •— beeswax in, 936 

—, ~ beasidine in, 921 

— bensoio add in. 986, 938. M2 

—, — bensofiheiione dicarboxylic acids in, 916, 924, 
926, 930 

— bensyl alcohol in, 936 

-**, — blown drying oils in, 932 
—, — b^ied l in ss e d oil in. 927 
—, — boron fluoride in, 917 
—, — butyric add in, 996 
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Al|cyd resins, use of calcium glycetate in, 929 
—, — camphoric acid in, 986 
—, —• carbon dioxide in production of, 929 
—, — casein m, 944, 946, 949, DM 

~ castor oil in, 927, 931, 982, 985, 986, 939, 968 

— cetyl alcohol m, 915 

—, — chlorinated biphen^ in, 943, 944 
—, cinnamic acid in, ^ 

—, — citric acid in, • 985, 986 
Congo resin in, 916, 931 

— cottonseed oil acids in, 914 

— cresol-formaldehyde in, 936 
—, — cyclohexanol in, 916, 9M 

—, — di-chloro-di-phenyl propane in, 936 
—, — diglycolic anhydride in. 929 
_ diphenyl amine in, 922 

— drying oil fatty acids in, 921-925 

drying oil monoglycerides in. 928, 926, 930 
—, — drying oils in, 925, 9M-987 

— eleostearic acid in, 919, 922, 923, 924 , 931, 
949 

—, — eniyme-hydrolyzed oil acids, 980 
, — ethylene glvcol in, 981 
—, — formaldehyde in, 935, 936 

— gelatin in. 944, 954 
—, — glue in,. 943 

—— glycols in, 924, 981 

— guiacol-formaldehyde in, 936 
—, — o-hydroxybiphenyl in, 630 

— isophthalio acid in, 925 

— kaolin iuj 949 
kauri resin in, 914 

—, — ketenes in. 944 
—, ■— lactic acid in, 936 

— lead oxide in. 921, 922 

—. — linoleio acid in. 918, 919, 921-925, 927, 630- 
982, 949 

—, — linseed oil acids in, 918, 919, 622-925, 927, 
980-982, 985, 986 

—, — linseed oil in, 926-931. 935, 936 

— maldo acid in, 925, 932. 949 
—, — malic acid in, 949 

-V, — maunite in, 986 
—, •— mellistie palmitate in, 936 

— menhaden oil in, 926 

— methyl cellulose in, 954 

—, — ipethyl cyclohexanol in, 916, 936 
—, — mcMaolinofetn in production of. 929 

— naphthol-aldehyde condensations in, 936 
—, —• natural resins In. 911, 981, 932, 933 

—f — nitrophthalio acid in. 954 
non-drying oils in, 987 

— 9,ll<^octisdeeadione-l-acid in, 927 
—, — oil-soluble phenols in, 930 

— oleio acid in. 927, 986 

—, — oxidised drsring oil acids in, 923 , 924 
—, — pentaerythritof in, 924. 931. 949 
—, — phenol-formaldehyde resins in, 934-938 
—, — phenols in, 986 

— phthalid in, 941 

—, — polsnnerised butadiene in, 942 

polymerised terpene resins in, 910 
—, — pressure in preparation of, 926 
~, — propyl iodide in, 950 
—, — prot^ in, 944 
—, — qu^radhitol in, 924 
—, ricinoleio acid in. 986 
—rosin in, 981, 982, 988 

— ro6in ester in, 915 

— rubber in, 486. 942, 948, 947, 948 
—, — rubber latex in. 948 

—, — rubberseed oil in. 925 
—, — s^ade add in, 9M, 987, 941 

— shdiao in, 916, 917 

—, — sodium hydroxide in production of, 980 
—, — eorbitot In, 924 
—, — eoya bean oil adds in, 921 
spennaeetl wax in, 915 

—, sucNdnie add in, 924, 981, 985, 986, 941 

—, — sulphur in, 911, 984, 929 ' 

—, ^ suli^ur ehknide in, 924, |I9 

- *** 

—, UB eniOfKst In, si7 


Alkyd resins, use of p-toluidine in, 014 
—, — tung oU in, 925, 926. 929. 931, 932, 935, 936 
—, — tung oil acids in, 919, 922, 023, 924, 980 
—, — urea in, 914 
—, — vinyl resin in, 942 
—, — walnut oil adds in, 921 
, — wax acids in, 911 
—, — sine oxide in, 917 
—, — sine resmate in, 932 
—, varnish from, 886, 888 
—vulcanization of, 1206 
—, water removal, by inert liquid, 877 
—, wine-enamel from, 977 
—, with cellulose acetate, 066 
—, with phenol resms, 476, 486 
with rubber latex, 985 
—, wrinkled finish from, 979 
—. x-ray examination of, 84-87, 872 
Alkydal resins. 955, 956, 057, 972 
—. properties of, 956 
Alkylated phenols, preparation, 410 
—. resin preparation with, 411 
Alkylated phenol resins, lacquer from, 411, 412 
Alkylated syntans, preparation, 421 
Alkylation, hydrocarbon-halide resins, 1137 
—, naphthalene, 194 
Alkyl /3-bromoethyl ether, 1008 
Alkylcarbazolee, 744 

Alkyl celluloses, films with phenolic resins, 484 
—, modifier, urea-aldehyde resms. 685 
—, plasticizers, synthetic resins, 1244 
Alkylene diamines, condensation with naphthols, 
732 

Alkylene oxides, action on wood, 750 
, cyanohydrins from, 497 
—. esterification of colophony with, 767, 823 
polymerization of, 992-993 
—, reaction with albumin, 993 

— alcohol-modified urea-aldehyde resins, 665 
—, — polyvinyl alcohol, 1060, 1067 
Alkylene oxide polymers, as plasticisers, 993 
—, softening agents, phenol-aldehyde resins, 441 
Alkvl esters of rosin, 797, 798 
Alkvlfurylearbinols, resins from. 520 
Alkyl groups, in coal-tar phenols, 361 
Alkyl halide reeins, 1137 
All^I halides, alkylation of phenols with. 411 
Alkylidenedianilines, rubber accelerators from, 707 
Alkylidene phthalides, structure of, 941 
Alkyl lactate, thiourea-formaldehyde oondensa- 
tiofi with, 633 

Alkyli metallic phthalic acids, 950 
Alkyl^lamines, in vinyl resin manufacture. 103,3 
Alkyl oxalates, condensation with glycerol, 885 
Alkyl polysulpbides. 1170 
a-Alk^lpyridines, m 

Alkyl salicylate-formaldehyde reaction, catalysis 
for, 374 

Alkyl gilieates, paints from, 1235, 1236 
Alkyl kulphates, catalysts, 479 
—, reason with rosin, 798 
AllenemraOMrboxytio ester, 1242 , 

AIIo6oimene, structure of, 844 
Allophxnio esters, 664 

Alloy steels, use in making molds, 1297, 1303 
Allyl aolylate, polymerisation of, 1073 
Ally] alpohol, condensation with o-cresol, 394 
—, oxidation of. 1070 

reaction wito phenols, 393, 394 
Alkyl afoobol-eresol resin, 484 
Allylaniline, reeins from', 788 
Allyl bensenesulphonate, decomposition of, 1206 
Allyl bromide, reaction with hydroxybenzyl alco¬ 
hols, 1044 

Allyl einnamalacetste, polymerisation of, 1083 

Allyl einnamatet resin from, 1082, 1083 

Allyl esters, condensation with phenols, 394 

Allyl ethers, TM 

Allyl hsiides, ethers from, 1008 

Allyl iodide, reaction with eodium acetylide, 162 

Allyiroethylketene, preparation, 552 

Alternating polarity, chains of polymers. 41 

HeMtearie acid^malsSe anhydride derivatives. 
858, 859 
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Aluni, Klior, eugenol-formaldehyde resin, $75 
ingredient in fiberboard, 120ft 
—, precipitation of phenol resins with. 387 
—, use ill preparation of butadiene, 178 
Alumina, alkyd resin as bonding agent for, 986 
catalyst, condausation of eyolohexanone, ft67 
*-*, —, polymerisation of formaldehyde, 394 
—, —preparation, vinyl chloride, 103ft 
—, —, reaction of acetylene and aniline, 703 
—, —, reaction of ammonia and ald^ydes, 686 
——» styrene from phenylmethylcarbinol, 2ftft 
—, reac.tion with chloropropionyl chloride, 1074 
Aluminum, action on bensyl chloride, 1131 
catalyst, air-oxidation of phenol, 271 
—, —, eracJcing rosin, 779 
—, —, dechlorination, 220 
—, —, esterification of copal, 809 

—, formation of oily polymers from 1,3- 
dienes, 18ft 

—, —, oxidation of tar oils, 273 
—, preparation of varnish, 819 
—, —, rosin esterification, 79ft, 801, 802 
—, coating for molded articles. 484 
—, (bating with phenol-formaldehyde resm, 449 
—, effect on darkening of aldehyde-tai-acid 
varnishes, 362 

—, in acid-resisting surfaces, 1162 
~, phenolic resin coatings for, 1367 
—, reaction with cashew-shell oil, 1230 
—, use of, esterification apparatiu, 811-813 
Aluminum amalgam, catalyst, reaction of sulphur 
chloride with hydrocarbons, 1200 
Aluminum sec.-amylbensoyl-o-bensoie acid salt, 
preparation of, 9U 

Aluminum bromide, action on bensene, 1141 
—, action on turpentine, 781 
Aluminum caseinate-furfural resin, ftS8 
Alummum chloride, action on bensyl chloride, 1129 
—, action on cracked gasoline, 231 
—, action on cumarone. Oft 

action on heptanaphthene, 21ft 
—, action on indene, 102 
—, action on petroleum asphalt, 274 
—, action on petroleum tar, 21S 
—, action on rubber, 1100 
—, action on turpentine, 781 
—, addition to boron-trifluoride catalyst, 166 
—, catalyst, acetylene-tar oil hydrocarbon reac¬ 
tion, 27ft 

—, —, aldehyde-amine condensations, 706 
—, —, aldehyde-dihydroxybensophenone condonsn- 
tion. 373 

—, —, alkylation of naphthalene, 194 
—, —, Alkylation of phenol-aldehyde resins, 421 
—, Butocondensation of anthracene, 266 
—, bensal chloride. 1134 
—, —, bensene-aldehyde reaction, 495 
“, bensene-ethylene dihalides condensation, 266 

—, —, bensotrichloride resins, 1186 
—, —, butylbenxene-ethylene dihalides condensa¬ 
tion, 266 

—, —, carbasole-olefin condensation, 19ft 
—, —, chlorination of rubber, 1100 
—, —, chlorohydrin-phenol reactions, 1138 
—, —, co-polymerisation of diolefins with mono¬ 
lefins, 189, 190, 191, 192 
—, —, condensation of chloronaphthalenes, 266 
ketene and anisole, 554 
— olefins and carbasole, 744 
—, —, —, phenol and vinyl esters, 1031 
, — vinyl chloride and phenols, 1044 
, cumarone polymerisation, 107, 109, 113-115 
—, ovciohexane-oiefin condensation, 194 
, diolfin-aromatio hydrocarbon condensation; 
193, 194 

ethylbensene-ethylene dihalides condensa¬ 
tion, 266 

, furfural-phenol condensation, 527 
—, hydrocarbon-halide reactions. 1189, 1141 
, hvdrogenation of naphthalene. 268 
olefins and acstyl chlofidt, 846 
, —, bleAn-oil-reflining residue condensation, 19ft 
, phenol-acrolein reaction, 391 
—, phenol*foimaldahyde reaction, 836 


Aluminum chloride, catal>st, phenol-lignin con¬ 
densation, 747 

—, polymerisation of cracked-gasoline, 191, 
192 

> polymerisation of 1,3-dienes, 17ft, 133, 18ft, 
199 

—» —» polymerisation of dimeric 2,3-dunethyl- 
butadienc, 172 

—, —, polymerisation of diolefins with glyceride 
oils, 1228 

—, —, polymerisation of olefins, 166, 222, 22ft, 228 
—* polymerisation of phenylaoetylene, 162 
—, —, polymerisation of vinyl ethers, 1011 
—, —, preparation of polyvinyl acetals, 1060 
—, —, reaction of acetylene with bensene, 101 
—reaction of acetylene and hydrogen chloride, 

—, —, reaction of bensene with polyanhydrides, 998 
~, —, reaction of bensene with sulphur, 1201 
—I —» reaction, benSene with vinyl chloride, 104ft 
, reaction of bensyl chloride on phenol. 2sft 
—, —, leaciion of hydrogen chloride with cyclo- 
hexena, 167 

reaction of sulphur chloride with hydro¬ 
carbons, 1200 

—, —, rosin esterification, 790 

, nibber-bensyi chloride reaction, 1133 
—• —, styrana from aoetylena, 256 
—, —, Btyrmo polimaensatiou, 241 
—, thennal deromposition of rubber, 169 

—, chlorination of bensene with, 252 
condensing agent, 290 
—, dehydrati^ agent, 40ft 
—, effect on 1,4-oyciohexadiene, 180 
—, etharification of polyvinyl alcohol, 1067 
--, hardening agent, urea-thiourea reams, 657 
—. hardening catalyst, polyvinyl esters, 1020 
—, in phenol-naphthalene reactions, 1137 
—, m varnish, prevention of yellowing, 1378 
—, neutralising agents, 344 
polymerisatioii of olefins, 106 
poljoiunrising catalyst, ftO, 561 
—, precipitant, aspbrntencs, 205, 21ft 
reaction with tung oil, 1218 
—rosin halogenatad with, 804 
use in alkyd resins, 917 

Aluminum compounds, catalysts, for phenol-sul¬ 
phur resins, 1191 

—removal of, from coal-tar fractions, 861 
Alummum ethoxide, reaction of furfural and 
aoetald^yde, 519 

Aluminum halides, neiion on rubber, 1102 
Aluminum hydroxide, catalyst, acetaldol forma¬ 
tion, 408 

—, catalyst, crotonaldehyde formation. ftOO 
—, catalyst, phenol-forn^dehyde reaction, 345 
—catalyst, polymerisation of formaldeliyde, 394 
—, hardening agent for acetald^yde resin, 402 
—, resin purification with, 337 
Aluminum molds, for alks^ resins, 878 
—, for sulphur eastings, U66 
Alummum naphthenates, siccatives, 207 
Alummum oleate, 355 

Aluminum oxide, action on castor oil, 1223 
—, catalyst, ammonia-rosin reaction, 804 
——, dechlorination, 220 
—, —, dehydration of b«isvl alcohol. 146 
—» —r polymeriwition of ^ylene oxide, 901 
—, —. thennal decomposition of aoetopheuotic, 555 
—, filler, for phenol-aldehyde resin, 400 
—oxidation catalyst for fatty oils, 1225 
, resin purification with,. 337 
Alummum palmitate, in molding composition, 370 
lubricant, cold molding composition, 1288 
use, mold-lubricant. 1317, 1328 
—, oaa fo phenol-aldehyde composition, 38ft, 437 
Aluminum ]^wder, in cumarone resin varnishes, 128 
Aluminum resinate, catah^t, for oxidation of tall 
oil, 735 

in phenol restn, 838 

Aluminum licinolaate, solubility m transformer oil, 
787 

Aluminum saHa, entaWsts, condensation of acety¬ 
lene’ with organic substances, 161 
—, effect on urea-formaldehyde condensation, 611 
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Aluminum salts, neutralizmg agents, 344 
—, of Albertol resin, 402 
—, of alkyd resins, 946 

—, phenoUresin fabric impregnation with, 452 
precipitation of rosin by, 770 
—treatment of textiles, 640 
Aluminum silicate, 449, 1131 
Alummum soaps, flatting agents, 787 
gel formation in, 7M 
Aluminum stearate, flatting agent, 788, 946 
—, mcorporation with alkyd resins, 881 
*— vinyl resins, 1050 

—, modifier, phenol-aldehyde resins, 355, 424 
use, mold-lubricant, 1327, 1328 
—, use, urea-aldehyde resin, 6^ 

Aluminum sulphate, catalyst, polymerization of 
glycerol. 996 
—, mordant from, 1192 

Aluminum sulphide, catalyst, naphthalene sulphur 
chloride reaction, 1202 
~, reaction with ph^ol, 1193 
Alummum thiocyanate, effect on urea resin, 660 
Aluminum vessels, method of treatment with alkyd 
resin, 961 

—, preparation of phenol resins in. 468 
—, preparation of rosin esters in, 795 
Aluminum-zinc foil, catalyst, polymerization vinyl 
bromide, 1037 

Amber, imitation, from phenol-aldehyde resin, 
285, 287, 431 
—, substitutes, 591, 596 
—, tests for, 1256 

Amber-like substances, production of, 319, 320, 371 
Amberols, compatibility with chlororubber, 1119 
—, preparation. 402, 412 
—, varnishes, 401, 402, 973 
—, with cellulose esters, 445, 1149 
—, with tung oil, 401, 402 
—, x-ray studies of, 88 

American Society for Testing Materials, repoits 
on testing, 1340 
Amide of acrylic acid, 1069 
Amides, condensation of, 55 
—, condensation with aldehydes, 703, 689 
—, conversion of wax esters to, 815 
—, from urea, 570 

—, of stvrene-maleic anhydride. 244, 245 
—, reaction with sulphur dichloride, 1194 
p-Amidophenol, reaction with furfural, 525 
Amine-aldehyde resins, 435, 693-708 
Amine-formaldehyde resins, in tanning, 711 
Amine hydro-chlorides, catalysts, phenol-furfural 
condensation. 527 

—, catalysts, hardening of urea resins, 618 
Amine-phenol-formaldehyde resins, as rubber anti- 
agers, 377 

Amines, accelerators, polymerization of ketone- 
formaldehyde condensation products, 663 
—, action on napthenic acids, 208 
—, catalysts, formaldehyde polymerization. 512 
—, —, phenol-aldehyde reaction 420 
—, —, resinification of crotonaldehydc, 500 
condensation of. 55 . , , . 

—, condensation with aldehyde-bisulphite coiu- 
pounds. 707 

—, — henzaldehvde, 688 
—. *- lignin, 748 

—, — saccharides. 710 . . , . 

—, condensing agents, for phenol-aldehyde resins 
280 

—, effect on chloroprene nolym'»nzation, 156 
—, effect on flow, urea resins. 620 
—, from naphthenic acids. 2(W 
, modifiers, polyvinyl acetids, 1064 
—, reaction with acrylic acid polymers, 1075 
—, — aldehydes, 686 
—, —* carbohydrates. 758 
— carbon disulphide, 652 
—, — furfural, 618 v 

—, — phenols. 1259 
—, —> rosin. 777 

styrene from ohloroethylbensene with. 262 
—, use in alkyd resin emulsifleation, 946 


in aifyd resins, 018, 014 
in pauts, 1156 


Amine salts, adjustment of acidity, urea conden¬ 
sation, 616 

—, preparation of catalysts, 147 
—, reactions with, alkali thiocyanates, 653 
Amine-sulphur rosins, miscellaneous, 1197, 1198 
Amino acids, from silk hydrolysis, 69 
—, in alkyd resins, 882, 944 
—, polymeric lactams from, 999 
Amino-alcohols, action on naphthenic acids, 207 
—, in alkyd resin emulsions, 949 
—, esters of, resins as sizing for textiles and 
cellulose pulp, 827 

reaction with synthetic resin acids, 684 
oi-Aminoalkylamides, in vinyl resin manufactuie, 
1033 

Ammoarylsulphonamide-aldehyde resins, 61 
Aminobenzaldehvde thioether, resinification, 726 
o - Ammobenzy I -2 - diphenyl -4,6- pyridine, resiniflca - 
tion^ 788 

p-Aminohiphenyl, preparation, 1141 
Aminobutyrio acid, lactam from, 999 
e-Aminooaproic acid, resin from, 90, 999 
2-Ammo-4-chlorothiophenol, resins from, 504 
Amino compounds, reaction with fatty acids, 1228 
p-Aminodimethylaniline, condensation with hep- 
taldehyde, 705 

—, reaction with phenol, 347, 348 
'V'-Aminoheptoic acid, lactam from, 999 
Aminoketone resins, use of phthalide with, 942 
Aminonaphthalene, hardening agent for shellac, 
702, 1287 

Aminonitrobitolyl, tar formation in, 1140 
o-Amino phenol, condensation with dicyanodiamidc, 
572 

p-Ammo-phenol, reaction with oleic acid, 1228 
p-Aminophenol-furfural-phenol resin, 531 
Ammophenols, catalysts, for phenol-formaldehyde 
reaction, 346, 347 

—. condensation with aldehydes, 310, 688, 689, 690, 
700 

bis-Aminophenvl sulphide, preparation, 1194 
p-Aminophenyltoluthiazol, preparation of, and 
formula for, 1196 

a-Aminopyridme, reaction with phenacyl bromide, 
738 

5-Aininosalicvlic acid, resin from. 734 
Aiuiiio-saligino-saligenin. 809, 328 
o-Aminothioplienol, condensation with aldehydes 
and ketones, 392 

4- Aminotoluene-2-sulphonic acid, hardening of 
alkyd resins. 881 

w-Amino-o-tolyl-o-hydroxybenzyl ether, 809 

5- Aminovalenc acid, lactam from, 999 
Ammelide, 572 

Ammeline, 572 

Ammonia, absorption with furfural, 444 

—, action on acetylene, 275 

—, — acetylene polymers, 158 

—, — chlororubber paints, 1121 

—. addition of, by hexamethyleneletrainiuo, 321 

—, catalyst, acrolein polymerization, 502 

—, advantages of. 345 

—, —, cresol condensation, 347 

—, —, formaldehyde polymerization, 512 

—, —, j9-nitro8tyrene pol 3 rmerization, 259 

—, —, oil-soluble phenol resin, 402 

—, —, phenol-alcohol resins, 332 

—, —, phenol-aldehyde resins. 308, 809. 812. 318. 

823. 382, 368-865, 870, 417, 420. 480, 432. 434, 439 
—, phenol-formaldehyde reaction, 344, 845, 346, 

848, 858, 357 

—, —, phenol-furfural condensation. 528 
, reaction of aldehydes on tar, 274 
—, —, reaction of furfural and cracked petroleum 
distillate, 527 

—. —, talicylio acid-benzaldehyde condensation. 

874 

—, —urea and formaldehyde. 590, 678 
—, —, urea-furfural reaction, 670 

, urea-phenol-aldehyde reaction, 676 
—, combination with eyanic acid. 569 
—. oondetisatlon with acetonyl thiocyanate, 1182 
—, — heptaldehyde, 705 
— laligtnin, 282. 288 

—, effiot in phenol-aldehyde reaina, 438 
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Ammonia, effect on chlororubber oil varnish, 1123 
effect on polymerisation of phenylacetylene, 132 
—, effect on resin formation, 6^ 

—, from dehydration of phenol-formaldehyde, 308 
from hexamethylenetetramine, 818, 327, 444 
—hardening of acid-tar resins with, 121 
—, in alkyd resin-water paint, 977 
—, in nitrocellulose lacquers, 1210 
—, latex preservative, 1091 
modifier, syntans, 420 
—, nitriles of abietic acid with, 804 
—, polymerisation mhibitor, for divinyl ether, 1011 
—reaction with acetone, 541 
—, — aeraldehyde and acetaldehyde, 686 
—, — acrolein, 503, 686 
—, — acrylic acid chloride polymers, 1075 
—, — a-anhydrides, 998 
—— carbon monoxide, 684 
—, — carbon suboxide, 1012 
— dialdan, 499 
—, — formaldehyde, 444, 686 
—, — polychlorinated paraffins, 1178 
—, — Quinone, 561 

—— toluene-o-sulphonyl chloride, 712, 713 
—, retardation solidification of urea resins, 617 
—, solvent, vinyl glycolate, 1057 
—, —, lodation of hydroxybenzoic acids, 378 
—, sulphonated resins treated with. 426 
—treatment of chlorinated tram oil, 1155 
—, urea from, 564 , 566, 567 
—, used in phenolic digestion of wood, 748 
—, UTO, resin-impregnation, 1245 
—, with formaldehyde, hexamethylenetetramine 

from, 326 

Ammonia-rosin reaction, catalysts for, 804 
Ammonia-water-carbon dioxide system, 570 
Ammonium acetate, catalyst, 1,3,4-hydroxytoluic 
acid-paraformaldehyde condensation. 374 
—, condensing agent, aldehydes and aminophenols, 
689 

—, polymeriemg agent, methylolureas, 595 
Ammonium bases, catalysts, formaldehyde poly- 
menzatipn, 512 

Ammonium bicarbona4;e, catalyst, for phenol- 
formaldehyde reaction, 353 
Ammonium biphosphate, as cloth impregnant, 1153 
Ammonium bisulphate, hardening catalyst, alkyd 
resins, 980 

—, use in alkyd resins, 906 

Ammonium bisulphide reaction with furfural, 
1182 

Ammonium bromide, catalyst, formation of metal- 
dehyde, 489 

Ammonium carbonate, catalyst, phenol-alcohol 
resins, 332, 345 
—formation of, 566 
—, reaction with cashew-shell oil, 1232 
urea from, 566 

Ammonium chloride, absorbent for caibon dioxide, 
567 

—, catalyst, condensation of acetophenone and 
formaldehyde, 556 

—, —, condensation of formaldehyde with ketones, 

547 • 

—, —, condensation of paraformaldehyde and p- 
nitrochlorobenzene, 726 

—, —, phenol-aldehyde condensation, 290, 357, 363, 
424 

—, phenol-benzaldehyde reaction, 388 
—, —, phenol-furfural condensation, 527 
—, —, phenol-lignin condensation, 747 
—, resin from waste liquor, 754 
—, hardening agent, urea-phenol-aldehyde reeins, 
674 

—, hardening catalyst, phenol-glycerol resins, 393 
use in washing polymerized naphtha, 111 
Ammonium cuprous chloride, catalyst, 148, 149 
Ammonium cyanate, condensation with aldehydes. 
591 

—, urea from, 566 

Ammonium dichromate, incorporation in urea 
resin, 648 

resin purification with, 336 
sensitizer, for phenol resins, 453 
Ammonium dithiocarbamates, 706 


Ammonium hydrosulphide, reaction with furfural, 
536 

Ammonium hydroxide, action on cashew-shell oil, 
1232 

—, catalyst, methylene dichloride-phenol reaction, 
393, 394 

—, —, phenol-formaldehyde reaction, 353, 408 
—, —, polyvinyl-ester hydrolysis, 1057 
—, wood tar-aldehyde reaction, 751 
—, neutralizing agent, thiourea-formaldehyde con¬ 
densation, ^ 

—, reaction with furfural, 536 
—, use m acetylene polymerization, 149 
—, use m alkyd resins, 946 
Ammonium molybdate, mordant from, 1192 
Ammonium nitrate, action on chlororubber paints, 
1121 

—, carbon dioxide ab^rb«it, 567 
—, condensing agent, phenol-aldehyde resins, 390 
—, hardening agent, 631 
Ammonium oleate, emulsifying agent, 178, 245 
Ammonium persulphate, hardening of alkyd resins, 
980 

Ammonium salts, catalyst, formaldehyde polymeri¬ 
zation, 512 

—, condensing .agents, phenol-aldehyde resins, 289 
—, of polyacrylic acid, 1079 
—, removal from coal-tar fractions, 361 
—, solubilizing agents, resin recovery, 629 
—, urea condensation, 596, 697, 616 
Ammonium sulphate, accelerator, gelatinization, 
urea-formaldehyde resins, 597 
—, catalvst, cumarone polymerization, 114 
—, —, phenol-aldehyde condensation, 290, 863 
—, removal of, from acid-tar resins, 121 
—, use m urea-formaldehyde reaction, 597, 619, 
642, 656 

Ammonium sulphide, reaction with acetone, 541 
—, reaction with aldehyde, 624, 682, 683, 1180 
—, reaction with formaldehyde and phenol, 378 
—, reaction with furfural, 536 
—, reaction with olefin halides, 1171 
—, reaction with urea and formaldehyde, 677 
—, removal of free formaldehyde by, 599 
Ammonium sulphoncinoleate, 1250 
Ammonium thiocarbamate, from carbon oxysul- 
phide, 567 

Ammonium thiocyanate, catalyst, phenol-formalde¬ 
hyde reaction, 853 

—. effect on urea-thioaJdehyde resins, 682 
—, guanidine from, 681 
—, modifier, syntans, 420 

—, reaction with formaldehyde, 659, 660, 677, 941, 
1182 

—, thiourea from, 660 
—, urea-formaldehyde resins, 597, 656 
Amorphous form of phenolphthalein, 1252, 1253 
Amorphous masses, formation of, 27 
Amo’*phous materials, plasticity of, 31 
Amorphous nature of cellulose, 64, 66 
Amorphous polymer from glycine, 66 
Amorphous state, nature of, 27, 31 
Amorphous substances, nature of x-fay pattern of, 
79 

Amorphous to crystalline state, transformation of, 
91 

Amphoteric halides, catalysts, polymerization of 
1,8-dienes, 183 

Amphoteric nature of phenol-formaldehvde resins, 
310 

Amyl abietates, preparation, 798 
Amyl acetate, dehydrating agent, urea-formalde¬ 
hyde resins, 601 

—, solvent, amine-aldehyde products, 698 
—, —, fonnaldehjrde-glycol-monoaiyl ether res¬ 
ins, 376 

—, —furyl alcohol resin, 522 
—, —, lacquer, 874 

—, —, phenol resin, 402, 443, 445, 446 
Amyl alcohol, esterification of cherry gum with, 
814 

—, in hydrogenation ot rosin, 769 
isoprenc from, 177 
—reaction with acetylene, Ifil 
—, solvent, for ph«iol resins, 405. 429. 443 
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Aniylbenmte, (MtiMleiigahoii with i^npien<». 104 
—, piepuraiioo of, 95$ 

a«c.-Amylbensoyl-o-bencoio acid, preparation of. 
958 

Aniylene, co-polymerisation wj^h diolefins, 192 
—, polymerisation of. 165 

reaction with cinnamaldehyde, 510 
—, — maleic anhydride, 158, 854, 855 
—, — pjienol, 411 
—, — sulphur dioxide, 157 
~ sulphur monochloride, 1179 
Amylene dichloride, reaction with phenols, 429 
Amyl^e esters of phenylacrylie acid, polyintMiza- 
tk>n, 1083 

Amylene glycol, reaction with phenols. 393 
Amyl ether, use in polymerisation of, 1,3-dieiies, 
180 


Amvl itacoiinte, fKilvinensation. 1085 
sec -Amyinaphthovl-o-henRoic acid, metallic salts 
of, 95i 

Amylodextiin, reaction with formaldehyde, 1055 
Amyloform, 1055 

p-ter-Amvl phenol, by phmol-amviene reaction, 

411 

—,'reaction with fonnaldehyde, 411 
—, u.'He in modified alkvd resins, 938 
p-Amylphenol-aldehyde resins, 42r 
Aravl stearate, modifier, phenol-aldehvde re«iins, 
430 

Anacardio acid,, from cashew nuts, 1229 
Analysis of resins, 1255 
Analysis of shellac, 24 
Anethole, pol 3 rmeri 8 ation of, 251 
—, reaction with fonnaldehvde, 518 
—, resin fit>m, 725 
Aimle presses, 1307 
Annydrides, condensation of, 55 
—, from vinyl esters, 1032 
—, of p-hydroxybensoic acid, 378 
—, of salicylic acid, 375 
—polymers of, 996-998 

Anhydroformaldehydeaniline, from aniline and foi- 
maldehyde, 585 

—, reaction with phenol, 347, 598 
—, reaction with sulphur, 1197 
—, resinification, 591 

—, softening agent, phenol-aldehvde resins, 424, 
425 

Anhydrous chlorides, tung oil polymerized with, 
1218-1220 

Anilides, use with resins, 544 
Aniline, action of sunlight, 732 
—, action on xylose, 753 
—, catalyst, acrolein polymerisation, 502 
—, —, rresol-formaldehyde reaction. 324 
—, —, phenol-alcohol resins, 332 
—, —, phenol-formaldehyde reaction. 345. 346. 347 
—, condensation with acetaldehyde, 589. 700, 702, 
708, 705, 705, 709. 711 
—— acetone and phenol. 709 
—, — acetylene, 703 704 
- -, — acraldehvde, 588, 702 
— aldol, 750, 705 
—, — hmsaldehyde, 590 705 
—, — butvraldehyde. 705, 705, 707 
—, — /J-chlorobutaldehvde diethvlncetsl, 5*10 
—, — chlorohydrins. 1138 
—, — ctnnamafdehvde. 702 
—, — erotonaldehvde, 700. 701, 700 709 
—, — dichloroethylene polsnmer, 1042 
—, — dimethvlketene, w 
—, — dimethylquinol, 702 
—, — a-ethvl-^-methvIacro*ein. 705 
—. — formaldehyde, 585, 590-598, 700-703, 705-707. 
710 



formaldehyde and hvdeogen sulphide. 1181 
formaldehyde and sulphur, 701 
furfural,. TOl, 7W 
heptald4iyde, 708, 700, 707 

f l-hvdroxvnaphthald<4tyde. 705 , 
ignin. 748 
notialdebyde, 705 
paraformaldehyde. 591. 595 
phenol aloohot, 055 
propiongldeoyd#, 707 


Aniline, condensation with polyvinyl ehloruh*, 1088 
—, — pyrrole, 741 

—, — reaction product of acetylene and nitric acid, 
151 

—, condensing agent, salicyUc aldehyde and acetyl- 
benzoyl, M7 

—, diaaotised, resin from, 783, 734 

—, extraction of resins with, 121 

—, in carbohydrate resins, 758 

—, in modifi^ phenol-fonnaldehyde resin, 332, 415 

—, in rosm purification, 769 

—, modifier, urea-aldehyde resins, 569, 578 

—plasticiser, alkyd resins, 882 

—, —, phenol-ald^yde lesins, 424, 425 

—, —, vulcanised rubber. 1115 

—, reaction with acetylene. 148, 149 

—, — carbon disulphide. 552, 1197 

—, — carbon tetraclilonde, 1138 

—, — chloracetio acid, 882 

—, — cyanogen chloride, 558 

—, •— ethyl malonate, 733 

—, — a-ethyl-Zl-propylacrolein, 504 

-, — furfural, 584 , 535 

—. — germanium tetrachloride, 1239 

—. — hvdrasine-dithiocarboxamide, 1198 

— lignite, 274 

—, — polyacrylic acid chloride, 1075 
—. — polyanhvdrides, 998 
—, — rosin, 7W, W5 
—, — sulphur, 704, 1195 

— sulphur halides, 1194 

—. — thiosemicarbaside, resins from, 1198 

— tung oil, 598, 1219, 1220 

—. removal, from aniline-modified phenol-aldi^ydc 
resin, 425 

—. resin by condensation with phenol alcoliols, 287, 
288 

—. rubber accelerator, 704 
—, solvent, phenol resin, 448 
~. —. polyvinyl acetate, 1025 
—, use, reducing acid number of alkyd resins, 981 
—, —. in alkyd resin production, 925 
—, —, with clilororubber, 1111 
Aniline-acetaldol product, rubber accelerator, 70.5 
Aniline-acetylene resins, 708 
Aniline-aldehyde resins, fluidity, 595 
—, polyvinyl alcohol-modified, 555 
—, stearic-Bcid modified, 1328 
Aniline-berisal diloride condensation, 1134 
Aniline-benzotrichloride resin, 1135 
Aniline black, formation of. 55 
—, with phenol-aldehyde resins, 287 
Aniline butyl i^thalate. prbperfies of, 954 
Aniline-cariK>n disulphide reaction, mechanism, 653 
Aniline dvss, for molded compositions, 1276 
Aniline-fonnaldehyde resins, applications, 595. 597. 
1828 

Aniline-furfural lesin, 530, 533, 534, 539 
—, compatibility with cellulose acetate, 701 
—, incorporation with phenol-formaldehyde resin, 
701 

—, incorporation with urea resins, 508 
Aniline hydrochloride, action of sulphur chloride 
on, 1193 

—, catnlvst, phenol-carbohydrate resins, 759 
—, —, phenol-furfural reaction, 527 
—, —, nhenols with unsaturated aldehydes, 393 
—, hardening agent, thiourea resins, 554 
—, hardening agent, urea-phenol-aldehyde resins, 
574 

—, incorporation with phenol-rubber product, 1194 
purification of phenol-aldehyde resin with, 387, 
338 

, reaction with tung oil, 3290 
Aniline hvdrochloride-fiirfural, resin from, 584 
p-Aniline-N-methvlo’snlphonamtde, 715 
Aniline-modified phenol-aldehyde resin, iise in 
dyeing, 425, 425 

Aniline-stearie acid-fnrftiml resin, 428 
Aniline-sulphonamides, reaction with aldehydes, 
tl8. 715 

Aniline-sulphur resins, see Ftiilphnr-aniHne resins 
Animal charcoal, catalyst, condensation of ures 
and formaldehyde, 598, 654 
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Animal fibeis, deterioration, effect of uica reeiiis, 

640 

protection againet alkali, 1J91 
Animal glue, modifier, phenol-formaldehyde reems, 
416, 417 

\niraal oils, use in urea-resin lacquers, 686 
Anisalacetone, resinifications, 562 
Aniaaloinnamylideneaoetone, resinification, 562 
Anisaldasine, pyrolysis, renin formation, TiS 
Anisaldehyde, condensation with tri-p-aminoplion- 
ylacetonitnle, 788 
—, from p-propenylaniaole, 725 
—, reaction with d^ydrocliolic acid, 500 
—, reeinification of, 509 
Anise, oil of, resinification, 1258 
Anisic acid, from, p-propenylanisole, 725 
Anisole, aralkyl halides from, 1132 
—, condensation with methylal, 843 
—r floorinated, 1157 

—, modifier, phenol-aldehvde resins, 431 
—, plasticiser, polyvinyl chloiide, 1088 
—, reaction with formaldehyde, 407 
—, reaction with ketene, 5W 
resinous material from, 271 
—. Kolvent, alkyd reams, 880 
—, solvent, polyvinvl acetate, 1025 
Aniavl alcohol esters, modifiers, phenol-aldehyde 
leaina, 431 

S-p-Anisylindasole, resinification, 736 
p-Anisyl ketones, autocondensation of. 555 
Annealing treatment, of polystyrene moldings, 249 
Ansolvo-acids, 194 

Antacids, use with chlorinated rubber, till, 1112 
Anthracene, air-oxidation, 883 
—, as plasticiser, 940 
—. autooondensation of, 266 

—, chlorinated, condensation with formaldehyde, 

266 

—, dilorination of, 1137 • 

condensation products from, in tanning agents, 
267 

-, condensation with aromatic hydrocarbons, 1M16 
—, condensation with olefins, 194 
—, decomposition products of, 268 
—, diene reactions of, 888, 839, 840 
, dye for polystyrene, 287 
—, effect on polymerization of styrene, 239 
—, from benzyl chloride, 1181 
—, in fluorescent paint, 1091 
—, inhibitor, polymerirjition of styrene, 242 
—, phthalic anhydride from, 888 
—, reaction with maleic anhydride, 889 
—, —, sulphur, 1202 

—, softenmg agent, phenol-aldehyde resins, 428, 
440 

structure of, 889, 840 

AnthracMie derivatives, from acetylene polymeri¬ 
zation, 144 

Anthraoene-formaldehvde resins, 264 
AnthracMie oil, condensation products in tanning 
agents, 267 

—, drying oil substitute from, 1008 
—, from coal-tar pitch, 274 

—, reaction with aromatic sulphonyl chlorides, 722 
—, resin from, 269 

—, solvent in cold-molding compositions, 1285 
Anthracene refining residues, treatment with sul¬ 
phur, 1204 

Anthracene resin, from benzene and vinyl chloride, 
1045 

Anthracene-type resin, 256 

Anthranilic acid, use in amine-aldehyde condensa¬ 
tions, 698 

Anthraphenone, halogenated. 1157 
AMhraquhioid dyes, with phenol-ald^yde resins, 

with iirea-aldehyde-ammonin I'esins, 684 
^nthraquinohe, prepamlioii of. 884 
9-Anthryl dithioehJoride, re*>tn from, 1202 
Anti-agers, from acrolein, 505 
- in synthetic rubbers, 197. 198 
^nti-aging effect in ester eum varnishes, 881 
^nfi-coagulant, rosin as. 775 
Anti-corrosive paint, from vuloenisetl products, 
1208 


Aiiii-foaniing agenta, 853 
Anti-fouling coatings, sulphur in, 1161 
Anti-fouling paint, cumarone reain in, 129 
—, cater gum in. 820 
—, from phenol ream, 451 
Anti-halation layers, 875, 954 
Anti-knock agents, 791 
Antimony diloride, acetone solvent, 1219 
—, actum on rubber. 1102 
—, catalyst, chlorination of naphthalene, 1151 
—, chlorination of biphenyl, 1142, 1148 
—, polymerized tung oil with, 1219 
Antimony compounds, catalysts, phenol sulphur 
resms, 1191 

Antimony halides, catalysts, polyinensation of, 
l,8-diene8, 175, 188 

Antimony hydroxide, catalyst, acetaldul formation, 
498 

Antimony oxide, in mixed-pigment paints. 977 
Antimony pentechloride. action on dimdene, 105 
—, action on indroe, 102, 108 
—, catalyst, cumarone polymerization, 117 
—, —, naphthalene resins, 1186 
—, —, polyeyclopentadiene fonuation, 187 
—, —, polymerization of dimeric 2,3-diraethybutM- 
diene, 172 

—, —, polymerisation of vmyl ethers, 1010 
—, oxidation catalyst, for fatty oils, 1225 
—, i^lyinerisation catalyst, 50 
Antimony trichloride, action on indene, 102 
—. incorporation with sulphur, 1168 
—, overoommg stickiness of rubber with, 1095 
—, use, fireproofing fibers, 416 
Antioxidants, anilme-modified phenol-aoetaidehyde 
resin, 424 

—, classification, 708 
—. effect in styrene polymerisation, 241 
—, effect on i^loroprene polymerization, 150, 157, 
178 

—, effect on durability of spar varnish, 1868 
—, from naphthenates, 207 
, in ester gum varnish films, 821 
—, rubber, 709, 782 

use m diolefin-monolefin co-polymerization, 198 
Antiparisitio adhesive layers, use of polystyrene 
in. 245 

Antipyrine, resin from, 574 

Anti-rust paint, from, poljrvinyl esters, 1026 

Antiseptic coatings, sulphur in, 1161 

Antiseptic fibers, preparation. 415 

Antiseptics, from dichlorophenol derivatives, 1154 

—, from phenols, 277 

—, from pine oil, 783 

—, from salicylic and gallic acids by condensation, 
277 

Aporphine alkaloids, resins from, 745 
Apparatus, for natural ronn esterifications, 811-818 
—, for polymerisation of i,8-dieiiee, 177, 179 
Aqueous coating composition. 822 
Aqueous dispersion, ester gum, %4 
—, rubber, 1091 

Aqueous emulsions, as coating compositions, 662 
—, cellulose esters, 824 
—compounding of rubber, 485 
—, of resins, uses, 1884 
—, preparation of molding compositions, 441 
Aqueous paints, use of alkyd reein emulsions in. 
948 

Arachidic acid, 787 

Aralkyl halide-phenol condensations, 1188 
Arall^l-halide resins, coatings, 1180 
Aralkyl halides, preparation. 1182 
Aralkyl halides and hydrocarbons, 1181 
Arbor prsas, use. 1381 
Are-extinguishing agent, ammonia as, 566 
Arcing characteristics, in laminated materials, 1847 
Arc-lamp irradiation, varnish tests by. 1868 
Arc light, effect on furfural-aniline rraction. 589 
Aro-rasJstant matsorials, alkyd resin coatings f^ir, 
988 

Arginine, from wool hydrolysis, 68 
—, reaction with bcntencsulphonylchloridc. 788 
Aridm, as drier standard, 736 
ArocIOf-cster gum coatings, 880, 881 
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Aroclors, adhesives foi metal and Klast>, 1150 
as impregnant4s, 1147 
—, compatibility with polystyrene, 248 
—, compatibility with resins and nitrocellulose, 1149 
—, in molding compositions, 1150 
—, m nitrocellulose lacquers, 1147, 1148, 1150 
—, introfi^rs for sulphur, 1165 
—, m varnishes, 1146 
—, plasticizers, polystyrene, 247 
—, plasticizers, vmyl resins, 1048 
—, properties and uses, 1145, 1146 
—, solubility, 1145 

Aromatic aldehydes, reactions with aryl thioureas, 
658 

Aromatic amines, action on furfural, 519 
—, catalysts, conversion of a- into /i-polychloro- 
prene, 157 

—, combination with coal reMihic.s, 70.3 
—, condensation with an a klohvdcs, 702 
-, — aldoses, 710 
—, — phenols, 710 
—, effect on chloropreiie rubbet, 157 
—, effect on hardening of resins, 347 
—, reaction with sulphur chloride, 1193, 1194 
—, reducing acid number, 981 
—, resins from, 732 

—, stabilization of butyraldehyde by, 497 
—, stabilizers for vinyl resins, 1048 
—, tung oil polymerized with, 1219, 1220 
Aromatic compounds, from thermal decomposition 
of rubber, 169 

Aromatic diazo compounds, resin foimation, 734 
Aromatic hydrocarbons, alkylation of, 194 
, condensation with anthracene, 266 

— chloronaphthalenes, 266 

— diolefins, 225 

— glycerol, 266 

— isoprene, 193, 194 

— monolefins. 194 
cracking of, 254 

effect on chloropreiie rubbei, 158 
formed by cracking, 221 
formolites from, 214 
from acetylene polymerization, 142, 144 
from pyrolysis of olefins, 164 
hydrogenated, 1132 
in cuprene tar, 146 
pyrogenous dissociation of, 270 
reaction with ethylene dichloride, 159, 1137 
, — formaldehyde, 212, 1007 
, — methylal, 214 
, — mixed olefins and diolefins, 194 
, — sulphur, 1201-1203 
, resin formation dunng dissociation, 268 
, solvents, for modified urea re«ins, 648 
, —, for chlororubber, 1118 
Aromatic sulphonamides, condensation with alde¬ 
hydes, 715 

Aromatic sulphonyl chlorides, catalysts, 479 
—, esterification of gum accroides with, 722 
—, reaction with anthracene oil, 722 
—, reaction with resinic acid salts, 723 
Aromatic vinyl ethers, preparation of, 1009 
Arsenic, incorporation with sulphur, 1164 
Arsenic acid, catalyst, condensation of phenyl- 
hydrazine and benzaldehyde, 735 
Arsenic-containing coating composition, 440 
Arsenic halide, catalyst, polymerization of 1.3- 
dienes, 183, 187 

Arsenic oxides, stabilizers, plastic sulphur, 1164 
Arsenic sulphide, ingredient in anti-corrosive paint, 
1263 

, wood preservative, 1165 
Arsenic trichloride, reaction with acetylene, 10t2 
Arsenious acid, i>olymerization of 1,3'dienes, 180 
Arsenious chloride, catalyst, polymerization of 
phenylacetylene, 162 
Arsenious oxide, vitreous nature of, 27 
Artificial albumin, urea-thioaMehyde products. 1182 
Artificial bristles, from sulohonamide resins, 722 
Artificial eyes, from vinylite resins, 1045 
Artificial leather, alkyd rwdns in, 965, 908, 971, 935 
—, asphalt vamtek for, 966 
—, from naphthsn^tes, 207' 

, from vinyl resins, 1030 


Artificial leuthei, prepaiatiun with phoiiol-for- 
maldehyde ream, 453 
—, use of chlororubber, 1128 
Artificial leather coatmg, alkyd resins in, 908 
Artificial pearls, from phenol resins, 484 
Artificial resin, definition of, 12 
Artificial shellac, 210, 1004-1007 
—, from rubber, 1097 

Artificial silk, delustered with toluenesuiphonamide- 
aldehyde resins, 721 
—, from glycerol-phthalate resin, 965 
from polymers of 1,3-dienes, 185 
—, from urea and formaldehyde, 647 
—, from vinyl resins, 1052 
—f polyvinyl acetate in, 1030 
—, use of glycol phthalates in, 873 
Artificial stone, roam in, 778 

Artists* e.ravons, fuifinal polymcnzHtioii tiinduri 
in, 521 

.\r\ lalkvlbciizoic acif), metallic sails n(, 953 
Aivl alkyl etlieis, nap m cnmarone polvmeiizaiioii, 
117 

Aryl borates, modifiers, phenol-aldehvde resins, 432 
Arylcarbimides, reaction with, dimethylketene, 665 
Aryl diazonium fluoborates, polymerization cata¬ 
lysts, 176 

AryIdisulphonamide-formaldehyde resin, structure, 
715 

Arylene diamines, condensation with naphthols, 732 
Aryl fumarates, resins from, 1264 
Arvl glycol ethers, modifiers, urea-aldehyde resms, 
684 

Aryl guanidines, prcpaiation of, 572 
Arylhydrazones, resins from, 735 
Aryl isothiocyanatc derivatives, resinificntion, 1181 
Aryl molybdates, modifiers, phenol-aldehyde les- 
ins 432 

Aivloxyaliphatic acid-formaldehyde re‘»ms, prepa- 
lation, 375 

Aryl phosphates, plasticizers, 248, 983 
Arvl silicates, modifiers, phenol-aldehyde resin.s, 
432 

Arvl sulphonamide, reaction with acetyl chloride, 
722 

Aryl sulphonamido carboxylic acid amides, resins 
from, 715 

Arvl sulphonealkylamides, plasticizers, chlororub¬ 
ber, 1123 

Arylsulphonvl chlorides, reaction with hexameth¬ 
ylenetetramine, 716 

Arvl thioureas, reaction with aldehydes, 658, 671, 
672 

Arvl titanates, modifiers, phenol-aldehyde resins, 
432 

Asbestos, addition to su’phur castings, 1166 
—, comparison with wood flour, 1273 
filler. 352, 1269, 1273 

—, —, alkyd resin compositions, 981, 982 
—, —, chlororubber cement, 1126 

cold-molding compositions, 1285, 1286, 1287, 
1288, 1280-1290 

—, o-cresol-formaldehyde molding composition, 

367 

—, > furfural-phenol resin, 528 

—, —, mica sheets, 983 
—, —, phenol-alcohol rasins. 332 
—, —, phenol-aldehyde molding powder, 458, 459 
—, —, phenol-aldehvde re.sins. 284, 317, 318, 349 
—, —, purification of resins, 338 
—, —, rubber-modified phenol-aldehvde resin, 484 
—, —, sulphurized cuprene plastic, 147 
—, —, urea resins, 595 
—, impregnation, use of rosin, 482 
—, impregnation with Thiokol, 1175 
—, impregnation with urea resins, 616, 643 
—, in chloronaphthalene compositions, 1163 
—, ingredient of friction material, 1204 
—, in rosin compositions, 777 
—, long-fiber, effect, on surface, 1380 
—, plywood laminated with, 478 
, preparation of composition tiles, 988 
—, use, with Cardolite. 1232 
—, —cold-molding, 1817 

, molding compositions, 1816 
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Asbestos, use, with chlororubber, 1126 
—, —, with phenol resin coatings, 449, 450 
Asbestos-alkyd resin composition, 964 
Asbestos cloth, alkyd resin binder for, 987 
Asbestos composition, alkyd resin coating for, 964 
Asbestos fabric, molded products, 1273 
Asbestos fibeis, use of polystyrene solutions with, 
248 

Asbestos-filled molding composition, preparation, 
1273 

Asbestos-paper mixture-, filler, 1250 
Asbestos pulp, filler, 329 

Asbestos sheets, impregnation with phenol re-^n, 
474, 482 

Asbestos yam, impregnation with phenol lesin, 472 
Ash content, coal-tar pitch coke, 360 
—, funiarone resin. 111 
—, sludge paracumarone, 113 
Ashes, use, finishing moldings, 1331 
Asparagine, condensation with formaldehyde, 699 
Asphalt, artificial, containing rosin, 778 
—, asphaltenes from, 205 
—, binder for cold-molding compositions, 1285 
—, chlorobiphenyls in, 1147 
—, definition of, 12 
, from acid sludge, 217 
—, from hydiocarbons and sulphur, 215, 216 
—incorpoiation with rubber, 1091 
—, ingredient of anti-corrosive paint, 1203 
—, m tar-oil resin varnishes, 122 
molding of, 1314. 1315, 1316, 1317 
•, petroleum, action of alunnnuin ehlonde on, 274 
plasticity of, 34 

reaction with sulphuric acid, 1203 
-, treatment with acid sludge, 218 
—, treatment with sulphur, 1203 
—, use, molded insulation material, 986 
—, —, mold-lubricant, 1328 
—, —, with cellulose esters, 1243 
—, with chlororubber, 1119, 1126 
—, —, with tung oil, 1218 
—, vulcanized, uses for, 1203 
—, with cumarone ream, 138 
—, with phenolic resin, binder, 482, 483 
Asphalt-alkyd resin varnish, 978 
Asphalt-chloronaphthalene (‘ouipositKins in insula¬ 
tion, 1152 

Asphaltenes, by oxidation of petroleum, 204 
—, from petroleum, 201, 202, 203, 204 
from sulphur compounds, 204 , 205 
—, hydrogenation of, 205 
—, oxidation of petroleum, 208, 209 
—, properties of, 204 
—, reaction with perbenzoic acid, 203 
Asphalt-felt base, for floor covenngs, 984 
Asphaltic acids, from petroleum, 205 
—, oxidation of bitumen, 210 
Asphaltic bitumen, definition of, 12 
Asphaltic compounds, moldings, 454 
Asphaltic materials from peat, 749 
Asphaltic resins, oxidation of petroleum, 208, 209 
Asphalt moldings, coating, 1334 
Asphaltogenic acids, from petroleum. 203, 208 
Asphalt-pitch mixture, modifier, phenol-aldehyde 
resins, 426 

Asphaltum^ chlorinated, in varnishes and paints, 
1155 

—, use of, with phenol-aldehyde resms, 287. 332 
Asphalt varnishes, for artificial leather, 965 
—, protective coatings from, 1377 
Association colloids, nature of, 72, 73 
Athermal plasticity, 31, 32 

Atmosphere, inert, in preparation of alkyds, 922, 
923, 031 

—j^nert, in “sodium" polymerization of 1.3-dienes, 

Atropic acid, polymerization. 1084 
Aurin, absorption spectra of, from Bakelite, 312 
from condensation of phenol and formalde¬ 
hyde, 294 

Autoeatalysis, nature of, 45 
Autoclave, manufacture of urea in, 566, 567, 569 
—, use of, 239, 831, 840, 1110, 1111 
Autocondensation, of acetaldehyde, 490 
of anthracene, 866 


Autocondensation, <i;-hydroxypentadecanoio acid, 872 
—, of phenanthrene, 266 
Automatic machinery, cost of, 1331 
Automatic presses, 1312 

Autoxidation, in polymerization of 1^3-dienes, 178 
—, of cumarone, 95 
—, of rosin, 775 
—, of styrene, 240 

Awning cloth, from chloroprene rubber, 159 
Azelai'o acid, use m alkyd resins, 883, 692, 908 
Azelaic anhydride, rate of reaction with water, 996 
Azme dyes, use, sound records, 1336 
Azines, thermal decomposition, 735 
Azo-dyes, colored phenol-resin varnishes with, 453 
—, coloring sulphur with, 1161 
—, for polystyrene, 237 
—, incorporation with, urea lesiii, 648 
Azo-group, m resins, 734 

Azoinethane grouping, in polydimethyleneurea, 580 
Azomethines, structure, 688 
Azulmic acid, 731 

B 

Baeyer reaction, 294 

Baked coatings, alkyds resins, asbestos in, 964 
from tung oil, 1216, 1217 

Baked-on alkyd enamels, m finishing operations, 
961 

Bakelite A, structure of, 58 
, us adhesive, 1004 

Bakelite similarity to giaphite, 303 
—, struciuie ol, 59, 60, 302 , 303 
Bakelite, as insulator, 482 
, chemical resistance of, 454 
, compared with urea resm moldings, 565 
—, compatibility with chlororubber, 1119 ' 

—, constitution of, 299 

—, hardening of, influence of electrical field, 312 
—, hardening process, 318 
—, pioduction of, 316, 317, 318 
—, three-stage preparation, 454 
—, uses of, 314 

Bakelite lacquers, blending with urea resin lae- 
quers, 634 

Bakelite moldings, oumaione resm ni, 134 
Bakelite paint, testing of, 1368 
Bakelite substitute, phenol-sulphur resins, 1190 
Bakelizer, conversion of resins in, 454 
—, description of, 286 
—, uses of, 365 

Baking, conversion of phenol resins by, 443 
—, of alky dal resins. 957 
—, of alkyd resins, 960 
—, of chlororubber films, 1122 
—, of cold moldings. 1291, 1317 
—, of Glyptal films, 961 

—, of molded products, from phenol-formalin res¬ 
ms. 318 

—, of phenolic material, effect on power factor, 
1349 

-™, of phenolic resin moldings, 463 
—, of phenol resin coatings on wood, 450, 451 
—, of synthetic-resin varnish, 1250 
—, of urea ream films, 633 
—, polymerization of crotyl cellulose bv, 1081 
Baking-varnishes, bv esterification’ of copal-rosin 
oil mixtures, 811 
—, time of drying, 1364 
Balance weights, from resins, 1267 
Balata, chain length of. 75 
—, CO-polymerization with diolefins, 200 
—, distillation of, 1092 
, hydrogenated, properties of. 1096 
—in insulating compositions, 198, 1091, 1152 
—, molecular weight of, 58, 75 
—, oxidation of. 775 

reaction with halogens. 1105, 1108, 1113, 1115 
—, 8pecifi5 viscosity of, 75 
—, structure of, 52 

Balata hydrocarbons, absorption of oxygen by, 
1098 * 

Balata-like polymers, from butadiene derivatives, 
178 
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n«tat« resin, adhesive from, 1100 
—, hardening of, 1102 

reaction with aldehydes, 777 
Balata substitutes, as adhesives, 1100 
from rubber, 1090 

Ball bearings, use of resins in, 124il 
Ball mill,'uses of, 837, 358, 455. 1278 
Balloon fabrics, coated with modified chloronibber, 
1124 

Balloon varnish, from vulcanised oils, 1208 
Bfll-shaped preforms, uses of, 1319, 1321, 1332 
Balsam, preparation of, 968 
—, prevention of blushing with, 968 
—, properties of, 12 
—, synthetic, from wood tar, 752 
Ralsam-hke sub.stance8, by polymerization of tci- 
penes, 166 

Banana juice, as protective colloid, 181 
Banbury mixer, uses of. 138, 1270 
Bandage impregnant, from rubber, 1092 
Rands, extrusion of. 1828 

Bangor nut oil, coatings for metals from, 1232, 

1233 

Barbiturio acid derivatives, formation of, 571 
Barium carbonate, catalyst, solidification of alkvd 
resins, 980 

resins from wood neutralised with, 748 
—, use in phenol-formaldehyde condensation, 350 
Barium chloride, catalyst, preparation of vinyl 
chloride, 1035 

—, reaction with chloropropionvl chloride, 1074 
—, — polymethacrylic acid, 1080 
Barium cyanide, catalyst, acetylene-hydrogen cya¬ 
nide reaction, 1070 

Barium ethylsulphate, cataivst, hsrdening urea 
resins, 618 

Barium hydroxide, catalyst, acrolein polymeriza¬ 
tion, 502 

—, —aldol formation, 498, 499 
—, —, phenol-alcohol resins, 382 
—, —, preparation of acetaldehyde resin, 490 
—, —, solidification of alkyd resins, 980 
—, condensing agent, acetone and formaldehyde, 
547 

—, —, foiroaldehyde and acetaldehyde. 546 
—, —, ^-naphthoquinone and oxygen, 358 
—, —, oxygen and carvone, 558 
—, —, oxygen and p-bensoqiiinone, 55S 
—, —, oxygen and phenanthreneqiiinonc, 558 
—, —, oxygen and piperitone. 558 
, oxygen and pulegone, 558 
—, —, thiourea and formaldehyde. 653 
—, —, nrea and formaldehyde, 592 , 615 
—, modifier, phenol-aldehyde reriiis, 438 
—, precipitation of reams by, 695 

reaction with cinnamalacetic acid, 1083 
—, resin purification with 837 
—, solvent, for phenol-aldehyde resins. 319 
styrene firrni cinnamic acid with 255 
Barium lactafe. crystallization of, 1003 
—, reaction with water, 1003 
Barium mono<*etvl phthalate, propeities of, 954 
Barium naphtheimtes, uses, 200 
Barium oleate, modifier, phenol-aldehyde resins, 
400 

Barium oxide, action on quinoline, 739 
—catalyst, citmaroiie noivnierization, 117, 119 
—, resin purification aifh, 337 
—, rosin esterification witli, 794 
—, rosin hardened with, 772 
—, use, with chloronibber, 1111 
Barium peroxide, eatalvst, heteropolymerization. 

vinvl chloride and maleic anhydride. 1044 
—, —, polymerization of vinvl chloride. 1038 
—, —. vinyl-ester pohnnerisation. 1057 
Barium peroxide-acetic enhvdride mixture, cata¬ 
lyst, pwymerisation of IJ-dienes, 188 
Barhim resinate, modifier, ph^nol-aldehvde resins. 
400 

Barium salts, of alkyd resins. 946, 949 

Barium soaps, piodifiers, phenol-aldehyde resins, 

418 

Barium sulphate, filler, chloronaphthalene compo- 
latlopt. 1158 . ^ 

—. moldiiig I'ompositions. 1275 


Barium sulphate, filler, phenol-aldehyde resins, 
817, 818, 477 

, sulphone-amide resins, 719 
—, , synthetic resins, 1251 

—, gelatinous, preparation of, 30 
Barium thiosulphate, for decorating molded prod¬ 
ucts, 484 

Banum titanate, pigment for alkyd resin paints, 
977 

Baryta, use in fioor covering, 984 
Baryta water, catalyst, phenol-formaldehyde reac¬ 
tion, 343 

—, —, saligenin preparation, 281 
Barytes, effect of, in synthetic rubber, 190 
—, filler, chloronibber cement, 1120 
—, —, .4ound records, 1836 
Bases, flocculaiits, methvloliireas, 595 
—, organic, effect on nibbcr hydrochloride, 1112 
—, —, treatment of sulphonated lesins, 426 
—, —, use in polymerization of diolefins, 182 
—, removal from coal-tar naphtha, 107, 108, 214. 
116 

—, solvents for vulcanization accelerators, 196 
Basic catalysts, for aniline-formaldehyde resins, 
695 

—, for phenol-aldehyde resins, 342, 344-348 
—, for phenol-furfural condensation, 528 
—, for phenol-sulphur resins, 1190, 1191 
—, retardation of solidification, urea resins, 617 
Ba.Hie dyes, phenol-sulphur resin mordant for, 1100 
Basic pigments, with alkyd resins, 973 
—, with eater gum, 818 

Basic salts, condensing agents, urea and acrolein, 
670 

—, —, urea and formaldehyde, 016 
—, for emulsification of diolefins. 180 
Baskets, rubber composition, for centrifugal ap¬ 
paratus, 1248 

Batavian dammar, resins from, 804 
Battery boxes, from resins, 1267 
Batter>' jars, from rubber-phenol-aldehyde com¬ 
position. 434 

Batii gum. in shellac substitutes, 778 
Bauxite, catalyst, polymerization, 226, 227 
Beadings, extrusion of, 1328 

Bean proteins, modifiers, phenol-formaldehyde res¬ 
ins. 414, 416 

Beef tallow, in modified alkvd resins, 936 
Beeswax, constituent, of .shellac substitute, 1188 
—, effect on chlororubber oil varnish, 1124 
—, emulsifying agent, resorcinol-formaldehyde 
resin, 372 

—, modifier, phenol-aldehyde resins, 411, 426 
—, plasticity of, 34 
—, use, in modified alkyd resins, 986 
Beeswax acid, acylation of phenol-aldehyde re.«iins, 

426 

Beetle, urea resin molding composition, 565, 627, 

628 

Belt dressing compound, rosin in. 778 
Belting, from rubber isomers, 1100 
Bentonite, addition to sulphur castings, 1106 
use, in alkyd»resin emulsification, 946 
—, —, in dispersing este» gnm 824 
Benzalanilins, reaction with carbon disuinblde, 1197 
Benzalazine, reaction with maleic anhvdiide. 8.54 
Benzal bromide, action on ro.sln. 1134 * 

Benzal chloride, conden.Mation with aniline,' 11.34 
—. — anthracene. 1134 

— naphthalene, 1184 

— phenanthrene, 1134 
—. resins from, 1129, 1184 

—. ro-iln esterification with. 799 ^ 

Renzaldazine, pvroivsis, resin formation, 735 
Benznldehyde. as homogenizing agent. 970 
—, condensation with solvent naphtha. 265 

— x.vlene, 265 

—effect of light on, 508 
—, effect of ultraviolet rays on, 494 
—, fi-om polystyrenes, 239 
—, polymerisation of. 507, 508 
—, reaction with acetic atihydride, 508 
—, — aliphatic amines, 688, 705 

— aliphatic ketone. 561 

—, — ammonium sulphide, 682 
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Beiizaldphyde, reactiun with aniluie, 600, 705 
-- aBilme-o-Bulphonamide, 716 
—, — aryl thioureas, 671, 672 

— creaol, 864, 888 
—, — crotonlc acid, 808 

—, — dehydrochohe acid, 508 
—, — deoxybemsoin and aniline, 508 
—, dimethylaniline, 6W 

- — 2.4-dimethylpyiTole, 741 

—, — di>o-to)yl>thiourea, 650 

— ethyl succinate, 1258 
—, — furfural, 521, 581 

—, — guanidine, 681 
—, — hydrogen persulphide. 1182 
—, — hydrogen selenide.' 1180 

— hvdrogen sulphide, 1180 

— indene, 08 

— ketene, 554 

—, — magnesium, 508 

—, •— naphthols, 270 

—, ~ a>naphthylaminc, 710 

—, — phenol, 278, 270, 205, 382 

—, — phenylhydrasine hydrochloride, 735 

—, — polyvalent phenols, 277, 278. 372 

— polyvinyl alcohol, 1056, 1061 
—, — pyrogallic acid, 277 

—, — pyruvic acid, M2 

safrol and isosafiol, 508 
—, — salicylic acid, 374 
—, — sodium, 508 
—, — sulphonanudes, 6! 

—, — urea and ethyl acetoacetsle, 576 
—, resin with phenols and cvclohexanone, 300 
—, solvent for cellulose esters, 80 
—, wetting agent, 457 
Bensaldehydeamine, use of, 320 
Bensaldehyde cyanohvdrin, polyinei isation of, 508 
Benxaldehyde-/) -naphthylamine, light-sensitive 
filma from, 539 

Bensaldehyde-phenol rcein, acetyl derivative. 278 
—, effect of air on, 278 

Bensaldehyde-resoicinol ream, physical properties. 

278 

tanning aecnt, 419 

Bensaldehyde-sulphonamidc resins, preparation, 
714, 715 

Bensalethyl ketone, condensation with isatin, 744 
Bensalglvcol, reaction with phenol alcohols, 383 
Bensalmalonyl anhydride, decomposition, thermal, 
552 

Bensalmethyl isopiopyl ketone, ooiidensatiou, by 
sodium ethoxide, 551 

Bensamide, reaction with forrosldehyde, 573 
Bensene, action of canal rays on, 260 
—, — ohioial on, 263 
—, — dibenxoyl peroxide on, 260 

— electric sparks on, 260 

—, — hvdrogen peroxide on, 260 
—, — sunlight on, 280 
—, alkylation of, 104 
—, biphenyl from. 268, 1142 
—, chlorination of. 252 
—, condensation with olefins. 104. 2M 
—, effect on thiourea resin film, 654 
ethylbenzene frwn, 252 
—, fiuorination of, 1156 
—, from bv-product. coke ovens, 360 
from diphenyl ether, 270 
—, glyi^ride oils modified with, 1227 
—, hydrogimation of, 268 
—, in paint remover, 908 
—, in coating composition for paper, 068 
—modifier, dihyaroxybensophenone-aldehvde res¬ 
ins, 874 

—, phenol from, 860 

—, purification of, 1201 

—, reaction with acetaldehyde, 268 

— acetylene, 161 

—, — aliphatic aldehydes, 406 

— ben^I chloride, 1181 

— ethylene dichloride, 266, 1187 
formaldehyde, 268, 864, 165 

-- iodine, 1156 

— methylal, 214, 263 

-r, - nitrosyl chloride. 724, 1141 


Benzene, leaction with polyaiihydi ides. 098 
—— sulphur, 1201 
—, ~ sulphur chloride, 1200 
—, — vmyl chlonde, 256 

—, resmous products from, 108, 120, 121. 268, 724 
—, rubber solvent, 1002 
—, solvent, alkyd resins, 064 

—, amine-aldehyde resins, 583, 586, 700, 701 
~ chlororubbers, 1100, 1110, 1112, 1113, 1115, 
1118 


—, cumarone resins, 117 

—, decomposition of silver tnlodophenylale, 370 

—, —, ester gtun, 822 

—, —, formaldehyde-glycol-monoaryl ether resins, 
376 

—, —, furfural resins, 360, 520, 537 
—, —, hydrogenation of esters, 807 
—, petroleum resins, 202 

—, —, phenol-aldehyde resine, 278, 364, 367, 397, 
416, 448, 446, 528, 530 
—, —, phenol-lead oxide resin, 273 
—, —, polyacrylio resms, 1072, 1073 
—, —, polymerization of chloroprene, 157, 150 
—t —• polymerisation of diolenns, 162, 170, 180, 
182, 188, 185, 180 

—, —, polymerization of ethylene oxide, 093 
—. polyvmyl oompounds, 1024, 1025, 1038, 1047, 

1052 

—, —, resins from polymenzation of cracked gasu- 
line, 102 

—, spraying lacquer, 247 
—, —, thiofuifural resin, 538 
—, for Toron, 1100 

—, used in separation of tall oil esters, 756 
—, styrene from, 258, 3M 
—, thmner for varnish. 819, 1091 
Bensene-alcohol mixture, for aldehyde-tar-acid 
condensation, 864 

—, thiimer for Glvptal baking lacquer, 061 
Bensme-aloohol-acetone-ethyl lactate, solvent, 

alkyd reein, 060 

4'-Benseneaso-2,4-dmitrodipbetiylaininc, reaction 
with alkaline polysulpbides, 1105 
B«isenecarboxyho acids, from resinenes. 275 
Benzene-cyclohexanol mixture, solvent, dicyanodia- 
mide-formaldehyde resin, 6^ 

Benzenediaso hydroxide, resin from, 733 
Benzenediasonium chlonde, reaction with p-tolu- 
enesulphonamide, 722 
—, — ethyl ff-indoleglyoxylate, 743 
Bensene-m-aisulphonamide, oondMisatioii with al¬ 
dehydes, 715 

p-Benzeoedithiol, reaction wi^ ferric chlonde, 1170 
Benzene ethyl siilphonamide, plasticizer, for acetyl 
cellulose, 719 720 

Benzene-formaldehyde resin, stability to oxidising 
agents, 263 

Bensene homologues, polymerisation of, 180 
—, styrene by pyrolysis of, 253 
Bensene hydrocarbons, from acetylene iiolynieiiza- 
tion, 144 

—, condensation with acetylene, 384 
, reaction with dimethylol urea, 574 
Bensene-methyl alcohol mixture, urea-phcMiol-alde¬ 
hyde resins, 4^6 

—, solvent, nitrocellulose-alkyd resin lacquer, 068 
Bensene methyl sulphonamide, plasticiser for a(‘et>l 
cellulose. 710, 720 

Hensenesulphonamide, plasticiser, 388 
Benienesulphonamide-aldehyde resins, as adhe.sive.*^, 
710 

—, lacquers from, 717, 718 
—, structure of, 716 

Bensenesulphonio acid, action on rosin, 779 
, alkyd resins hardened with, 881 
—, catalyst, phenol-ald^yde reaction, 480 
polionerisation of diolefins, 185 
—, phenol from, 860 

Benseneeulphonyl chloride, reection with ai-ginine, 
72} 


l,8,5-Bensenetri8uIphonamide, resins from. 715 
Bensidine, condensation with formaldehyde, 688 
- furfuml. 584 
—, — heptaldmyde, 705 
—, UM^thftlaldehyde, 688 
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Benzidine, condensation with hgnin, 748 
—, — terephthalaldehyde, (J88 
—, glyceride oils modified with, 1227 
—, in rubber laminated stocks, 1099 
—, softening agent, phenol-aldehyde resins, 424 
—, use in alkyd resins, 922 
—, — phenol-aldehyde resms, 347 
Beniidine-acetone, as hardening agent, 392, 759 
Benzidine-aldehyde resins, fluidity, 695 
Benzidine-furfural resins, light-sensitive material 
from, 539 

Benzil, resinihcation of, 509 
Bensilic acid, thermal decomposition of, 1003 
lactide from, 1003 
Benzine^ as varnish thinner, 817 
precipitant, petroleum resins, 202 
—, solvent, protein-modified phenol-aldehyde res¬ 
ins, 416 

Benzoate, of hydroxyethyl vinyl ether, 1010 
Benzofuran, see Cumarone 

Benzoic acid, catalyst, amine-aldehyde condensa¬ 
tions, 702 

, darkening of resins, 1244 
—, condensing agent, urea and formaldehyde, 610 
—, effect on coating films, 976 
—, in cement for glass, 479 
—, modifier, for oxidized fatty acids, 1227 
—, —, for phenol-aldehyde resins, 424 
—, phenol-aldehyde resins fused with, 398 
—, polymerizing agent, methylolureas, 595 
, reaction with diversine, 745 
—, scorch retarder for rubber, 985 
—, softening agent for nitrocellulose films, 970 
—, use in alkvd resins, 007, 935, 938, 942, 984 
—, use in Teglacs, 914 
Benzoic acid derivatives, as driers, 786 
Benzoic anhydride, modifier, phenol-aldehyde res¬ 
ins, 430 

use with phenol-aldehyde resins, 328 
Benzoic eaters, of phenol-aldehyde resins, 422 
Benzoic-glycerol ester, composition with cellulose 

esters, 971 

Benzoic-phthalic-glyceride resin in flooring compo¬ 
sitions, 984 

—, in nitrocellulose lacquer, 966 
o-Benzoic sulphonamide, from toluene o-sulphon- 
amide, 712, 713 
—, saccharin from, 712. 713 

Benzoin, arylalkyl substituted, metallic salts of, 
953 

—, condensation products as wetting agents, 268 
—, nitration of, 725 
—, a-resin of. 1253 
—, resiniflration of, 510 
Bensoindolisines, polymerization, 738 
Benzol, crude, cumarone ream from, 107, 115, 116 
—, —, purification with maleic anhvdride, 836 
—, solvent, in cold-molding compositions, 1285 
—, —, for ester gum paints, 820 
—, —, for polyacenaphthalene, 260 
Benzophenone, chlorine derivatives of, 1154 
~, melts of, 29, 30 

—, reaction with sodium vinylaoetylide, 151 
Benzophenone-dicarboxylic acid, condensation with 
m-cresol, 375 
—, — ethylene glvcol, 895 

- glvcerol, 893, 894, 895 

—, in alkyd resins, 915, 924 . 925, 930 
Benzophenoneketazine, p 3 rrolysi 8 , resin formation, 
735 

Benzopyrylium salts, as condensing agents, 295 
Bensoquinone* condensation with p-cresol methyl 
ether, 894 

—, polymerisation inhibitor, 242 

—, reaction with anthracene, 840 

—, — butadiene hydrocarbons, 832, 883 

—, — cyclopenti^ene, 887 

-r, — i^prene, 880 

—, — oxygen, 588 

—, phenyihydrasine, 561 

Bensosuocinin, preparation, 886 

B^sothiMolee, condensation with aldehydes, 392 

— ketones, 898 


Benzotnchloride, in rubber accelerators, 707 
—, reaction with anilme, 1135 
—, — benzene, 1135 
—, — cresol, 1135 
—, — phenol, 1135 

—, resinification of, 1129, 1135, 1136 
Benzotrich loride-phenol - formaldehyde product, 
cold-moldmg composition, 1289 
Benzoxazole guanidine derivative, preparation of, 
672 

Benzoylacetone, condensation with anisaldehyde, 563 
—, — methylolbenzamide, 574 
—, — m-nitrobensaldehyde, 563 
4 -Benzoy laminomethy 1 -1,5 - dimethyl -2 - phenyl py¬ 
razolone, from autipyrine, 574 
Benzoylation, of polyvinyl alcohol, 1055 
Benzoylbenzoic acid, condensation with glycerol, 864 
—, — phenols, 376, 433 
—, use in alkyd resins, 614 

Benzoylbenzoic acid-phenol resins, reaction with 
aldehydes, 376 

Benzoylcarbinol, catalyst, vinyl-acetate hydrolysis, 
1056 

Benzoyl chloride, action on alkylfurylcarbinols, 520 
—, — phenol-sulphur resin, 1193 
—, —- rubber, 1100 

—, reaction with )9-3-dihydroindolylpropionic acid, 
743 

—, — diphenylbutadiene, 1138 

—, — magnesylpyrrole and sulphur, 742 

—, — 7-methylindole, 743 

—, — silver isatin, 744 

—, — sodium oresotate, 1254 

—, — trioxymethylene, 516 

Benzoyl cyanide, condensation with resorcinol, 378, 
737 

Benzoyl cystine, gels from, 38 
01 -Benzoyl fatty acid, preparation of, 998 
Benzoyl hydrogen peroxide, catalyst, polymeriza¬ 
tion of styrene, 240 

a-Benzoylmethyl-v-butyrolactone, from 2-methyl- 
6-phenylcinchomeronic acid, 738 
Benzoyl peroxide, action on rubber, 1093, 1094, 1109 
as a polymerization catalyst, 49, 50 
—, catalyst, condensation of maleic anhydride and 
vinyl acetate, 1034 

—, —, condensation of vinyl acetate and trichloro¬ 
ethylene, 1034 

—, —, polymerization of aldehydes, 505 
—, —, — diolefins, 175, 180 
—, —, — esters of unsatnreted acids, 1076, 1071 
, — furylethylene, 243, 522 
—, —, — hydrogenated divinylacetylene, 154 
—, —, — styrene, 176, 240. 243 
—, —, — vinylacetylene, 150 
—, , — vinyl chloride. 1038, 1040 

—. —, — vinyl esters, 1024, 1084, 1045, 1046, 1057, 
1067 

—, , — vinylethinyl carbinols, 151 

—, vinyl ester-aldehyde reaction, 1065 
—, reaction with pyridine, 787 
Benzoyl yeast-gum, depolymerization, 763 
Benzuramidobutyric esters, formation of. 576 
Benzuramidocrotonic ester, resins from, 576 
Benzyl abietate, formation, 797 
in smokeless powder, 824 
Benzyl acetate, copal esterified with, 810 
. —, modifier, for phenol-aldehyde resin. 899, 400 
—, reaction with phthalovl chloride, 1254 
—, rosin esterification with, 801 
solvent, alkyd resins, 880 
—, use in alkyd resin production, 925 
Bensvl alcohol, catalyst, vinyl-acetate hydrolysis, 
1056 

—, dehydrating agent, urea-formalddiyde resins, 
600. 601 

dehydration of, 146, 267 
—, esterification of aralkyl halide resins, 1132 
—, reaction with glycerol and urea, 664 
—, — phenol, 295 
—, — rosin, 799 

—, — sulphuric ncld trihydrate, 267 
—, resinz from, 267, lOOT 
—, softening agent, urea-formaldehyde resin, 664 
—, solvent, alkyd resins, 880 
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Benzyl aloohol, solvent, benzoyl chloride'cresotic 
acid resins, 1254 

—, —, urea-formaldehyde condensation, 637 
—, —, urea>phenol<aldehyde resin, 676 
—, use, m alkyd resins, 926, 936 
—, —, in castor oil-maleid compositions, 909 
Benzyl aloohol disulphide, 1154 
Benzylamine, catalyst, in phenol-aldehyde conden¬ 
sation, 363, 365 

tt-Benzyl-/8-ammopropionic acid, preparation, 688 
—, condensation with benzylmalonic acid half al¬ 
dehyde, 688 

Benzylamylonio esters, 762 

Benzylaniline, condensation with formaldehyde, 699 
Benzylanthracenc, bromination of, 1156, 1157 
Benzylated starch derivatives, 762 
Benzyl benzenesulphonate, decomposition of, 1206 
Benzyl benzoate, solvent, benzoyl chloride-cresol 
resins, 1254 

—, —, alkyd resins, 879 
—, use, in alkyd resin production, 925 
Benzyl bromide, reaction with zinc-copper couple, 
1130 

Benzylbromoacetaldehyde, polymerization of. 506 
Benzylcellulose, coating composition from, 447 
—, in flooring composition, 824, 1150 
—, polyalkylene oxide plasticizer for, 993 
—, use with glycerol esters, 969 
—, — synthetic resins, 1244 
Benzyl chloride, as hardening agent, 1132 
—, as solubilizing agent, 1132 
—, catalyst, phenol-aldehyde reaction, 357, 382 
—, condensation with aluminum chloride, 55 
—, — benzene, 1131 
—— casein, 1133 
—, — methylnaphthalene, 1131 
—, — naphthalene sulphonic acid, 1132 
—, — a-naphthol, 1133 
—, — nitrobenzaldehydes, 509 
—, — phenol, 295 
—, ^ rubber, 1133 
—, — sodium indene, 98 
, — tnoxymethylene, 299 
—, — xylene, 1137 

—, condensing agent for sugar resins, 759 
—, plasticizer, polyvinyl chloride, 1038 
—, resiniflcation of, 1129, 1131 
—, resm esters with, 799 
—, reaction with metals, 1130, 1131 

use in polymerization of dioleflns, 183 
Benzyl cinnamate, polymerization, 10^ 

Benzyl dihvdro-anthraquinyl dipyridmium dibro- 
mide, hydrolysis of, 1157 
p-Benzyldiphenylmethane, 1131 
Benzyl ester, of abietic acid, in chewing gum, 828 
—, —, in waterproofing agent for paper, 828 
Benzyl ether, introfier for sulphur, 1165 
—, of phenol-aldehyde resins, 422 
Benzylglycol, action on urea resins, 659 
Benzylideneacetophenone, reaction with resorcinol, 
295 

—, reaction with chloranil, 295 
Benzylideneaniline, resinifl cation, 710 
N-Benzylideneglycylglycine, resinlfioation of, 689 
2-BaizyIidene-8-phenyl-A**/9-n^hthpvran, from 
2-naphthol-l-aldehvde and dibenzylketone, 563 
T-, polymerization, 563 

Benzylidenepyruvio acid, polymerization of, 509 
Benzylidene rubber, properties of, 1100 
Benzylimidazol, reaction with methyl iodide, 736 
Benzylindene, from sodium indene, 98 
—, substitute for linseed oil, 98 
Benzylmalonic acid, half aldehyde, preparation, 688 
—, condensation with a-benzyl-/S-aminopropi- 
onio acid, 688 

Benzyl mercaptan, reaction with aldi^ydes, 377 
Benzylnaphthalene, plasticizer, chlororubber, 1123 
Benzylnaphthalene-sulphonic acid, reaction with 
phenol-formaldehyde resin, 419 
Benzylpyridium halides, resiniflcation, 738 
Benzyl succinic acid, preparation of, 889 
l-Bensyl-l,2,8,4-tetrahydrD isoquinoline, condensa¬ 
tion with formald^yde, 743 
Biaryls, halogenation of, 1142 


Bibenzyl, from benzyl chloride, 1131 
—, from toluene. 268 

Bibliography, of S 3 aithetic resins, 15, 16, 17 
Bicarbazoles, from carbazole, 744 
Binder, aldehyde-amine resms as, 703 
—, chloroprene rubber as, 159 
—, cumarone resm as, 135, 137, 138 
—, dammar gum as, 482 
—, for mica, 982 
—, for molded products, 1271 
—, from molasses, 762 
—. furfural-aniline resm as, 535 
—, fury I alcohol resins as, 522 
—, modified phenol-aldehyde resms as, 417 
—, phenol-aldehyde-oil jesins as, 406, 407, 427 
—, phenol-aldehyde resins as, 329, 452, 4M, 461, 
471, 472, 473 , 474, 475, 476, 478, 484, 485 
Binder, polyamides and polyesters as, 1000 
—, oxidized rubber as, 1098 
—, polyacrylic ester as, 1077 

polymerized acrylic acid as, 1076 
~, polymerized butadiene as, 183, 184 
—, polystyrene as, 245, 251 
—, rosm m, 777 
—, rubber as, 482, 1095 
—sugar-formaldehyde resin as, 758 
—, urea resm as, 624, 630 
Binders, classification, 1271 
—, loss of, with organic fillers, 462 
—, oxidizmg Kezyls as, 956 
Bindmg agent, for abrasives, 1197 
—, from gas-purification extract, 122 
—, from waste liquors, 753 
Biphenyl, action of cathode rays on, 269 
—, chlorinated, in protective coatmgs, 1147 
—, —, introfier for sulphur, 1147, 1165 
—, —, resins from. 1150 
—, —, use with alkyd resins, 943, 944 
—, chlormation of, 1129, 1142, 1143, 1144, 1145 
—, reaction with aldehydes, 263 
—, synthesis of, 268, 1142 

Bipiperidyl, catalyst, for aciylic acid chloride 
polymerization, 1075 
Birch wood, plastic materials from, 749 
Bismuth bisulphate, in varnish, prevention of 
yellowing, 1378 

Bismuth chloride, action on rubber, 1102 
—, catalyst, oxidation of phenol, 271 
——, preparation of vinyl chlonde, 1035 
Bismuth halides, catalyst, polymerization of 
diolefins, 183, 187 

Bismuth nitrate, in varnish, prevention of yellow¬ 
ing, 1878 • 

Bitumen, definition of, 12 
—, from Russian peat, 274 
, incorporation with chlororubber, 1119 
—, — rubber, 1092 
oxidation of, 210 

—, resmified with unsaturated hydrocarbons, 179, 
229 

—, uses of, 12, 360 

Bituminous coal, chlorination of, 1156 
—, varnish resin from, 275 
Bituminous materials, in floor-covering, 199 
—, moldings from, 1323, 1334 
—, reaction with sulphur chloride and sulphur, 
1203 

—, vulcanized, 1203, 1204 
Bituminous paint, cumarone resin in, 132 
Biuret, alcoholization of, 571 
—, adhesive from, 685 
—formation of, 570 
—, reaction with formaldehyde, 685 
—urethan from, 571 
Black liquor, from wood pulp, 753 
Blanc fixe, filler in sound records, 1336 
Bleach solutions, action on chlororubber paints, 
1121 

Bleaching, of alkyd resins, 908 
—, of chlororubber solutions, 1124, 1125 
—, of furfural r^ns. 538 
—, of montan wax, 814 

of phenol-aldehyde resins, 339 
—, of rosin, 770, 776 
—, of tannhig compounds, 750 




Bleaching snBJEr 

RIeuuhiitK powder, uctiuii on cumaione, 94 
—, effect on aikyd teauia, 980 
Blisteimg, of moldinga, 607, 1315. 1820, 1328, 1320 
of paraformaldehyde-cresyhc acid reem, 365 
—, urea resins, effect of cellulose, 620 
Block printing color, from tar oils, 1203 
Blood, dried, use with synthetic resins, 1250 
Blood serum, modifier, phenol-formaldehyde resins, 
414, 416, 417 
Bloom oil, 779 

Blooming, of cumarone resm, 1162 
—, of hlms, natuie of, 40 
—, of rosin, 771 
—, of vainish films, 127, 774 
Blowing mold, use of, 1294 

Blown oils, inodiheis, foi alkvd resins, 908, 932, 
967 

Blushing, of niti’ocellulose fiitns, 913, 968 
—, of cumarone lesin laoqueis, 129 
Bodied diyiiig oils, use with a'kyd resins, 929 
Bodied tung oil, use with estei gum, 825 
Body enamel, soys bean oil in, 974 
Bonding strength, of laminated stock, 1352, 1353 
Bone, filler, t«>r phenol-aldehyde resins, 317. 318 
Bone black, determination of, in resins, 1261 
Bone oil, use of, 321, 322 
Hone pitch, pigmeni, chlororubber paint, 1120 
Bone substitutes, amine aldehyde resins as, 696 
Rook-binding materials, from chloiopiene rubber, 
159 

Borax, catalyst, for phenol-alcohol resm, 332 
—, —, urea-formaldehyde reaction, 590 
—, control of pH with, 363 
—, effect, on polyvinyl alcohol, 1058 
—, emulsifying agent, 372 
—, in alkvd resin paints, 977 
—, m urea resins, 645 
—, rosin purification with, 767 
Borax solution, solvent for casein, 415 
Bono acid, bleachigg resins with, 336, 467 , 908 
—. catalyst, cuiing cellulose-urea resin componi- 
tions, 622 

—, —, esterification of rosin, 400. 796, 800 
—, , esterification of shellac, 818 

——, phenol-acetone reaction, 389 
—, —, phenol-foimaldehvde reaction, 349 
—, —, polymerization of tung oil, 401 
—, —, ricinoleic acid condensation, 1224 
—, —, urea-aldehyde reaction, 594 , 631, 662 
condensation of glycol by, 893 
—, inhibitor, hydrolysis of rosin ester, 811 
—, in rosin-oil production, 779 
—, m rosin purification, 767 
—, neutralizing agent, 405 
—, reaction with polvvinvl compounds, 1057 
—, refining oils with, 898 
—, iiae, iu alkvd resins, 881, 911, S37 
—, use, in modified urea-aldehvde resin, 685 
Boric anhydride, effect on cumaione polvnierissa- 
tion, 107 

Boric esters, refining oils with, 893 
Boric oxide, catalyst, phenol-formaldehyde re¬ 
action, 349 

Bomeol, diterpenes from, 725 
—, from iinaloiil, 783 

plasticizer, urea formaldehyde resins, 601 
—. reaction with aldehydes, 516. 525, 782 
—, — zinc chloride, 725 

use with castor oil-maleic compositions, 909 
—, — aikyd resins, 903 
Bomeol-rosin esters, preparation. 800 
Bomyl chloride, reaction with formaldehyde, 515 
516, 782 

Boron compounds, catalysts, phenol-acetone re¬ 
action, 386 

B<fron fluoride, ansolvo acid from, 194 
—, catalyst, acetylene-acetic odd reaction, 1017 
—, , for rosni est-eiification.' 800 

—, phenol-aldelivde reaction, 400 

, phenol-aikyd resin reaction, 917 

—, —, phenol-fatty acid reaction, 11^ 

—, —, polymerization of cumarone, 109. 117. lift 
—, —, pol^erizatiofi of diofefins, 172, 175. 194 
—, —, polymeritaiion of olefins. 166, 185 
—, polymefisation of pmpyloensene, 258 


INDEX .H7S 

Boron fiuoiide, ruialyst, pol> vinyl ellu*i luiiua- 
(lon. 1011 

—, —, roain-diisopropylcarbasole reaction, 805 
—, precipitant, asphaltenes, 205, 215 
Boron trichloride, action on mdene, 102 

catalyst, polymerization of diolefins, 183, 187 
Boron triphenyl, reaction with amines, 1241 
Bottle closures, from chlororubber. 1125 
—, from phenol-furfural resins, 533 
—, from urea resms, 627 
Brake lining, from sulphurized linseed oil. 1209 
—, synthetic resm m, 3M, 459, 532, 649, 69S, 732, 
987 

Biake material, sjlphur containing, 1204 
Bran, furfural fioin, 517 

Breakdown voltage, for laminated materials, 1345, 
1348 

Breaking strength, of cold-molded phenol t*esins, 
470 

Brewers pitch, 778 

Brinell haidness, determination of. 1351 

Briquette binder, prepuiatiori, 121, 275 , 729, 1203 

Brittleness, of ciiinaroiie icbin, 119, 134 

—, of phenol-aldehyde resins, 372, 414, 415 

—, of rosin varnish, 773 

Bromalurea, formation of, 576 

Brommated rubber, uses, 1125, 1126 

Brominated triphenyl phosphate, uses, 718 

Brommation, of benzylanthiacene, 1156 

—, of cumarone, 93 

—, of divinylacetylenes, 152, 160, 161 

—, of ethylbenzene, 253 

—, of fatty acids, 1220 

—, of mdene, 97, 100 

—, of phenols, 1154 

—, of polyindene, 103, 104, 105 

—, of polystyrene, 284, 237 

of rubber. 1105, 1118, 1114, 1115 
Biomine, action on films of acetylene polymers, 153 
catalyst, phenol-aldehyde reaction, 393 
phenol-ketone reaction, 388 
—, —, rubber chlorination, 1110 
—, inhibitor, rubber oxidation, 1128 
purifying naphtha with, 116 
—, reaction with acetylene, 143 
—, — cyclohexanonebenzil, 560 
—, — diversine, 745 
—, — isoprene sulphone, 171 
—, — phenol-aldehyde condensates, 312, 313 
—, — phenvlisoamvlthiocarbamide, 658, 733 
■—f — polyisobutvlene. 166 
—, — polvvinvl alcohol, 1056 

Bromine addition compound, of methvleneiirca, 579 
—of urea resm, 580 

Broipme addition product, of dimethvleneurea, 579 
Bromme-chlorine mixture, rubber luiN^enated 
with, 1108 

Bromine numbers, control of cooking oils hv, 1226 
Bromine water, effect of styiene poIymerizntlf>n, 
241 

Bromoacetal, condensation with o-toliiidine, 782 
Bromoacetaldehyde, from paraldehyde, 506 
Broinoacetone, reaction with sodium sulphide, 1182 
Bromoacetvl bromide, reaction with zinc, 552 
^-BromoaervUo acid, from ^-dibromopioplonic 
acid, 1079 

—, polymerization of, 1079, 1080 
—. pvnivio arid from, 1080 
Bromobenzene, alkviation of, 194 , 

—. fluorinnted. 1157 

2-Bromo-l,3-butadiene, see Bromoprene. 
fi-Bromobutyraldehvde, polymerization of, .506 
Bromoehloroethylene, TOiymerlzation. 1041, 1042 
a-Bromocinnamaldebyae, phenylhydrazone, lesini- 
fication of, 510 

Bromooumarone, from 'cumarone dihromide, 93 
l-Bromo-2.2'-diGhlorodiethyl milphide, decomposi¬ 
tion, 1179 

5-Rromo-8,4-dimcthoxyhcnzaIdehvdf, polymcrizn - 
tion of, 509 

^-Bfomoethers, preparation of, 1008, 1010 
Bromoethylbenzene, styiTUc from, 258, 255 
BromoethvHdene given!, hydroxycthyl vinvl ether 
from. 1009. 1010 

Q-Bromocthytsfyretie, poUmierization of, 259 
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Bromofluorene, reaction with mercury di-p-tolyl, 
1140, 1141 

Broraofluoroethylene, reactione of, 1042 
Bromoform, reaction with aluminum, 143 
Bromoheptyne, preparation of, 1156 
6-Bromo>n-hexylamine, hexamethylemmine from, 
1000 ' 

^-Bromohydrocinnamic add, hardening agent, 618 
4-Bromo-5>hydroxv-ci8-3,6-endo-methylen6hexahy- 
dropththalic acid, reactions of, 836 
Bromoindane, from indene, 08, 102 
/9-Bronioi8obutyrio add, methacrylic acid ftxint, 
1080 

Bromomaleic anhydride, condensation with glycerol, 
889 

2-Bromomethylfuran, resin from, 520 
2-Bromo-2-methyl-l-hvdrmdone, reactions of, 55H 
Hromonaphthalene, from dibiomonaphthalene, 
1142 

/3-Bromoplienetole, phenyl ^Mnyl ether from, 1008 
r>-Bromophenol, reaction with sulphur dichloride, 
1184 

Hromoprene, formation of. 149, 159 
- , polvraerization of, 170, 171 
—, reaction with fumaric acid, 160 
—, — maleic anhydride, 160 

stretched, x-ray pattern of. 90 
a-Bromopropionaldehyde dimethyl iicetui, oxidation 
of, 1070 

a-Bromnpropionio acid, acrylic acid from, 1070 
—, reaction with phenol-aldehyde resins, 427 
Bromosalicylaldehyde, condensation with 4,6-dini- 
tix)-m-xylepe, 726 

Broinostyrene, from phenylethanol, 254, 255 
—, polymerication of; 255 
Bromovn^lacrylio acid, polymerization, 1085 
Bronze dies, use of, 1296 

Bronze-iron, inhibitor, polymerization of vinyl 
bromide, 1037 

Bronze powder, incorporation in, urea resins, 644 
Bronzing, metallic surfaces, 1251 
Bronzing liquids, preparation, 129. 1026 
Brown-coal tar, styrene from, 256 
Brownian movement, effect m moving liquid, 70 
—, influence on plasticity, 33 
of chloropiene particles, 157 
Brucidine, resins from, 745 

Brush-binder, cresylio add-formaldehyde resin as, 
368 

Bnishing, of chlororubber paints, 1118 
—, of Qlyptal lacquers^ 955, 961 
B-stage alkvd resins, in coating compositions, 964 
B-stage resins, resitols, 307 

Buffer compounds, in urea-formaldeh 3 ^e condensa¬ 
tion, 611 

Buffering, of urea-formaldehyde reaction, 587, 637 
—, of phenol-formaldehyde reaction, 353 
Buffer mixtures, condensing agents, 589 
Buffers, use in isoprene polymerisation, 178 
BiifRng wheels, use in finishing moldings, 1330, 
1381 

Bulk factor, of molding materials. 1356 
Bulking value, of chlororubber, 1118 
Bureau of Standards, investigations on testing, 
1840 

Butadiene, ammonium oleate emulsifier for, 178 
—, by cracking, 201 

—, co-po] 3 rmeri 8 ation with acrylic acid derivatives, 
1076 

— a-methyl 8 t 3 Tene, 198 
—, — monolefins, 192 

—, — stand oU, IW 

— styrene, 245, 251 
—, — vinyl esters, 1034 

from aoetone-Wnyl bromide reaction, 1253 
~, from 1.3-butylene glycol, 178 

from destructive distillation of coal, 185 
—, from ethylene, 165 
—, from petroleum fractions,' 176 
—, halogeiiftted, resinous material fiom, 170, 171 
oxidation with nitric oxide, 727 
polymerisation of. 168, 169, 170, 176, 178, 188, 
184, 198. nOO 

, acetic acid catalyst, 175, 180 
aluminum catalyvt, 185 


Butyl 

Butadiene, polymciizatiun ol, aisenious and 
catalyst, 180 
, —, iodine catalyst, 180 
-, —, iron catalyst, 185 
-, —, nickel catalyst, 185 
—, oxygen catalyst, 179, 180 
—, —, polyvinyl ethers as aids, 1011 

. sodium catalyst, 176, 178, 181-184 
—, polymerized, coating composition from, 182 
—, —, 111 admixture with rubber and sulphur, 198 
—, sulphonation of, 1100 

' use with alkvd resins, 942 

—, Polvnit from, 178 
—, preventing reainification of, 1104 
—reaction with acrolein, 831 
—. — benzoquinone, 832 
—, - crotons Idehvde, 832 
—, — 5,8-di-hvdroxy-l,4-naphihoquinone, 834 
—. — 3,6-eiidomethyIene-A^-tetrahydrophthahc aii- 
hvdnde. 836 

—, — maleic anhydride, 832 
—, — methylaoetylene dicarboxylaie, 834 
—, — muconio acid. 834 
—, — naphthazarine, 834 
—, — a-naphthoqumones, 833 
sorbic acid, 834 
—, — iinsaturated nitnles. 850 
Butadiene derivatives, polymerization of, 169-174 
—, polymerization of, effect of lighf. 171 
—, polymerization of, effect of substituting groups, 
169, 170, 171 

—. structure of polymers from, 171, 173, 174 
Butadiene hydrocarbons, condensation with aro¬ 
matics, 193, 194 

—, polymerization of, 168-185, 195. 196, 198 
—, polymerized, condensation with rosin-ethylene 
oxide resin, 200 

—, —, crimping fibers from, 200 

—, hardening of, 199 

—, —, mixed with balata. 200 

—, —, mixed with gutta-percha, 200 

—, —, mixed with rubber, 197, 198, 200 

—, —, sulphurising of, 1101 

—, —, vulcanisation of, 181, 185, 195, 196 

Butadiene i:^lymer8, artificial glass from, 199 

—, as bonding agents, 200 

—, halogenated. use of, 199 

—, in insulatmg compositions, 828 

- , m paint, 184 

—, in rubber compositions, 198 

—solvents for, 184, 199 

—, stability of, 178 

—, structures of, 170, 172 

—, vulcanization of, 195 

—, vulcanised, as electrical insulation, 197, 198 
Butadiene-vinyl halide oo-pol 3 aners, liydrolyus, 
1057 

1,3-Butadicinol, preparation of esters of, 151 
Butadienol-ester polymers, applications of, 152 
Butadienol esters, pobunerisation of, 152 
Butane, from vinylacetylene, 149 
—, liquid, purification of rosin, 768 
Butanol, see Butyl alcohol. 

1-Butene, from ethylene. 165 
1-Butene-3-one. formation of, 149 . 

Butenyne, see Monovinylacetyleiie 
/8-ButoxyethyI ^-hydroxyethyl phthalate, plasti¬ 
cizer, 897 

Button method, locating holes in molds, 1301 
Buttons, from lignite-phenol resins, 275 
—, from polyvmyl resins, 1029 
—, from urea resins, 623, 627 
Butyl abietate, plasticiser for phenolic resins, 829 
—, preparation of, 798, 801 
Butyl acetate, in paint removers, 993 
—, modifier, dihydroxybensophenone-aldehyde res¬ 
ins, 374 

—, polymerization of ethvi acrvfnte 1078 
—, solvent, for alkyd resins, 967, 968 
—, , for ester gum, 822 

—, —, for natural resin, 632 
—, —, for nitroccUiilo-'p, 412 
, for Olovine, 1083 

—. —, for phoaol-aldehyde rosins, 431, 445, 446, 

512 
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Butyl 

Butyl acetate, solvoit, for polystyrene, 236 
—, —, for vinyl acetate polymers, 1024 
—, —, for vinyl co-polymers, 1047 
—, use in laminated glass adhesive, 718 
Butyl acetate-toulene mixture, solvent for Rezyls, 
056 

Butyl acrylate, use in polymerization of diolefins, 
181 

Butyl alcohol, colloidal dispersions of phenol-oil- 
formaldehyde resin in, 404 
—, dehydratmg agent, 601, 675 
—, esterified with dibensenesulphonylarginine, 722 
—, — rosin, 797 

—, — a-terpinene-maleic anhydride, 844 
, modifier, phenol-aldehyde resms, 374, 416 
—, reaction with glyceryl phthalic acid, 903 
, — phenol-aldehyde resins, 310 
—, — phthalic anhydride, 002 
—, solvent, for hydrogenation of esters. 807 
—, —, for resins, 405 , 412, 446, 565, 612 , 030 
, use with alkyd resins, 025, 967 
—, — nitrocellulose lacquers, 412. 967 
Butylamine, catalyst, for phenol-formaldehyde re¬ 
action, 347 

—, condensation with butyraldehyde, 707 
—, — h^taldehyde, 707 
—, — propionaldehyde, 707 
—, reaction with carbon disulphide, 1197 
n-Butylaniline, condensation with formaldehyde, 687 
Butylbensene, condensation with ethylene dihalides, 
266 

—, — isoprene, 194 

n-Butylbenzoyl-o-benzoic acid, salts of 953 
Butyl cellosolve, solvent, for Rezyls, 966 
—, —, for phenol resin, 445, 446 
Butyl cellulose, with ester gum in lacquers, 824 
p-ter-Butyl-m-cresol, use in modified alkyd resins, 
936 

5-Butyl-l,3-cyclohexadiene-6-caprylic acid, dime¬ 
ric, from tung oil, 1216 
—, monomeric, from tung oil, 1216 
2-Butyl-A**®“Cyclol'®*»dienyloctoio acid, from 
eleostearic acid, 860 

Butyl esters of shellac, plasticizers for cellulose 
ester compositions, 823 

Butyl monoethvlin phthalate, plasticizer, for 
nitrocellulose, 600 

Butyl palmitate, modifier, phenol-aldehyde resins, 
430 

Butyl phthalate, modifier, for phenol-aldehyde 
resins, 399, 400 

—, plasticizer, for urea resin varnish, 632 
—, solvent, for cellulose esters, 960 
Butyl propionate, solvent for resins, 445, 446 , 967 
Butvl stearate, modifier, phenol aldehyde resins, 

424 

—, plasticizer, for polvstyrene, 247 
—, —, vinyl resins, 1050 

Butylene, reaction with sulphur monochloride, 1179 
n-Butylene acetone, condensation with aldehydes, 
550 

—, from acetone and n-butyraldehyde, 550 
Butylene esters, of phenylacrylic acid, pol 3 rmeriza- 
tion, 1083 

Butylene glycol, butadiene from, 178 
—, condensation with castor oil-maleic anhydride 
product, 855 
— urea, 659, 664, 665 
—, — thiourea, 659 
—reaction with adipic acid, 898 
—, — maleic acid, 855 

maleic anhvdride. 898, 909, 1029 
—, — phenols, 393 
—, — phthalic anhvdride, 898 
synthei^ of. 178 

, use in preparation of alkyd resins, 969 
Butylidenediiahilide, rubber accelerator, 707 
i-Butyline, see ^Xsbbutylene. ' 
n-ButWisourea, preparation of, 571 
p-ter-Butylphenol, reaction with formaldehyde, 
376 

p-Btttylphenol*Bldehyde reeins, modifiers, for 
^phenot-aldibyde resins, 427 ^ 
Bu^l-ii‘>terpinm'>mateat6, formation of, 844 


Butyl vinyl ether, polymerization of, 1010 

n-Butyl zmc phthalate, preparation of, 952 

—, use with nitrocellulose, 950 

Butyraldehyde, condensation with acetone, 550 

-, - aniline, 705 , 706, 707 

—, — butylamine, 707 

—, — dinaphthylamme, 709 

—, — diphenylamine, 709 

—, — sym-diphenyl-p-phenylenediamine, 709 

—, — phenol, 301, 382 

—, — phenyl-/9-naphthylamine, 709 

—, — polyvmyl alcohol. 1061 

—, — polyvinyl eater, l062 

—, — o-tolylguamdin^ 707 

—, — o-toluidme, 707 

—, — vinyl compounds, 1064 

—, in rubber accelerators, 705 

—, polymerization of, 505 

—, reaction with sodium vinylaretyhde, 151 

—, stabilization of, 497 

Butyraldehyde-phenol resins, hardening agents for. 
382, 532 

Butyric acid, condensing agent, amines and 
aldehydes, 707 

—, reaction with polyvmyl alcohol, 1059 
—, — vinylacetylene, 151 
—, use with alkyd resins, 905, 906, 935 
Butyrylacetophenone, condensation with salicylic 
aldehyde, 557 

Butyric anhydride, reaction with polyvinyl alcohol, 
1057 

By-product coke ovens, use of, 360 
By-product gases, urea from, 566 
By-products, in cuprene formation, l45 
—, resinous, purification of coal-tar distillates, 120, 
121 

C 

Cable insulation, methyl rubber, 178 
—, polystyrene resin, 249, 250, 251 
—, resin-impregnated laminated sheets, 472, 473 
—, rubber, 1092 
—, styrene copolymers, 251 
—, submarine, 1091 
Cables, lead, extrusion of, 1323 
Cacodylic acid, modifier, phenol-aldehyde resins, 
440 

—, toxic agent, 451 
Cadmium, plasticity of, 31, 32 
—, reaction with urea-alcohol resins, 664 
Cadmium iodide, use of, 484 

Cadmium resinate, catalyst, rosm esterification, 794 
Cadmium salts, catalysts, phenol-acetylene resins, 
385 

—, —, reaction of acetylene and acids, 1018 
Calcined magnesia, filler, 461 
Calcium, catalyst, polymerization of 1,3-dienes,. 182 
—. reaction with urea-alcohol resins, 664 
Calcium acetate, catalyst, formaldehyde condensa¬ 
tion, 512 

Calcium alginate, use, safety glass, 1254 
Calcium alloy, cataly^, in polymerization of 1,3- 
dienes, 182 

Calcium sec.-amylbenzoyl-o-benzoate, preparation 
of, 953 

Calcium bensenesulphonate, use, phenol-aldehyde 
resins, 372 

Calcium bisulphate, prevention of varnish-yellow¬ 
ing, 1378 

Ckilcium bromide, catalyst, phenol-formaldehyde 
reaction, 357 

Calcium carbide, acetylene from, 142, 161 
—, reaction with hydrochloric acid, 1036 
Calcium carbonate, catalyst, condensation of urea 
and formaldehyde, 591 
—, formaldehyde condensation, 512 

—, gelatinous, preparation; of, 30 
—, modifier, phenol-aldehyde reeins, 436 
—, use, in purification of naphtha, 117 
Calcium chloride, catalyst, furfural-aniline reaction, 
535 

—, —, phenol-formalddiyde reaction, 317, 356 
—, —, polymerisation of glycidol, 994 
—, preparation of vin]d chloride, 1035 
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Carbon 


Calcium chloride, condensing agent, hydrocarbon* 
aldehyde resin, 205 

—, —, urea and formaldehyde, 016, 017 
—, dehydrating agent, 405, 1125 
—, fluxing agent, urea resins, 593 
—, hardening agent, 357 
—, use, with phenol-aldehyde resins, 372 
Calcium cresolate, catalyst, phenol-formaldehyde 
reaction, 355 

Calcium cyanamide, leaching of, 681 
—, reaction with calcium sulphide and carbon diox¬ 
ide, 652 

—, — hydrogen sulphide and ammonia, 651 
—, rosin esterification with, 794 
Calcium glycerate, use in alkyd resins, 929 
Calcium hydroxide, catalyst, formaldehyde conden¬ 
sation, 512 

—, —, phenol-alcohol lesins, 332, 333 
—, condensing agent, formaldehyde and acetalde¬ 
hyde, 900 

—, effect on resin formation, 623 
—, hardenmg catalyst, furfural-cresol resm, 529 
—, in carbohydrate-phenol resins, 759 
—, modifier, phenol-aldehyde resins, 436, 437 
—, precipitation of resins by, 695 
—resin purification with, 337 
—, retardation of solidification process, urea resins, 
617 

Calcium hypochlorite, oils chlorinated with, 1221 
Calcium naphthenate, preparation, 206, 209 
—, uses, 206, 207 

Calcium nitrate, prevention of varnish-yellowing. 
1378 

—, use of, 637 
Calcium oleate, modifier, 400 
—, solubility of transformer oil, 787 
Calcium oxide, catalyst, aldol polymerisation, 499 
~, —, furfural-phenol reaction, 528 
—, —lignm-furfural condensation, 748 
, rosin esterification, 800 
—, —, rosin-modified phenol resin, 398 
—, —, resinification of tnphenyl phosphate, 432 
—, hardenmg catalyst, alkyd resins, 881, 980, 981 
—, —, phenol-furfural resin, 529 
—, —, phenol-glycerol resin, 393 
—, modifier, phenol-aldehyde resms, 436-437 
—, resin purification with, 337 
—, use in cumarone polymerisation, 117, 119 
—, use in vulcanization of synthetic rubber, 197 
—, use with chlorinated rubber, 1107, 1108 
Calcium phenolate, hardening catalyst, phenol- 
glycerol resin, 393 

Calcium phosphate, use in preparation of buta¬ 
diene, 178 

Calcium polysulphide, reaction with ethylene 
dichloride, 1173 

—, reaction with isoprene dibrtimide, 1171 
Calcium resinate, catalyst, esterification of Congo- 
rosin mixture, 811 
modifier, 400 

—, rosin esterification with, 794 
Calcium salicylate, use with ph^ol-aldehyde 
resins, 372 

Calcium salts of alkyd resins, 946, 949 
Calcium soaps, modifiers, phenol-aldehyde resins, 
438 

—, tall oil, 755 

Calcium stearate, mold lubricant, 620 
—stabilizer, vinyl-ester co-polymers, 1067 
Calcium sulphate as filler, aldehyde-tar-ucid resin, 
364 

—, phenol-aldehyde resins, 317, 318 
Calcium sulphide, use, luminous paints, 1125 
Calcium sulphonate, varnish constituent, 219 
Calcium tetrasulphide, reaction with olefin halides, 
1172 

Calcium thiocyanate, modifier, syntans, 420 
—, with urea resin, 660 
Camphane, reaction with formaldehyde, 782 
Camphene, co-polymerisation with diolefins, 192 
esterification with polyearboxylio anhydrides, 
814 

modifier, phenol-aldehyde resins, 438 
reaction with acetyl chloride, 1189 
a-Campholenio aldehyde, resinification of, 513, 511 


Camphor, adhesive for safety glass, 719 
—, combination with poly v my I dilonde, 1088 
from linalool, 783 

—, incorporation in vinyl resins, 1022 
—, in safety glass, 644, 829 
—, modifier, chlororubber, 1108 

—, dihydi oxybenzophenone-aldehyde resins, 374 
, phenol-aldehyde resins. 428, 430, 441 
——, urea-furfural resins, 069, 670 
—, plasticizer, chlororubber, 1123, 1126 
—, —, diphenylolpropane-formaldehyde resin, 388 
—, —, phenol-aldehyde resin, 285, 423 
—, —, styrene molding resin, 245 
—, , urea-formaldehyde resins, 601 

—, vinyl resins, 1029, 1050 

—, pyrolysis, polymerization, 558 
—, reaction with formaldehyde, 559 
—, reaction with furfural, 525 
—, urea resin lacquers with, 632 
Camphorene, from Imalool, 788 
Camphoresinic acid, from turpentine ream, 1253 
Camphoric acid, 884 
, in alkyd resins, 893, 935 
Camphoric anhydride, m alkyd resms, 908 
Camphorm, from glycerol and camphoric acid, 893 
Camphor oil, modifier, urea-phenol-aldehyde 
resins, 674 
, resins from, 262 

—, softening agent, phenol-aldehyde resins, 429 
Camphor substitute, amme-aldehyde resins, 695 
—, nitro resins, 728 
—, p-toluenesulphonamide, 719 
Cam presses, uses of, 1311 

Canada balsam, moorporation into alkyd resins, 
943 

—, in non-splmtenng glass, 963 
—, m urea-phenol-aldehyde adhesive, 676 
Canada balsam substitute, amme-aldehyde resm, 
701 

Canal rays, action on hydrocarbons, 269 
Candles, alkyd resin coatings for, 964 
Cane sugar, estenfying agent, copal-rosin mixture, 
810, 811 

Cane trash, impregnated, 1245 
Cannizzaro reaction, 293, 489, 494 
Canvas, impregnation with phenol resin, 471 
—, waterproofing of, 360 
Canvas-base materials, tests on, 1352 
Caoutchouc molecule, structure of, 1089 
Capacitance, determination of, 1348 
Capillary analysis, resins, 1261 
e-Caprolactone, formation of, 1002 
Caproylphthalimide, decomposition, 553 
Capryl alcohol, use in castor oil-maleic composi¬ 
tions, 909 

Carbalkoxybenzenes, condensation with butadiene, 
194 

Carbamide system, tautomerism of, 509 
Carbazole, introfier for sulphur, 1165 
—, reaction with olefins, 194, 195, 744 
—, resinification, 744 
Carbenes, from petroleum, 801, 802 
Carbitol, in transfer compositions, 829 
Carbocyclic liquids, use of, 469 
Carboids, from petroleum, 208 
Carbolic acid, see Phenol. 

Carbolites, properties of, 35 
Carbohydrate resins as li^uers, 758 
Carbohydrates, condensation with polybasic acids, 
877 

—, constitution of, 757 

—, effect on urea-fbrmald^yde condensations, 616 
—, esterification of rosin with, 796 
—from formaldehyde, 512, 757 
—, humic acid derivatives from, 760 

modifiers, phenol-aldehyde resins, 871, 480 
—, syntans, 421 
—, use in alkyd resins, 877 

Carbon, active, condensation of urea and fonnalde- 
hyde, 598 

—‘f polymerisation catalyst, 226 
cuprene as a substitute for, 140 
—, formation in acetylene poljmierisat^n, 148 
from charred phenol^fonnaldehydo rMns, 808 
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Cuibon, mottled aFticles oonted with, 484 
—, use in vulcanising synthetic rubber, 181. 105 
Carbon arc exposure cabinet, 1870 
Carbonate pigments, reaction with alkyd resins, 073 
Carbonates, modifiers for fatty oils, 1227 
Carbon black, filler, oleOn-polysulphide rubber, 
1174 

use in rubber composition, 107, 1004 

use in vulcanisation of synthetic rubbers, 105,. 

100 

Carbon dioxide, catalyst, acrylic acid polymeriza¬ 
tion, 1070, 1071 

——I drying oil polymerisation, 1228 
—, phenol-formaldehyde resins, 340, 350 
—, condensation with phoiols, 874 
dissolution in polystyrene, 287 
, effect in rosin eater formation, 704, 705 
—, III benzyl chloride condensation, 11^ 

—, Ml polymerization of givcerol, 006 
—, purification of resins with, 3^ 

—, removal of water, urea-formaldehyde reams, 601 
—use in alkyd resin production, 022, 023, 020, 031 
use in molding. 464, 1334 
use in polymerisation of l,3-diene8, 175, 177, 182 
—. use of, 852, 365 

Caibon disulphide, carbon subsulphide from, 1015 
, catalyst, phenol-formaldehyde reaction, 345, 346 
—, reaction with alkali cellulose, 1107 
—, — amuie-uldehyde condensation products, 707 
- amines, 652, 1107 
—, — dimethylketene, 553 
—, solvent, chloroprene polymerization. 157 
—, —, o-eresol-formaldehyde resin, 367 
—, —, halogenated rubber, 1105 
—, —, petroleum resms, 202 
—, vulcanization accelerators from. 1107 
Carbon disulphide-piperidine, haroening agent for 
shellac, 703 

Carbonic acid, neutralizing agent, 310 
Carbonic add derivatives, esterification with ethy¬ 
lene i^lycol, 862 

Carbonization of phenol-aldehyde resin, 488, 982 
Carbon monoxide, effect of electrical energy on, 
1012, 1013 

—, formamide from, 566 
—. from lactic acid, 1003 
—reaction with acetylene, 161 
—, — ammonia, 684 

— hydrogen, 552, 1255 

Ckrbon monoxide-hydrogen reaction, resins from, 
1255 

Carbon oxides, solid, formation of, 1013 
Carbon oxysutphide, reactions with dimetliylketene, 
563 

—, urea from 567 

Carbon paper, use of synthetic resins, 452, 827, 1246 
Carbon muover. chloronaphthalene a.s, 1153 
Ohrtion suboxide, 1012-1015 
—, polymerisation of. 1013-1015 
—, preparation of, 1013-1014 
Clarbon subsulphide, polymerization of, 1015 
Carbon tetrachloride catalyst, furfiiral-plieiiul con¬ 
densation, 527 

—. catalyst, rosin esterification, 800 

chlorination medium, 160, 1151, 1154, 1220 
effect on chloroprene rubber, 158 
—-- pyrolysis of ethylbenzene, 254 
~, — styrene polders, 246 
—, solvent for onloroprene, 150 
—, — o-creeol-formaladhyde resin, 367 

— halogenated rubber, 1105, 1118 

—» — polymerisation of etlwleiie oxide, 003 
—* — polyvinyl chloride, lOM 
—, — roein derivatives, 711 
, — rubber, 1002 

—,'use in polymerisation of l,8-di6nes, 180 

use inP purificatkMi of phenol-aldehyde lesins, 
862 

—. use in niblier-chlo'rioation, 1100, MIO 
Carbon transfers, use of. 483 
Oarbooyl compounds, effect on styrene polymerisa¬ 
tion, 841 

Carbotiyl gtoups in sheUac, 1006 

Carbonyls, eatalyste, polymerisation of .«ttyreiie, 242 

Oarboruadttin, binder* for, 086, 12^ 


CurlKiruiidiim, filler, phenol-aldehyde resin, 400 
—, use in chloroiubber paint, 1125 
Carbostyril, from quinoune, 739 
4-Carboxy-2,6-dimethylmandelic acid, lactide from, 
1003 

Carboxylated phenol-aldehyde resins, 427, 420 
Carboxvl group in rosin, 765 

Carboxylic acid-boron trifluoiide complex, catalyst, 
cumarone polymerization, 110 
Carboxylic acids, condensation with acetylene, 161 
—, geiatinization inhibitors, 787 
—, reaction with carbon suboxide, 1012 
—, — vuiylacetylene, 151, 152 
Carboxylic aiihydr des, action on rubber, 1100 
o-Carboxyphenoxyacetic acid, resms fiom, 736 
2-Carboxypheiivlthioglycolic acid, 804 
Carburetted water-gas, styrene from, 07, 257 
Carburetted water-gas tar, resins fiom, 121 
Cardanol, formula for, 1229 

Cardboard linings, polymerization appurutiis, 170 
Cardboard pioducts, uiea lesins in, 626 
Cardol. from cashew shells, 1220 
Cardoilte, from cashew shell oil, 1220, 1232 
Carnauba wax, combination with rosin and .siilphiii, 
1164 

—, modifier, phenol-aldehyde resins, 425, 426 
—, reaction with accftone, 541 
—, use, mold-lubricant, 1327 
—, use with chlororubber, 1123 
—, use with coal-tar bitumen, 360 
Carnauba-wax acid, acylation of phenol-aldehyde 
resins, 426 

Carnaubyi alcohol, reaction with fatty acids, 1233 
Carragheen moss, emulsification of 1,3-dienes, 180 
“Carrier substances,” m uiea-aldehyde resins, 670 
Carvacrol, reaction with furiural, 525 
—, reaction with malic acid, 1254 
Carvene, reaction with phenol, 783 
Carvone, reaction with formaldehyde, 550 
—, reaction with oxygen, 558 
Caryophylloie, reaction with ethyl diazoacetate, 
783 


Casein, artificial horn from, 415, 416 

artificial, modified urea-aldehyde resin, 665 
carrier, in urea-alddiyde resins, 670 
cold-molding compositions, 1285 
combination with vinyl acetate, 1033, 1034 
condensation with acetaldehyde, 782 

— phthalic anhydride, 732 
effect of glyoxal, 507 
effect of tanning agents on, 200 
extrusion of. 13^ 
filler, phenol-aldehyde resins, 318 
—, sulphur castings, 1166 
incorporation with alkyd lesins, 943, 944 

— urea resins, ^5 , 

ingredient of gutta-percha substitute, 1206 
m rosin compositions, 778 

modifier, biuret-cyanurio acid-formaldehyde 

ream, 685 

, dicyanodiamlde-formaldehyde resin, 680 
, phenol-acetone resins, 417 
, phenol-aldehyde resins, 317, 415-418, 430 
, polyvinyl acetals, 1064 
, urea-phenol-aldehyde resin, 688 
, urea resins, 609, 664, 678-680. 684 
molding, use of horn, 1249 
molding oompositiou, containing methylol butyl 
urethane, 682 
, —, use of urea, 678 
moldings from, 1833 
plastics from, 83 
reaction with diroetbylolureu, 676 
*— phttiol and aldol, 417 
softening agent for, 910 
use, adhesive, 1246 

gas envelopes, 1247, 1248 
—, in alkyd resins, 944, 946, 949, 964 
in alkyd resin emulsions, 048, 977 
in chloroprene rubber latex, 157 
—, in urea resin coating, 682 
—stabilising resin suspenaioiis, 1251 
with isoprene polymer, 206 
, with urea rssin, 631 
Casein-bsntyl chlorids condensation, 1133 
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C’axi^in-fiirfiiial roaotioii, leHin fioiii, 538 
Camii glue, acetaldehyde with, 495 
Caflein>urea mixture, artificial horn, 679 
Cashew-shell oil, combination with sulphur, 1164 
—, polymerisation, 1229, 1230 
—, reaction with aldohvdes, 377, 1230 
Cashew-shell oil resms, 1229-1232 
Cassava starch, filler, sulphur castings, 1166 
Castable phenol-aldehyde resins, 467-470 
Casting, effect on transparency of phenol resins, 
467 

—, multi-colored material, 1813, 1314 
(lasting compositions, from sulphur, 1165 
<>asting of resins, methods. 1313, 1314 
Cast-iron molds, properties of, 1297 
('astor oil, aretylated, factice irom, 1212 
—, auto-condensation of. 1222 
—, binder for cold-molding composition, 1236 
combination with polyvinyl chloride, I63.H 
—, condensation with resorcinol, 406 
—, — glycerol, 802, 1222 
—, dehydration product, esterification, 1225 
—, destructive distillation of, 927 
—, distillation residue, uses of, 826. 1224 
, estolide formation, 1221-1224 
in insulating cement, 820 
—, in stencil sheet, 962 
, in urea-resin-nitrocellulose Inc^iuers, 636 
—, modification, 1227 
—, modified with synthetic resins, 1223 

modifier, alkyd resins, 157, 646. 874 , 005-910, 
927, 931, 932, 935, 936, 939, 965-968 
~, —acetaldehyde resin, 493 
—, —, phenol-aldehyde resins, 405, 406, 419, 439 
—, 9,ll-octadecadiene-l-carboxy1ic acid from. 962 
—, plasticiser, modified urea-aldehvde lesin, 678 
—, —, phenol-aldehyde resins, 424 
, wood pulp plastics, 748 
—, —, urea resin lacquers, 633 
—, polyester fatty acid glycerides from, 1222 
—, polymerised with primary aromatic diamines, 
1219 

properties of, 909 

—, reaction with maleic anhydride. 855, 1029 
—, — metallic calcium, 1214 
—, — phenol-aldehvde resins, 428 
—, — polvbasic acids, 909. 910 
—, — rosin, 803, 910 
—, — selenious acid, 1223 
—, resin plasticiser, 909. 1246 
softener in adhesives, 1100 
solvent, petroleum resins, 202 
—, polyvinyl alcohol. 1056 
—. suiphurised, plasticiser, 1209 
—, synthetic drying oil from, 802, 122'» 

—, vulcanisation of, 1204 
—, vulcanised with selenium, 1209 
Castor oil acids, dehydration of, 9t0 
—, esterification with ethyl alcohol, 1224 
—, lacquer substitutes from, 803 
—, reaction with oxidised > rosin, 803 
—, use in alkyd resins, 984 

Castor oil-alkyd resin, mmlifier, urea-.aldehyde 
resins, 661. 662 

Castor oil fnctice, molding composition from, 1214 
Cast resins^ Aroclors as, 1150 
, heat-hardening of, 470 
modified iirea-formsldeliyde oa, 671 
—, phenol-aldehyde as, 286, 287, 328. 369, 419, 1313 
Cntslin, cast phenolic resin, 467, 468 
Catalysis, trigger molecule theory of. 173 
dmng of diying alk.vds. 918. 922 
Catalysts, action in urea resin, 586 
—, effect of heat on, 254 

effect on copal-glycerol reaction, 809 
—, — p-crepol-aldehyde resins. 367 
—, — cuprene-forination, 145 

— furfural resin, 520 

—, — phenoUreein varnishes, 445 

— polymerisation, 50 

—, — polymerisation of vinyl oomponnds. 164 

— rate of oondemation of j^enols, 847 
- , — styrene polymerisgtion, lm«|35 

for acetaldehyde production. 490 
—, for air-oxidatioD of phenol, 271 


(fur l>cnxaldch>’dc-]>h(‘iiul rv'^tnn, 278 , 27U 
—, for chlorination of biphenyl, 1144 
—, for chlorination of naphthalene. 1151 
—, for condensation of bensyl and cinnamic alco¬ 
hols, 1007 

—, — benzyl diloride and trioxymethylene, 299 
—, for ethyl alcohol oxidation, 496 
—, for furfural-acetone reaction, 537 
—, for furfural-aniline reaction, 535 
—, for hydrogenation of furfural, 519 
—, for d-nitrostyiene polymerisation. 259 
—, for phenol-alcohol resins, 332 , 333 
—, for phenol-aralkyl halide ooiidensations, 1133 
—, for phenol-sulphur reaKion, 1190, 1191 
—, for polymerization of butKdieiiul e*<ter*», 152 
—. — I.8-ffiene8, 169, 173, 179, 182 
—, — ethvlene oxide, 991 
—, — fuifural, 521 
—, — glycerol, 428, 995, 996 
—, — styrene solutions, 243 

for preparation of vinyl ethers, 1007 
—. for reaction of benzyl chloride with phenol, 

295 

“, — sulphur chloride with hydrocarbons, 1200, 
1202 

—, for rosin-aldehyde oondmisations. 776 
—, for rosin oil production, 779 
—, for styrene separation. 254, 255 
—, for sulphur-aniline reaction. 1197 
—, hardening, alkyd resins, 980 
—, —, urea resins, 644 

influence on phenol-formaldehyde rea<‘tion, 291, 

296 

—, in urea manufacture, 566 
—, neutralisation of, 326, 344, 868 
—, removal from synthetic resins, 1251, 1252 
—, removal in cumarone polymerization, 117-119 
—, resins by exclusion of, 318, 319 
—, styrene from chloroethylbenzene with, 253 
Catalytic oxidation, acetylene, 496 
—, ethyl alcohol, 496 

Catalytic polymerization, of styrene, 238-242 
Catalytic production of biphenyl, 1142 
Catavia resin ester, as varnish resin, 823 
Catechol, anti-aging effect in varnishes, 821 
—, effect on chloroprene pohmenzation, 156, 157 
—, reaction with acetone, 887 
—, — formaldehyde, 343 
—, resin from, 270 
Catechol-acetone resin, 837 

Catecholsulphonephthalein, amorphors properties, 
1252 

Catechol tannins, hardening of phenol-aldehyde 
resins, 441 

Catgut ligatures, x-ray studies of, 71 
(’athode rays, action on rubber, 1104 
—polymerisation of acetylene bv, 144 
Caust.ic alkalies, catalysts, phenol •ah'ohol resins. 
332 

—. catalysts, condensation of urea and formalde¬ 
hyde, 609 

in phenol-carbohydrate oondensHtion. 760 
Caustic potash, catalyst, acetaldehyde resin, 491 
—, condensing agent, phenol-aldehyde resin, 279. 
288. 889, 843 

—, conducing agent, saligenin preparation, 281 
Caustic soda, catalvst, acetaldehyde reein, 490, 492 
—, catalyst, phenol-formaldehyde reaction. 279, 343, 
344, 340, 349. 352, 353, 415 
conden.sing agent, saligenin preparation. 281 
resins from isoeugenol with, 262 
—, tieatmeni of phenol-formaldehyde resin with, 
434 

Cedar-nut oils, reactivity with nitric acid, 1228 
Cedar oil, combination with polyvinyl chloride. 
1088 

f’edur-wood flour, cellulose-urea resin products, 622 
Cedrenene, polymerisation. 783 
CVUobiose, slnicture of, 63 
Cellophane, alkyd resins bonding agnits for. 977 
alkyd r^n coatings for, 965 
- . polyacrylic esters witli, 1077 

tolueoesttlphoifamide nWn with, 721 
Cellosolve, solvent, 403, 405. 456. 634. 969 
-s cold-molding composition, 1288 
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Celloaolve, solvent, Tegiaca, 

—, urea>re8in lacquer, 686 
Cellular materials, impregnation with amine- 
aldehyde resins, 698 

Celluloid, adhesives for, from terpinene, 763 
—coloring of, 1250, 1251 
—, effect of eater gum in, 829 
—, eictrusion of, 1823 
—, moldings, 454, 1819, 1331 
—, polyalkylene oxide plasticiser for, 993 
—, resin cements, 718 
—, softening agent for, 910 
—, use m ^atterproof glass, 719, 1283 
Celluloid substitutes, alkyd reams as, 874 
—, butadiene polymers, 170, 198 
—, from rubber, 1093 
—, modified chlororubber, 1124 
—, olefin sulphones, 1178 
—, phenol-aldehyde resins, 285, 414 
, polyvinyl acetals, 1061, 1062, 1066 
polyvinyl chloride, 1037, 1040 
—, synthetic resin composition, 1246 
Cellulose, action of naphthenic anhydrides, 208 
—, affinity for urea resins, 564, 620 
—, amorphous nature of, 64, 66 
—, filler, phenol-aldehyde resins, 352, 371 
—, —, sulphur castings, 1166 
—, —urea resins, 564 , 595 
—, incorporation with amine-aldehyde resins, 693 
~, — urea resins, 616, 620, 626, 640, 656, 679 
-, — vinyl resins. 1030 
—. in tanning compounds, 750 
—, modifier, phenol-formaldehyde resins, 415 
—, —, urea-aldehvde resins, 6W 
—, molecular weight of, 75 
—, plastic gel from, 66 
—, reactions of, 64, 749, 750 
—, reaction with dicarboxylic acids, 904 
—, — ethvlene oxide, 900 
—, — hydrazine. 735 
—, — sodium zincate, 434 
—, regenerated, Aroclor resins in, 1150 
—, —, electrical insulation, 1243 
—, —, lacquer for, 1243 
—, —, stamps for, 200 
—, resins from, 900, 1234 
—, specific viscosity of, 74, 75 
—, .structure of, 56, 63. 64, 66 
—, tensile properties of, 71 

—, treated with chlorides of estolidic acidv^, 1222 
—, use in phenol-aldehyde lacquer, 433, 434 
—, use in polymerization of 1,3-dienes, 182 
—. X-ray studies of, 56, 63, 70 
a-Cellulose, incorporation with urea resins, 620 
—, in molding compositions, 988 
Cellulose acetate, binder for abrasives, 1275 
—, compatibility with aniline-furfural resins, 701 
—, — chlorinate rosin, 803 

—, — formaldehyde-diphenylolcvclohexane resin, 

877 

—, — natural resins, 966 
—, — phthalic-glvcol, 897 
—, •— Plasto resins, 966 
—, — resorcinol-acetone resin, 373 
—, — Resyl balsanas, 966 
—, — Santolites, 966 
—, extrusion of, 1323 
—, filler, urea resins, 623 
—, flow of. 1830 
—, gelation of, 39 

—, incorporation with aniline-furfural resin, 701 
—, — benzoylbenzoio glyceride. 894 
—, — phenol-formaldehyde resin, 701 
—, — pol 5 ndnyl acetate, 1027 
— urea resins, 628 
—in floor covering, 984 
injection molding of, 1324 
—t in lacquers. 82A, 969 

—in safety-glass ;* adhesive, 373 ^ 

—, phenol rem varnishes with, 446, 452 
plasticisers for, 820, 722, 9^ 

—, polyvinyl-aloohol coating. 1068 
use as glass shbstHute^ 1245 
use in decorative overlavs, 1888 
use in imulating material, 970 


Cellulose acetate, use m Imoieum, 198 
—, use in sound records, 1336, 1338 
, use of oresol-allyl alcohol resin with, 434 
—, use of hydroxybenzyl alcohols with, 432 
—, use of metallic alkyl phtbalates m, 952 
—, use of varnish gums m, 951, 952 
—, use with butadienol-ester polymers, 152 
—, use with polyvinyl acetals, 1063 
Cellulose acetate fabrics, coating with vinyl resins, 
1051 

Cellulose acetate films, coating with polyvinyl 
ehloride, 1043 

—, fireproofed with phenol resin, 447 
—, phenol-Bldehyf*e ream coating, 476 
Cellulose acetate lacquers, alkyd resins in, 966 
", ketone-furfural resms with, 447 
—, phenol-aldehyde resins in, 447, 531 
-, toluenesulphonamide-aldehyde resin in, 717 
—, use of resins, 1244 

Cellulose acetate moldings, finishing of, 1331 
—, with styrene, 249 

—, with p-toluenesulphonamide, 719, 720 
Cellulose acetate sheets, m safety glass, 480, 719, 
1077, 1283 

Cellulose butyrate, phenol resin varnishes with, 446 

—, use in coatings, 969 

Cellulose crotyl esters, polymerization, 1081 

Cellulose derivatives, adhesives for, 1004 

—, as xerogels, 37 

—, incorporation with phenol-sulphur resins, 1186 
—, in plastic compositions, 826 

modifiers, urea-aldehyde resins, 685 
non-splintering glass, 968 
-, polymerization of styrene with, 248 
polyvinyl acetate adhesive for, 1028 
—, resm coatings, 1244 
—, streaming double refraction in, 70 
—, use m gas envelopes, 1247, 1248 
—, use in sound records, 1335 
—, use in transfers, 1246 
—, use with polymers of 1,3-dienes. 185 
Cellulose diaqatate, films of, 40 
Cellulose distearate, varnish from, 1244 
Cellulose ester coatings, cumarone resin in, 129 
Cellulose ester compositions, alkyd resins in, 907 
977. 978, 981 

Cellulose ester films, coating with phenol resin, 
452 

Cellulose ester lacquers, alkyd resm in, 969, 970 
—, comparison with resm varnishes, 821 
—, drying oils in, 824 
—, influence of synthetic resins in, 955 
—, natural resins in, 955 
—, phenol resins in, 445-448 
—, phenol-resm polishing composition for, 447 
—, preparing surfaces for, 684 
—, resm esters in, 816, 822 
—, softening agents for, 822 
—, solvents for, 960 
—, use of synthetic resins in, 1243-1246 
Cellulose ester plastics, with styrene, 248, 249 
with vinyl compounds, 248, 249 
Cellulose esters, coloring of, 970, 1250, 1251 
—compatibility with Amberol, 445 
—, — benzoic glycerol esters, 971 
—, — phenol-o-benzoylbenzoic acid-aldehyde resins, 
376 

r—, — crotonic acid polymws, 1081 
—, — sulphonamide-aldehyde resins, 713, 714 
—, condensation with phenol, formaldehyde, 446 
—, emulsions of, 441, 824 
—, extrusion of, 1323 
—, fillers, urea resins, 623 

in coating compositions for rubber, 978 
incorporation with nitro resins, 730 
—, — thiourea resins, 658 
—, — urea resins, 623, 638, 642, 647 
—, — vinyl resins, 1031. 1052 
—, in rubber paint, 1102 ’ 

-, light stability of. 21 

—, modifiers, phenol-aldehyde resins, 480, 482, 433, 
434 

molecular dissymmetry in, 45 
—, study of solvent's for, 88, 39 
, sulphonamide resins as plasticisers, 719, 720 
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Cellulose esteis, use m dihydroxybeiizopUeuone- 
uldehyde adhesive, 374 
—, use in knifing composition, 1248 
—, use in safety glass, 719, 963 
—, use in synthetic resm compositions,- 1246 
—, use in waterproofing, 432 
—, use of resm cements, 718 
—, use with asphalts, 1244 

—, use with protem-modified urea-aldehyde resins, 
679 

Cellulose ester threads, dying, 422 

Cellulose ethers, colormg of, 1250, 1251 

—, compatibility with polyvinyl acetate, 1027 

—, extiusion of, 1323 

—, mcorporation with thiourea resins, 658 

—, — urea resins, 642, 647 

—, — vinyl resins, 1052 

—, modifiers, phenol-aldehyde resins, 433 

—, reaction with formaldehyde, 515 

—, use in electrical insulating material, 986 

—, use m polymerization of 1,8-dienes, 182 

—, use in synthetic resin compositions, 1246 

—, use with resins, 1244 

--r, with alkyd resins, 981 

—, with benzyl halide resins, 1134 

—, with polyacrylio esters. 1077 

—, with sulphonamides, 719, 720 

Cellulose fibers, in moldings, 620 

—, in resins, 588 

Cellulose formate, phenol resm varnishes with, 446. 
447 

Cellulose nitrate, films of, 40 
-, m safety glass, 480 , 644 , 719 

—, modifier dmydroxybenzophenone-aldehyde resins, 
374 

—, polyvinyl-alcohol coating, 1058 
—, use of, 404, 1338 

—, use of polyvinyl acetate, 1027, 1028, 1029 
—, use with butadienol-ester polymers, 152 
—, iee also Nitrocellulose. 

Cellulose phthalate, preparation, 904 
Cellulose plastics, injection molding of, 1323, 1324 
Cellulose propionate, phenol ream varnishes with, 
446 

Cellulose triacetate, films of, 40 
Cellulose tricrotonate, polymenzation, 1081 
Cellulose triethanolamine ohthalate, use, 904 
Cellulose-urea resins, 620, 621 
Cellulose xanthate, use in sound records, 1335 
Cement, alkyd resins as, 917 
—, coating surface with resins, 1247 
—, filler, phenol-aldehyde resms, 318, 461 
—, for grinding wheels, polystyrene, 251 
—, for phenol-aldehyde moldmgs, 458 
—, for porous material, 1103 
—, for rubber, 1103 
—, from arsenic and sulphur, 1164 
—, from chlororubber, 1126 
—, from cumarone resin, 180, 133 
from phenolic resms, 479 
—, from rubber and phenol resin, 1104 
—, from p-toluenesulphonamide^ 718 
—, impregnated with phenol resins, 482 
—, in cold-molding composition. 1287 
—, incorporation with sulphur, 1162 
—, phenol-formaldehyde-alkyd composition as, 988 
—, Portland, cumarone resin with, 133 
—, rubber, 480, 1092 

urea resin coating for, 681, 632 
eventing of phenol-aldehyde plates, 1332, 1833 
Centrifical pumps, use of, 1309 
Ceramic articles, reinforced with urea-ald^yde 
resin, 685 

Ceramio materials, cold-molded, 1317 
Ceramics, metallic soaps in, 790 
—, treatment with chlorinated biphenyls. 1147 
Ceresin, chlorination, 219, iSXi, 1154, 1220 
Cerium, catalyst, separation of styrene, 254 
Cerium linseed diglyceride phthalate, 951 ' 

Cerium oxide, catalyst, oxidation of ethyl alcohol, 
497 

—, catalyst, polymerisation. 221 
Cerium seo.-aittyl-benioyl*o-bCnsoate, 953 
Cetyl abietate, formation of, 707 


Cetyl alcohol, reaction with fatty acids, 1233 
—, reaction with phthalic anhydride, 903 
—, rosin esterified with, 797 
—, use in alkyd resins, 915 
Cetyl barium phthalate, properties of, 954 
Cham length of polymers, 75, 76 
Cham reaction, initiation of, 173 
—, polymerisation of acrylic acid, 1071 
Cham structure, Novolaks, 306 
—, polymerized dienes, 173-176 
—, urea resm, 582, 587 
Chalk, effect in synthetic rubber, 196 
—, in floor compositions, 984 
Chalking of mixed-pigment pamts, 977 
Charcoal, catalyst, condensation of urea and 
formaldehyde, 593, 604 
—, colloidal, use of, 485 
—, extractant, petroleum resui**, 202 
—, filler, phenol-aldehyde resm. 46! 

C'barge of molds, measuring, 1320 

Charging frames, use, 1321 

Charpy test for laminated materials, 1342 

Charring of chlororubber, 1126 

Chemical resistance, cuprene, 146 

—, diolefin polymers, 185, 198 

—, hydroxy benzoic-acid resins, 378 

—, impregnated wood, 481 

—, molded objects, 23 

—, phenol-resins, 448 

—, varnish films, 19 

Chemical structure and polymerization, relation 
between, 43 

Cherry gum, esterification of, 814 
Chewmg gum, alkyd resins in. 888 
—, benzyl ester of abietm acid in, 828 
—, chlorinated naphthalene in, 828 
—, chlorinated paraffins in, 220, 1155 
—, chlororubber in, 1128 
—, crepe rubber in, 1053, 1155 
—, cumarone resm m, 1!^, 134 
—, plasticity of, 34 
—, rosm esters m, 828 
—, stearates in, 1155 
—, sulphur in, 1168 

—, vmyl resm in, 1053, 1064, 1065, 1168 
Chicle, alban from, 1091 
—, cumarone resm with, 134 
—, ester gum with, 828 
—, mcorporation into alkyd resins, 943 
—, reaction with halogens, 1115 
China clay, filler, 1275 
—, —, carbon paper, 452 
—, —, cold-moldmg compositions, 1289 
—, purification of resms, 338 
—, —, thiourea resins, 640 
Chitin, acetyl derivative of, 1255 
Chloral reaction with aromatic hydrocarbons, 263 
—, reaction with oyanamide, 494 
—, reaction with phenols, 278, 294 
Chloral ammonia, reaction with furfural, 519 
Chloraldehydes, condensation with styryl methyl 
ketones, 563 

Chloral hydrate, reaction with nitrophenylurea, 
576 

—, reaction with tolylurea, 576 
Chloramine T, use of, 358 
Chloranil, hardening agent, 358 
—, reaction of bensylideneacetophenone and resor- 
oinol with, 295 

Chloraurates, reaction with phenol resins. 310 
Chlorides, condensing agents, urea and formalde¬ 
hyde, 597, 616 

Chlorinated abietic acid, shellac substitute from, 
1006 

Chlorinated aldehydes, reaction with phenols, 421 
Chlorinated anthracene, oondMisation with for¬ 
maldehyde, 266 

Chlorinated balata, electrical insulation, 1115 
Chlorinated biphenyl, applications, 1142 
plasticiser, 1123, 1150 
—, use in alkyd re8ins> 948, 944 
—, with toluenesulphonamide resins, 718 
Chlorinated compounds as film strengtheners in 
oil, 1158 

Qilorinated cumarone, 138 
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Chlorinaied fatty acid», IIM 
Chlorinated gutta-percha, utm, 111ft. 1128 
C*h]orinated hydracarboas, condensation media, urea 
reeine, 617 

—, modifiers, urea-aldehyde resins, 084 
—, resins from, 221 

—, softening agents, phenol-aldehyde resins, 422 
—, styrene from, 2ft2, 2ftS 

—, use in separation of aldehyde-iar-aoid icsins, 
863 

(Chlorinated ketones, reaction with phenols, 421 
Chlorinated lignite, 1166 
(Chlorinated lime, in rosin compositions, 778 
CChlonnated naphthalene, condensation iiieditiin, 
urea resins, 617 
—, m bonding cement, 828 
—, incorpoiatJou with sulphur, 1164 
—, in floor coverings, 1150 
—, in stencil sheets, 062 
—, plastieiseia, 040, 1123 
—, preparation, llftl 
—, properties, 1162 
—, with polystyrene, 261 

CChloriiiat^ oils and fats, preparation of. 1220, 
1221 

Chlorinated paiaffinH, propeilies of, 1164, 1166 
—, reaction with chloro-olefins, 1140 
Chlorinsted polyvinyl chloride, uses. 1043 
Chlorinated rosin, lacquers with, 803, 823 
, preparation of, 804 
, uses of. 804 

Chlorinated rubber, action of oils on, 1125 
—, action on phenol-rubber product, 1104 
—, adhesives from, 1121, 1126 
—, alkvd resins as plasticisers. 966 
, aqueous emulsions of, 1128 
—, artificial fibers from. 1126 
—, bleaching of. 1124, 1126 
, camphor-modified, 1108 
—, charring of, 1126 

—, chlonne content of, 1106. 1106, 1108-1111 
—, compatible substances, 1110 
—, decomposition of, 1122 
—, discoloration of, 1111 
—, effect of heat on, 1122 

—, — plasticisers on, 1119, 1120, 1122, 1123, 1126, 
1127 

—, — solvents on, 168 
—, — water on, 1119, 1126 
, electrical properties of, 1121, 1126 
—, elimination of acidity, 1110, 1111, 1126 
—, factice-modififd, 1124 
, for coating fabrics, 1127, 1128 
in chewing gufn, n28 
—, in chlorobiphenyl "compositions, 1147 
—, in coatings for pipes, 1147 
—, incompatible substances, 1119 
—, incorporation with bituminous materials, 1126 
— oils, 1123, 1124, 1128 
—, olefin polysulphides, 1128, 1178 

—, — vinyl resins, 1083, 1119 
—, waxes, 1128, 1124 
in safety glass, 1126 
light-stability of, 1119, 1190, 1121 
—, modifier, phenol-aldehyde resins. 435, 436 
—, modifier, urea-aldhyde resins, 684 
—, molding of, 1109, 1116, 1118, 1121, 1126, 1126 
—, plasticisers for. 1118, 1123, 1126 
—, protective coatings from, II, 1108-1111, 1116- 
1125 

—, phenol-modified, 1126 
solvents for, 1110-1118 
—, stabUity of. 1121, 1122 
—. stabilising of, 1111, 1112 
—, sulphur-modified. 1116 
—, testing of, 1121. 1122 
—, use of antacids, 1111, 1112 
use of drying aikyds in, 942 
—, with phenol-aloihyde resin, 1103. 1126, 1126 
with suint, 1123 

—, with iirea-alddiyde resin, 1126 ' 
visooeity of solutions, 1108, 1116, 1118 
Chlorinatea-nibber paints, chemical reeistance of, 
mr. 1119-1121 

—, rseUtance to abrasion, 1135 


diloi mated tall oil, as adhesive, 756 
(’hlorinated terpenee, 788 
Chlorinated tram oil in paints. 1156 
('hlorinated wax, uses of, 1140, 1158 
('hlorination, abietic acid, 1139 
acid sludge, 218 
—, bensene, phenol from, 360 
biphenyl, 1143-1146 
bituminous coal, 1156 
ceresin, 219, 220 
cotton oil, 1221 
, p-cymene, 1155 
•dihydroxysteai 10 and, 1220 
, divinylHcelylene 152 
—, humic acid, 1166 
, hydtocarboiis, 210-221, 1156 
—, latex, 1125 
—. linseed oil, 1221 
—, nietHstyrene, 1156 

- , inethvlcyclopentane, 220 

montan wax, 219, 220 
, naphthalene, 220, 1151 

- , old coating scraps, 1234 
, oleic acid. 1220 

, pamffin, 219. 220. 1220 
—, phonylethanol. 255 
—, polyatyrene, 237, 247, 1156 

punfication of naphtha by. 109, 116 
—, refining residues and phenols, 228 
—, resins, 1187 
—, ricinoleic acid, 1220 
rosjn, 777, 803, 804 
rubber, 416, 435 

", —, apparatus for, 1110, till 
—, —, catalysts for, 1110 
—, —, extent of, 1105 
——, in solution, 1107, 1108, 1109, IHO 
, use of thin sheets, 1107-1110 
—, —, see Chlorinated rubbei. 

—, rubber hydrochloride, 1113 
—, stearic acid, 1220 
—, sulphite waste liquor, 754, 1157 
tung oil, 1154, 1221 
—, vulcanised rubber, 436 
—, waxes, 1154 

—, with thionyl chloride, 1009 
—, wood tar, 752 
—. xvlenol, 1154 

Chlorine, action on acetylene poWmervi. 153 
—, action on cblororubber paints, 1121 
—, action on paraffin oil. 211 
—, catalyst, oxidation of acetaldehyde re.siii, 492 
—, —, phenol-formaldehyde reaction, 357, 358 
—, coagulation of latex by, 1106 
—, effect on rosin softening-point, 803 
in benzotrichloride resins, 1135 
-, isomerisation of linseed oil with, 1225 
-, reaction with balata, 1115 
~, — gutta-percha, 1107, 1108, 1115 
— polyvinyl alcohol, 1056 
—, — rubber. 1105-1111 

use in purifying n^htha, 117 
Chlorine compounds, effect on co-polymerization of 
styrene emulsions, 246 
Chlorine content of factice, 1210 
Chloroabietic aeid, reaction with trihydroxy stearic 
Reid, 804 

.C^loroaeenaphthene, resin with formaldehyde, 265 
Chloroacetal, condensation with o-toluidine, 732 
—, vinyl ethyl ether from, 1007 
Chloroacetalaehvde. polymerisation of, 606 
—, reaction with phenols, 421 
Chloroacetic acid, foam prevention, urea resins, 
696 

—, reaction with 2-aldehydo-4-methyl-ph«iol, 875 
—, — aniline, 882 

—, — phenol-aldehvdc lesins, 427, 429 
—, — thiocarbanilide. 676 
—, — vinylacetylene. 161 
, separation of styrene analogues with. 263 
—. use in alkyd resins, 906 

use with phenol-formaldehyde resin, 324. 988 
Chloroacetic acid-phenol-lonnaldehsrde-polyhydric 
alcohol eomposithm, 988 
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Ohlorou(el4)iii*, polvmeiiisuluin, 542 
' , imottuii wttii cliplietiylolpii>puiit', 3S0 
—, — phenols, 421 
—, •— sodium sulphide, 1182 
Chloroacetonitrile, resins from, 748 
Ohloroacetophenone, condensation with phen 3 dhy- 
drasine, 738 

—, reaction with sodium, 888 
Chloroacetulmio acid, from acetone and chloro> 
form, 841 

Chloroaoetyl chloride, reaction with cyclohexene 
sulphone, 188 

bis-Qiloroacetyl sulphide, decomposition, 1179 
('liloroaininoaldehvdes, ctital^'sis phenol-formnlde- 
livde reactton, 348 

('llloroanthrones, lesin formation fioin, 1140 
C’hlorobensene, oondensalion with Initodiene, 194 
—, reaction with tirhitAiyl chloride, 1141 
, — polyvinyl alcohol, 1059 
—, 'M)lvent, polymers phenylacrylic and csteis, 
1083 

—, —, vinvl resins, 1024, 1037 
—, use in polymei isation of 1,3-dienes, 180 
—, use in polystyrene-cellulose acetste plastic, 249 
Ohiorobensylidine anilines, resins from, 890 
(*hlorobiphenyl reams, identification, 1287 
Clilurobiphenyla, hydroxy biphenyls from, 409 
pieparation, 1142 
uses, 1148, 1147, 1180, 1151, 1257 
Chlorobromoethylene, polymerization, 1042 

1- Chlorobutadiene, polymerization of, 188, 170, 171 
4-Chloro-l,2-biitadiene, chlorination of, 180 

—, formation of, 184 
, properties of, 188 

2- Chloro-1,3-butadiene, polymerization with stv- 
rene, 244 

d-Chlorobutaldehyde diethylacetal, condensation 
with aniline, 680 

o-Chlorocodide, resins from, 748 
Clilorocresol, chloniiation of, 1154 
p-Chloro-m-cresol, use in modified alkvd resins, 
938 

Clilorocvclohexane, from cyclohexene, 187 
4-Chloroeyclohexanone, reaction with polyvinyl 
alcohol, 1083 

('blorodinitrohenzene, catalyst, aldehyde-amine 
condensations, 706 

Chloroepoxypropane, reaction with sodium, 1141 
leaction with sodium sulphide, 1177 
Ohloroethanes, softenmg agents, phenol-aldeliyde 
resins, 423 

d-Chloroethylaniline, polymerization of, 1138 
Chloroethylbensene, styrene from, 282, 253 
Ohloroethylenes, softening agents, phenol-ald«rfiydo 
resins, 423 

d-Cliloroethyl ether, poljrmerization of. 1010 
('hloroethyb methyl ketone, reaction with phenols, 
421 

(Thloroethyl thiocyanate, reaction with sodium sul¬ 
phide, 1189 

Chloroform, condensations with acetone, 841 
—, i'ondensation with phenol, 293, 299 
—, cleomnposition, photochemical, 1021 
—, leaction with tetracliloroethylene, 1140 
—, solvent, acetaldehyde-phenol resin, 283 
—, —, o-cresol-formaldehyde resin, 387 
—, —, furfural-phenol resin, 828, 530 
—, —halogenated rubber, 1108 
petroleum resins, 202, 208 
, polyaorylic esteia, 1078 
rubber hydrochloride, 1112 
—, styrene polymerisation with, 284 
Chloroformic ester, reaction with ethylene glycol, 
870 

2-C1iloroglycerol diabietate, preparation of. 806 
Clilorobydrills, incorporation of niblier in resins, 

438 

"i m rosin purification, 788 

modifiers, phenol-aldehyde resins, 429 
solvents, smine-aideliyde resins, 093 
“» —, o-c,resol*foi-maldehyde resin, 387 
, rosin, 770 

use in alkyd resins, 907, 928 
('hluroitidaiie from indene, 96 
3 ChloioisiM<oumaiin, prsparathm t»f, 1240 


IFDFX Chlorosulphonic 

('hlouiketunes, reaction with diethyliuiiline, 849 
(/hloivtimIonic acid, leactiuii with phenol-aIdeh^'de 
resms, 427 

8,8-bi8-Chioromethylbenz-l,3-dioxane, uses of, 378 
3,S-bi8-Chloromethyl-p-cre8ol, uses, 378 
2 - di loromethy 1 -1,8 - d iob loro -2 - ni tropropane, reac - 
tioii with phloroglucmol, 1138 
diloromethyl ethers, from formaldehyde-hydro¬ 
chloric acid reaction, 342 

Chloramethylnaphthalene, reaction with phenol, 
1138 

—, tieated with aluminum chloride. 1130. 
Chloroimphtbaleues, conileiisainm with formalde¬ 
hyde, 288 
fluxing agent, 337 

—, in cresol-aldehyde impiegnants. 423 

—, in ester gum-tuiig oil vaniish, 821 

—, plasticizers, polyvinyl chloride, UI38 

—, properties of, 1181 

—, purification of, 1151 

—, retarder, alkyd resins, 881 

—, softeiung agent, phenol-aldehyde lesins, 428 

—, solvents, phenol resins, 443, 444 

—, use in poiymentaiioii of 1,3-dieiies, 183 

1- Chioronaphthalene-formaldehyde lesiu, prot>er- 
ties of, 

Chloronaphthalene waxes, oxidation of, 1182 
uses of 1182-1154 
use with phenol resms, 488, 1182 

3-Chloro-8-nitix>anilme, tais from, 739 
p-C^loroiiitrobenzaldehyde, condensation with 
paraformaldehyde, 726 

p-Chloionitrobenzene, condensation with aldehydes, 
726 

Chloromtroethylene, polymerization, 1042 
3-Chloro-4-nitro8ophenol, resms from, 728 
Chloro-olefins, reaction with chlormated paraffins, 
1140 

Qxlorophenol, plasticizer, polyvinyl chloride, 1038 
presence in phenol-sulphur resms, 1184 
—, reaction with acetylene, 388 
—, — formaldehyde and a sulphite, 420 
—, with cresol-aldehyde impr^iants, 423 
Chlorophenol-formaldehyde resms, uses for, 878 
Chlorophenol-furfural reaction, resin from, 828 
Chloroplatinates, reaction with phenol resins, 810 
Chloropr»ie, co-polymerization of, 187, 180 
—, cuprous chloride catalyst, 184 
—, emulsification with alkyd resins, 948 
—, formation of, 149, 184, 188 
—, incorporation with olefin polysulphidps. 1173 
—, ^-polymer of, 158, 178 
—, polymerization of, 185-189 
—, reaction with fiimario acid, 180 
—, — maleic anhydride, 185, 180 
—, — naphthoquinone, 188 
—, types of polymers formed, 158 
—, x-ray pattern of, 89 

Chloroprene polymerization, catmlysts for, 184, 158 

—, in aqueous emulsion, 187 

—. inhibitors for, 158, 187 

Chloroprene rubber, action of solvents on, 189 

—. tensile strength o^ 189 

—, vulcanisation of, 188 

—, x-ray pattern given by, 159 

2- Cbloropropene, reaction with disodium tartrate, 
1048 

Chloropropenes, formation of. 1140 
d-Chloropropionio acid, acrylic acid from, 1070 
^-Chloropropionio esters, acrylic esters from, 1074 
Chloropropionyl dkloride, acrylic aci<! chloride 
from, 1074 

-Chloropropiophenone, reaction with srNliuurn. 888 
is-8-Chroropropyl sulphide, preparation, 1179 
8-Chloit>quinaldine, u.se in diene polymerization, 
183 

Chlororuliber, see chlorinated rubber 
Chlorostonnio acid, reaction with rubber, 1102 
a-Ohloroatyrene, from 1,1-dirhloroeihylbenzene, 283 
p-Chlorostyrene, polymerization of. 259 
Ohlorostyreiies, by ehlorinatiou of phenylethanoi, 
28$ 

—, use in polymerization of 14-dienes, 131 
Clilorosulphonic acid, action on benzyl chloride- 
naphthalm resin. 1132 
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Chlorosulphonio acid, reaction with naphthalene, 
884 

—, — phenol, 1193 
—, — toluene, 712, 713 
—, sulphonation of rubber with, 1100 
use as sulphonating agent, 419, 907 
Chlorotoluidines, condensation with formaldehyde, 
698 

Chlorotolyl carbonates, hydrolysis of, 294, 1141 
Chlorovinylacryho acid, polymerisation, 1084, 1085 
/9-Chlorovmyldichloroarsme, resm from, 1012 
Cholesterol, antirachitic ream from, 1255 
—t modifier, phenol-formaldehyde resins, 310, 414 
—, reams from, 1240 
Cholesteryl abietates, formation, 797 
Cholesteryl chloride, formation of, 1240, 1241 
Cholic acid, reaction with formaldehyde, 512 
Chromates, metallic, use of, 321, 1251 
Chromic acid, action on acetylene polymers, 154 
—, action on dimdene, 105 
—, action on lignone, 750 
—, action on olefin poly sulphides, 1175 
—, action on rubber, 1094 
—, catalyst, styrene polymerisation, 241 
—, —, dehydrogenation, 221 
Chromium acetate, mordant from, 1192 
Qiromium carbonyl, catalyst, polymerisation of, 
1-3-dienes, 184 

Chromium naphthenates, siccatives, 207 
Chromium oxide, action on lignone derivatives, 750 
—, catalyst, polymerisation of 1,3-dienes, 180 
—, filler, phenol-aldehyde resms, 460 
Chromium-plated molds, 607, 628, 1326, 1327 
Chromium propylnaphthaleneeulphonate. use of, 
184 


Chromium salts of dyes, 1250, 1251 
Chromyl chloride, linseed oil treated with, 1229 
—, oxidation of rubber by, 1093 
Cigarette mouthpieces, resin-impregnated, 1245 
Cupirette tips, vmyl acetate in, 1028 
Cineole, reaction with maleic anhydride, 846 
Cmnamalacetic acid, alkyl ester, polymerisation. 
1083 

Cinnamaldehyde, condensation with acetaldehyde, 

494 

—, condensation with aniline, 702 
—condensation with ketones, 568 
—, condensation with urea, 576 
—, reaction with formaldehyde, 609 
—, — hydrogen sulphide, 1180 
—, resinification of, 494, 509, 510 
Cinnamene, 232 

Cinnamenylacrylio acid, decarboxylation of, 834 
Cinnamic acid, catalyst, 479 
—, polymerisation, 1082-1084 
—, styrene from, 255 

—, use in alkyd-modified urea-aldehyde resin, 662 
—, use in alkyd resin compositions, 938 
Cinnamic acid polyesters, conditions for formation, 
1082 

Cinnamic alcohol, resin from, 1007 
Cinnamic esters of phenol-aldehyde resins, 422 
Cinnamic ureide, preparation of, 576 
Cinnamyl chloride, reaction with phloroglucinol, 1138 
Cinnamylideneacetone, resinification, 562, 563 
Cinnamylidene-m-nitroacetophencme, condensation, 
556 


Citraconic anhydride, reaction with cyclopenta- 
diene, 835 

Oitral, reSins from, 783 

Citrate of polyvinyl alcohol, 1059 

Citrates, alkyl, modifiers, phenol-aldehyde resins, 

431 

(jitrio acid, oatalsnrt, phenol-formaldehyde reaction, 
340, 354 

—condensation with glycerol, 890 
—, — mannite, 890 

— tetraethylepe glycol. 891 
—, ^ triethyleo# glycol, 809 ' 

—, oondendttg agent, urea and formaldehyde, 589, 
610, 611, 617 

—, deoolorisation of rosin by, 768 

hardeniig eata^, phenol-kefiEme-aldehyde res¬ 
ins, 190 

—, reM&n with castor oil, 909 


Citrio acid, reaction with polyvinyl acetate, 1032 

—, — rosin, 857 

—, — triethanolamine. 904 

—, use m alkyd resins, 876, 890, 935, 936 

Citrin, from citric acid and glvcerol, 890 

Civet, composition of, 998 

Civctone, ream from, 1001 

Clarifiers, use of, 356, 357, 1235 

Classification, alkyd resins, 863 

—, colloids, 72 

—, cumarone resins, 123, 124 

—, resms, 14 

—, Rezyls, 956 

Clay, activated, polymerization catalyst, 226, 227 
—, colloidal, dispersing ester gum, 824 
—, extrusion of, 1323 

Clay articles, surfaced with resm composition, 1249, 
1250 

Cleaning of molding apparatus, 1332 
Cleansing agents, from chlorinated acids, 1220 
—from cumarone-resm by-products, 112 
-, from eaters of abietic acid, 829 
—, from polyethylene glycols, 993 
Clear transparent resms, purification of, 469 
Closed molds. 1294 

Cloth, flameproof, with phenol-resins, 452 
—, unpregnation with chloroprene, 159 
—, — cumarone resm, 138 
— rubber, 1097. 1128 
—, — vmyl resms, 1051 
Cloth-filled materials, testing of, 1342 
Clupanodoic acid, rate of oxidation of, 974 
Coagulated rubber, incorporation with urea resm, 
624 

Coal, addition to sulphur castings, 1166 
”, bituminous, ingredient of friction material, 1204 
—, coking of, resms from, 360 
—, hydrogenation of, 221, 275 
—, olefins from destructive distillation of, 185 
reaction with silicon dioxide, 1235 
Coal gas, indene and styrene from, 97 
Coal residues, combination with aromatic amines, 
703 

Coal-tar, action of metallic sodium on, 99 
—, combination with plastic sulphur, 1163 
—, composition of, 861 
—, extraction of phenols from, 362 
™, indene from, 99 

isolation of phenols from, 361 
—, low-temperature, resins from, 276 
—, —, tar acids from, 361 
—, methylcumarones from, 96 
—, phenol-furfural resm from, 531 
—, plastic materials from, 122 
—, sulphonat'on of, 1203 

Coal-tar acids, reaction with formaldehyde, 437 
—, condensation with furfural, 529 
Coal-tar fractions, purification of, 361 
—, reaction with formaldehyde. 120 
Coal-tar hydrocarbons and aralkyl halides, 1131 
Coal-tar naphtha, indene from, 96, 67, 105 
—, production of cumarone resins from, 106 
—, separation of cumarone from, 93 
Coal tar oil-acetone resin, reaction with formal¬ 
dehyde, 889 

Coal-tar oils, condensation with acetaldehyde, 868 
—, reaction with acetone, 889 
—resinous by-products from purification of, 120 
—, solvents in cold-molding compositions, 1289 
—, use of, phenol-aldehyde resins, 354 , 855 
Coal-tar pitch, action of steam on, 274 
—, binder in cold-molding compositions, 1285, 1286 
—, bitumen from, 360 
, chlorinated, 1156 

—, reaction with p-toluenesulphonylohloride, 722 
resins from, 274, 275 
use in sound records, 1835, 1338 
Coal-tar resins, binder for biquettes, 275 
—, production of, 12 

Coating compositions, acetylene polymers, 158, 160 
—, acrylic acid co-polymers, 1067, 1076 
—, advantages of synthetic resins, 81 
—, alkyd resins, 905, 947, 948« 955-979 
, amine-formaldehyde resins, 098. 697 
amine-modified ketone-formalddhyde resins, 668 
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Coating compositions, aralkyl-halide resins, 1130, 
1131 

—, arsenic-containmg, 440 
—, asbestos-filled phenol-aldehyde resins, 458 
Bangor nut oil, 1232, 1233 
—, boiled castor oil, 1223 
—, B-stage alkyd resms, 964 
—, butadiene polymers, 183, 184 
—, cashew-shell oil, 1230, 1^1 
—, cellulose ester-modified polyvinyl alcohol, 1058 
, cellulose-modified phenol-aldehyde resins, 433,434 
—, chlormated rubber, 1105, 1116-1122 
—, chlorophenol-formaldehyde resins, 378 
—, cumarone resin, 118, 125-130, 138, 136, 141 
—, desired properties of, 19 
—diene polymers, 183-185, 200, 637 
—, dimethylolurea, 637 
—distillation residue of castor oil, 1224 
—, emulsions, 638, 662 
—, ester gum, 816-8f7 
—, ethyl abietate in, 824 
—, furfural-amlme ream. 534 
—furylethylene resm, 522 
gloss oil, 773, 774 
—, ink-resistant, 1246 
—Japanese lac, 25, 1206 
—, modified polyvinyl esters, 1059 
~, modified urea-aldehyde resin, 684 
—, nitrated rubber, 1094 
—, nitro resins, 729 
—, oil-modified phenol resin, 403, 404 
—ozokerite and castor oil, 447 

phenol-aldehyde resins, 285 , 329 , 443-453 
—, phenol-o-cyclohexyl-cyclohexanol resin, 271 
—, phenol-formaldehyde-alkyd composition in, 934 
—, phenol-formaldehyde-sulphur chloride, 1189 
phenol-lead oxide resin, 273 
polyacrylic acid derivatives, 1078, 1079 
o-polychloroprene, 159 
—, polymerized acrylic esters, 1077, 1079 
—, polymerized castor oil, 1223 
polystyrene, 246-249 
polyvinyl acetals, J062 
—, rubber, 1101 
—shellac, 24 

—, styrene-diolefin co-polymers, 193 
—, sulphonamide-aldehyde resins, 717-718 
—, sulphur, 1161, 1162 
—, synthetic rubber, 199 
-, tall oil, 756 , 757 
—, Thiokol, 1176 
—, toxic, metal soaps in, 789 
—, urea-phenol-aldehyde resin, 676 
—, urea resins, 598, 680-638 
, urethan-cellulose derivative mixtures, 682 
—, vinyl co-polymers, 1047 

vinyl resins, 1016, 1026, 1038, 1042, 1050, 1051, 
1059 

— , vulcanized fatty oils, 1207-1210 

wood tar, 752 

Coatings for cement, 631, 632, 820 

— decalcomania paper, 828 
-- electrical coils, 130 

— electrodes, 131, 141 

— fabrics, 378, 1207, 1209 

— floor covering, 988 
insulating tape, 820 

— molded articles, 130 

— oil cloth. 820, 1209 

— paper, 968 

— pipe and tank protection, 1377, 1878 
ruober footwear, 188 

— stone, 681 

Cobalt as catalyst, acetylene^lymerization, 148 
—, air-oiudation of phenol, 271 
—, ammonia-carbon monoxide reaction, 684 
drying oil polymerisation, 1228 
ester gum formation, 802 
Cobalt acetate, rosin oxidation, 774 
catalyst, oxidation of ester gum, 806 
Cobalt bisulphate, prevention of varnish-yellowing, 
1878 

Cobalt butyl phthalate, drier, 981 
Cobalt oar^nyl, catalyst, polymerisation of 1-3- 
dienss, 184 


Cobalt chloride, reaction with phenol resms, 310 
Cobalt compounds, oxidation of styrene, 239 
Cobalt driers, 128, 784, 957, 976, 1225 
Cobalt linoleate, mcorporation with alkyd resms, 
881 

—, resinification of oils by, 229, 1102 
Cobalt linseed-diglyceride phthalate, 951 
Cobalt monoalkyl phthalate, preparation of, 950 
Cobalt nitrate, prevention of vamish-yellowmg, 
1378 

Cobalt oxide, catalyst, polymenzation of 1,3- 
dienes, 180 

Cobalt salts, alkyd resins, 949 
—, catalysts, polymerization of vinyl chloride, 1038 
—, dry mg accelerators, 1033 
—, neutralizing agents, 844 

Cobalt soaps, modifiers, phenol-aldehyde resins, 
488 

Cobalt sulphate, catalyst, rosin esterification, 795 
Cobalt sulphonate, drier, 219 
Cobalt-tungsten carbide composition, 987 
Cocaine, condensation with saligenm, 745 
Coconut oil acids, m alkyd resms, 906, 911, 942, 
968 

Cod-liver oil, m urea-resin lacquers, 636 
—, solvent in chloroprene polymerisation, 157 
Coefficient of expansion, molding materials, 24 
Coefficient of friction, lammated materials, 1351 
Coiled molecules. 70 

Coke, addition to sulphur castings, 1116 
—, filler, phenol-aldehyde resm, 461 
Coke-oven gas, gum formation m, 188 
Coke-oven gas tars, 727 
Coking of coal, resins from, 860 
Coking of phenol-furfuraldehyde resms, 488 
Cold-drawing of esters, 872 
Cold flow test, laminated materials, 1353, 1354 
Cold-molded articles, alkyd resms m, 981 
appearance of, 1284, 1291 
—, cumarone resm m, 134 
—, finishing of, 1291 
flame-proof, 1287 
—, heat resistance of, 1284, 1287 
—, high impact strength, 1286 
—, phenol-furfural resm in, 528, 531 
—, stoving of, 1291 

surfacing, 1284, 1290, 1291 
—, uses of, 1284 
—, water resistance of, 1285 
Gold-moldmg, baking of articles, 1291 
—, ceramic materials, 1317 
—, equipment for, 1293 
—, lubricants for, 1290 
—, materials used, 1817 

methods of, 1290, 1316, 1317 
—, preshapmg by, 1289 
—, presses for, 1290, 1292, 1293 
—, speed of production m, 1290 
Cold-molding compositions, bakmg of, 1286-1288 
—, binders for, 1285 
—, colored, 1286 
—. fillers for, 1289. 1290 
—, hardening of, 1284 
—, inorganic, 1285, 1287 
—, methods of mixing, 1286, 1290, 1291 
—, molds for, 1290-1292 
—, oxidizable binders for, 1287 
—, phenol-aldehyde resins in, 437, 470. 1287, 1288 
—, ratio of binder to filler, 1287, 1390 
—seasoning of, 1290 
—solvents in, 1288 


—, stearin pitch in, 1208 
—, sticking to mold, 1390 
—, synthetic resin binders for, 1387-1389 
Cold-mold^g molds, 1391-1393 
Cold-molding presses, 1292, 1398 
Cold-moldings, 1368. 1366 
Cold-puncbing, modified urea-furfural resin, 670 
Collam, x-ray studies of. 71 
Collodion, polyalkylene oxide as plasticiser for, 998 
Colloidal association of prea resin, 881 
^lloidal b^avior of alkyd rjMins, ,869 
Oolloi&I diipsnioa, phenol-aldehyde resin, 888, 886, 
404 

Colloidal gels,, effect on vamleh fllme, 80 
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Colloidsl nsiiirp of pBintP, 35, 36 
mlk aerioin, 69 

Colloidal phenomena in phenol-formaldehyde reb¬ 
ins, S19 

—* re fi nt. 36-43 
Colloidal plasticity, 83 
Colloidal properties, polystyreneb, 335, 288 
^leeins. 43^ 1368 

Colloidal ream particles, siBes of, 311 
Colloidal solutions, coal-tar pitch, 275 
—, polyvinyl esters, 1027 
ColloiMl sulphur, 1168 

Colloid mill, dispersion of phenol resins in, 445 
Colloids, classification of, 73 
—, in paints, 85 
—, polyvinyl alcohol, 1056 

protective, for phenol-aldehyde resins. 335, 328 
from urea resin, 326, 649 

—, —, use in emulsions of l,8-diene8, 179, 180, 181 
urea reein, 320, 565. 5^, 587 
—, x-ray pattern of, 79 

Colophony, oondenaation with l-naphthol-5-8ul- 
phonio acid, 800 

—, effect of fusion with phenol resins, 397 
—, esterification with dialkvl phthalates, 801 
—, esterified with stearyl alcohol, 799 
—, modifier, phenol-ald^iyde resins, 897 
, reaction with ethylene oxide, 797. 993 
“, — phenol and sulphuric acid, 420 
—, substitute, 1172 
~, use, coating clay articles, 1250 
—, see also Rosin 

Colophony-like material from essenlial oils, ll’53 
Color, detennination in resins, 1362 
Color bodies in rosin, 767, 770 
Colored molding powders, use of. 483 
Colored moldings, stability, 1267, 1268 
Colorimeter, discoloration tests, 1378 
—, for cumarone, 124 

Coloring agents for molding compositions, 352, 1276 
phenol-aldehvdc resins, 285, 

— polystyrene, 237 

Coloring materials from cashew-shell oil, 1232 
Color lakes, from alkali polyacrylates, 1072 
—, from naphthenates, 2(M1 

from vinyl-maleic products. 1034 
Color permanence of phenol-aldehyde resins, 335 
Color retention of alkyd resin paints, 076 
Color-stability, acylated phenol-aldehyde rcHinb, 
422 

resins, 1262 

Color stabilisation of rubber, 1102 
Color tests, resins, 1250 
Commutator rings, alkyd resin binder, 082 
Compatibility of aralkyl-halide n>»ins, 1130 
■— Algors idth nitrocellulose, 1140 

— phened resins with cdlulose esters, 445 
Complexes by eo-poljrmerisation, 243, Ui 

— heteropolymerisation, 244, 245 
Complex thiourea-metallic salts. 580 
Composite mica sheets, preparation of, 982 
Composite sheets, phenol resin binder, 478 
Cmnpretision strength of impregnated wood. 481 

— moldinjc materials, 1300 

Compressive strength, deterroinstion of. 1342 
Concrete, coated with chloronibbcr, 1123, 1124 
—, eoated with phenol resin, 451 
—, coated with iohienesulphonamide re«in, 721 
—, coated with vulcanised tung oil, 1208 
—, coath^s for, 788 

Condensation, aldehydes with tar acids, 301-365 
—, bensene and formaldehyde, 265 
classification of, 43, 64 
—, diolefins and iromatics, 325 
—, paralddij^e wjth tar oil, 162 
—, salieyBe acid, 377 
—, stages of phenol-formaldehyde, 843 
urea-formaldehyde, nature of, 63, 565 
Condensation poiymeriiatiofi, alkyd resin forma¬ 
tion. 863 

—, nature of, Ut 68 
Condensation reactions, types of, 58, 54 
Gondenaation temperature, effect on polymerisa¬ 
tion, 616 


Condensers, electrical, adhesives for, 479 
—, ehloronaphthalene waxes in. 1152 
Condensing agents, effect on chemical resibtaiioe of 
phenol-resins, 448 

(Vmductivity of molds, influence of, 1295 
(Conductivity, thermal, in sheet materials, 1354 
Congo copal, apparatus for esterification, 809 
“, cracking of, 808 

-, cracked, incorporation with urea resuis, 609 
—, esterification with glycerol, 807-810 
—, polymerisation, 811 
—. use in alkyd resins, 916, 931 
—, with rosin, esterification of, 811 
Oonf^o copal bensyl ester, preparation of, 810 
Conifers, waxes ^roni, 1003 
Contact prints, using furfural-amine resin, 538 
Container for synthetic resins, 1252 
Ckmtinuous molding, by extrusion, 1328 
CVintinuoijs process, acetylene polymerisation, 149 
—cumarone polymerisation, 118 
—, phenol-aldehyde resms, 334, 885 
Control, automatic, in cumarone polymetisation, 
113 

—, furfural-phenol reaction, 528 
—, one-stage wet process, 333 
—, urea resin manufacture, 565, 566 
Controlling agent, phenol-aldehyde resin, 329 
Conversion of phenol-resins by baking, 448 
Conversion of resins, insoluble to soluble. 340 , 341 
(>)nvertible-by-heat reains, nature of, 863 
O»nveyor belts, acid resisting, 1104 
stvrene-diolefin co-polymer, 193 
('Vxiling molds, before removing moldbig, 1295, 1320 
Cooling press, use of. 1328, 1329 
Copaiba balsam, combination with polyvinyl chlo- 
nde. 1088 

Copaiba resin, modifier, phenol-aldehyde resin, 398 
Oipal-alkyds, compatibility with nitrocellulose, 913 
Copalamide, by copal-acetamide reaction, 810 
Copal esters, advantages over copals, 816 
—, in oil varnishes,,816, 819 
—, of polyhydroxy fatty acids, 829 
—, pre^ration of. 807-811 
—. resins from, 804 
—, varnish from, 807, 817, 819 
Copal oil, esterification with Congo copal. 809 
Copal-rofdn mixtures, esterification of, 810, 811 
Copals, combination with polyidnyl acetate, 1033 
—, condwising medium, urea resins, 617 
cracking of, 868 
—, esterification of, 807-811 
—, —, effect of linseed oil, 809 
—, —, effect of rosin, 810 

esterified with higb-boiling esters, 809, 810 
—, gelatioti of. 808 

—, in oold-m^lding compositions, 1386, 1287 
incorporation into alkyd resins, 943 
—, liming of, 77S 

—, modifiers, phenol-aldehyde resins, 896, 397, 408 
—, molding of, 1814 
—, nitration, resins from, 731 
", oxidation of, 774 
—, polymerisation, 807, 808 
prassboard from, 470 
, production of, 18, 813, 813 
—, progress of esterificatjon of. 808 
—, reaction with acetamide, 816 
—, reaction with creosote oil, 810 
—, shellac substitute from, 1006 
—, substitutes, amine-aldehyde resin, 699 
—, eater gum, 816 
. phenol alcohol resins, 387 
—, sulphurised, gutta-percha substitute, 1205 
—, treatment with naphthalene. 809 
treatment with phenols, 809, 8l0 
use in alkyd resins, 906 
—, use in molded insulation, 986 
—, use in urea-formaldshyde-alkyd oompositaons. 


Co-polymerisation, 42, 48 
—, complexes by, 341, 344 
, olefins and diol^ns, 189-198, 336 
Co-polymers, aoiylio add derivatives. 1076, 1076 
styrw, 314, 346, 346, 360, 261, 1072 
vinyl reeins, 361, 1016 
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Chopper, action on benxyl chloride, 1180 
action on iodo ocmipounds, 1142 
—, catalyst, acetylene polymerisation, 14S-146 
—, air-oxidation of phenol, 271 

—, —, ainmonia-carbon monoxide reaction, 684 
—, —, cashew-shell oil. reaction with aldehyde, 
1231 

—, —, cumarone polymerisation, 118 
—, —, drying oil polymerisation, 1228 
—, —, hydrocarbon-halide condensations, 1188 
—, —, paraiim-alginio acid reaction. 1264 
—, rosm estenhcation, 795. 802 
—. —, s^aration of styrene, 254 
—, coating for molded articles, 484 
—, component of hopcalite, 497 
—, inhibitant, vinyl ester-aldelivde reaction, 1064 
—, molding of rubber against, 1326 
—, oxidation catalyst, 209, 210 
—, r««it*tion with cashew-shell oil, 1230 
Chopper alloy, catalvst, acetylene polymerisation, 
144, 146 

Copper ammonium carbonate, anticorrosive in urea 
manufacture, 566 

Copper-bronse, catalyst, reaction of bensyl chloride 
and phenol, 295 

Copper carbonate, catalyst, cashew-shell oil reac¬ 
tion with aldehvdes, 1^1 * 

—, —, condensation, urea and formaldehyde, 591 
—, —, phenol-formaldehyde reaction, 356 
—, resm pigment, 591 

Copper chromate, catalyst, hydrogenation of esters, 
807 

Copper chromite, catalyst, ethanol-acetaldehyde 
condensation, 495 

Copper compounds, stabilising action on vinyl 
esters, 1026 

Copper ferrocyanidc, catalyst, acetylene polymeri¬ 
zation, 145 

Copper hydroxide, resin purification with, 337 
Copper linseed diglyoende phthalate, 951 
Copper molds, effect of vinyl-halide resins. 1326 
Copper monoalkyl phthalic acid, 950 
Copper naphthenates, 206 

Copper oleate, catalyst, acetylene polymerization. 

146 

—, catalyst, reaction of cashew-shell oil with alde¬ 
hvdes, 1231 

—effect on rubber, 1109 
—, oxidation catalyst, 210 
—, solubilitv in transformer oil. 787 
Copper oxide, catalyst, acetylene polymerization, 
146 

—, polymerization of ca.stor oil with, 1223 
—, I earn purification with, 337 
(’oppei .oxide sols. 311 
Copper-pyrdine catalyst, 1139 
Copper salts, action on pine tar, 781 
—. alkvd resins, 949 

—, catalysts, polymerisation, vinyl chloride, 1038 
~, —, reaction of calcium carbide and hydrochlo¬ 
ric acid, 1086 

—, dyes, uses of, 1250, 1251 
neutralizing agents, 844 
—, milphonated cumarone resins, use of, 121 
—, toxic agents, 451 
—vinylacetylene, 149 
(^'opper soaps, in toxic coatings, 789 
Copper sulphate, catalyst, condensation of urea 
and formaldehyde. 616 
—, ratal vat, glycarol resinification, 393, 504 
hardening agent, 857 

—. in phenol-foitnaldehvde condensation product, 
310 

use, dievnnodinmide-formaldehyde reaction. 680 
Copper •wire, coatings for, 407 
Coral, substitute, 285, 591 
Coial lime, in haidening rosin, 772 
Core-binding composition from tall oil, 756 
Core oil, from rosin and linseed oit, 821 
Cores, induction coils, from phenol-aldehyde mold¬ 
ing powders, 460 
porous, in molded panel, 1388 
—, removable, synthetic-resin container, 1252 
. solid carbon dioxide, 1384 


Coik, cumarone resin binder for, 187 
fiUer, 198. 463, 988, 1275 
—, incorporation with urea resins, 025 
Cork masses, artificial, urea resins, 649 
Cork meal, esterification of, 750 
Cork substitute, ciiprene, 146 
Corncobs, furfural from, 517 
—, reaction with phenol, 748 
—, resins from, 526 
Com oil, core oil from, 821 
—, cumarone resin varnishes with, 181* 

—, solvent, chloroprene polvmenzation, 157 
use with chlorinated rubber, 1124, 1126 
Corn oil acids, use in alkvd resins, 9^, 967 
Corn oil factice, preparation of, 1211 
Com pioteins, modifiers, phenol-formaldehyde res¬ 
ins, 414, 416 

Coinstaich, reaction with urea, 758 
Corrosion, in urea munufaciure, 566 
—. of molds, 1326, 1327 

Corundum, filler, pbeiud-alflelivde redn, 460 
C'ost of nioldmg materials, 9, 23. 661. 1331, 1332 
Cotton, fiber Htructiire in, 64. 65. 66 
—, digestion with alkalis, 689, 750 
—, impregnated with (hi Stop, 1232 
, incorporation with aniline-formaldehyde redn, 
692 

—, — urea resins, 639-641 
—, reaction with phenols, 748 
—, xerogel. 37 

O)ttou dyeing, phenol-sulphur resin in, 1191 
Cotton fliick, filler, 620, 1274, 1316 
0>tton goods, creasing, 639 
Cotton Iinters, fillers, 984, 1274 
Oitton rags, condensation products from, 267 
Oittonseed hulls, fillers, phenol-aldehyde moUUng 
composition, 462 
—, reaction with phenols, 748 
—, x>io8e rosm from, 763 
Cottonseed oil, chlorinated, 1127, 1155, 1221 
—, cumarone resin varnishes from, 131 
—, oxidised, in lacquers, 788 
—, resins from, 1233 

—, solvent, chloroprene polymerisation, 157 
Cottonseed oil acids, use in alkvd resins, 157, 906, 
914, 945, 966. 968, 984 
Cotton shoddy, 485 

Cotton waste, filler, purification of resins, 338 
Ck>tton wool, filler, 1126 
Coiiepmic Bciil in oiticica oil, 861 
Covalence, cellulose and urea resins, 620 
Cracked distillates, action of maleic anhydride on, 
224 

—, action of sulphuric acid on, 224 
—. effect of light on, 230 
—, polymerisation of. 222, 225-228 
—. leaction with formaldehyde, 213, 214 
—, source of resins, 222-225 

Cracked gasoline, action of electric discharge on, 
231 

—, oxidation of, 201 

—, polymerisation of, 190-193, 201, 227, 228, 231 
—, resin from, 191, 192, IW 
—, vapor-phase refining, 226 

Cmeked petroleum, reaction with .siilphurvl chlo¬ 
ride, 1178 

—, reaction with sulphur, 1177 
Cracked petroleum distillates, chlorination of, 1157 
diluent for lacquers, 966 
—. reaction with furfnml. 527 

Cracked-petroleum polvmers. modifiers, phenol-al- 
d^yde resins, 435 
Cmdced rosin, modifier. 400 
Oaoking, aromatic hydrocarbons, 254 
—, copal resins, 8(tt 
—, olefins bv, ^1 
—, petroleum oils, 221, 222 
—, polypropylbensene, 259 
rosin oil, 779 

Crackle finishee, metallic soaps in. 788 
Oiacks ill resins. 588 
—* urea resins, 597, 601, 618, 620 
- - x^mish films. 19 
Ciased effects, on resin tiles, 1248 
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Crease-proof fabrics, with phenol resin, 452 
~, with Urea resin, 689 
Creosote, reaction with gelatin; 782, 1254 
—, reaction with unssturated aldehydes, 392 
—, with phenol-aldehyde resin, 286 
Creosote-aldehyde resins, in sound records, 363 
Creosote oils, from coal tar, 860 
—, in oold-raolding compositions, 1287 
—, in insulation, 777 
—, reaction with copal, 810 
—, softening agents, phenol-aldehyde resins, 423 
uses of, 329, 369, 777 
Crepe rubber in chewing gum, 1053, 1155 
Cresidine, condensation with aldehydes, 701 
Oresol-acetaldehyde resin, 380, 381, 421 
Cresol-acetylene resin, 884, 385 
Cresol-acrolem resin, 392 

Cresol-aldehyde resins, hardening with hexameth¬ 
ylenetetramine, 423 
—, optimum m-cresol content, 368 
—, removal of excess cresol, 369 . 
transparent, preparation, 368, 369 
use of, 369, 423 
Cresol-allyl alcohol resin, 434 
Cresol-benzaldehyde resin, 364 
Cresolbenzem, halogenation of, 1154 
Cresol-castor oil, reaction with acetaldehyde, 421 
Cresol-colophony condensation, resin from, 400 
Cresol condensation, catalysts for, 347, 354 
Cresol-corncob resin, 526 
Cresol derivatives, gelatinising agents, 718 
CVesol ethers, resins from, 714 
Cresol-formaldehyde reaction, catalysts tor, 288. 

322, 324,. 420, 422 
—, tune of heating. 319, 320 
Cresol-formaldehyde resins, acylation of, 422 
—, alginic acid-modified, 417, 418 
—, casein-modified, 418 
—, chlorohydrin-modified, 429 
—, condensation with hydroxymethyl ether, 400 
—, glycerol-modified, 428 
—, impregnation of paper. 643 
—, incorporation with chloronaphthalene waxes, 
1152 

—, modified with sulphonic acids. 419 
—molding composition from, 367, 1288, 1289 
—molecular weight of, 313 
, production of, 318, 368 
—, properties of, 313 
—, solvents for, 318, 367, 423 
—, with ester gum, 821 
Cresol-furfural resins, 523, 526, 529-532 , 643 
Cresol-hexamethylenetetramine resins, 329 
Cresol-paraldehyde resin, 364, 1288 
Cresol-rosin esters, preparation, 400, 800 
m-Cresol, condensation, with benaophenone-2,4- 
dicarboxylio acid, 875 
, nature of melts of, 80 
—, reaction with acetone, 386 
—, — benzal chloride, 1184 
—, — formaldehyde. 866-868, 420, 1008 
—, —• sulphuryl chloride, 9^ 

—, separation from mixed cresols, 668 
—, use of, 292, 330 

m-CresoI-aldehyde resins, with chlorinated hydro¬ 
carbons, 423 

m-Cresol-cyclohexanone reedn, 390 
m-Cresol-ethyl ether, action on formaldehyde, 265 
m-Cresol-formaldehyde resins, preparation of, 367, 
368 

—, x-ray pattern of, 83 

m-Cresol-furfural reaction, resin from, 523, 529 
m-Cresol methyl ether, condensation, with formal¬ 
dehyde, 371 

o-Cresol, action of lead dioxide on, 271 
condensation with allyl alcohol, 394 
—, — formaldehyde, 407 
—, curing-rate of resins from, 367 
detection 367 ^ 

nature of melts of, 80 
—, oxidation of, 271 

reacted with bensotrichloride, 1185 
—, reaction with acetone, 887 
—, iremoval from cres^Uo acid, 859 
use oe disinfectant, 850 


o-Cresol, use in modified alkyd resins, 986 
—, use in phenol-aldehyde reaction, 368^ 424 
o-Cresol-aldehyde resin, for oold-molding, 1288 
—plasticizing agents, 367 

o-Cresol-formaldehyde resin, preparation of, 367, 
368 

—, x-rav pattern of, 83 
o-Cresol-furfural reaction, resm from, 523 
o-Cresol-ketone-aldehyde resm, 390 
o-Cresol-naphthalene tetrachloride condensation. 
1137 

p-CresoI, modifier for oxidized fatty acids, 1227 
—, reaction with acetone, 386 
—, — p-cresol-dialoohol, 304 
—, — formaldehyde, 304, 367, 368, 378, 407, 1008 
—, — nitrogen peroxide, 725 
—, — phorone, 387 
p-Cresol alcohol resin, 287 

p-Cresol-aldehyde resins, modifiers, for phenol- 
aldehyde resins, 427 
p-Cresol-dialcohol, 304 , 305 
p-Cresol-formaldehyde reaction, 304 
p-Cresol-formaldehyde resin, oil-soluble, 388 
—use in alkyd resins, 936 
p-Cresol-furfural reaction, resin from, 523 
p-Cresol methyl ether, condensation with benzo- 
QUinone, 394 * 

Cresols, action on wood pulp, 748 
~catalysts, condensation of aniline and formal¬ 
dehyde, 695 

- catalysts for oxidation of, 270 

- , chlorinated, 1154 

—, condensation with aldehydes, 272, 287, 369, 37S, 
1044 

—. — benzaldehyde, 364 
—, — o-benzoylbenzoic acid, 376 
—, — carbon dioxide, 374 
-- , — diphenylformamidine, 395 
, — lignite, 365 
—, — paraldehyde, 364 
—, — tiglic aldehyde and guaiacol, 280 
—, effect on oil varnish, 408 
—, esterification, with copals, 810 
—, from methylcumarone polymers, 96 
—, m cresyUc acid, 359 
—, inhibitor, polymerization of styrene, 242 
—, isolation from coal tui, 361 
—, m tar acid, 369 

—, modifier, urea-aldehyde resins, 678 
—, oxidation of, 272 

—, oxidation inhibitor for alkyd resins, 976 
—, phenol alcohol from, 332 
—, plasticizer, polystyrene, 251 
—, properties of resins from, 272 
—, rate of condensation of, 304, 347 
—, reaction with acetaldehyde, 380, 381 
—, — acetylene, 383, 385 
—, — benzaldehyde, 388 
—, — dimethylolurea-glycerol compound, 668 
—, — ethylene oxide, 430 
—, — excess of formaldehyde, 324 
—, — gaseous formaldehyde, 331 
—, — ketones, 887. 390 
—, — lead oxide, 273 
—, — rosin, 799 
—, — sulphur chloride, 1184 
, — tellurium chloride, 1193 
—, — thionyl chloride, 1187 
—, — tung oil, 402 
—, refined, 819 

—, removal from cresol-aldehvde resins, 869 
—, resins with furfural, 523. 526, 529-582, 643 
—, solvent, alkyd resins, 880 
—, sulphonated, reaction with formaldehyde, 418 
—, use in alkyd resins, 925, 985 
—, use in phenol-aldehyde reaction, 423, 480 
vat dye from, 1198 
—, vinyl derivatives of, 260 
Cresolsulphonic acid-formaldehyde resin, 421 
Cresol-sulphur resin, 1184 
Cresol-thionyl chloride resin, 11^ 

Creeol-urea-formaldehyde tesin, 675 
Cresotinic «oids, reaetion with aoetald^yde. 374 
—, reaction with thionyl (Florida, 1187 
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(jK‘.soxy fatty acidti, leuctioii with fuiiiialdehydc, 
375, 938 

o-Cresyl ben/^oate, use in alkyd resin production, 
925 


solvent, alkyd resins, 880 

Cresylic acid, condensation with paraldehyde, 365 
—, constitution of, 359 
—, hardening agent, 228 

Cresylic acid-formaldehyde reaction, oil-soluble 
resins from, 408 

Cresylic acid-formaldehyde resin, cellulose acetate 
modified, 433 
—, modified, 403, 408, 559 
—, uses of, 385, 368 • 

Cresylic acid-furfural, reaction product, 536 
Cresyl phosphates, modifiers, phenol-aldehyde res¬ 
ins, 432 

Crotonaldehydc, action of ultraviolet ia>s on, 494 
, action on urea resins. 659 
, alcohol denatuiant, 500 
condensation with aniline, 700, 701. 706, 709 

— cresidine, 701 
furfural, 521 

■ naphthylamine, 696, 700, 701, 708 
, — sodium anilme-ethane-a-sulphonate, 708 
, —• thiourea, 657 

— toluidine, 700, 701 
formation from acetylene, 495 

— alcohol, 500 
, — aldol, 489, 500 
, oxidation of, 500 

production of, 497, 498 
reaction with ammonia, 501 

— butadiene. 832 

— creosote, 392 
, -- myreene, 843 
, — phenols, 392 
, — sodamide, 501 
, — .sodium vinylacetylide, 151 

resinification of, 500, 501 
, use of, 398 

C^rotonaldehydeammonia, in lubber aitceleratoi h, 
707 


Crotonaldehyde phenylhydrasone, resin from, 501 
Crotonaldehyde resin, 490, 492 
Crotonaldehyde-iosm condensations, 776 
Crotonio acid, condensation with bensaldehyde, 508 
—, esterification of glycerol with, 1081, 1082 
—, from crotonaldehyde, 500 

incorporation in paints, 834, 976, 979 
—, isocrotonic acid from, 1081 
—, polymerization, 1081 
Ciotonic acid esters, polymeiization, 1082 
Crotyl cellulose, polymerization, 1081 
Crucibles from synthetic resin, 1250 
Crude naphtha, indene from, 99 
Crude oil, action on acetylene polymers, 153 
Crude phenols, resins from. 326 
Crude rosin soap, from waste liquor, 753 
Ciude-tar oils, fractionation of, 99 
", oxidation with lead oxide, 273 
Crushmg strength of laminated materials, 1342 
Cryoscopic method, applied to dimethylolurea, 581 
Crystal formation in chlorobiphenyls, 1143 
Crystalline-finish lacquer, from sulphonamide 
resin, 717 

Crystalline materials, brittleness of, 1313 

Crystalline phase in gels, 37 

Crystalline state, nature of, 27, 62 

Crystalline structure of polyethylene oxides, 991 

Crystallisation from melts, 29, 30 

Crystallization, nature of, 27 

—, abietic acid, 765 

—, driers, 787 

—, rosin, 770. 771 

—, rosin esters, 806 

Crystallization velocity in resins, 44 

Crystallising varnish, alkyd resins in, 078 

Crystalloids, heating effects, 1268 

Crystals, plasticity of, 31 

Crystal structure, nature of x-ray pattern, 77 

C-stage resins, resites> 895, 296, ^ 

Cubic lattice, parallel planes in, 78 , 

Cumar, polyit>Tene varnish with, 248 
resin, 128 


('iiiiianllic acid, euiuaioiic fioiii, 93 
Cumarone, action of sulphtir on, 131 
-, bromination of, 93 
—, chlorinated, 138, 139 
—, chlorohydrins from, 94 
—polymerization of, 92-94, 96 
production of, 123 
—, reactions of. 92, 94, 95, 131 
—, selective polymerization of, 106 
—, separation from mdene, 99 
—, stability of, 94 
—, structure of, 92, 93 , 518 
—, sulphonation of, 95 
—, synthesis of, 98-95 
Cumarone dibromide, prepaiaiion of, 93, 94 
Cumarone glycol, preparation of, 94 
Cumarone-mdene resin.s, 1257 
Cumarone oil, ciiinatoiio re«<iiis fmin, 117 
C'tiinarone pol>mcrizatioii, artdihon of pheiioU iii, 
118, 119 

— , agitation diiiiiig, 107, 109-111, 114, 118 
, automatic coiitiol of, 113 
by-products in, 112, 113, 116 
—, chlormation of naphtha used m, 109 
—, commercial practice m, 107 
—, continuous process for, 113, 114 
—, control of, 109, 115, 116 
—, diluent us^ in, 109, 115, 116 
—, distillation of polymerized naphtha in, 111, 112, 
120 

—, diying of naphtha used m, 108 

effect of acid concentration in, 107, 109, 110, 112 
—, — boiling-range of naphtha, 108 
—, — pressure in, 118 

-- temperature on, 107, 112 
—, neiitinlization of acid in. 111, 116, 117 
—, pretreatment of naphtha, 118 
—, purification of naphtha used in, 108, 109, 114, 

115 

—, rate of, 118 

", rate of sulphuric acid addition, 109 
—, removal of bases from naphtha, 107, 108, 114, 

116 

— catalyst m, 117-119 

—, — dark resm-formmg hydrocarbons in, 108, 114, 
118 

—, — naphthalene from naphtha, 108 

" phenols from naphtha, 107, 108, 111, 114, 116 
—. steam distillation in, 114, 115, 118 
—, sulphonaied bodies in, 109, 111-114 
—, temperature control m. 109, 110, 114-117, 119 
—, use of meta-substituted aryl alkyl ethers in. 
117 

—, use of peroxides in, 115 
—, vacuum distillation in, 118, 119 
", washing reaction mixture m, 107, 111, 117, 118, 
120 

Cumarone resin, action of oxygen on, 131 
—, action of sulphur chlonde on, 131 
", alcohol-soluble type, 119 
—, asphalt with, 136, 138 
—, binder for molded articles, 135, 1316 
—, binder in cold-molding composition, 134, 1287, 
1289 

—, bloom of varnishes, 127 
—, chicle substitute, 134 
—, classification of, 123, 124 
—, coal-tar resms with, 360 

color of, 109, 112, 116-120, 123, 124 
—, color test for, 1261 
", comparisons of dielectric constant, 134 
—, depolymerisation of, 125 
—, destructive distillation of, 95 
disinfectants, 118 
—, dispersing agent, 136, 130 
—, durability of films, 125 
—, effect of tconperature on, 112 
—, effect on gelation of tung oil, 1^, 1216 
emulsion. 1^, 138 
“, from cumarone oil. 117 

from phenol-containing naphtha, 119 
—, from solvent naphtha, 02, 106, 107, 110, 111, 
114-120 

ritta-peroha with, 182 
hardening of, 107, 120, im 
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Cninaronw m<in, h>Hiogpnatmn nf,*1l9 

—, iiiipiiniies in, 125 

-- . itU'on>orHtipn into alkyd le^in«. 943 

- inrorpotation wifh pfastir siilphiti, 1216 

- inhibitor, gelaliniaaiioii uf lung oil, 1216 
—. iHCcpiarH from, 128, 129 

, light-oolorwl, 114, 115, 118, 119 
—. lighi-atahilitv of. 117, 127 
—, iiietallir pondoi with. 135 
—, miaribility of, 125, 128 
inodifif^, 117-119 
, ‘'nail teat," 124 
iiHphthol pitch with, 135 
—, nitiorellntoao with, 823, 970, 1243 
—. phenol-aldehyde reHiu with. 120, 131, 134, 135. 
141 332 

- , plHsliciwrs for, 120, 137 
—, pIhsIk* fnutrrialH from, 122 

, pol\Ntvrene with, 248 
fHintiHouk rubbei with, 134 
Portland cement with, 133 
—. properties of, 106 
purification of, 118 
. resistance to acids. 125. 130 
-. — alkalies, 125, 137 
, — oxidation. 125 

— water, 125, 134 

removal of acidic suKstnncfs fMim. 106, 118 

- -- oilv matenals fioni. 106 117 

- , rubber softener, 132 
—, shellac with, 135 

solvents for, 106, 117. 119, 124. 125, 139, 140 
, spkr vainish from, 127 
—. steam distillation of emde, 117 
, stearin pitch with, 13! 

, aulfonat^, use of, 121. 140 
T-, sulphur with, 95, 136. 1313 
—. tung oil with. 126, 131. 135, 137, 138 
use in abrasives. 135, 986 
•. — adhesives. 130. 133, 135, 141 

— antifouUng paint, 129 

— bituminous paint, 132 
—. — bronsing liquids, 129 

- -, — building composition**, 136 
—, — cement binders, 130. 133 

—, — cellulose eater coatings, 129 
—, — chewing gum, 123, 134 
—. — cloth for shoe lining, 438 
—. — coating for pavements, 1.16 
—. — coatings for electrodes, 131. 141 
—. — coatings for molded aiticles, i"0 
—, — cold-molded pixidijcts, 134, 1287, 1289 
—. — electrical uisulation, 118, 130. 131, 134, 136, 
140. 1243 

—. — emulsions, 139 

", — enamel, 129, 132 

", -- floor-covering cement, 130, 141 

- , " floor tile. 123, 137. 138 
", —• floor varnish, 127 

", — friction tape, 132 

—. — gaskets, 188 

—. —• indelible oompo.sition, 140 

— insulating composition, 133, 135, 1243 
", — lacquers, 119, 183 

", —' leather tanning. 140 
", — light-sensitive varnidies. 141 
", " linoleum, 183, 136. 137, 646. 821 
—, " lithographic printing, 140 
", -- magnetic cores, 135 
—, — marking compositions. 140 
", — mastic flooring, 137, 138 
—, -- molding compositions, 134, ^135, 140 
—, — nail coating, 120 
", — oilcloth, 136, 137 
", — paints, 131, 133, 141 
", — phot4)gTaphy, 140 
". — pfiniing ink, 123. 139, 140 
niblw cen^ent. 132, 183 
", — rublter rompositions, 128. 131-133 
• — rubber varnishes, 133 1091 

- -— road-making compositkm, 186 
—, — rooflng composition, 138 

", rust removers. 141 
", — fisiiig for paper, 139 

sounq-iniulating medium, 136 


Cumarone tesin, use in tin-plate cnHlings, 120 
—, " transfer compositions, 140, 829 
—, " vulcanising flux. 132 

", — waterproofing compositions, 128, 130, 132, 
133, 135, 138, 139 

—, — wrinkle-finish varnishes, 128 

", vacuum distillation of crude, 115, 116 

", varnishes from, 116, 118, 120, 125-131, 135, 137 

", vulcanised oil with, 136 

—, x-ray patterns of, 80, 81, 82 

", yellowing of oilcloth, 187 

Cuinai-one resin-sulphur moldings, 136 

Cimiarone resin varnishes, fotmulas of, 126-128 

", sulphur in, 1?07 

—, yellowing of, 126 

Cup-closing time of molding materials, 1357 
Cnprene, applications of, 146, 147 
-, liHlogenatioii of, 145 
—, luifdeiim from, 146 
—, oxidation of, 145 

piepamtion of, 143-146 
—. pi-operties of, 144-147 
—. reaction with bensene and sulphur, 1202 
" sulphur and still-residues, 147 
('‘iipiene-foimation. by-products in, 145 
C'lipiene-like materials, from acetylene poly men¬ 
tation. 143, 144 

—, fiom acetylene with benzene, 161 
—, fmm benzyl alcohol, 146 
Cnprene tar, constitution of, 145, 146 
Coptic chloride, catklyst, preparation of dichloro- 
ethylene, 1037 

—, —, rosin esterification, 799 
—, metal varnish with, 449 
—, prevention of varnish-vellowing, 1378 
Cupric hydroxide, catalyst, phenol-formaldehyde 
reaction. 345 

Cupno oxide, catalyst, acetylene polymerization. 
145 

Cnpnc cyanide, in anti-fouling paints. 820 
Cuprous ammonium chloride, catalyst, acetylene 
polymerization, 147, 148 
", —, vinvl chloride preparation, 149 
Cuprous chloride, catalyst, aoetyl«ne polymeriza¬ 
tion, 147 

", —, formation of chloroprene, 154 
—, —, furfural-phenol reaction, 527 

- . ", glycerol resinification, 504 , 996 

—, ”, preparation of vinyl chloride, 1037 
—, —, reaction of acetylene and aniline, 149, 703 
—, reaction of acetylene and carbon monoxide, 
161 

", complex compound with thiourea, 580 

—. u.se in separation of diolefins. 184 

Cuprous oxide, catalyst, acetylene polymerization, 

144, 146 

Cups, from urea reein, 565 
Curing catalysts, alkvd resins, 981 
", urea resins, 617, 622 
Curing of cast resins, 470 
" isoprene polymer, 175 
" phenol-formaldehyde-alkyd resins, 934 , 936 
" phenol resin, 320, 454, 4M 

— r^tive reshns, 1320 

Curing properties of phenol-alcohol resin.s. 333 
Curing-rate of phenol-aldehvde resins, 366, 367 
Cutting oils, 121, 1200 

Cyanamide, condensation with aldehydes, 494 , 681 
", isourea from, 671 
", prepamtion, 681 
", reaction with chloral, 494 
", " hydrogen sulphide, Ml 
—, —^meroaptans, 658 
", resins from. 679 
", trimsr of, 571, 672 
", uiw from. 568, 679 
Cyenio add, combination with ammonia, 569 
Cysnidw*. catalysts, phenol-alcohol resins, SMI 
Cyantmide, film-hardening agents with, 6M 
Cyanbantlirones, preparation of, 1140 
^anogen, polymeriiation, 731 
Cyanogen bromide, reaction with n-propyl-lsopro- 
pyl sulphide, 1179 

Cyanogen chloride, reactlofi with aniline. 633 
Cyatioguanidtne, tee Dioyanodiimide 
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< !yaiiohydiins, pioptiintioii oS, 497 
Cyanobydruta of nldehydea, leeiniiication of, 497 
Cyanurio acid, formation of, 570 
—, reaction with formaldehyde, 085 
Cyclic anhydndea, polymei ization of, 908 
—, preparation of, 997 
Oydio esters, foinmtion of, 1000 
—, steps in polymei isatioii of, 1002 
Cyclic hydrocat bons, dibasic acids from, 999 
—, from diolehn polymerization, 51 
—, solvents for phenol resins, 443 
Cyclic ketones, reuctioii with carbohydiftt<*s, 701 
solvents, 444 

Cvciio structure of synthetic rubbeis, 174 

- uiea ream, 671, 672, 681 
elization, polystyiene stiuotuie, 233 

(N'clization m osteriticution, 803 
('M'lizatiofi pheiioineiion, tunjs oil polynierizatKMi, 
1210 

Cyclobutadione. 663 

1.3- Cyclohexadiene, polymerizution of, 185, 188, 189 
—, leaetion with acinldelivde, 838 

—, — maleic aiihydiide, 837 

- oxygen, 189 

—, — sulphur dioxide, 1178 
—, — unsaturated nitiiles, 860 
—, resins from, 189 
“, solvents for polymer of, 189 

1.3- Qyclohexadiene pr>iymeiization, cataivsts for, 
189 

('vclohexane, condensation with inonolefinH, 194 
crimping diene-polymei fibers with, 200 
incorporation with lubbei, 1092 
—, removal of water from alkyd resins, 877 
softening agent, phenol-aldehyde lesins, 441 
, solvent, butadiene polymer, 199 
—, —, cutuarone resins, 117 

CVclohexane-1,2-diol, action of sulphuric acid, 1264 
Cvciohexanol, condensation with cyclohexanone, 668 
—, dehydiogenation, 567 
—. fluxing agent, 337 

—, heteropolymerization with styrene, 244 
—, iiico^oration of rubber in resins, 436 
—, modifier, phenol-formaldehyde resins, 417 
oxidation to adipic acid, 801 
-, reaction with cyclic ketones, 390 
-, — silicon tetiaclilonde, 1237 
-, softening agent, phenol-aldehyde fesins, 441 
—, solvent, 406. 680, 962 
—. use in alkvd resins, 902 , 916, 925, 938 
—, use in castor oil-maleic compositions, 909 
use of, 469 

~, vinyl cyclohexvl ether from, 1008 
(\'cIohexanol-2-carboxvlates, reaction with phenols, 
391 

Ovclohexanolcarboxylic acid, substitute for sheiloi’c 
iicid, 1006 

f'vciohexanol-formaldehyde re.sin, pieparation, 3*7 
Cvciohexanol-styrene reaction, 246 
(Vcluhexaiioiie, action on uiea resins, 669 
—, ^condensation of, 557 , 558 
—. condensation with aldehydes, 390, 559, 503 
—, — cinnamic aldehyde, 563 
—, — cyclohexanol, 558 
—, — glycerol, 560 

phenol-formaldehyde resin, 390, 559 
—, diphenylol-1,1-cyclohexane from, 560 
dodecahydrotriphenvlene from, 558 
molded articles ti-eated with, 469 
oxidation to adipic acid, 891 
—, preparation of, 557 

—, leaction with phenols, 377. 387, 389, 390, 410, 
559, 560 

— polyvinyl alcohol, 560, 1063 

- — sodamide, 558 

— urea, 664 
resins from, 540 

—, solvent, alkyd resin, 989 

—, chlorinated rubber hypochlorite, 1113 
, formaldehyde-flyi‘ol-m<monry| ether lesins, 
376* 

, polystyrene, 838 

swelling agent, amine-aldehvde resins. 693 
Oyclohetanonebensil. cPndeiisation of, 580 


(Vclohexunonc-foinialdchvde resins, identification, 
1258 

Cyclohexanone-fur final, light-sensitive material 
from, 539 

Cyclohexanone-phenol resin, 890 
Cyclohexaiiyl esiei*>, modificis, pfietiol-aldehyde 
resins, 431 

Cyclohexene, catHl>st btyrene polymerization, 240 
—, chlonnated, 1158 
—, condensation with carbazole. 744 
—, polymeiic stilphone from, 167, 168 
—, {Kilvmenzation of, 167 

—, rraction with sulphur dioxide, 167, 168, 1178 
—, reaction w’lth oxygen, 167 

Cycluhexenone, softening agent, phenol-uidelivde 
r<*!*ins, 441 

Cvclohexenv lacetone, condrMination, 560 
Cyclohexvl ueelute, solxeiil, eliloiiuuted iiibber 
hvpociiloiite, 1113 

Cyolohexylamine eutalyst, phenol-toiiiuihleh\de 
leuctioii, 347 

—, constituent of shellac .substitute, 1188 
—, modifier, syntans, 420 

Cyclohexyl amyl phthainte, plasticizei for vinyl 
reams, 1050 

Cyclohexyl bromide, condensation with a-iiaphth\i- 
hvdrazine, 735 

Cyclohexyl butyl phthalate, plasticizer for vinyl 
resms, 1050 

o-Qyolohexyl-cyclohexanol-phenol resin, 271 
Cyclohexyl ester of ahietic acid, 800 
Cvclohexyl esters, softening agents, phenol-alde¬ 
hyde resins, 441 

Cyclohex viethanolamine, catalyst, for phenol- 

furmaldeh\de reaction, 347 
Cyclohexyhdene-cyclohexanone, condensation, 558, 
660 

C\clohexvl phenol, reaction with formaldeh> de, 
376, 411 

CyclohexyUiltcon trichloride, formation of, 1238 
Cydomonoeleosteanc acid, formation of, 860 
C>cloparaffins, incorporation in rubbei. 1101 
CVclopentadecunone, oxidation, 668 
Cyclopentadiene, gum-formmg hydrocarbons, 223, 
727 

—, hydrogenation of polymers of, 186 
-polyniei ization of, 186-188, 266, 990 
—. reactions m diene synthesis, 831, 834-838, 
860 

—reaction with p-nitrobenzene-diazomum chlo- 
I ide, 186 

—, reaction with nitrogen peroxide, 727 
—. removal from coal-tar naphtha, 114, 116 
—, removal from crude benzol, 836 
—, structure of lower polymera of, 186, 187 
Cvclopentiidieiie iKilymers, depoly merixnt ion of, 
186 

—, separation of, 186 
—, stereoisomeric form* of, 187 
—, vulcanization of, 183 
Cvclopentadiene rubber, structure of, 188 

3.4-(Vclopentadienone, reaction of, 842 , 843 
Cvclopentanone, condensation with, formaldehyde, 
669 

Cvclopentenes, chlorinated. 1168 
CvHopropane ester, hydrolysis, 783 
Cyclopropene dibromide, acrolein from, 504 
Cvdoi-ubber, cross-linked chains in, 174 
formation of, 1089 

C>iinders, from phniolic resin molding, 464 , 470 
Cvmene, from essential oils, 788, 1263 
—, chlorination of, 1156 
—p-methylstyrene from, 263 
—, resin from, 268* 209, 1263 
Cystine from xvool hydrolysis, 69 

D 

Damask effects* acetate silk and Hrea reoin^i, 641 
Dammar* binder, with phenol reeina, 482 
—, compatibility with alkyd resins, 913, 943 
—* compatibility with olilorontbber* 1119 

compnlibUity with witrorelluloae* and Anwlors, 
1149 

—, eeteriflcation of. 809, 818* 314 
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Dammar, hardened, 773, 776 

influence on oil-solubility of phenol-aldehyde 
rrains, 408 

—. in lacquers, 10. 248, 632, 823 

uses of, 10, 248, 408, 482, 632, 824, 913, 942 
—, with ester gum in lacquer, 823 
—, with polystyrene in lacquer, 248 
—, with urea-aldehyde resins m lacquers, 632 
Darkening of aldehyde-tar-acid varnishes. 362 
—, of cumarone resin, 127 
Deblooming, of lubricating oils, 230 
Decahydronaphthalene, chlorination, 1137 
—, diluent in polymerisation of l,3-diene8, 182 
—fluxing agent, 337 

cis-Decahydronaphthalene-2-carboxylic acid, resin 
from, 1233 

Decalcomania paper, ester gum in coating for, 
828 

—, in urea resin molded products, 624 
Decalin, drying resin from, 269 
Decamethylene carbonate, monomer of, 870 
Decamethylene glycol oxalate polymer, formation 
of, 871 

Decamethylene phthalate, properties of, 872 
Decarboxylation of acids, 8 t 3 rTene from, 255, 256 
Dechlorination, of chlorohydrocarbons. 220, 221 
Decolorisation, of coal-tar phenols, 361 
—, of rosin, 767, 768, 769 
Decoloriser, silica black as, 1235 
Decomposition, of chlororubber, 1122 
—, of glycine ethyl ester, 66 
—, of indene picrate, 99 
—, of rubber hydrochloride, 1112 
—, of urea, 366 

—, of urea-formaldehyde resin, 565, 379 
Decomposition products, of anthracene, 268 
—, of naphthalene, 268 
—, of ozonides, use of, 358 
Decoration, of fabric, use of urea resms, 625 
—. of molded objects, 483, 484, 624, 1266, 1314, 
1333 

—, of paper, use of urea-formaldehyde resin, 685 
Defects, in varnish films, causes of, 19 
Degradation products, of phenol-formaldehyde res¬ 
ins, 292 

—, of pol 3 dndene 8 , 105 
—, of shellac, 1004 
—, of urea resin, 579, 580, 586 
Degreasing emulsion from pine oil derivatives, 783 
Dehydracetic acid, from acetic acid, 552 
Dehydration, of alcohols, 146, 254, 255, 267, 282, 
994 

—, of benzyl alcohol, 146, 267 
—, of dibromo-p-hydroxybenzyl alcohol, 282 
, of glycerol, ^ 

~, of /5-hydroxypropionic acid, 1069, 1070 
—, of oxygenate organic compounds, 1013 
—, of phenol-aldehyde resins, 308, 318, 339, 353 
399 675 

—, of phenylmethylcarbinol, 255 
—, of resins, effect on transparency, 616 
—, of resins, in digesters, 339 
—, of resins, with drying oils, 340 
, of ricinoleic acid, 910, 1224 
—, of saligenin, 282, 292 
—, of sodium salicylate, 277 

of urea-phenol-aldehyde resins, 675 
Dehydrating agent, aluminum chloride, 405 
—, calcium chloride, 405 
—, ferric chloride, 405 
—, for oxidation of rosin esters, 806 
—, potassium hydroxide. 254 
—, stannous chloride. 405, 723 
—, sulphuric acid, 728 
—, zinc diloride, 405, 410 

Dehydration catalysts, for hardening alkyd resins, 
981 

Dehydrochlolic acid, reaction, with anisaldehyde, 
509 

with benzaldehyde, 508 

D^drogenation, of ethylbenzene, styrene from, 

of hydrocarbons, 216 
of olefln polymers, 165 


Dehydrogenation catalysts, effect on separation of 
styrene, 254 

Dehydrogeranic acid, source of, 861 
Dehydrongiene dioxide, from ngaiol, 560 
—, reaction with oxygen, 560 
Dehydrothiotoluidme, p^aration of, 1196 
Delux R. C., compatibility, with chlororubber, 1110 
Density, determmation of, 1258, 1262, 1357 
Dentures, from acetaldehyde resins, 495 
from alkyd resins, 988 
—, from eugenol-fonnaldehyde resin, 375 
—, from polystyrene resms, 250 
—, from vinyl resins, 1048, 1269 
— molding of, 464, 465, 988 
Deodorants, from cresol-acetone condensation 
products, 386 

Deodonzation, of naphthenic acids, 207 
Depolymerization, of a-anhydrides, 997 
—, of benzyl yeast-gum, 763 
—, of cumarone resin, 125 
—, of cyclopentadiene polymers, 186 
—, of fossil resins, 19 
—, of trimethylene carbonate, 870 
—, of polyanhydrides, 997 
—, of polyindene, 104 
—, of polymerized aldehydes, 505 
of polystyrene, 234, ^6 
Depolymeriz^ rubber, in chewing gum. 1155 
Derivatives of polyethylene oxides, 992, 998, 994 
Design, of molds, 1297, 1298, 1300 
Destructive distillation, of cumarone resins, 95 
—, of rosin, 778 

Desulphurization, of tung oil, 1217 
Detection, of phthalate type resins, 957 
Devarda's alloy, composition, 221 
Dextrin, effect on urea-formaldehyde condensa¬ 
tion, 616 

—, mi^ifier, phenol-formaldehyde resins, 414 
—, protective colloid, for phenol-aldehyde resin, 
326 

—, reaction with organic acids, 758 
—, selenium, 1168 

Dextrose, formation of glasses from, 27 
—, reaction with maleic anhydride, 761 
—, — phenols, 421, 759. 761, 762 
—, — phloroglucinol, 761, 762 
—, — phthalic anhydride, 761 
Dextrose-phenol resins, molding, 438 
Diacetm, modifier, phenol-aldehyde resins, 428, 429 
—, preparation of, 995 
—, rosm esters with, 801 

Diacetone alcohol, condensation, by potassium 
hydroxide, 542 
—, from acetone, 540 
—, reaction with formaldehyde, 549 
solvent, for chlorinated rubber, 1113 
—, —, for nitrocellulose, 966 
Diacetonyl sulphide, preparation, 1182 
Diacetyl, decomposition, thermal, 552 
—, from Grignard reaction, 1141 
2,7-N-Diaoetyldiaminodiphenic anhydride, conden¬ 
sation wiw resorcinol, 732 
Diacetylsne^ formatioii of, 143, 162 
—, pol 3 nnerization of, 162 

Diacetyl ester, of shellac, with acetic anhydride, 
813 

Diacetyl propane, from a-isocaoutchouc, 1089 
Diacetyl tartaric acid, carbon suboxide from, 1014 
pyrogenic decomposition of, 1014 
Di-aloohols, from phenol-formaldehyde reaction, 
302 

Dialdan, from aoetaldol. 498 
—j reaction with ammonia, 499 
Dialdehydes, polymerization of, 507 
DialkoxyethyV carbonates, plasticizers, cellulose 
acetate, 8^ 

Dialkyl esters, of itaconic acid, polymerization, 
1085 

Dialkyl ethers, formation of, 1008 
Dialkyl oxalates, plasticisers, cellulose acetate- 
urea resin composition, 628 
DiaUcyl phthalates, plasticizers, oslluiosq acetate- 
urea resin composition, 628 
plasticisers, vinyl halide resins, 1642 




Dialkyl tartrates, plasticizers, cellulose acetate- 
urea resin composition, 623 
Diallylanilme, pyrolysis of, 733 
—, resins from, 733 
Diallylketene, polymerisation of, 554 
Diajlyl-p-phenetidine, pyrolysis of, 733 
—, resins from, 733 
Dialysis, of polyvinyl alcohol, 1056 

1.4- Diaminoanthraqumone, modifier, phenol-aMe- 
hyde resin. 442 

2 .4- Diaimnoaiphenylamine, reaction with 2-mer- 
captobenzothiazole, 705 

2 ,2' -Diaminodiphenylbutane, p-isobutenylaniline 
from, 732 

Diammodiphenylmethane, from anilme and for¬ 
maldehyde, 690, 710 
—, reaction with formaldehyde, 710 
4,4'-Diammodiphenylmethane, rubber age-retarder, 
710 

Diaminodiphenylthiourea, from dianilmo thiourea. 
733 

Diaminoditolylmethane, preparation of, 687 
1 ,8-Diaminonaphthalene, effect of, on methyl rub¬ 
ber, 178 

4,4'-Diaminotriphenylmethane. 1134 
Diamyl disulphide, preparation of, 1179 
Diamylene, co-polymerization of, with diolefins, 
192 

—, from tetramethylethylene, 165 
Diamyl ether, use of, in polymerisation of 1,3- 
dienes, 183 

Diamyl phthalate, with alkyd reams, weather- 
resistance of, 958 

Diamyl thiomalonate, distillation of, 1014 
Dtanhydride of lactic acid, structure of, 1003 
Dianilide, formation of, 998 

Dianilmothiourea, diaminodiphenylthiourea from, 
733 

—reaction with hydrochloric acid, 733 
Diaphragms, acoustic, from cresol aldehyde resins, 
643 

from phenol-aldehyde resins, 460, 461, 643 
---, —, from urea resins, 643, 649 
—, molding of, 465 

Diarylacetals, reaction, with formaldehyde, 377 
Diarylalkylenediamines, reaction with aldol, 700 
—, — formaldehyde, 709 
Diarylamines, reaction with aldehydes, 709 
DiaryIbutane, from phenoxy-p-hydroxyphenylbu- 
tane, 301 

Diarylguanidines, thioureas from, 652 
Diarylmethane, condensation with phenol alcohols, 
297 


—from saligenins and phenol, 297 
Diaryl paraffins, production of, 495 
Diarylthioureas, preparation of, 652 
Diatomaceous earth, filler, 485, 1275 
—, incorporation with sulphur, 1168 
Diasoaminobensene, effect on polymerization of 
dienes, 176, 184 

Diazoamino-p-tolnono, pyrolysis of, 734 
Diazo compounds, niodifiois, phenol-iildohyde 

resins, 442 

Diazomethanc. <^iideiisation with (Kilynierized 
acrylonitrile, 1075 
reactions with quinones, 832 
use in determination of structure, 851 
Diasotisation, of aromatic amines, 1186 
Diazotised amines, condensation with p-methoxy- 
thiophenol, 1186, 1187 


ooupung with vmvl resms, 1053 
Diazotised p-nltroaniline, reaction with phenol 
and hexamethylenetetramine, 407 
Dibasic acids, glycol esters of, 871 
”~i from cyclic nydrocarbons, 999 
—, from polvanl^drides, 998 
—» from shellac, 1006 

polynnerisation of anhirdridee of, 996 
Dibasic diglyeeride, formation of, in alkyd resins, 

pibensalsuooinio acid, synthesis of, 1082 
i>2,5,6-Dib«nsanthraoene, reaction with maleic 
anhydride, 841 

li2,5,6-Dibfn8anthraeene*9,10-endo-a,/9-tucoinie 
acid, formation of, 841 


Dibenzenesulphonylargmme, esterification with 
butyl alcohol, 722 

—, from argmme and benzenesulphonyl chloride, 
722 

2.3- 10,11-Dibenzoperylene, reaction with maleic 
anhydride, 841 

4,4'-Di-(hydroxymethyl)-benzophenone, effect oi 
light on, 556 

Dibenzopyrrole, oxidation of, 744 
Dibenzoyi, condensation of, 556 
Dibenzoyl alkane, formation of, 098 
Dibenzoylperoxide, reaction with acetic acid, 556 
—, action on benzene, 269 
—, — toluene, 269 

Dibenzylamine, reaction with paraformaldehyde, 
707 

Dibenzylamine-formaldehyde product, rubber ac¬ 
celerator, 705 

Dibenzylamine hydrochlorides, styrene from 
diloroethylbenzene with, 252 
Dibenzyldiaminodiphenylmethane, from benzylani- 
line and formaldehyde, 699 
Dibenzyldichlorosilicane, reaction with mercuric 
oxide, 1239 

Dibenzylidene-acetone, resinification of, 562 
Dibenzy Udene- cy clohexy lidene - cyclohexanone, ream - 
ification of, 560 

Dibenzylidene-stanmo chloride, resmification of, 
563 

Dibenzylm, plasticizer, vinyl resins, 1039, 1050 
Dibenzylketene, polymerization of, 554 
—preparation of, 552 

Dibenzy Iketone, 2 - benzyl idene- 3 -phenyl - A* -/5 • 

naphthpyran, 563 

—, reaction with 2-naphthol-l-aldehyde, 563 
Dibenzylmalonate, carbon suboxide from, 1013 
Dibenzy! phthalate, plasticizer, 897 
Dibenzylsilicon dichlonde, reaction with sodium, 
1238 

2,2'-Di-biphenyl-(ketone) dicarboxylic acid, use 
of, in alkyd resms, 915 
Dibromalurea, formation of, 576 
Dibromination, of diindene, 105 
—, of 2-p-toluene-8ulphonamidobiphenyI, 723 
Dibromoanthracene, reaction with sodium disul¬ 
phide, 1202 

p-Dibromobenzene, p-dibromobiphenyl from, 1141 
—, treated with sodium, 1141 
Di-(bromobenzoyl)-ethanol, condensation of. 556 
Dibromobiphenyl, from dibromobenzene, 1141 
Dibromocumarone, bromocumarone from, 93 
1,2-Dibromocyclohexane, use of, in polymerisation 
of 1,3-dienes, 183 

Dibromodiethylbenzenes, divinylbenzenes from, 
with quinoline, 253 

2,7-Dibromo-4,6-dinitroxanthene, reaction with 
piperidine, ^8 

1.1- Dibromoethylene, polymerization of, 1041, 1042 
a,^-Dlbromoethyl ether, o-ethoxy styrene from, 

1010 ' 

Dihromo-p-hydroxybciizyl alcohol, dehydration of, 
282 

Dihroiiinindane, nitration of, 07 
Dibromoisoproie, decomposition of, 170 
—from isoprene tetrabromide, 170 
Dibromomalonyl bromide, dehalogenation of, 1013 
—, reaction with zinc, 1018 

1.4- Dibromo-2-methyl-3-butaie, dehalogenation of, 
170 

Dibromonaphthalene, reaction with magnesium, 

1142 

a,/I-Dibromopropionic acid, acrylic acid from,,1070 
a-Dibromopropionio acid, a-monobromoacrylic 
acid from, 1079 

^•Dibromopropionio acid, ^-bromoacrylic acid 
from, 1079 

1.2- Dibromo-ac-tetrahydronaphthalene, resin from, 
1187 

i8,l2-Dibromovinyl ether, preparation of, 1010 
Dibutylamine, use of, in preparation of drying 
oil from acetylene polymers, 158 
Dibutyl-8,6-endomethylene»A^-phthalate, as nitro¬ 
cellulose plasticiser, 886 

Di-n-butyl ether, eolvent, polyvinyl acetate, 1024 
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I>tbutyl oxalate, plaeticiaer, modified urea- 

aldehyde rwun, 67fi 

Dibuiyl phthalate, esterification of copal with, 
810 

—, plasticiser, alkyd resins, 882. 942, 002, 004, 007, 
008, 988 

— —, rhlorobiplienyl cx>mpounds, 1147 
—, —, chlororublwr, 1123 

—, dihydixixybensophenoiie-aldeliydc resins, 
374 

—, —, iniafflio pi'iiilinor colors, 902 
—, —, nitroi^liilose, 970 
—, , phenol-formaldehyde resins, 414, 445 

—, polyntyrene, 247 
—, —, urea lesins, 040 

—, vtnyl leKins, 1020. 1042, 1048, 1050, 1067 

—, rosin esterifinl with, 801 
—, solvent for cellulose esters, 900 
Dibutvl tartrate, plasticiser, 378, 017, 821, 1081 
Dibutyl a-tcipmene-maleate, formation of, 844 
Diearboxy ethers, reaction witli peiitaerythriiol, 
002 

a,/5-DicarboxyliG acids, polymerisation with se¬ 
rene, 244 

Dichloroaeetal, foimatioii of, 1010 
Dichluroacetaldehyde, from acetylene and liydio- 
chlcric and. lOM 
—, polymerisation of, 500 

Dichloi'oa(*etio acid, reaction with 1,2-eihanedithioi. 
1170 


—, — phenol-aldehyde resins, 427 

3.4- Diehloi'oacetophenone, nitration of, 725 
a-Diohk>roacetylpyiTole, action of potassium hy¬ 
droxide, 740 

Dichlorobensene, plasticiser, phenol-aldehyde res¬ 
ms. 424, 433 

, polyvinyl chloride, 1088 
—, reaction with sulphur chloride, 1200 
—, — sodium, 1141 

Dichlorobensenesulphonic acid, reaction with rosin, 
805 

2',5'-Dichloro-2-bensoylbensoic acid, reaction with 
phenols, 370 

Di-p-dilorobetisoyl propane, preparation, 1141 
Dichlorobiphenyl, formation of. 1143 
Dichlorobutadiene, polymerisation of, 170 
—, preparation of, 170 
—, properties of, 170 

|,4-pichloro-2-butene, formation of, 154, 155 
4-Dichloroeholestene, formation of, 1241 

3.5- Dirhlorodimethvlaniline, nitroaation of, 725 
r,4'-Diclilorodimethylbensene, action of alcoholic 

potskdi, 1131 

Di-chloro-di-phenyl propane, use in modiri\?d 
alkyd resins. 036 

Dfchioro-di(cyclohexlinoxy)8ilicon, preparation of. 
}287 

/l,^'-Dichlorodivinylchloroarsine, preparation of, 
1012 

iQrm-Dichloroethane. softening agent, phenol- 
aldehyde resins, 423 

1,1-Dldliloroethylbenaene, a-dilorostyrcne from. 
253 


—, from phosphorous pentadiloride-acetophentme 
reaction, 253 

Dichloroethylene, condensation with aniline. 1042 
—, fron;i acetylene and hydrochloric acid. 1037 
—, paint remover from, 908 
polymerisation of, 1041, 1042 
—, rca^ion with formaldehyde, 519, 1138 
—. solvent for polyvinyl acetate, 1024 
/7,/^-dieliloroethyl ether, divinyl ethers from, 1008 
rosin eeterifled with, 707 
7n-chtoroethyl fumarate, resinification of, 880 
Dichlorohydrin. diglycerio alcohol from, 095 
—y modifier, phenol-aldehyde resins, 409 
, reaction with metallic sulphides, 1171 
—, solvent for proteins, 410 

> um-IhrmaMehyde Mains, 610 
pidilorosndefie* from indene, 00 
IHehloiPfDeihyl-diphenylmethattes, from beosyl 
chloride end trioxynMitMsaC, 200 
DidiloronaphihalCBes, coating compositions from, 

agents 137 


Diohlorophmol derivatives as antu^ptics, 1154 

1.2- Dichloropi*opane, solvent foi \invl lestti!-, 10r)3 

1.3- Dichloro-2-propanol, preparation of, 1170 

2.3- Diohloro-l-propanol, preparation of, 1176 
Diohloropropionic acid, acrylic acid fiom, 1070 
—reaction with autliracene, 840 
Dichlorostyrene, in dielectric oomposiHons, 1151 
Diohlorouiea, reaction with phenol, 1154 
Dichloroxyleool, preparation of, 1154 
Dicliroism, of oelluloHc, 68 
DirinnamylideneacetoDe, resinification of, 562 
Dicresylin, in flooring composition, 824 
DirreMylmethane, from cresol and fonnaldeh> de, 

304 

1 )icresylolpropf.nc, preparation of, 886, 387 
Dicyanimide, polymerisation, 571, 572, 731 
Dicyaiiodiamide, animeline from, 572 
—, catalyst, phenol-aldehvde comJensahoM. 346 
—, condensation with o-amino phenol, 572 
—, decomposition of, 571 
—, in leaching from calcium cyanamide, 681 
—, modifier, phenol-aldehyde resins, 675, 676, 680, 
681 

—, —, thiourea-aldehyde resins, 680 
—, —, iiroa-aldehyde resins, 644, 680 
—, reaction with formaldehyde, 644 , 670, 680, 681 
—, — formaldehyde, catalysts. 670, 680, 681 
—, — hydrogen sulphide, 681 
—I — tliioformaldehydc, 1182 
Dicyanodiamide-formaldehyde rosins, modify mg 
agents for, 680, 681 
—, solvents for, 680 
—, uses of, 670, 680, 681 

—, with urea-thiourea-formaldehyde resins, 680 
r.l'-Dicyanodimethylbensene. pr^ai-ation o^ 1131 
Dicyelic polvmers, of dunethylolurea, 581 

1.2.3- Dicvcloheptane, preparation of, 888 
Dicyclohexadiene, action of romeral acids on, 180 
Dicyclohexylacetaldehyde, semicarbasone, resiiiifi- 

cation of, 510 

Dicydohexylethanolamine, catalyst, for phenol- 
formaldeliyde reaction, 847 
Dioyclohexylidene-cyclohexanone, from cyclohexa¬ 
none, 558 

Dicyclohexyl phthalate, plasticiser, vinyl resins, 
1050 

Diwrlohcxylsilicon dichloiide, formation of, 1238 
2.2,2-Dievclo-ortane, synthefHa of, 838 
Dicydopentadiene, amber-like polymer of, 188 
—, from coke-oven gas, 180 
—, rfmoval from naphtha, 116 
Die ckating, of irregular pieces, 1296 
Dielectric materials, from Arodors, 1150, 1151 
—, from chloronaphthalene waxes, 1152 
—, from styrene, 251 

Dielectric strength, of aldehyde-tar acid rosins, 
362 

—, of alkyd-coated viscose, 965 
—, of cumarone resins, 108, 184, 186 
—, of oumarone-resin-sulphur moldings, 186 
—, of laminated materials, 1348, 1344, 1845, 1348 
—, of molded products, 22, 136, 1270, 1278 
—, of molded products, determination of, 1360 
—of phenol-aldehyde resin impregnated fabric, 
471 

-~j^of phenol-formaldehyde-alkyd compositions, 

—, of varnishes. 1372. 1378, 1375 
—. tests for, 1264, 1344, 1845, 1340, 1847. 1848, 1372, 
1878 

l,4di,8-Di-«ndomethylene-A*’*'*<x>^y<i^nthroqni- 
none, formation of, ^7 
Diene addition, to imino double bond. 850 
Diene reaction, estimation of isoprene through, 
830 

—, in determination of, structures, 830 
in stand-oil formation, 860, 300 
rate of reaction in, 837 
tvoea of reaction involved in. 831 

1.3- Dien«, see Butadiene, derivatives and homo- 
loguee. 

Diene eyntheais, 880 

and structure of drying oils, 857, 818, 363, 309. 
301 

, applications of, 100 
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Diene system, in abieiic acid, 764 

Die pressing, of infusible phenol lesiu, 464 

Dies, for extension molding, design of, 1204 ^ 

—, types of, 1204 

Diethanolamine, catalyst for phenoU formaldehyde 
reaction, 347 

1,3 > Diethoxy >3>chloromethylenepropaue, 1138 
Diethyl acetal, formation of, 405 
—, vmyl ethyl ether from, 1007 
Diethylamine, catalyst, for cresol condensation, 347 
—, effect on polymerisation of plieiiylacetyleiie, 
163 

—, reaction with a-anhydrides, 098 
—, — furfural, 703 

—, — 2-hydroxy-3-carbethoxy-4-pentanonc, 646 

— 2-methyl>3-ketobutaiiol in presence of for¬ 
maldehyde, 543 

—, — paraformaldehyde, 707 

1 liethylainiiie-modifi^ phenol-aldehyde resin, u e 
m dyeing, 425, 426 

Dieihylammoethyloleamide, emulsifying agent, 180, 
245, 246 

—, as pol:^ierization catalyst, 103 
Diethylaniline, reaction with chloroketones, 549 
—, — phosphorous trichloride, 689 
Diethylbensene, styrene homologues from, 254 
Diethyl disulphide, preparation of, 1170 
Diethylene glycol, reaction with boric acid and 
borax, 803 

—, — carbohydrates, 761 
—, — malic acid, 8M 
—, roam eaters of, 796 
—, use m alkyd resins, 898, 907, 014, 968 
—, —.alkyd-resin paii!^ 084 

—, — softener for cellulose ester adhesive^ 989 
Diethylene glyod carbonate, properties of, 872 ^ 

Diethylene glycol monobutyl ether, esterification of 
rosin with, 796 

Diethylene glycol phthalate, properties of, 864 
—, use in coating wire. 986 

Diethyloie glycol succinate, with nitrocellujlose, 907 
Diethyl ether, use m polymerisation of l,3-diene8, 
183 

Diethyl itaconate, polymerisation of, 1085 

Diethylketene, polymerization of, 554 

—, preparation of, 552 

Diethyl ketone, pyrolysis of, 551 

—, reaction with depnenylolpropanc, 389 

—, — formaldehyde, 547 

— furfural, 537 

Diethvlmalonate, reaction with phosphorus penl- 
oxide, 1013 

P-Diethylolbenzeiic. p-divinylbensene frfun, 254 
Diethyl oxalate, plasticiser, urea-aldehyde resins, 
617, 679 

solvent, for alkyd rosins, 870 
Diethyl pentaaulphide, preparation of, 1170 
Diethyl phthalate, esterification of colophony with, 
801 

in adhesive for laminated glass, 676 
—, modifier, alkyd resins, 430 
—, modifier, phenol-aldehyde resins. 430 
plasticiser, all^d resins, 882. 913 
—, —, ohloronibber, 1123 

, phenol-aldehyde resins, 447 
—, urea resins, 505 
—, —, vinyl resins, 1050 
—, solvent, for alk^ resins. 870 
Diethyl sulphate, meorporation with nibber, 1098 
Diethyl tartrate, plasticiser, phenol-ald^yde res¬ 
ins, 878 

-plasticiser, urea resins, 617 
Diethvl thiomalonate, distillation of, 1014 
4 4'-Diethylureidobiphenyl, nitration of, 725 
Differential rolls, uses of, 1270 
Diffusion, deteimination of molecular weights by, 
67 


Difluoroethyletie. stability of, 1042 
Di^rylbutadiene, stability of, 170 
Digestion, of wood. 047, 040 
Digestor, Use in preparation of phenol-aldehyde 
resins, 882. 878. 824, 825, 880 
DigWeerie alcohol, dlaeetin from.. 005 
—. from diehlorohydrin* 095 
piglyooride oils, formation of, 038, 051 


Diglycerol, preparation of, 004, 005, 096 
—, properties of, 995 
—, solubility of, 995 

Diglycerol tetra-acetate, preparation of, 905 
Diglycerol tricarbonate, pr^aration of, 885 
Oiglyceryl triphthalate, from phthalic anhydride 
and glycerol, 876 

DiglycoUo acid, catalyst, for rosin esterification, 
795 

—, reaction with cellulose, 904 

—, — glycerol, 804 

—, use in alkyd resins, 883 

Diglyoolio anhydiide, use in alkyd resins. 020 

D^^oolio diamide, reaction with formaldehyde, 

Dihaloethanes, vinyl halides from, 1035 
Dihydracrylio ai‘id, preparation of, 888 
—, reaction with cellulose, 904 
Dihydrio alcohol esters of drying oils, nature of 
dryipg of, 020 

Dihydrocumaroue, from ctimarotie dibromide, 04 
—, from cumsnme resin, 05 
Dihvdrodesoxycinohomne, resinificatton, 745 
Dihydrogen phosphates, catalysts for phenol- 
formaldehyde reaction, 353 
0 '-3-DihydroindolyIbutyrie add, bMisoylation, 743 
i8-3-Dihydroindolylpropionic acid, reaction with 
benzoyl chloride, 743 

Dihvdronaphthalene, reacted with aralkyl halides. 
1132 

Dihvdrophenanthrene, from phenanthrene, 268 
1 ,8-Dihydropyriminatole, nature of fonnation of, 
850 

Dihydroxyabietie add, modifier, acetaldehyde resiii, 
402 

—, leaction with rosin, 803 
Dihvdro^acetone, polymei ization of, 542 
—, reaction with phenols, 808 
—, x-ray pattern of, 50 

Dihydroxyarylmethanes, as redn intermediates, 
302 

Dihydroxybehenic acid, use in alkyd resins, 010 
Dihvdroxvbenzophenone, preparation of. 374 
—. reaction with aldehydes. 373, 374, 557 
Djhydrotvhenzophenone-aldehyde resins, adhesive 
from. 873. 374 
—. modifiers for, 374 

I.l-Dihvdioxvcvclopropane, polymeiization of, 558 
Dihvdroxydibenzvlamines, from phwiol and for- 
tnalddivde, 309 

/J,/5-Dihydroxydinaphthylmelhane, reduction of, 
270 

resin from, 270 

Dihvdroxydiphenvl, nmdensation with resite, 408 
effect, conversion of resins, 840 
2 2'-Dihvdroxvdiphenvlamine, preparation of, 1190 
a.a,-p,p'-Dihydroxydiphenvlbutane, from phenol 
and n-butyraldehyde, 801 

4.4'-Dihvdroxydiphenvldihydrorubber, methylation 
of, 1114 

—, preparation of, 1114 
—. solvents for, 1114 

Dihydroxydiphen.vldimethvlmethane, preparation 
of. 886, 388 

—, reaction with acetone, 386 
—. — formaldehyde. 886 

Dihydroxydiphenviethane, preparation of, 382, 383 
—, reaction with hexamethylenetetramine, 882 
—. reaction with paraformaldehyde, 883 
Dihvdroxydiphenylmethane, preparation of, 204. 
207, 300, 806 

—. reaction with phenol alcohols, 287, 288 
—, resin from, 306, 882 
—. use in alkyd resins. 015 
Dihydroxydiphenyhnethsne dicarboxylic acid, modi¬ 
fier. esterified rosin. 805 

—. reaction with monobasic acid and glvcerol, 874 
Dihvdroxydiphenylpropane, phenol alcohol from, 
882 

4,i'-l>ih3^roxy-il»^-diphenylpropane-fbmialde- 
hyde*amUie rei^, as rubber anti-agers, 877 
o.o^-DlhjTdro iy dlphenyl sttlphide, formation of, 
1180 

DihydiPiyditolylethane, preparation of, 880 
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4,5 -Dihydroxy - ois -3,6-^doinethylene hexahydro - 

phthalio acid, dilactone from, 886, 887 
Di-/3-hydroxyethyl sebacate, from ethylene glycol 
and sebacio acid, 898 

Di-/8-hydroxyethyl succinate, from succinic acid 
an^l glycol, 887 

1.2- Dihydroxy-6-hexanone, condensation of, 642 
—, methylation of, 542 

1.2- Dihydroxyindane, from indcne, 98 
Dihydroxyisopropylnaphthalene dicarboxylic acid, 

sheliolic acid, 1005 

Dihydroxymethane, monoacetate of, use of, 843 
Dihydroxymethylenebensidine, from formaldehyde 
and bensidiiie, 688 

Dihydroxymethylxanthene, preparation of, 888 
2,2' - Dihydroxy -1 -naphthylidene - T -na ph thy hneth - 
yl-amine, from /3-naphthol and hexamethylene¬ 
tetramine, 808 

5,8-Dihydroxy-l,4-naphthoquinone, reaction with 
butadiene, 884 

Dih;^roxypalmitio acid, copal esterifled with, 810 

1.2- Dihydroxypropylidene-glyoerol, non-polymeri¬ 
sation of, 5^ 

Dihydroxysteario acid, chlorination of, 1220 
estolides from, 1222 

—, from sine chloride and oleic acid, 1222 
—, modifying agent for acetaldehyde resin, 492 
—, reaction with pentaerythritol, 901 
—, — rosin, 803 

—, use in alkyd resins, 910, 914 
—vacuum distillation of, 1222 

2,4-Dihydroxy8tyrene, from resorcinol and acety¬ 
lene, 256 

1,4 -Dihydroxy - *-tetrahydroanthraquinone, for¬ 
mation of, 884 

Dihydroxytriphenylcarbinol, preparation of, 1135 
Dihydrox^riphenylmethane, preparation of, 1184 
Dihydroxyundecoio acid, aleuritic acid, 1004 
Diindene, from indene, 101 
—, from polyindene, 104 
—, a-hydrindone from, 105 
—, isolation of, 108 
—, oxidation of. 105 
—, properties of, 105 

Diindole hydrochloride, preparation of, 743 
—, reaction with indole, 743 
Diiodobiphenyl, reaction with copper. 1142 

1.2- Diiodoethane, vinyl iodide from, 1035 
Di-iodohydroxydiphenyl sulphide, preparation of, 

1156 

Diiodomethyldiphenylmethanes, polymerization of, 


299 

Diisoamylpyridihum iodide, resiniflcation of, 737 
Diisobutylene, catalyst, 2,3-dimethylbutadiene 
polymerization, 176 

—, —, furyl alcohol polymerisation, 522 
—, indene polymerisation, 108 
—, —, styrene polymerization, 176, 240 
—. from isobutylene, 167 

Diisobutyl ether, use in polymerization * of 1,3- 
dienes, 188 

DUsopropylearbazole, reaction with formaldehyde. 


744 


—, — rosin, 805 

Diisopropylnaphthalene sulphonio acid, ammonium 
salt, use in alkyd resin emulsions, 048 
a,i8-t^*iaoxaaole ketone, effect of sunlight, 787 
—, from nitric acid and acetylene, 787 
Diketones, reaction with isoureas, 571 
Diketotetrabeniytoydobutane, Irom dibenzylketene, 
584 

Diketotetrahydrothiasoles, from thiocarbanilide, 
575 

—, reaction with aromatie aldehydes, 575 
D^etio new# reacU<m wi^ 964 

Dilactone form of 4.5*dihydroxy-cis-8,6-endo- 
methylenebexshydrophthalio acid, 886, 887 
Dilivulie geid, ^m pyrrole and maleie anhydride, 
847 ' 

from pyi^ler.3,5-dipropioiiid add, 848 

to^yllgwriagtiona, 199, 115, 116, 181, 188, 

**XHmJ&**l of, 497 

8-D|in6Bstoiial pattern, in alkyd resins, 868 
J^merie m, formation of. l 602 


Dimeric ketene, from acetic acid, 552 
Dimeric trimethyleneglycol oxalate, formation of, 
871. 

Dimerization, of indene, 102 
—, of assmi-diphenylethylene, 288, 284 
—, of a-methylstyrene, 238, 234 
Dimers, of acetylene, 147 
—, of asym-diphenylethyl^ne, 250 
—, of atropic' acid, 1084 
—, of isoeugenol, chlorination of, 1154 
—, of pbenylated butadi^es, 170 

3.4- Dimethoxybenzaldehyde, polymerization of, 
500 

Di-(/9-methoxyethyl) phthalate, plasticizer, 897 

3.4- Dimethoxy8tyi‘yl methyl ketone, resiniflcation 
with piperidine, 568 

Dimethylamine, catalyst, ethylene oxide polymeri¬ 
zation, 992 

—, effect on polymerization of phenylacetylene, 
162 

—, reaction with 2-methyl-8-ketobutanol in pres¬ 
ence of formaldehyde, 548 
—, — phenol and formaldehyde, 810 
Dimethylamine hydrochloride, catalyst, acetone- 
formaldehyde reaction, 557 
, reaction with phlorogluoinol and formaldehyde, 
310 

p-Dimethylaminobenzaldehyde, reaction with alde¬ 
hydes, 509 

8 - (2-Dimethylaminocyclohexylamino) -6-methoxy - 
quinoline, resiniflcation of 789 
bis-Dimethylaminophenyl sulphides, preparation, 

oi-Dimethylaminopropiophenone hydrochloride, 
from acetophenone and formaldehyde, 557 
—, reaction with water, 557 
Dimethylaniline, catalyst, phenolic resins, 347 
—, —, polyvinyl-alcohol alkylation, 1060 
—reaction with benzaldehyde, 699 
, — boron triphenyl, 1241 
—, — formaldehyde, 687 
—, — ff-ethoxy-aorolein-acetal,, 690 
Dimetnylbenzoyl bromide, bromination of, 1166 
Dimethylbenzyl chloride, reaction with hydrocar¬ 
bons, 1132 
—— phenol, 1133 
—, rosin esters with, 799 
Dimethylbutadiene polymer, use of. 198 

1.1, -DimethyIbutadiene, polymerisation of, 169 

1.2, -Dimethylbutadiene, pol 3 anerization of, 169 

1.3, -Dimethylbutadiene, polymerization of, 179, 180, 
181 

1.4- Dimethylbutadiene, polymerization of, 169 

2.3- Dimethylbutadiene, polymerisation of, 49, 169, 
172, 173, 175, 176, 177, 179, 180, 181, 182, 183 

—, —, catalysts for, 169, 172, 178, 175, 176, 177, 179, 
180, 181, 182, 188 

—, —, in aqueous emulsions, 179, 180, 181 
, see also Butadiene homologues. 
reaction with benzoquinone. 833 
—, — sulphur monochloride, 1179 
—, rubber from, 172, 174, 176, 177, 179, 180 
—synthesis from acetylene, 177 
Dimethylbutadienes, characterisation of, by dieno 
reaction, 830 

co-polymerisation with styrene, 251 
polymerization of, x-ray studies, 50 
—, reaction with aromatic hydrocarbons, 194 

3.5- Dimethyl-4-carbethoxy-pyrrol-2-acrylic acid, 
polymerisation of, 1084 

Dimethylcumarones, from coal tar, 96 

3.4- Dimethyloyolobutanimine, from oxime of 2- 
methyl-S-ketobutanol, 643 

2.6- Dimethyl-l,5-€yclo-oetadiene, rubber from> 

1088 


trans-l,3-Dimethyloyetopropane-l,2-dioarboxylio 
acid, reaction i^th acetyl ehloride, 999 
9,10-Dimethyldihydroanthfacene resin. 2M 
Dimethyldihydro-A^’* phthalate, denydiogenation 
of, 884 

preparation of, 884 

Dimethyldihydroresoroinol, reaction with acettldt'* 
hyde, 497 
—, — aldols, 497 
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Dimethy U 3,6 - endomethy lene -3,6 - dih y drophthalate, 
reductioa of, 837, 838 
—, formation of, 837, 838 

Dimethy lenemethylol - tri- o - tolueneaulphonam ide, 
from arylmonosulphonamide resin, 715 
J^imethyleneurea, bromine addition product of, 579 
—, formation of, 587 
—, polymerization of, 587 

Dimethyl ether, ui pfilymerization of l,3>dienes, 183 
—, of pyrogallol, use, 821 

1.3.5- Dimethylethylbenzene, 3,5-dimethyl8tyrene 
from, 253 

2.5- Dimethyl furan and maleic anhydride, reaction 
of, 847 

DimethyIglycidol, use, with chlororubber, 1111 
l,2>Dimethyiglyoxaline, reaction with methyl acet- 
^ienedicarboxylate, 849 

Dimethylhexen-diol, reaction with hydrogen bro¬ 
mide, 1158 

1,2-Dimethylindole, reaction with maleic anhydnde, 
849 

Dimethylisoprene, reaction with ethyl »»tocarbox- 
ylate, 831 

Dimethylketene, preparation of, 552 
—, reaction with aniline, 554 
—— aryicarbimides, 555 
—, — carbon disulphide, 553 
—, — carbon oxysulphide, 553 
~, — isocyanates, 553 

— ozone, 654 

—, — trimethylamine, 554 

Dimethyl ketone, action on pectose, 763 

Dimethylmalonate, carbon suboxide from, 1013 

3.6- Dimethyl-2,4-octadiene-l,8-di8ulphinic acid, po¬ 
tassium salt of, formation of, 172 

—, —, polymerization of, 172 
Dimethylol acetone, unsaturated keto-alcohol from, 
544 

2.6- Dimethylol-p-cre8ol, for p-cresol-formaldehyde 
reaction, 293 

Dimethyloldimethylmethane, alkyd resins from, 904 

2.6- Dimethylol-4-methylphenol, see p-Cresol-aial- 
cohol. 

Dimethyloltetrahydro-4-pyrone, preparation of, 545 
Dimethylolthiourea, coating composition from, 037 
—, reaction with cuprous chloride, 581 
Dimethylolurea, action of acids on, 577, 609 
—, action of alkalies on, 577, 638 
—, coatmg composition from, 637 
—, condensation of. 581, 582, 583, 584, 586, 637 
—, —, to Goldschmidt’s compound, 581, 5M 
—, decomposition of, 577 

formation of, 574, 577, 579, 586, 592, 593 
—, modifier, phenol-furfural resin, 672 
—, —, phenol-sulphur chlonde resiiiH, 672 
—, polymerization of, 581, 609, 61U 
—, polymenzatioii, buffers, 614 
~, properties of, 577, 581, 592 
—, reaction with adipic l.r-di-glvceride, 668 
—, -- benzene denvatives, 574 
—, — casein, 679 

— ethylene chlorohydrin, 667 
—, — glycerol, 668, 669 

— hydroxyesters, 646 
—— o-nitrophenol, 574 
—, — Tollens reagent, 592 

resins from, 635 
straight chain polymers of, 581 
Use of, in urea-formaldehyde-alkyd emulsifioa- 
tion composition, 048 

Dimethylolurea-adipic l,l'*diglyceride compound, 
benzoylation of, 668 

Dimeibylolurea-ethyleno clilorohydrin compound, 
reaction with sodium salt of linseed oil acids, M7, 

668 

Diraethylolurea-glycerol compound, plasticiser, 669 
reactioQ with cresol, 668 
Dimethylolurea peroxide, formation of, 586 
Dimcthyloxalate, reaction with polyhydric alco¬ 
hols, 886 

M-Dimethylphenol, from coal tar^ 861 

2.6- Ditiiaihylphanol, dixylenolm^thhna from, 801 
—, Npvolak from, 801 

Dimethyl phthalate, laactkm with colophony, 801 


Dimethyipyrogallol, reaction with tiglic ald^yde, 
280 

DimethyIpyrone, reaction with hydrazme hydrate, 
735 

2.4- Dimethyipyrrole, reaction with benzaldch>de, 
741 

—, — Pitraconic anhydride, 848 

— mcthylacetylene dicarboxylate, 848 
—, — p-mtrobenzaldehyde, 741 
Dimethylqiiinol, reaction with aniline, 702 

2.4- Dimethylstyrene, polymenzation of, 259 

3.5- DimethyIstyrene, preparation of, 253 
Dimethylsulphouamide, reaction with formaldehyde, 

716 

2.3- Dimethylthiophene, from ebonite, 1089 
Dimethyl-p-toluidme, from formaldehyde and p- 

toiuidine, 687 

2.4- Dimethyl-3-vmylpyrrol-5-carboxyhc acid, re- 
sinification of, 241 

Di-/S-naphthol, bromination of, 1154 
Dinaphthopyran, from /9-naphthol and formalde¬ 
hyde, 295 

ms- [4-mtrophenyl] -Dinaphthopyran, preparation 
of, 295 

Dmaphthylamino, reaction with aldol, 709 
—— butyi aldehyde, 709 
—, — formaldehyde, 709 

Di-i9-naphthylaimne, reaction with sulphur dichlo- 
nde, 1194 

2,2’’-Dinaphthyi-l,r-dicarboxylic acid, use of, in 
alkyd resins, 915 
Dimtroabietic acid, 731 

p-Dmitroammo-benzaldehyde, reaction with 4,6- 
dmitro-m-xylene, 726 

2.4- Dinitrobenzaldehyde, reaction with benzyl 

chloride,, 509 

Dinitrobenzene, fluormated, 1157 
—, oxidation of, 725 
—, plasticizer, alkyd resins, 882, 890 
—, —, phenol-aldehyde resins, 440 
—, resins from, 725, 726 
2,4'-Dmitrobiphenyl, reduction, resms from, 726 
Dinitrochlorobenzene, toxic constituent m coatmg 
composition, 154 

Dmitrophenol, condensation with diphenylcar- 
bamide chloride, 727 

^-2,4-Dmitrophenylhydroxylamine, resins from, 733 
Dimtrotoluene, combmation with polyvinyl chlo¬ 
ride, 1044 

4.6- Dmitro-m-xylene, condensation with aldehydes, 
509, 726 

—, resinih cation of, 509 
Diolehn polymers, nature of, 51 
Diolehns, by cracking, 221 

condensation with aromatics, 193, 194, 225 
—, —, catalysts, 193, 194 

co-polymenzation with monolefins, 189, 190, 
191, 192, 193 

—, —, catalysts, 189, 190, 191, 192, 193, 194 
—, estimation of, by diene reaction, 830 
—, gum-fornimg hydrocarbons, ^4 
—, polymerization of, 49, 51, 164, 165, 168, 169, 174, 
175, 176, 179, 185, 225, 226, 227, 228 
—, in aqueous emulsion, 175 
—, mechanism of, 49 
—, —, with glyceride oils, 1228 
—, polymerized, with urea resins in coatings, 687 
reaction with formaldehyde, 212 
—, — methyl-methylene ketones, 550 
—, separation of, from monolefins, 165, 184 
Dioxane, by-product, in preparation of divinyl 
ether, 1008 

—, catalyst, in chloroprene polymerization, 156 
—preparation of. 998, 1253, 1254 
—solvent for polyvinyl acetate, 1026 
—, use of, 182. 188, 469 

Dipentaerythritol, from formaldehyde and acetal¬ 
dehyde, 901 

Dipentan^, solvent for nlkyd resins, 978 
Dipentene, oo-polymerisation, with monolefins, 192 
snnilsionst in tatmihg, 1247 
—, fonnation of, 1087 

from disiiUation of rubber, 1089 
from isoprene* lYfi 
—, fiom Unalohl^ 
from wood, 789 
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Dipentene, reaction with benseno, 164 
—, — maieic anhydride, $45 

iiibber>like material from, 1247 
—, use ID crimping fibers of diene polymers, 200 
N,N"-Diphenacyl>a-pyridone imide, resinification 
of, 738 

Diphenic acid, dihydraside of, resins fiXHn, 736 
—, fron^ phenanthrene, 269 
—, modifier, phenoUaldehyde resins, 439 
—, reaction with polyhydroxy acids, 910 
use in alkyd resins, 883 

Diphenic anhydride, reaction with resorcinol, 391 
Diphenylacetylene, see Tolane 
DiphenylacetylpbUialimide, decomposition of, 553 
Diphenylamtne, hardening agent for shellac, 1287 
—, plasticiser, phenoUaldehyde resms, 424 
polymerisation inhibitor, 1080 
—, reaction with alddiydes, 690, 695, 709 
—, — d-glutamio acid, 690, 782 
—, — sulphur dichloride, 1194 
—, use in alkyd resins, 922 
—, use in flooring composition, 984 
—, use with chlororubber, 1111 
Diphenylaminocyclobutane carboxylic acid, lactone 
from, 1141 

Diphenylbutadiene, reaction with acyl chlorides, 
1138 

1.4- Diphenylbutadiene, from polypropylbenzene, 
259 

Diphenylbutyndiol, action of hydrogen bromide on, 
1158 

Diphenylcarbamide chloride, reaction with nitro- 
phenols, 727 

Diphenylcarbodiimide, reaction with aniline. 573 
—, resins from, 573, 684 
Diphenyl carbonate, reaction with glycerol, 885 
—, — hexamethylenetetramine, 377 
Dipbenylchloromethane, reaction with ethyl alcohol, 
1158 

—, resins from, 1132 

4.5- Diphenylcyclopentenolone, reaction with tolane, 
168 

Diphenyldiaroinodibensylmethane, 699 
/S.p'>Diphenyldiazoethane, resin from, 734 
Diphenyldichlorosilicane, reaction with mercuric 
oxide, 1239 

Difdienyl disulphide, formation of, 1201 
bis-Diphenylene ethylene, preparation of, 1140, 
1141 

—, tribiphenylene-cyclohexane from, 259, 260 
Diphenyleneketone-4*carboxylic acid, 391 
Diphenyiene oxide, as film strengthener, m oils. 
1158 

asym-Diphenylethane, from benzene and vinyl 
chloride, 1045 
—, resin from, 256 

Diphenyl ether, action on formaldeln df. 265 
—, bensene from, 270 
phenol-froim 270 
—, resin from, 270, 1253 

asym-Diphenylethylene, catalyst, styrene poly¬ 
merisation, 240 
—oxidation of, 259 
, polymerisation of, 238, 234, 259 
reaetion with maleic anhydride, 854, 855 
1,1,8,8-^raphenyl-l-butene fwtu, 259 
l,l,3-triphenyl-3-niethylhvdr)iidene fiuin, 259 
sym^Diphenylethylene, reaction with luaieic acid, 
.168 

Diphsnylsthylenediamiiie, reaction with aldehydes. 

Diphenylformamidine, reaction with cresols, 395 
guaiacol, 395 
—, — naphthols, 395 
—, — pyrogallolt 895 
—, — resorcinol, 894 
Diphsoyl-furylmethane, gum from, 519 
l^hepylguapidine, anri-a^n$ agedt in varnishes, 

from anifine and cyanogen ch)of4de» 6ft3 
hardening agent, j^eHao, 702 
in vulcanising ayittMic nibber, 195, 198, 200 
piastiotser, obdn-no^siilphide resins, 1174 
reaetkm with aUl^ m 
—, -- fmfitrai, 708 


Dipheiivlguanidme, removal of acid by, 1024 
Diphenylisothiohydantoin, from thiociirbanilide. 
575 

Dipheiiylketene, reactions with methylethyl malonic 
acid, 552 

Diphenylmalonate. carbon suboxide from, 1013 
—, from benzyl chloride, 1131 
—, from phenol and formaldehyde, 804 
—, plasticiser, polyvinyl chloride, 1038 
p,p-bis-Diphenylmethane, resin from, 270 
Diphenylmethane dialcohul, polymer of, 299 
Diphenylmethyl ethyl ether, resinification of, 1158 

2.6- Diphenyl-4-methylpyrillium, reaction with 7 - 
methylenepyran, 561 

2.6- Diphcnyl-4-methylpyrillium perchlorate, from 
acetophenone, 560 

—. 7-methylenepyran from, 561 
Diphenyl-a-naphthvl carbiiiol, preparation of, 1141 
l)iphenvl-o-nuphthvlchloiomethane, reaction with 
mercuric oxide, 1141 

l,8-Diphenyl-l,3,5,7-octatetmene, reaction with 
maleic anhydride, 854 

Diphenylolcyclohexane, plaslinzei, vinyl resins, 

1050 

—, preparation of, 389 

reaction with formaldehyde, 377 
Diphenylol-1,1-cyclohexane, from cyclohexanone 
and phenol. 560 

l,10-Diphenyl-1.3,5,7,9,decapentaene, reaction with 
maleic anhydride, 854 

p-Diphenylol-dimethylniethane, prepaiation of, 386 
Diphcnylolethane, from phenol-acetaldehyde ipmc- 
tion, 294 

—, homologues of, 294 

Diphenviolinethaiie, fjom phenol alcohols ami 
phenol, 297 

—reaction of phenol and formaldehyde, 
294, 297, 299 

—, polymerization of, 299 
—, properties of, 295 

reaction with paraformaldehyde, 297 
see Dihydroxydiphenylmethane 
I>*Phenylolmethane alcohols, from phenol alcohols, 
2v7 

Diphenylolmethane derivatives, from reaction of 
phenol and fonnaldehyde, 292, 294 

catalysts, preparation of, 386, 

388, 889 

—, plasticiser, 717, 720, 1Q50 
reaction with acetylene, 386 
—, — aldehydes, 299, 800, 388, 389 
—, — ketones, 889 

resin, in lacquers, 

390, 1027 

m waterproofing composition, 433 
Diphenyloteropane-tetracarbinol, i*eaotion with 
ethyleneohlorohydrin, 429 
Diphenyl orthophthaiate with nitrocellulose, 971 
Diphenyl oxide, aralkyl halides from, 1132 

water by, urea-formaldehyde resins, 

001 

syra-Diphenyl-p-phenylenediamine, reaction with, 
aldehydes, 709 

Diphenylphthalate, plasticiser, 246, 247 
Diphenylpropane, from polystyrene, 232 
oxidation of, 510 
plasticiser for polystyrene, 251 
Diphenylsilioon dichlonde, action of sodium on, 
1287 

Diphenyl sulphide, formation of, 1201 
Diphrayltbiourea, from aniline and carbon disul¬ 
phide, 068 

^tion, with formaldehyde, 658 
Diphenylthiourea hydrobromide, catalyst, in for¬ 
mation of meUldehyde, 480 

chloride, organic glass 

Dipl^yltplylaihaanediol, reaction with pdtaasiuin 
hydroxide, 1288 
Diprene, from laoprene, 173 
Dipropargyl, from acetylene polymerisation, 143 
polymerisation of, ]68 

IHproparjDrl me^lana^ether, reacUon with ethyl 
magnesium iodide, 1854 

Dipropylamine, catalyst, creiot oondsmtion, 347 
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Dipropylketenp, polymemat ion of, 554 
preparation of, 552 

N,N'-DipyiTohiidinoinethane, rpfliinfication, 741 
Diricinoleic acid, estenfication with sulphuric acid, 
1224 

' , preparation of, 1224 
Dirt, prevention, in molds, 607, 608 
Disacryl, from acrolein, 501, 502 
—, reaction with urea, 671 
Disalicylic anhydiide, preparation of, 375 
Diacoloration, of chlorinated rubber, 1111 
of moldings, prevention of, 1326, 1328 
—, of resins, 112, 331, 1148 
—, —, tests • for, 1378 

Diailicic ester, structure and formation of, 1236 
Disinfectants, from o-cresol, 359 
—, from cresol-acetone condensation products, 386 
from modified cumarone reams, 118 
, from ^phenol-aldehyde resins, 289 
—, from "tar acids, 366 
Disk mold test, for molding materials 1358 
Disk records, from hom-filled reein, 1249 
Disks, from urea-formaldehyde resins, 605 
Disodium phosphate, cataf/st, condensation, alde¬ 
hydes atrd ketones, 546 
hardening agent, urea-formaldehyde resins. 597 
neutralizing agent, urea-foimaldehyde condensa¬ 
tion^ 647 

Disodium tartrate, reaction with 2-chloropi-opene, 
1045 

Dispersing agent, benzoin condensation products, 
288 

1-chIoronaphthalene-foimaldehyde resin, 266 
—, cumarone resin, 136 
—, from naphthenic acids, 207 
—, from tall oil, 756 
— , in matt-varnishes, 788 

—. ^-naphthalene sulphonic acid condensation 
products, 268 
, polyaorylates, 1705 
—polymers of ethylene oxide, 993 
, polj^inyl alcohol, 1057 
—, sodium polyacrylate, 1072 
synthetic resins, 1250 

Dispersing media, from polymeric itacomc acid 
with vinyl compound polymers, 1086 
Dispersion, of alkyd resin, in acetone, 961 
—, —, in aqueous alkali. 945 
—, of ester gum in reclaimed rubber, 827 
of gels, 39 

Dispersdids, protective colloid for, polyvinyl alco¬ 
hol. 1056 

Dissociation, of aromatic hydrocarbons, 268 
Distillation, destructive, of castor oil, 927 
—, —, of rosin, 778 
—, of castor oil, 927 

of crude cumarone rosin, 111, 112, 115, 117, 118, 
119 

—, of hexahydroterephthaho polyanhydride, 999 
—of phenol-formaldehyde condensation products, 

293 


—, of polyglyoerols, 995 

of Tosin, 766, 767, 769, 779 


of rosin oil, 779 


of tall oil, 765 
~, of tar, 121, 860 
—, of wood, 751 

—. in purification of phenol-aldehyde resins, 362 
—, styrene from storax by, 255 
Distyrene, from polystyrene, 282, 286 
Disulphides, therx^ decomposition, 280 
Diterpenes, from bomeol, 785 
from wood oils, 781 
resinification of, 736 
Dithioanilinei formation of, 704, 1194 

reaction with lithariro and nitrobenzene, 1108 
rubber aeoalerator, 7H 
Dithiocyanogen, faetioe with, 1213 
Dithiofuroio acid, preparation of, 1181 
vulcaoiiation accelerator, 1181 
DUthiophenylol propanei reaction with aldehydee, 
377 

Dithioirioxymethylene, preparation^ 1180 

anti*agiiig agent in var* 

'-*1 plaeticiaer for polystyrene, 847 


Di-o-tolyl-guanidine, rubber accelerator, 727 
Di-o-tolyl-thiourea, reaction with aldehydes, 658, 
650 

Di-p-tolylsilicanediol, reaction with sodium hy¬ 
droxide, 1238 

Di-p-tolylsilioon dichloride, reaction with sodium, 
1238 

l,6-Di-(p-toIylthio)-3-hexyne, formation of, 152 
Diversme, reaction with benzoic acid, 745 
—, — bromine, 745 
—, — ethyl chloroforroate, 745 
~, ~ phenylhydrasme, 745 
Divmylaoetylene, absorption of oxygen by, 152 
—, bronunation of, 162 
—, chloiination of, 152 
—, decomposition of, 152 
—, drying oils from, 152, 153, 160 
—, explosive substances from, 148, 152 
—, hydrochlorides of, 152 
—, hydrogenation of, 154 
—, physical properties of, 152 
—, polymerisation of, 152, 153, 154 
—, in aqueous emulsion, 154 
—, preparation of, 147, 148, 155 

- , reactions of homologues. 160, 161 

, reaction with hydrochloric acid, 152 
—, — sulphur monochlonde, 160 
—, — thio-p-cresol. 152 
—. reduction to n-nexane, 152 
-, rubber substitute from, 154 
—, see also Acetylene polymers 
~, solubility of polymers, 152 

- , suppression of, in acetylene polymerization, 149 
Divinyfbenzenes, co-polymerisation with diolefins, 

193 

—, emulsions, polymerization, 246 
—, from bromoethvlbenzene, 255 
—, from dibromodiethylbensenes, 253 
—, from p-diethylolbenzens, 254 
—, polymenzation of, 241 . 

—, polymerization with styrene, 61 
—solvent, polystyrene. Z2A 
with drying oils, 249 

u-Divinylbmzene polymer, preparation of, 255 
Divinyl ether, action of acids on, 1011 
—, — alkali on, 1011 
hydrolysis of, 1011 
—, i>oiymerization of, 1011 
. preparation of, 1008 
Divinylbexenyne, polymenzation of, 162 
l^ixylenol, from zylenol, 272 
Dixylenolmethane, from 2,6-dimethylphenol, 301 
—, resins from, M2 

Dixylylethane, plasticizer for polystyrene, 347 
I3odecahydrotriphenylene, from cyclohexanone, 558 
Ddbner's reaction, 690 
Double chain structure, in urea resin, 585 
Double refraction, nature of, 33 
Double-refraction, of reeins, 1263 
Dragon's blood, modifier, phenol-aldehyde resins, 
426 


styrene from, 255 

Draining, of varnish, tests for, 1366 
Dressmg agents, frmn rubber, 1100 
—, polyvinyl acetals, 1061 
polyvinyl ethers, 1060 
Driers, acetic anhydride, 405 
—, bensoio add derivatives, 786 
—, cobalt butyl phthalate, 951 
—, cobalt naj^thenate, 785 
—, enrstallisation of, 787 

effect of add constituents on, 912 
—, effective proportions, 785 
—, for oxi^sing alkyd resins, 976 
—, for tall oU, 755 

for Teglae compositions, 913 
—, from sulphonstes, 219 
—, keto add^ 786 
lead lindeate, 401 
—4 lead naphthenatee, 207, 785 
manganese linoleate, 401 
—, naphthenatM, 207, 785, 786 
poUsstum mchromate, 787 
—, requirements for, 786 
—, reunAtes, W 

8^^, 207, 781, 786 
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Driers, solubility of, 787 
—, stabilisation of solutions, 787 
—, standard for, 786 
Drip oil, indene from, 97 
—, styrene from. 97, 257 

Driving-belts, from styrene-diolefin co-polymer, 
193 

Drug intermediates, from phenol-ketone reaction- 
products, 390 

Drum enamels, drying alkyd resins in 956 

Drying, of lacquers, influence of acids, 941 

—, of molding compositions, 1280 

—, of resin from crude phenols, 326 

Drying alkyd resin, bonding agent for mica, 983 

—catalysis of drying of, 918, 922 

—, comparison with quick-drying paints, 975 

—, effect of fatty acids on films, 974 

—, emulsification of. 946, 948 

—, in glase finish for fabrics, 978 

—, in coatings, 965, 972, 976, 978, 979 

—, in pnnting enamel, 979 

—, nature of, 918, 919, 920 

—, production of, 920, 921 

—, solubility of. 921, 923, 925, 931, 933 

—, with chlorinated rubber, 942 

—, with polystyrene, 943 

—with Tp«lac. 912 

—, wrinkled finish from, 979 

Drying elements, incorporation in synthetic-resin 
molecule, 19 

Drying oil acids, effect on color of urea-aldehyde 
resins, 661 

—, esterification of polvhydric alcohols with, 405 
—, -- quebrachitol with, 123» 

—, properties of esters of, 920 
—, use in preparation of alkyd resins, 10, 911, 921, 
925, 930, 9^ 974, 984 

—, reaction with glycerol a-terpinene maleate, 845 
—, — rosin, 803 
—, in stripping enamels, 978 
—, with Teglacs. 916 

Drying oil monoglycerides, use in alkyd resins, 928, 
929, 930 

Drying oils, action of sulphur dioxide on, 1210 
—, blown, in sound records, 372 
—, by dr^lorination, 220, 221 
—, by esterification, of acids with sorbitol, 815 
—, of castor oil, 1225 

—, by polymerization of gasoline, 228 
—, chlorinated, use in chloroprene-rubber com¬ 
pounds, 159 

—, chlorinated, use in rubber compounding, 1127 
—, colloidal nature of, 56 

—, compatibility with vinylethinyl-carbinol poly¬ 
mers, 151 

—, dehydration of resins with, 340 
—, effect on color of urea-aldehyde resins, 661 
—, from acetylenes, preparation of, 142, 147, 150, 
152, 153, 154, 160 

—, properties of. 142. 147, 150, 152, 153, 154, 160 

—, from glycol and linseed oil, 994 
from halogenated paraffin, 1158 
—, from non-drying oils, 1225 
from petroleum residues, 227 
—, from phenols and unsaturated aldehydes, 392 
—, frmn sorbitol, 1209 
—, from tall oil, 1209 
—, hydrob^sis of, by potybasio acids, 928 
—, in ehloroprene-rubber oompoimds, 159 
—, in cold-molding compositions, 1^, 1286, 1288, 
1289, 1317 

—in high^glase finish for fabrics, 978 
, in la^uersy 249, 824 
—, in polymerising 1,3-dieiies, 188 

in preparation of phonograph needles, 98$ 

—, in reeinifieation tripbenyl phosphate, 432 
in vinyNresin lacquers, 249 
inter-esteiifieation with rosin, in varnish prepa¬ 
ration, mVm, 803 
modification of, 921 

—, modifiers, phenoUaldehyde resins, 483 
—, tnoleeiilar dissyibmetiy in, 46 
oxidised, modifiers, 496 
—, pla^ie^ss^, for chlororubber, 1123, 1124 
for rmy! hidlde msine^ 1042 


Drying oils, polymerization of, catalysts for. 1228 
—, polymerize, separation of constituents in 
molecular still, 1227 
—, properties of films from, 18 
—, reaction with oil-soluble resins, 401 
—, reaction with rosm, 802, 803 
—, resins from, 708 

—, rubber substitutes from, uses of, 1228 
—, similarity of indene-formaldehyde condensation 
product to, 266 

—solubility in phthalic glyceride, 921, 925, 930, 931, 
932 

—, solvents, for alkyd resins, 973 
—, —, for cuma*x)n€ resins, 117, 125 
—, —, for 2-pentene-i8opr3ne resin, 190 
—, —, for phenol-aldehyde resins, 368", 370 
—, —, for resin from cracked gasolme. 192 
—, —, for xylenol-foimaldehyde resins, 370 
—, use m alkyd resins, 19, 857, 908, 911,, 925, 927, 
928, 934, 935, 936, 937, 943, 981 
—, vulcanized, properties of, 1207, 1209 
—, —, uses for, 1209 
", w'lth Alkydals, 957 
—, with alkyd resins, 973 
—, with chlororubber, 1128 
—, with cumarone resins, 120 
—, with divinylbenzene, 249 

—, with metallic rcsinates, glyt^iiyl triabietate 
from, 806 

—, with phenol resins, binders, 485 
—, with rosm, 404 

—, with zinc chromate, protective eoaiings fioin, 
1377, 1378 

—, with urea resin, 636 

Diying power, of oils, relation to sulphur chloiidc 
absoiption, 1211 
—, standard of, 786 

Drying rate, of alkyd resin lacquers, 11 
—, of oils, effect of /S-naphthol, 408 
—, of varnishes, 19, 21, 409 
Drying resm, rubbone, 1093 

Drying-time meter, use in varnish tests, 1364, 1365 
Dry processes, phenol-formaldehyde resins, 316, 
327 

—, turnery resms, 326 

Dulcitol, condensation with o-nitrobenzaldehyde, 
763 

Dulux, preparation of, 957 
", properties of, 957 
—, trade name for alkyd resins, 955, 072 
Duplex foil, preparation of, 970 
Duplex processes, use of hexamethylenetetramine 
m, 327 

Du Prene, comparison with natural rubber, 158, 
159 

—, nature of, 158 

—, see also Chloroprene rubber and Polychloro- 
prene, 158 

Durability, of alkyd resins films, 958, 966, 072 
—, of cumarone resin filme, 125 
—, of ester gum lacquer films, 827 
", of rubber, 1100 

—, of spar varnishes, effect of antioxidants, 1368 

Durability tests, for varnishes, 409, 1867, 1368 

Duralumin, use in molds, 1327 

Durene, action of oxygen on, 269 

—, nitration of, 724 

", resjn from, 269 

", see 1,2,4,5-TetramethylbenBene, 

Dust, industrial, in resinifieation of cresol, 271 
", prevention, in molds, 607, 608 
Dusting powder, for rubber, 790 
—, in molding, 791 

Dyeing, of phenol resin molded articles, 484 
", of rubber, phenol-sulphur resins in, 1192 
", use of polystyrene, 245 
", use of polyvinyl alcohol, 1057 
", with vat colors, 1057 
Dyeing assistants, 545 

", from amine-mcdified phenol-aldehyde resins, 
425, 426 

", from fatty acids, 1220 

", from phenol-sulphur resin, 1198 

", polyeUiylene oxide, 993 

Dye intermediates, from aniline hydrochloride, 1193 

", from naphthaume-olefin condemtion, 194 
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Dye peatee, use of urea-ketone resins, 665 
—, use of urea-alcohol resins, 665 
Dyes, acid, lakes with urea resins, 642 
—, affinity for textiles, effect of resins, 642 
—, basic, use with resins, 1250 
—, by diene synthesis, 160 
—, dispersions of, in organic solvents, 200 
—, dispersion of, use of alkyd resin emulsions in, 
949 

—, fastness, effect of urea resins, 642 
fillers, for phenol-aldehyde resins, 318 
—, for chlororubber, 1125 
—, for phenol-aldehyde resins, 320 
—, for polystyrene, 237 

for molded compositions, 1276 
—, from 3,5-bischloromethyl-p-cre8ol, 378 
—, from coal-tar pitch resins, 274 
—, from oumarone resins, 118 
—, from furfural, 522 
—, from o-hydroxyazo salts, 1250, 1251 
—, from nitro resins, 728, 730 
—, from petrozcene, 203 
, from phenol-ketone reaction products, 320 
—, from phenol resins, 407 
—, from phenol-sulphur resins, 1187, 1190 
—, from polyacrylic acid reaction with organic 
bases, 1072 

—, from pyroligneous acid, 751 
—, from rubber derivatives, 1101 
—, incorporation m polyvmyl esters, 1026 
—, modifiers, phenol-aldehyde resins, 442 
—, —, urea resins, 609 

-, p-nitroanilme coupled with forntaldehvde- 
acetone ream, 548 
—, oil-soluble, preparation, 442 
-, use 111 molding-temperature deteniiinutiuii, 488 
—, use in preparation of polystyrene, 234 
Dynamo blushes, from phenolic resin with giuphite, 
488 

Dynamometer, scratch, hardness tests with, 1372 
E 

Ebonite, artificial, from factice, 1213 
—, cumarone ream with, 140 
—, destructive distillation of, 1089 
—, filler, 463, 1275 
—, in polishing composition, 1251 
—, linings for steel apparatus, 1199 
—, with phenol-aldehyde resins, 436 
Ebonite-like material, by vulcanizing polycyclo- 
pentadiene, 188 

—, from butadiene homologue polymers, 198 
—, from modified chlororubber, IIM 

from naphthalene-formaldehyde resin, 264 
—, from phenol-aldehyde resips, 283, 284, 465 
—, from rubber, 1102 

—, from rubber-halogenated rubber mixture, 1125 
—, from urea-furfural resins, 669 
—, from vulcanized polyvinyl acetal, 1061 
pbonite panels, coating with phenol resin, 451 
~, coating, 649 

Ebulliosoopio molecular weight determination, com¬ 
parison with ultracentrifugal method. 67 
Eckstein’s bases, 689 

Edeleanu oil refining, by-products, cutting oils 
from, 1200 

Edible resins, alkyd, 888 

Effective volume, of {Mlymers, 76 

Egg albumin, emulsifying agents, 179 

—, modifier, phenol-formaldehyde resins, 415 

^Kg-yolk phosphatides, in phonograph records, 

Effistein’s viscosity law, 72, 78 
Ejection, of moldings, 865 
Ejector mechanism, of presses. 1812 
Elftidio add, preparation of, 908 
EUUdin, preparation of, 908 
Eliiidoiidnoleio acid, octadecadienoie add by dis¬ 
tillation of^ 1224 

Elastio alkyd resin composition, preparation of, 
908 

Elastio composition, from cumarone rssin, 182 
Elastio gels, 88 


Elasticity, of cumarone ream films, 125 
—, of methyl rubber, 178 
—, of oxidizing alkyd resins, 972 
—, of phenol-formaldehyde resins, 414 
—, of polystyrene, 236, 238 
—, of rubber, 197, 1101 
—, of silica gel, tests of, 1235 
—, relation to structure, 71 
—, Young’s Modulus of, 1341 
Elasticity tests, for varnishes, 409 
Elastic limit, nature of, 34 

Elastin, condensation with phthalic anhydride, 
732 

Electrical accumulators, separators for, 485 
Electrical apparatus, molded, effect of mica filler, 
*459 

—, —, from phenol resins, 466 
—, sealing of, 1313 

Electrical coils, use of alkyd resins m, 986 
Electrical conductors, resins, 1266 
Electrical fixtures, from urea resins, 626, 627 
Electrical insulation, cold-molded. 1284, 1286 
—, composition of, 819, 1247, 12M, 13M 
—, from alkyd resms, 917, 986 
—, from aniline-formaldehyde resms, 692 
—, from cashew-shell oil and rubber, 1231 
", from chlorinated cumarone compounds, 139 
—, from chlorinated gutta-percha, 1115 
—, from chlororubber-modified urea-aldehyde 

resm, 1126 

—, from coated cellulose film, 1243 
' from cumarone resin, 118. 131, 135, 136, 140 
—, from cuprene, 148, 147 
—, from ester gum, 826 
-, ft oil! fats and acetylene, 181 

fiuiii lialogenated lubber, 1105, 1121, 1126 
from lignite-phenol resm, 274 
—. fiom methyl rubber, 178 
—, from modified phenol-aldehyde resin, 425, 431, 
432. 436, 440, 441, 442, 484, 1189 
—, from nitro resins, 729 
—, from phenol-aldehyde resin, 285, 430, 484 
—, from polyacrylic acid derivatives, 1078 
—, from polystyrene, 248 
—, from polyvmyl acetate, 1020 
—, from polvvmyl chloride, 1044 
—, from rubber, 197, 198, 1093, 1201 
—, from rubber-bitumen ecunposition, 860 
—, from sulphurised tars, 1204 
—, from tar distillates, 273 
—, from urea-formaldehyde resins, 566, 637 
—, from vmyl-ester co-polymers, 1067 
—, from vulcanized Japanese lacquer, 1206 
—, phMiol-aldehyde treated thread, 484 
—, selenium in, 1168 

—, varnishes, composition of, 819. 1098, 1201. 1205 
Electrical properties, alkyd-bonded mica composi¬ 
tions, 982 
—, Aroclors, 1150 

—. effect of water absorption. 1843 
—, molded products. 22, 1270 
—, nitrogen-containing moldings, 425 
—, resins, 476, 721, 1250, 1265 
—, rosin, 775 

Electrical refrigerating coatings, tests for, 1877 
Electrical resistance, of alkyd resins, 867, 868 
—, regenerated cellulose films, 721 
Electrical resistors, from phenol-aldehyde resins 
and graphite, 450 
—, resins, 1266 

Electrical tests, rosins, 29, 318, 1256, 1264, 1350 
Electric arc, in preparation of acetylene. 142 
—, in preparation of carbon subsulphide. 1015 
Electric condensers, phenol-aldehyde resin coatings 
for, 450 

Electric current, use, heating molds, 1295 
, modification of glyceride oils, 1227 
—r purification of resins, 1251, 1252 
Electric discharge, actioh on acetylene, 143 
—, action on cirbon monwdde, 1013 
—. action on cracked gasoline, 231 
—, action on isoprane, 174 
—, action on oils. 1226 
—, action on olefins, 164, 165 
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Electric field, action on alcoholic suspension of 
phenol-fonnaldehyde resins, Sll 
influence on hardening of Bakelite, 812 
Electric lamp globes, coloring with phenol-resin 
solutions, 453 
molding, 1883 

Electric ovens, use, preheating moldmg material, 
1331, 1323 

Electric spark, effect on bensene, 269 
Electrochemical oxidation of oymene, 1268 
Electrodeless discharge, action on hydrocarbons, 

309 

Electrodeposition, of metals, on urea-formaldehyde 
resins, 004 

—, of phenol resin, 470 

—of shellac, 24 * 

Electrodes, alkyd resin coatings, 905 

—, carbon, extrusion ofj 1838 

—, cumarone resin coatmgs, 131, 141 

—, from cuprene, 140 

—, for dielectric strength tests, 1372 

—, requirements for, in testing, 1346, 1347 * 

Electrolysis, of phenol solutions, 272 

—, of salicylic acid, 277 

—, of m-xylenol, 272 

£Iectrol 3 rte 8 , acceleration of gelatiniiation, 597 
—, isocolloid materials with fatty acids in, 1227 
Electrolytic cells, sheets for, from synthetic rub¬ 
ber, 200 

Electrolytic hydrogenation, of sulphite liquor res¬ 
ins, 754 

Electrolytic oxidation, of cymene, 208 
—, of 4-hydroxy-3-methoxy propenol, 272 
-, of isoeugenol-vanillin solution, 202 
—, of naphthalenes, 208 
—, of phenol, 271 
—, of m-xylene, 208 

Electrolytic tanks, use of cashew shell oil in, 1232 
Electromagnet cores, from urea resins and iron 
powder, 623 

Electromagnetic field, effect on acetylene, 144 
—, effect on isoprene, 170 
—, effect on styrene polymerisation, 241 
Electrometric titration, acid numbers, 1200 
Electronegative substituents, effect on pol 3 rmeriBa- 
tion velocity of olefins, 104 
Electro-osmosis, removal of catalyst by, 595 
Electroplating, of molded articles, 484 
Eleetrop 5 rroIy 8 i 8 , of alcohol, 102 
—, of ace^lene, 102 « 

—, of methane, 162 

—, of petroleum hydrocarbons, 162 

Element-convertible alkyd resins, properties of. 

808, 874, 876, 918, 919, 920, m, 923, 925, 931, 933 
Element-convertible resins, classification of, 00 
—, definition of, 14 

Elemi, compatibility with chlororubber, 1119 
—. in urea resin lacquers, 032 
a-Elemio acid, nitration, resins from, 731 
Eleosteario acid, geometrical isomeride in oitioicH 
oil, 801 

, properties of, 868 

—, transformation of, to cydomonoeleostearic acid, 

860 

use in alkvd resins. 919, 922, 973, 924 , 949 
Eleostearic acid-maleic anhydride, film-contact an¬ 
gles of, 869 

a^Eleostsario a®i<li isolation of, 928 


—, spectroioQpie examination of. 928 
a-EhBostearie acid-maleio anhydride, structure of, 

m 

^-EleofCearie acid, heat-treatment of, 932 
—, preparation of, 923 
A speetroseopio examination of, 938 
—, use in elkyd reeins, 981 
i9-Eleoetearie add-maleie anhydride, structure of. 

a-Eleostearie Wceride, from ^^^eleostearie glyceride, 
I8t0 

fl-1^eostearie glyceride, from <t-eIeosteerie glycer¬ 
ide, !|16 

n-]PJeQneeriil-maIeio anhydride. Properties of, 859 
fl-BieoeMnrl<i« preparation oU 983 
wwaioibsiol resin, 403 

/1-SIeoolearin-iiwteie anhydride, properlies of, 860 


Ellisols, solubility in aqueous ammonia, 960 
use in impregnation of cloth, 960 
—, use in impregnation of paper, 900 
Embrittlement, of vamishee, arc-lamp irradiation 
tests for, 1368 

Emery, abrasion resistance tests for varnish with, 
1300 

—, alkyd resin as bonding agent for, 980 
—, filler, for phenol-formaldehyde resins, 849, 460 
Emulsifying agent, ammonium oleate, 246 
—, ammonium sulphoricinoleate, 1260 
—, diethylaminoethyloleamide hydrochloride, 245, 
246 

—, saponin, 246 

Emulsifying agents^ albtuninous substances, 246 
aldol-urea resins, 072. 084 
-, chlorinated acids, 1220 
—, l-ohloronaphthalene-formaldehyde resins. 206 
, esters of abietic acid, 829 
—, for l,d-dienes, 179, 180 
- from naphthenates, 207 
—, from olive oil and glycol, 994 
—, from petroleum, 207 

in isoprene polymerisation, 178 
modified polyvinyl acetals, 1004 
—, natural resin-modified phenol-aldriiyde resins, 
084 

natural resin-modified urea-aldehyde resins, 084 
--*» polyacrylates, 1072, 1075 
—, polyvinyl acetals, 1001 

Bulphonated mineral oils-alcohols condensation 
products, 208 
sulphonates, 246, 240 

Emulsions, catalytic polymerisation of aciyhe es¬ 
ters in, 1070 

incorporation of filler in phenol-aldehyde mold¬ 
ing powder with, 467 
—, of alkyd resins, preparation, 946, 946 
—, —, use in treating paper, 945 
—, of cellulose esteis and urea reains, coatings 
from, 088 

—, of chlororubber, 1128 
—, of cumarone resin. 183, 138, 139 
—, of 1,3-dienes, use of colloids in forming, 179, 
180 

—, of drying alkyd resins, preparation, 946 
—, of ethyl acrylate and styrene, 240 
—, of oil-synthetic resin in water, 404 
—, of petroleum, precipitated by syntans, 420 
—, of petroleum asphalt reaction products, 274 
—, of phenol-aldehyde resin, 826, 8?6, 441, 467 
—, of phenolic resins in toluene, 467 
—, of polystsrrcne, artificial latex, 234 
—, of polyvinyl acetate, 1027 
—, of resins, uses, 467, 088. 946, 1384 
—, of vinvl ethers and acrylic add derivatives, 
polymerization, 1070 

—, polymerisation of, 175, 178, 246, 346, 1070 
—, rsaolvants, 1168 

—, styrene, oo-pobnnerisation with, 246, 240 
—, use of, in polymerization of l,8-diene8, 176, 178, 
179, 180, 181 

—, —, in co-polymerisation of diolefins with mon- 
olefins, 198 

—, —, in decorating moldings. 1388 
—, —, in preparation of molding compositions, 441 
Emulsoids, viscosity of, 72 

Enameled vessels, use of phenol-aldehyde resins, 
819 

Enamel-like finishes, from phenol-resin and sodium 
silioata, M9 

Enamels, alkyd resins in, 960. 908. 907, 978, 978 
—, copal esters vamidies and basic pigments in, 
819 


—, eresylle add-formaldehye resin in, 808 
—, cumarone resin In, 129, 182 
—, effect of benzole add on gloss of, ^ 

—, effect of a-ofotonio acid on gloss of. 970 
—, ^ect of aalloylio add on gloss of, 976 
ester gum, defects in tropical dimates, 818 
—, mUf gum vamiih In, 818 
, AiriWal-anilina redn in, 638, 686 
—, does oil in, 773 
—gloM-whita, formula of, 907 
phenol-oarbohydrate resins in, 709 
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finamelSy poboners of vinylethinyt carbinoLs in, 
151 

—, polystyrene in, 246 
—, polyvinyl chloride in, 1040 
—comparison with oil enamels, 

—, synthetic resin, for vitreous enameled ware, 
977 


Teglacs in, 912, 956 
—, tests of yellowmg, 819 
—, vmyl ester-aldehyde resins in, 1065 
End gp-oups, in polymers, molecular weight de¬ 
termination through, 72 
—, in polystyrene chain, 233, 234 
9,10-Endoanthracene-a, ^-succinic anhydride, dH- 
Bociaticn of, 840 
—, formation of, 839 

3,6 - Endocarboxy - 4 - methylcarboxylate - A4 - 
tetrahydrophthalic anhydride, synthesis of, 847 

3,6 - Endodimethinehexahydrotetraca rhoxvl ic an - 

hydride, formation of, 837 

2,6-Endo€^ylene-cyciohexanone, formation of, 838 
—, reduction of, 888 

3,0-Endoethylene-A4''P^fhA^c anhydride, forma¬ 
tion of, ^7 

2.5- Endoethylene-A3-tetrahydro bensaldehyde, for¬ 
mation of, 838 

2.5- Endo - laoamylene-1,2,5,6 - tetrahy dro -1 - bensalde - 
hyde, formation of, 843 

2.5- Endomethylene-A3-cyclohexenylidene succinic 
anhydride, 835, 838 

2.5- Endomethylene-hexahydrobenzaldehyde, prepa - 
ration of, m, 835 

1.4 - Endomet hy lene - A5 - octahy dro - 2,3 - nap hth a 1 enc- 
2,8-dicarboxylic anhydride, preparation of, 836 

3.6- Endomethylene-A4-phthahc anhydride, use of, 
in resins, 836 

2.5 - Endomethylene - A3 - tetrahydrobenaalde- 
hyde, formation of, 834, 835 

8.6 - Endomethylene - A^ - tetrahydro -1 - methyl - 2 - 
c 5 mnob«ixene, formation of, 850 

Endomethylenetetrahydrophthalio acid, 884 

8.6- Endomethyiene-A4-tetrahydrophthalic anhy¬ 

dride, preparation of, 835 

3.6- £kidomethylaie-Aft'-tetrahydrophthalic anhy - 

d^'ide and butadiene, reaction between, 836 

3.6 - Endomethylene-3,4,5,6- tetraphenyl - A^ - dihydro - 
phthalic acid, formation of, 842 

—, reaction of, 842 

Endo - 9,10 - 0 - phenylene - 9,10 - dihydro -1,4 - ant hra - 
quinone, formation of, 840 

3.6- Bndo*8uccmic-anhydride-4-methyl-carboxylate- 
A4-tetrahydrophthaUo anhydride, formation of, 


8,8 - Endoxo -3,6- dimethyl - - tetrahy droph thalic an - 

dride. preparation of, 847 

8.6- Endoxo-hexahydrophthalio anhydride, prepara¬ 
tion of, 846 

8,6 - Endoxo -3 -methyl - A4 - tetrahydrophthalic anhy - 
dride. preparation 847 

3.6- Enaoxo-4-methyl*A9'tetrahydrophthalio anhy¬ 
dride. pr^a ration of, 847 

3.6- Endoxo-A^'tetrahydrophthalic anhydride, prep¬ 
aration of, 846 

—, reduction of, 846 . . , ^ 

Endurance test, dielectric, in laminated products, 
1345 

End-valenoes, in mechanism fdr acrylic acid poly¬ 
merisation, 1071 . . . 

Energy of activation, in diolefin polymerisation, 
51 

Engl ieh eiter gum, glycerol triabietate crystals 
from, 806 

Enneaheptitol, rosin eetere of, 796 

Enol-noreamphsnilanaldehyde acetate, formation 
of 884 W 

Ens^atie hydrolysis of fgtty oHs, 928, 980 

Ensyxpe, aldehydase, in yeast, 494 
notion on wrilulose, 750 

Bnsymee, proteolytic, use ns protective oolloide, 

Bpichlorohydrln, ontnlyit, furfuml-phenol con- 
debentlon, 827 


—, renotii^ 


th phwols, 398 
quinoline, 789 


Epichlorohydrin, solvent, for amine-aldehyde 
resins, 693 

—, advent, for urea resin, 631 
—, stabiliser, for chlorinated rubber, 1111 
—, stabilizer, for vinyl resins, 1050 
Epiethylin, solvent, for chlororubber, 1118 
^iphenylm, solvent, for chlororubber, 1118 
Erythrene polymerization, x-ray studies of, 60 
Eiythntol, rosin esters with. 796 
Esparto grass, waste liquor irom, 753 
Ester gum, adhesives, S21, 824, 828, 1004 
alkali resistance of, 399 
—, aqueous dispersion of, 824 
—, catalyst for formation of, 802 
—comparison with, limed rosm, 816 
—, oil-soluble phenol resin, 409 
Teglacs, 950 

—, compatibihty with chlororubber, 1119 
—, —, cumarone resin, 128 
—, —, nitrocellulose, 1149 
—, polystyrene, 248 
—, —, tung oil, 26 

—, dispersions in reclaimed rubber, preparation of, 

827 

effect on durability of lacquer films, 826 
—. from crude turpoitine, 795 
—, in anti-fouling pamte, 820 
—, in aqueous coating oompositione, 822, 824 
—, in bonding compositions, 821, 824, 8^, 1004 
—, in camphor-nitrocellulose compositions, 829 
—..in chewing gum, 828 
—, m ohloronaphtbalene compositions, 1153 
, m coating for photographic film. 327 
in core oil, 821 

—, in electrical insulating varnishes, 819 
—, in electrical insulations, 820, 826 
—, m enamels, 818, 819 
—, m floor covermgs, 821, 824 
—, influence on rate of polymerization of drying 
oils, 818, 1216 

—. m lacquers, 424, 632, 816, 822, 824, 825, 826, 827 
—, —, comparison with ethyl abietate, 823 
—, in laminated glass manufacture, 327, 863 
—, m metal polim, 837 
—, in mica compositions, 826 
—, m oilcloth, s20 
—, in paper coatmgs, 828 
—, m plastic compositions, 829 
—, m printing ink, 826, 827 
—, in nist-inhibitive primers, 818 
—, in safety glass manufacture, 827, 863 
m varnishes, 816, 817, 818, 819, 820, 831 
—, preparation of, 792, 794, 7W, 796, 806 
—, reaction with ethylene oxide, 993 
, solvents for, 822 

—. specifications for use in varnishes, 792, 816 
, storage of, 806, 807 

—, turpentine and castor oil, coating for stencil 
sheets, 838 

—, urea resin lacquers with, 632 
—, with Albcrtol in vami«»he8, 820 
—, with Alkydal resins, 956 
—, with basic pi^ents, 818 
—, with butyl cellulose in lacquers, 834 
—, with chicle, 838 

—, with cumarone resin in lacquers, 833 
—, with ethyl cellulose in lacquers, 824, 825 
—, with Ideselgmhr in plastic compositions, 829 
with linseed oil in varnishes, 816 
with methyl oelluloss in Uuiquers, 824 
—, with naphthol resins, 799 
—, with nitrocellulose in waterproof sheets, 834 
—, with oil-treated RmylSf 773 
—, with oitioicia ml in varnishes, 817 
—, with paraffin wax and rubber in chewing gum, 

828 

—, with petrolatum wax in waterproofing com- 

—f^U?*piienol-eldehyde resins, 820, 821 
—. with polymerised tung oil, 1218 
—, with rosm in, waterproofing coatings, 827 
—, with rubber, 827 
—, x-ray etudiea of, 88 

Eater gum and Aroolois, resmous compositions 
ftonl, 829 
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Ester gum and glycerol ester of O,ll-oetadecadiene> 
I'Oarboxyho acid, in printing ink, 827 
£!ster gum-Aroclor resin in nitrocellulose lacquers, 
821 

—, m oil varnishes, 821 

Ester gum enamels, Albertol primers in, 818 

— tests on yellowing, 819 

Ester gum lacquers, effect of dammar in, 823 

—, properties of films, 826, ^7 

E^r^m modified phenolic resins, x-ray studies 

Ester gum solution, coating for paraffin paper, 827 
Ester gum-tung-oil-nitrooellulose lacquer, prep¬ 
aration, 826 

Ester gum varnishes, antioxidants in, effect of, 821 
—, chloronaphthalenes in, 821 
—, comparison with copal ester varnishes, 819 
—, effect of ozone on, e06 
—, naphthols in, 817 
—, naphth^lamines in, 817 
paulowma oil in, 817 
—, preparation of, 816, 817 
—, sulphur in, effect of, 821 
—, uses of, special, 819, 820, 821 
—, water resistance of, '818, 828 
—with mercu^ salts in anti-fouling points, 820 
—, with metallic powders in coatings, 820 
Esterification, of 'alkyd resins, effect on electrical 
resistance, 867, 866 
, of aralkyl halide resms, 1132 
—, of copals, 807, 808, 809, 810, 811 
—, of cork meal, 780 
, of dammar, 818, 814 
—, of phenol-aldehyde resins, 336, 399, 400 
—. of TOlyhydric alcohols and polybasic acids. 


—, of resin acids, 336, 400 
—, of resins, apparatus, 794, 811, 813 
—, of rosin. 26, 792, 793, 794, 796, 796, 799, 800, 801, 
m, 806, 810, 811 
of shellac, 813 
of tall oil, 766 

—, use of inert atmosphere, 813 
Esterified wax, conversion to amides, 815 
Esters, abietic acid, 792, 793, 794 , 796 , 796 , 797, 798 
—, acrylic acid, 1069 

—, acrylic acid, polymerization, 1072, 1073 
—, aliphatic, specific viscosity of, 73 
—, benzylamylonic, 762 

carbon suboxide from, 1013 
—, condensation with acetylene, 161 
—, condensation wi^ thionyl chloride, 1188 
—, cyclohexanol, fluxing agents, 837 
—, diricinoleic acid, preparation, 1224 
—, esterification of copals with, 809, 810 
—, esterification of rosin with, 800, 801 
—, fatty acid, from tall oil, 766 
—. fatty-acid, reaction with polyhydric alcohols 
and phenol-aldehyde resins, 428 
—from tall oil, sulphonation, 766 
—, keto-aromatic acids, plasticizers for poly¬ 
styrene. 247 

—, modiners, for alkylated phenol compounds, 411 
—, phosphoric, by fatty acid esters reaction with 
phosphoric add, 1233 
—, pimaric acid, with methvl alcohol, 814 
—, p^l^ic acids with polyhydric alcohols, plas- 
tidsers, 613, 822 

—, retarding effect, condensations. 698 

7 *. m. m.jn.m. 7*7, ns 

—, rosin, crystallme,, 806, 806 
—. aepatation of resins from sludge by, 220 
s^ts, 406, 648, 974 
, starch, rednous, 762 
—, itytm-maleio anhydride, 244, 246 
unsaturated acids, preparation, 1076 
—, use in. crimpinff fibers of diene polymdrs, 200 
fgy tf r value, liMfl 

Ester wag, nmtding lubricant,, polyvinyl acetals, 

1006 V 

Ednlidfls, decomposition to dihydroxysteario acid, 

im 

oaator oil, formadon, 1221, 1224 
•»^, froxn dih^rdroxysiearic add. 1223 
ddetioti with 2^cerol, 1222 


Estolides, from saturated hydroxy acids with 
mono- and polyhvdric alcohols, 1222 
—, use in textiles, 1222 

Estohdic acids, chlorides of, treatment of cellulose 
with, 1222 

E structure in glyceride oils, 860 
Ethane, from lactic acid, 1003 
—halogenated denvatives of, 1154 
1,2-EthsnedithioI, reaction with dichloroacetic 
acid, 1170 

—. reaction with olefin dihalides, 1170 
•'Ethamtc," olefin-polysulphide product, 1174 
Ethanol, reaction with acetaldehyde, 496 
Ethanol-acetaldehyde condensation, catalysts for, 

495 

Ethanolamines, condensation with phthalic anhy¬ 
dride, 904 

—, formation of, 992 
—, in alkyd r^in emulsification, 946 
Ethenoid linkage, in polyvinyl ethers, 1011 
Ether, extraction of phenol-aldehyde resins with. 
422 


precipitant, for asphaltenes, 202 
—, —, for paraffin, 202 
—, , phenol-aldehyde resins, 362 

—, solvent, for aldol, 497 
—, —, for isoBuccinio acid-resorcinol resin, 1266 
—, for petroleum resins, 202, 229 
—, for phenol-aldehyde resins, 278, 283, 284, 
367 

—, —, for polymerized olefins, 162, 166, 182, 288 
—, for rubber derivatives, 1106, IIK 
—, —, for urea-furfural resin, 670 
—. —, in dehydration of p-hydroxybenroic acid, 
378 

—, —, in lacquers, 374 
—, —, m purification of resins, 336 
Ether acias, resins from, 894, 902 
—, condensation with pentaervthritol, 902 
Ether alcohols, modifiers, for phenol-aldehyde 
resins, 429 

"Ether-linkage formation" of phenol-formalde¬ 
hyde resin, 297 

Ethers, aromatic, pyrilhum (oxonium) compounds 
from, 660 

—, , reaction with acetic anhydride and sul¬ 

phuric acid, 660 

—, —, sulphonamides of, use, 714 
—cyclic, reaction with hydroxyaromatic alcohols, 
431 


—, in chlororubber paints, 1118 
—, in polymerization of l,3-diene8, 182, 183 
“, mono-allyl, 763 
—of polyhydric alcohols, 333 
—, retarding effect, condensations, 693 
—, solvents, for vulcanization accelerators, 196 
/8-Ethoxy-acrolein-acetal, condensation with di- 
methylaniline, 690 

6-Ethoxy-8-aminoquinoline, resinification, 739 
o-Ethoxybenzoic acid, condensation, with formal¬ 
dehyde, 374 

2-Ethoxy-naphthalene-3-carboxylic acid, condensa¬ 
tion with paraformaldehyde, 374 ' 

/?,/9-Ethoxypnenylethyl bromide, styrene from, 255 
p-Ethoxypropylbenzene, polymenzation of, 268 
a-Ethoxy-styrene, preparation of, 1010 
Ethyl abietate, condensing agents for, 798 
—, gutta-percha and rubber in insulating mate¬ 
rial, 828 

—, hydrogenation of, 807 
—, in coating compositions, 821, 823, 824 
in floor coverings, 824 
—, in lacquers, 823 
, in smokeless powder. 824 
—, in transfer composition, 829 
—, plasticizer, 828, 829 
—, preparation, 798, 799 
—, solvent for ester gum, $28 
— natural resins. 828 
uses of, 821, 822, 824, 829 
Ethylaoetanilids, plasticiser for polystyrene, 237, 


"7 polyvinyl resins, 1028, 1060 
Ethyl acetate, orystalUsod methyl ester of shellsc 
with, 813 
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Ethylene 


Ethyl acetate, glyceryl triabietate crystals with. 
805, 800 

—, modifier, for dihydroxybensophenone-aldehyde 
resins, 374 

precipitant, for petroleum resins, 202 
—, reaction with indolylmagnesium iodide, 743 
—, solvent for alkyd resins, 056, 007, 068 
— cellulose esters, 402, 412, 000 
—, — ester gum, 822 
—, — hydrogenation of esters, 807 
—, — lacquer, 374, 402, 412 
—, phenol-aldehyde resins, 402, 412, 433, 440 

—, — polystyrene, 230 
—, — polyvinyl acetate, 1024, 1025 
—, — rubber compounds, 1110, 1112, 1114 
—, — urea-formaldehyde condensation. Oil 
—, solvent in polymerisation, 172, 003 
Ethyl acetoacetate, condensation with aldehydes, 
540, 570 

—, — urea and benzaldehyde, 570 
—, — urea and m-nitro-bensaldehyde, 570 
", reaction with tellurium tetrachloride, 1241 
Ethyl acetopyruvate, condensation of, 571 
Ethyl acrylate, adhesive for glass, 1077 
—, CO-polymerized with vinyl acetate, 1075 
—, from ethyl a,^-dlbromop^oplonate and zmc, 
1074 

—, polymerization, 1073, 1075 
Ethyl acrylate polymers, properties of, 1073, 1075 
Ethyl acrylate-styrene emulsions, artificial silk 
from, 240 

Ethyl alcohol, acetaldehyde from, 497 
—, acetic acid from, 490 
—, diethyl acetal from, 495 
—oxidation of, 490 
—, reaction with acetaldehyde, 495 
—, — castor oil fatty acids, 1224 
—, — rosin, 799 

urea, 003, 004 

—, solvent, chloroprene polymerization, 157 
—, —, hydrogenation of esters, 807 
—, —, phenol-aldehyde resins, 307, 309 
—, —, preparation of polyvinyl ester-acetals, 1060, 
1007 

—, —, urea-formaldehyde condensation, 012 
Ethyl allophanate, from biuret* 571 
Ethylamine, catalyst, cresol condensation, 347 
—, —, phenol-aldehyde condensation, 102, 347 
—» —. polymerization of phenylacetylene, 162 
—, condensation with aldehydes, 705, 710 
Ethyl aniline, reaction with boron tnphenyl, 1241 
Ethylazocarboxylate and dimethyl isoprene, re¬ 
action, 831 

Ethyl-p-azoxycinnamate, hydrolysis, 734 
Ethylbenzene, chlorination, catalyst, 253 
—, condensation with ethylene dihahdes, 200 


— isoprene, 193 

— maleic anhydride, 839 
dehydrogenation of, 235 
from benzene, 252 


from cumarone, resin, 95 


—, from styraie, 242 

pyrolysis of, 242, 252, 253, 254 
—, styrene from, 235, 242, 252, 253, 254 
“•'* styiyl dibromide from, 253 
Ethyl benzoate, plasticizer, alkyd resins, 882, 890 
—* polyvinyl chloride, 1038 
solvent, chloroprene Polymerisation, 157 
Ethyl benzoylacetate, effect on poynneniation of 
^l,3-diene8, 184 

Ethyl bensoylbensoate, plasticizer, 042 
Ethyl b^suramidocrOtonate, preparation of, 576 
Ethyl benzylidinecyanoacetate, reduction of, 038 
Ethylbiphenyl, styrene homolt^es from, 254 
Ethyl.biz-(4-aminophenyl)-methane hydrochloride, 
nitration, tars from, 725 

Ethyl bromide, reaction with potassium pentasul- 
phide. 1170 ,. .... 

reaction with sodium tetrasnlphide, 1170 
Ethylbromoketene, polymerisation, 558 
EthylbtttonetetrAcarbdxylate^ hydrolMis, 1241 
N-Sthylearbiiole» condensation with propylene, 
744 

Ethyloellttlose, glycerol Unoleate with, 050 
*^1 .glycerol rieinolewto ^th, 000 
—, lacquers from, *24, 825 


Ethyloellulose, modifier, phenol-aldtiiyde resins. 
433 

—, transfer compositions, 820 
—, with ester gum in lacquers, 824, 825 
—, with oil modified-alkyd resms in varnishes, 
978 

Ethyl cellulose ethers, phenol resin varnishes with, 

440 

Ethyl chloride, chlorination of benzene, 252 
—, reaction with hexamethylenetetramine, 707 
—, — pentaerythritol, 901 
—, — polvvmyl alcohol, 1059 
Ethyl chloroformate, reaction with diversine, 745 
Ethyl chloro-oxylate, reaction with magnesylindole, 
743 

Ethyl cinnamate, in polymerization of l^-dieiies, 
181 

—, polymerization of, 1082 
—, —, x-ray studies, 50 

Ethyl cyanoacetate, reaction with sodium ethoxide 
and phenylmethylacetonitrile, 733 
Ethyl a-cyaao-iS-imino-a-phenyl-valerate, prep¬ 
aration, 733 

—, reaction with sulphuric add, 733 
Ethyl N-a-cyanopiperonyiamino acetate, action of 
alcoholic potash, 733 

Ethyl cyclohexanone-2-carboxylate, resin from 
rehorcmol, 391 

Ethyl 2,4-diamino-1 -methylnaphthaleae-3-carbox- 
ylate, resinification, 733 

Ethyl dibnmiobutanetetracarboxylate, reaction with 
phenol, 1141 

Ethyl a,/3-dibromopropionate and sine, ethyl 
acrylate from, 1074 

Ethyl dihydroxymethylmalonate, decomposition of, 
1074 

Ethyl 4,0-dimethylpyrroIe-3-carbaxylate, condensa¬ 
tion with aldehydes, 741 
Ethylene, acetylene from, 105 

action of electric discharge on, 105 
acrylic aijid from, 1070 

—, aluminum chloride in polymerization of, 100 
—, 1,3-butadiene from, 105 
—1-butene from, 105 

—, effect of silent electric discharge on, 105 
—, electropyrolysis of, polymerization of products 
from, 105 

—, from ethyl alcohol and carbon dioxide, 1070 
—, from pyrolysis of ketene, 555 
—, 1-hexene fixim, 105 
—, in polishing wax, 993 
—, polymerization of, 104, 105 
—, reaction with acetylene, 184 
—, — cyclohexane, 194 
—, — naphthalene, 194 

resinous materials from, 105 
—, styrene from, 253 
—, vinyl ethers from, 1008 

Ethylene bromide, polyethylene glycols from, 990 
—, solvent, for phenylacrylic acid esters, 1083 
Ethylene bromohydrmi rosin esters with, 797 
Ethylene carbonate, 885 

Ethylene chloride, effect on pyrolysis of ethyl¬ 
benzene, 254 
—, pyrolysis of. 1085 * 

—, reaction with sodium acid sulphide, 1172 
—, solvent in chloroprene polymerization, 157 
EthyltfM dilorohydnn,, ethylene oxide from, 990 
—, hydrolysis of, 350 

—modifier, urea-aldehyde resins, 605, 007 
—, pr^aration of Plastopals in, 634, 035 
—, reaotimi with aniUiie and phenol, 1188 
—, —• diphenylolpropanetetracarbinol, 429 
— ethylene oxide, 9W 
—, rosin esters with, 797 
Ethylene cynnobydrin, acrylic esters, 1074 
—, hydrolysis, ^070 

Ethytene diamins, catalyst, urea-acrolein reaction. 
070 

—, reaetion wifli ^-naphthol, 788 
Sthyletisdiamine*K,N'-dicarboxyHe diamide, reac¬ 
tion witii fpitnaldahyds^ 0*5 
Eihylsog dibromida. ethyls oxide ftom, 990 
—, reeetion with ethylene trithiocarboiiate, 1109 
—, — organio salte of sihrer, 887, 889 
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Ethylene dibromide, reaction with potasshim adi¬ 
pate, m 

Btnyiene dibromoeuooinate, 889 

Ethylene didilonde, acetylene from, 1035 

—, action on peat residuee, 749 

—, — rubber, 1101 

—t hydrogen acceptor, 354 

—, in pol 3 aneruation of M-dienea, 180, 183 

—, reaction with alcoholic potaeh, 1035 

—, — calcium polyeulphide, 1173 

—, — hydrocarbons, 159, 1137 

—, — inorganic salts of sodium, 1172, 1174, 1179 

—, —• phenols, 429 

—, potassium sulphide, 1159 

— sodium ethoxide, 1008, 1035 
solvent, for chloronibber, 1118 

—, —, for cold-moldmg composition, 1288 
—, —, for pol)mnyl acetate, 1024 
—, vinyl ohlonde from, lOM 
Ethylene fumarate, 889 

Ethylene glycol, condensation with adipic acid di- 
chloride, 892 

—, — ammonium borate and boric acid, 893 

—, — bensoph«none-2,4'«dicarboxylio acid, 895 

—, — carbonic acid derivatives, 862 

—, — chloroformic ester, 870 

—, — dimethyl oxalate, 885 

—, — ethyl oxalate, 885 

—glutaric acid, 898 

—, — oxalic acid derivatives, 862 

—, — phenols, 398 

—, — phosgene, 870 

—, — phthalio anhydride, 897, 902 

— sebacio acid, 892, 999 

—, — succinic acid, 871, 872, 869, 870, 871, 999 
—, — thiourea, 659, 664 
—, — urea, 659 

—, condensing agent, p}rrroIe, 740 
dioxane from, 1253, 1254 
—, ethylene oxalate from, 1001 
—. fluxing ag^t, 337 
—, from ethylene oxide, 990 
—, hexamer of, 990 

in acetylene polymerisation, 149 
—, modifier, urea-aldehyde resin, 678 
—, plasticiser, cellulose acetate-urea resin compo¬ 
sition, 623 

—, reaction with vegetable oils, 991 

—, resins from, 12^, 1254 

—, rosin esters of, 796 

—, solvent, for chloronibber, 1118 

—, —, for cold-molding composition, 1288 

—, —, for dicsranodiamide-formaldehyde resin, 680 

—, —, for polyvinyl alcohol, 1054, 1056 

—, ~, for shellac, 1006 

uses of, 904, 981, 984, 989, 1065, 1255 
Ethylene glycol adipate ricmcufiidin modified min, 
908 

Ethylene glycol and ethyl oxalate, polymerization 
piquets from, 871 

Ethylene glycol ester of drying oil, nature of dry¬ 
ing, 920 

Ethylene glycol monoacetate, solvent, for intaglio 
pitting colors, 962 

Ethylene glycol monoethyl ether, solvent, for alkvd 

resins, 984 

—, —, for tibiourea resin, 654 
Ethylene glycol mononaphthyl ether, reaction- with 
formalddiyde, 876 

Ethylene glycol monophenyl ether, reaction with 
fonnalddbyde, 876 

Ethylene gl^l monotolyl ether, reaction with for- 
malddiyde, 176 

Ethylene glycol oxalate, monomCrio ester from, 868 
Ethylene gqrool-phthalic anhydride resin, in lac¬ 


quers, 966 

Bwyliiis ^eolghthalic anhydride rssin, proper- 

Ethylene glyool succinate, aoiulfiflcation of, 946 
Ethylene nudonate^ propertiae of, 872 
Sthylette mereapten^ in olefin pols/^^idee, 1176 
Ethyteoe oxalat^ poboneriiariem of, 1001 
nreparatfon of, 1001 

SUm^leBje oxider^ eatglsret, tibloroprene ikdymerisa* 
iloi^ 166 

—, eaiall^ U pol^erieatiiin of, 990, 991 


Ethylene oxide, dioxane from, 998 

—, ethylene glyool from, 996 

—, polyethylene glyool from, 990 

—. polymerisation, 990, 991, 992, 993 

—, polymers with ethylene dilorobydrin, 992 

—, polysaccharides from, 992 

—, preparation of, 990 

—, reactidn with albumin, 998 

—, — cellulose, 900 

—, •— colophony, 797, 998 

—, — cresol, 430 

—, — ester gum, 993 

—, — glycerol, 899 

—, — a-me^hyladipic acid, 892 

—, — pentaerythritol, 899 

—, — phenol, 255 

—, — phthalic anhydride, 898 

—, — phthalio glyceride resiiiM, 993 

~, — polyvinyl alcohol, 1060 

—, — shellac, 993 

—, — succinic acid, 898 

—, — triethylene glyool, 899 

—, — water, 990 

—, solid, 990 

—, solvent, for polyvinyl chloride, 1040 
therapeutic agents from, 993 
—, waxy material from, 993 
Ethylene oxide-abietic acid ester, uses of, 828 
Ethylene-oxide polymer, softening agent, phen 
ald^yde resins, 441 
Ethylene polysulphide, moldmg, 1174 
—, vulcanization, 1171, 1172 
—, with rubber, 1172 
—, with sulphur, 1174 
—, x-ray pattern of, 88, 89 
Ethylene sebacate, fibers from, 90 
—, properties of, 872 
Ethylene succinate, preparation, 887 
Ethylene-succinate-glyoerol-phthalate resin, 813 
Ethylene sulphide, polymerisation, 1169 
—, action of phenol on, 116‘' 

—, preparation of, 1169 
—, properties of, 1169 

Ethylene trithiocarbonate, reaction with ethyl 
dibromide, 1169 

Ethyl ester, of acrylic acid, preparation of, 1 
—, of methylacrylio acid, resins from, 1081 
—, of phenylacrylio acid, polymerization, 1088 
Ethyl ether, action on chlororubber, 1118 
—, in polymerization of 1,3-dienes, 182 
Ethyl formate, solvent, for polyvinyl acetate, 1 
Ethylglycolyl chloride, reaction with magnes 
pyrrole, 742 

Ethylhexahydrophenyldithiocarbamic add, hexal 
droaniline salt of, 1197 
Ethyl hydracrylate, acrylic esters from, 1074 
—, dehydration catalysts for, 1074 
2-Ethyl-l-hydrindone, condensation with phen 
hydrazine, 785 

Ethyl hydrogen 8,6-endoxohexahydrophthalf 
preparation of, 846 

Ethyl p-hydroxybenzoate, condensation with me 
ylal, 374, 875 

Ethvl /3-hydroxyethyl oxalate, from ethylene g 
col and ethyl oxalate, 885 
Ethylideneacetone, polymerization of, 562 
Ethylidine aniline, cuprous chloride catalyst 
preparation of, 149 

—, from acetylene and aniline, 148, 149 
—, polymers, 148, 149 

Ethylidene diacetate, from acetylene and ac 
acid. 1017, 1018, 1019 
—, reaction with inorganic acids, 1019 
—, — polyvinyl esters, 1066 
—, vinyl acetate from, 1019 
Rthylidene-dUuiiline, from aniline and acefal 
hyde, 689 

Ethylidene dichtoride, pyrolysis, 1035 
—, Wnyl chloride from, 1085 
Ethylidene dihalides,-vinyl ethers from, 1008 
Ethylidenedi*a«Aaphihol, from d-nap^ithol ace 
d^yde reaction, 288 
Ethylidenedlphenol, formation of, 288 
EthyUdeno glycol, formation of, 1009 
Ethylidene peroxide bolymers 496 
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Ethyl indeoeoxalste, from indene, 98 
-X, structure of, 98 

Ethyl /f-indoleglyoxylate, reaction with benzene di« 
asonium chloride, 748 

Ethyl iodide, ealiretin preparation with, 282 
Ethyl isoearbamide, condensation with acetylace- 
tone, 571 

S-£)thyl isothiourea, from ethylmercaptan and cy- 
anamide, 653 

Ethyl itaconate, polymers of 1085, 1086 
Ethyl lactate, solvent, for alkyd resms, 880, 925, 
060, .964, 066, 067 

—, —,*for cellulose esters,^ 060, 067 
—, —, for thiourea resin, 654 
—, —, for urea’•phenol-aldehyde resin, 676 
Ethylraagnesium iodide, reaction with dipropargyl 
methylene ether, 1254 
Ethyl malonate, reaction with aniline, 733 
reaction with selenium tetrachloride, 1241 
Ethyl mercaptan, catalyst, cyclopentadiene poly¬ 
merization, 186 

—, reaction with cyanamide, 653 
a-Ethyl-i9-methylacrolein, reaction with ami me, 
706 

Ethylnaphthalene, pyrolysis of, 254 
—, vinylnaphthalene from, 254 
Ethvl nitrite, reaction with phenyl cyclohexanone, 
725 

10-Ethyl-0-nitro8O-0,10-dihydrophenar8azine, res¬ 

ins from, 727 

Ethyl oleate, chlorinated, in lubricating oil, 1158 
a-Ethylolnaphthalene, o-vmylnaphthalene from, 
254 

Ethyloltoluenesulphonamide, plasticizer, 717 
Ethyl orthoeilicate, preparation of, 1236 
—, reaction with acetic acid, 1236 
—— ethyl ricinoleate. 1237 
— water vapor, 1286 

Ethyl oxalate, reaction with ethylene glycol, 871, 885 
—, — indene, 98 

o-Ethylphenol, from cumarone dibromide, 94 
—, from cumarone resin. 95 
Ethyl phthalate, plasticizer, 1246 
Ethyl polyacrylate, adhesive, 1077 
—, gas-impervious sheets from, 1078 
nydrolvsis of, 1069 

a-Ethyl-/7-propylacrolein, reaction with aniline, 505 
Ethyl ricinoleate, reaction with ethyl orthosihcate, 
1237 

Ethyl salicylate, reaction with formaldehyde, 374 
Ethyl selenide, effect on chloroprene polymerization, 
156 

Ethyl sorbate, in polymerization of 1,3-dienes, 181 
P-Ethylstyrene, polymerization of, 259 
Ethyl succinate, reaction with benzaldehyde. 1253 
Ethylsulphuric acid, catalyst, phenol-formaldehyde 
polymerization, 820 

Ethyl tartrate, solvent for cellulose esters, 39 
Ethyl titanate, films from, 1230 
preparation of, 1239 

Ethyltoluene, styrene homologues from, 254 
Ethyl toluenesulphonamiue, plasticizer for molding 
compositions, 720 

Ethyltoluenesulphonamide resin, adhesive for shat¬ 
terproof glass, 710 

Bthylurea-formaldehyde resin, opacity to ultra¬ 
violet rays, 608 

Ethvlvinvlcarbinol, hydrogen succinate, alkaloid 
salts, 745 

Ethyl vinyl ether, polvmwization of, 1010 
^.preparation of, 1008 

Ethvl ^nyl ether of ethylene glycol, preparation of, 
1007 

Euoojloldal polsrstyrene. from styrene, 235 
Euoolloids, formation of, 57 
properties of, 87 
Eugenol, bromlnatlon of, 1154 

condensation with formaldehyde, 875 
—, oxidation inhibitor, 4(W, 076 
Polmerisation of, 1^0, 261, 263 
Kugenol-formaldehyde resin, use in dentistry, 375 
^8«iyl ether, preparati^ of, 1008 
fi^Phorbhim resiii^ in preparation of non-splinter- 
uig glass, 

in urea-phenol-aldehyde adhesive, 676 


Eutectic plastic masses, nitro-compounds, 727 
Evaporation rate, electrical measurements, 601 
Eyes, artificial, from vinyhte resms, 1045 
Explosive-proof lubricant, 996 
Explosives, from cuprene, 146, 147 
", from acetylene derivatives, 148, 152, 160, 161 
Exposure, effect on electrical properties of lami¬ 
nated materials, 1350 

Exposure tests, alkyd resin coatings, 057, 958, 059, 
061 

—, Aroclor lacquers, 1148 
", polystyrene coatings, 246 
—, varnishes. 818, 1368, 1360, 1871, 1376 
Extending agents, for chlororubber, 1126 
", for phenol-aldehyde resins, 286 
Extensometer, in determination of elasticity, 1341 
Extraction, of flowers, 1250 
of furfural, 517 

—. of molasses, resin from, 762 
, of phenol-aldehyde resin, 861 
of phenols, from coal tar, 362 
—, of pine wood, 764 
—, of polyvinyl alcohol, 1055 
", of resms, from acid tar, 121 
Extrusion compositions, alkvd resins in, 081 
Extrusion molding, definition of, 1322, 1338 
—, polyesters to form filaments, 008, 000 
-, polystyrene resin, 249, 250 

products of, 908, 009. 1204, 1322, 1323 

F 

Fabric fillers, m molding compositions, 1810, 1320, 
1330 

Fabric linmgs, in polymerization apparatus, 179 
Fabrics, acid-resistant, 1248 
", adhesive to unite rubber to, 1100 
coatings for, 190, 378, 078. 1200 
—, fireproof, 1127 
—, gas-impervious, 1027 

—, impregnation of, with chlororubber, 1127, 1128 
—, with cumarone resin, 135 
—, —, with dimethylolacetone, 544 
-, ", with phenol resins, 452, 470, 471, 486 
, with polystyrene, 248 
", with resins, 1167, 1281 
, with sulphur-olefin resin, 1178, 1177 
, with urea resin, 588 
", in decorating moldings, 1333 
—. in dental plates, 465 
", in laminat^ material, 987, 1247, 1274, 1281 
molding fasteners on, 1334 
", waterproof, 135, 188, 139, 360, 430, 432, 1127 
Factice, addition to vinyl resins, 1031 
—, as rubber substitute, 1211, 1212 
—, brown, 1211 

—, from fatty oils and sulphur, 1211 
, — and sulphur chloride, 1211-1214 
~, from mineral oils and sulphur chloride, 1313 
—, from triolein and sulphur, 1211 
—, modifier, phenol-aldehyde r^ins, 441, 12f2 
plasticizer, for phenol-resin adhesives, 486 
—, reaction with amines, 1213 
", resemblance of phenol-furfural resin to, 522 
", use in linoleum, 1212, 1246 
—, " safety glaes, 1213 
", white, 1210, 1211 
Fat on, preparation of, 780, 781 
Fats, chlorination of, 1220, 1221 
", chlorosaphthaleiio-aldehyde resins as solvents 
for, 206 

", mixtures with phenohi, sulphonation of, 431 
", plasticisers, for cumarone resJa, 120 
", ", for ^thetic resins, 1246 
", ", for urea resins, 623 
", reaction with acetylene, 161 
", sulphur-containing solvents for, 1210 
—, use in TOlishing oompodtions, 1351 
", with poVvmyl alcohol in aisings, 1058 
Fatty add esters, halogenated, plasticisers for 
phenol resins, 498 

—, In hexachloroethane-tar oompoaitions, 1156 
", solvents for xylenol-aldehyde resins, 370 
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Fatty acid glycerides, effect on phenol-aldehyde 
resins, 397 

Fatty acid residues, esterification, 815 
—, vulcanisation of, 1204 
Fatty acids, alcohols from, 994 

catalysts, phenol-formaldehyde reaction, 350, 
.351, 357 

—, effect on alkyd resin films, 974 
—, from autoxidation of turpentine resins, 1253 
—, from wood, 749 

—, halogenated, plasticizers for phenol resins, 432, 

445 

-, halogenation of, 1139, 1158, 1220 
—, in tall oil, 755 

, long-chain, addition to vinyl resins, 1031 
—, modification with electrolytes, 1227 
—, of glycerides, displacement with rosin acids, 
803 

—, of Japanese sardine oil, polymerization, 1229 
—, of linseed oil, reaction with glycerol, 545 
—, of oiticica oil, solubility, 1232 
—, of waxes, reaction with sulphur monochloride, 
815 

—, oxidized with alkali metal hydroxides, 1227 
—, —, alkali metal oxides, 1227 
—, —, alkali metal i^roxides, 1227 
—, plasticizers for nitrocellulose, 970 
—. reaction with <amino compounds, 1228 
—, —, higher alcohols, 1233 
~, —, phenols, 1233, 1234 
—, —, triethanolamine, 1233 
—, shellac substitutes from, 1139 
—unsaturated, solvent for shellac. 1228 
—, use in decoration of phenol resins, 484 
—, driers, 785, 787 
—, —, flexible sound records, 372 
—, , modified phenol resins, 441 

—f —, preventing blushing of nitrocellulose, 968 
—, use with pol 3 rvinyl alcohol in sizings, 1058 
Fatty acid salts, action on rubber, 1102, 1128 
—, modifiers for phenol resins, 400, 437 
—, unsaturated, reaction with sulphur, 1210 
Fatty oil residues, esterification, 815 
Fatty oils, addition to alkyd resins, 911 
—, vinyl resins, 1031, 1059 

—, classification, 1225 

—, effect of, in phenol-aldehyde cast resms, 287 
—, modification by inorganic reagents, 1227 
—, organic reagents, 1227 

—, modifiers, for hydroxybiphenyl-formaldehyde 
resms, 408, 409 

—, —, for polyvinyl alcohol, 1050 
—, oxidation, 1225 
—, —, catalysts for, 1225 
, polymerization, in inert gas, 1225 
—, —by oxidation, 1225, 1225 
—, reaction with lime, 1213 
—, —, sulphur^ 1211 
—, —, zinc oxide, 1213 
—, resinous body with nitrocellulose, 1234 
—, solubility of phenol-aldehyde resins in, 357, 397 
, thicken^ by electric glow discharge, 1225 
—, use in flexible sound recorfls, 372 
—, vulcanisation of, 1207 

Felt, iutermediate layer, with phenol resin and 
metal, 480 

, treatment with polystyrene, 248 
—, — salicylic add-formaldehyde resin, 874 
—, — urea resin, 540 
Pencfaone, pyrolysis of, 558 
Fermentation, of sulphite waste liquor, 754 
Ferric chloride, actkm on p-bensenedHhiol, 1170 
, benzyl chloride, 1129 
—, —, phenol. 270 
—, rubber, 1102 

—, anhydrous, reaction with tung oil,^1218 
catal^. acrolein polymerisation, 502 
—, —, alkylation of phenols, 4U 

bsnsyL ohloride-benzene motion, 1131 
—, chlori&tion of naphi^Iene, 1151 

—, —, dhloronaphthalena resinifleation, 255, 1135 
condensation, i^enol ahd vinyl esters, 1031, 
1044 

—, aomarone polymerisation, 109, 115, 117, 119 

dlolsfln^monoiafln oa^polyinsmtion». 192 


Ferric chloride, catalyst, formaldehyde-bornyl 
chloride reaction, 782 

—, —, formation of A^-polychloroprene, 157 
—» "—j glycerol resinifleation, 504 
—hardening of resorcinol-aldehyde resins, 371 
—, —, in polymerization, 50 
—, —, methylal formation, 496 
—, —, naphthalene chloride-phenol reaction, 1137 
—, —, oxidation of cresols, 270 
——, oxidation of tar and tar oils, 273 
—, —, oxidation of xylenols 270 
—, —, phenol-acetylene reaction, 385 
—, —, phenol-formaldehyde reaction, 290, 356 
—, —, polycyclopentadiene formation, 187 
—, —, polymerization of furfural, 521 
—, —, —, glycerol, 995 
, ketene, 553 

—, —, —, petroleum hydrocarbons, 227 
—, —, reaction of naphthalene with olefins, 194 
—, —, rosin esterification, 795 
—, —, treatment of coal tar, 122 
—, dehydrating agent, 344, 406 
~, in prevention qf varnish yellowing, 1378 
—, pr^ipitant, asphaltenes, 205, 215 
Feme' hydroxide, catalyst, acetaldol formation. 498 
Ferrto linoleate, in asphaltic compositions, 789 
Ferric linseed diglycende phthalate, preparation of, 
951 

Ferric oxide, catalyst, polymerization of castor oil, 
1223 

—, resmification of naphthalene chlorides, 1136 
—, —, rosm esterification, 805 

ill alkyd resm water paints, 977 
filler, 450, 719 

Feme phosphate, catalyst, dehydration of gly¬ 
cerol, 501 

Feme sulphate, action on ethylene glycol, 1253, 
1254 

—, catalyst, oumarone polymerization, 109, 117, 118 
—, —» preparation of vinyl acetate, 1018 
—, promoter, hydration of vinyl acetylene, 549 
Ferrous linoleate, solution in turpentine, use of, 
1234 

Ferrous sulphate, catalyst, phenol-aldriiyde re¬ 
action, 363 

, —, rosm esterification, 799 
Ferrous sulphide, catalyst, naphthalene-sulphur 
chloride reaction, 1202 

Fertilizers, preservation by urea resins, 547 
Fiberboard, from cellulosic material, 749 
—, use of phenol-sulphur chloride resin in, 1185 
—, use of sulphur in, 1205 
Fibers, antiseptic, preparation of, 445 
—, from diene polymers, 199, 200 
—, from polyamides, 1000 
—, from polyesters, 1002 
—, structure of, 58 
Fiber stress, determination of, 1342 
Fiber structure, correlation with molecular weight, 
872, 878 

in cellulose, 54, 55 
—, in cotton, 54, 55, 55 
, in hemp, 64 
in jute, 54 
—, in ramie, 54 
—, in sisal, 54, 55 
—, in wood, 54, 65, 56 
—, nature of, 70 

Fibrin, react^n with phthalic anhydride, 732 
Fibrous crystals, nature of, 30 
Fibrous material, core in molded panel, 1333 
—, fireproofing. 415 

filler, for coal-tar plastite, 850 
. for nitro resin plastics. 729 
—, —for phenol-aldehyde ’ resins, 319, 415, 451, 

m 

—, impregnation with amine-aldehyde resing, 701 
—, , phenol-aldehyde resin, 471 

—, —, sulphur, 1158 
—, —, rubber-resin mixture, 1245 
—, —, wax, 1245 

—, inlays for phenol resin moldings, 455 
^ methods of impregnation, 1281, 1825 
watgrprooAnff, 415, 452 
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Filaments, from chlororubber, 1126 
—, from modified acrylic ester-vinyl ester co¬ 
polymers, 1067 

, phenol-aldehyde resins 483, 484 
—, —, urea-aldehyde resins, 686 
—, from polyesters, 906, 909 
—, from polyvmyl acetals, 1062, 1063, 1067 
—, from polyvinyl esters, 1057, 1059 
—, from resin-modified cellulose ethers, 1244 
—, —, cellulose esters, 1244 
—, from rubber hydrochbnde, 1112 
—, from tar oil-acetylene resins, 275 
—, from toluenesulphonomide resins, 721 
—, from vinyl co-polymers, 1053 
—, x-ray patterns of, 999 
Fillers, classification, 1272-1275 
—, detection of, 1261 

—, effect of, on mechanical strength of moldings, 
1269 

—, on molding surfaces, 1330 

—, —, on solidification of tung oil, 1218 
—, examination of, 1275 
—, for alkyd resins, 981, 987 
—, for butadienol ester polymers, 152 
—, for cold-molding compositions, 1289, 1290, 1317 
—, for ethylene polysulphide moldings, 1174 
—, for phenol-aldehyde resin coatmgs, 449, 450, 
452 

—, for phenol-aldehyde resins, 284, 317, 318, 319, 
329, 332, 338, 339, 349, 369, 372, 455-463, 480, 481, 
485 

—, for phenol-carbohydrate resms, 759 
~, for polystyrene, 234 
—, for sulphurized cuprene plastic, 147 
—, for synthetic rubber, 196 
~, for urea-aldehyde resins, 564 , 586, 587, 609 
—, for vinyl resins, 1048 
, in purification of resins, 338 
Filling properties, of syntans, 419 
Film-contact angles, of eleostearic-maleio anhy¬ 
dride films, 859 

Film formation, of oxidizing alkyd resins, 974 
—, phenomena of, 40 

Film-hardemng agents^ for urea resins, 633-634 
Films, alkyd resin, properties of, 957, 958, 961, 974 
—, cellulose acetate, fireproofed with phenol resin, 

447 

—, curaarone resin, durability of, 125 
—, —, elasticity of, 125 
—from Alkalit, 1252 
—, from diene polymers, 185, 199, 200 
—, from modified acrylic ester-vinyl ester co¬ 
polymer, 1067 

—, —phenol-aldehyde resins, 376, 418, 433, 484 
—, —, urea-aldehyde resin, 648, 668, 6 m, 6 ^ 

—, from oxidized viscose, 1197 
—, from polyacrylic acid derivatives, 1078 
—, from polyacryhc esters, 1077, 1081 
—, from polychloroprene, 158 

from polyvinyl acetals, 1062, 1067 
—, from polyvinyl alcohol, 1056, 1067 
—, from polyvinyl chloride, 1043 
—, from polyvinyl esters, 1029, 1057, 1059 
—from resin esters, properties of, 818, 819 
—, from rubber hydrochloride, 1112 
—, from tar oil-acetylene resins, 275 
—, from triglyceride of 9-11-octadecadienoio-l- 
acld with t^ng and linseed oils, 1225 
—, from urethan, 682 
—,.from vinyl co-polymers, 1053 
—, linseed stand oils, 1227 
—, nature of, 40, 41 

—, nitrooellulose, fireproofed with phenol resin, 

447 

, with ethyLabietate, 823 
, iWth Plastopals, 634 
—, —> with p-toluenesulphonamide, 719 
—, phenolphmalttin. 1252 
—» polyethylene oxide, properties of, 991 
—, rubber, 1101 

—, spirit varnish, characteristics. 19 

Film strength, of hydrocarbon oils, 1158 

Filter, fqr waves, 957 

Filter ek^s, treatment with chlofrorubber, 1128 

——k phenol-aldehyde resins, 448, 880 

Fin, see Flash 


Fimshing, of leather, with alkyd resins, 978 
—, of molded articles, 1315, 1330, 1331 
of molds, 1302, 1304 

Fimshing agent, hexamethylenetetramine, 327 

Fire extinguishers, resins in, 1248 

Fire hazards, with sodium butadiene rubber, 196 

Fireproofing, of fibrous material, 416 

—, of pan^, 657 

—, of rubber, 159 

—, use of selenium, 1168 

—, use of urea resins, 644 

Fire-resistance, of Aroclors, 1146, 1147 

—, of molded articles. 23 

Fire-retardant, brominated tricresyl phosphate, for 
lacquer, 718 

Fish liver oil, polymerization, 1219 

Fish oils, chlorination of, 1155 

—, hydroxylated fats from, 1225 

—, m cold-molding compositions, 1203, 1286 

—, modification of, 1227 

—, reaction with sulphur chloride, 1209 

Fish scales, use, in coating compositions, 1248 

—, use, m phenol-aldehyde resins, 820 

Fission, of olefins, 165, 167 

Fixatives, for prmtiug inks, nitro resins as, 730 

Flame-proofing, use of chlorobiphenyls, 1146, 1147 

—, use of chloronaphthalene. 1152, 1153 

Flash, r^oval from moldings, 1315, 1330 

—, reworking of, 1821, 1832 

—, thickness of on moldings, 1319, 1321 

Flash point, of Aroclors, 1146 

—, of varnishes, 1362 

Flash molds, operation of, 1294, 1820 

Flatting agents, for varnishes, 787, 788, 402 

Flexibility, of alkyd r^ns, 873, 973 

—, of cellulose esteis, 21 

—, of cumarone reams, 120 

—, of phenol-aldehyde resins, 414 

—, of polychloroprene, 158 

—, of urea-aldehyde resins, 661 

—, of varnish films, 19 

—, —, tests for, 1341, 1365, 1370, 1377 

Flexoresin, in alkyd resms, 910 

Flint, filler, 1275 

Floor covermg, alkyd resins in, 923, 949, 978, 983, 
984, 985 

—, chlorinated biphenyls in, 1150 
—, chlorinated naphthalenes m, 1150 
—, cumarone resm m, 127, 130, 137, 138 
—, ester gum in, 821, 824 
—, ethvl abietate in, 824 
—, modified phenol-aldehyde resin in, 416 
—, polyacryhc acid derivatives in, 1078 
—, vinyl resins in, 1050 
Floor tiles, cumaione resin in, 123, 137, 138 
—, ester gum in, 824 
Floor wax, alkyd resins in, 924 
—, alkylene oxide polymers in, 993 
—, sulphur in, 1164 
Floral wax, nature of, 1250 
Florida earth, catalyst, polymerization, 50 
—, extractant, petroleum resins, 202, 203 
Flondin, catalyst, polymerization, 166, 226 
Flotation agent, from pine oil, 1200 
—, phenol-sulphur resin as, 1186, 1190 
Flour, potato, infusible pri^ucts from, 760 
—, wheat, use in urea-aldehyde lesins, 623, 688 
Flowing characteristics, of alkyd resin varnishes, 
978 

—, of molding preparations, 1329, 1330 
—, —, tests for, 1^ 

Flow marks, on moldings, 1329, 1380 
Flow pomt, of flexible alkyd resins, 873 
Flow sheet, for manufacture of furfural, 518 
—, for manufacture of tbluenesulphonamide, 718 
—, for manufacture of urea, 568 
Fluavil, from gutta-percha, 1091 
Fluoborio acid, action on rubber, 1102 
, reaction with vinyl oompounda, 1057 
Fluoboroacetio acid, catalyst, cumarone polymeri¬ 
sation, 117, 119 ^ .... 

Fluorene, reaction with formaldriiyde, 865 
Fluorescein teat, tor phAalic a^ydride, 957 
Fluoreeoence, of resins, 714. 1168 
Fluorescent pamt, compcmikm of, 109 1 
Flubridenee, dyes for polyityrene, 837 
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Fatty acid glycerides, effect on phenol-aldehyde 
resins, 897 

Fatty acid residues, esterification, 815 
\^canisation of, 1204 
Fatty adds, alcohols from, 094 
—, catalysts, phenol-formaldehyde reaction, 350, 
. 851, 357 

—, effect on alkyd resin films, 974 
—, from autoxidation of turpentine resins, 1253 
—, from wood, 749 

—, halogenated, plasticizers for phenol resins, 432, 

halogenation of, 1139, 1158, 1220 
—, in tall oil, 755 

—, long-chain, addition to vinyl resins, 1031 
—, modification with electrolytes, 1227 
—f of glycendes, displacement with losin acids. 


—, of Japanese sardine oil, polymerization, 1229 
—, of linseed oil, reaction with glycerol, M6 
—, of oiticica oil, solubility, 1232 

of waxes, reaction with sulphur monochloride, 
815 

—, oxidized with alkali metal hydroxides, 1227 
, —, alkali metal oxides, 1227 
—, —, alkali metal pieroxides, 1227 
—, plasticisers for nitrocdlulose, 970 
—. reaction with amino compounds, 1228 
“, —, higher alcohols, 1283 
~, phenols, 12^, 1234 
—, —, triethanolamine, 1233 
—, shellac substitutes from, 1139 
—, iinsaturated, solvent for shellac, 1228 
—, use in decoration of phenol resins, 484 
—, driers, 786, 787 
—, —, flexible sound records, 372 
—, —, modified phenol resins, 441 
—, —, preventing blushing of nitrocellulose, 968 
—, use with polyvinyl alcohol in sizings, 1058 
Fatty acid salts, action on rubber, 1102, 1128 
—, modifiers for phenol resins, 400, 437 
—, unsaturated, reaction with sulphur, 1210 
Fatty oil residues, estwification, 815 
Fatty oils, addition to alkyd resins, 911 
—, —, vinyl resins, 1031, 1059 
—, classification, 1225 

—, effect of, in phenol-aldehyde cast resins, 287 
—modification by inorganic reagents, 1227 
—, —, organic reagents, 1227 

—, modifiers, for hydroxybiphenyl-formaldehyde 
resins, 408, 409 

—, for polyvinyl alcohol, 1060 

—, oxidation, 1225 
—, —, catalysts for, 1225 
—, polymerisation, in inert gas, 1226 
—, —, by oxidation, 1225, 1226 
—, reaction with lime, 1213 
—, —, sulphur, 1211 
—, —, sine oxide, 1218 
, resinous body with nitrocellulose, 1234 
—, solubility of phmoUaldehyde resins in, 367, 397 
, thickened by electric glow discharge, 1226 
—, use in flexible sound records, 372 
vulcanization of, 1207 

Felt, intermediate layer, with phenol resin and 
metal, 480 

treatment with polsrstyrene, 248 
—^ salicylic acid-formaldehyde resin, 874 


—, — urea resin, 640 
Fenchone, pyrolysis of, 558 
Fermentation, of milphite waste liquor, 754 
Ferrie ehlorioe, action on p-bensenedithiol, 1170 
benzyl chloride, 1129 
—, —, phenol, 270 
—, lubber, 1102 

, anhydrous, reaction with tung oil/1218 
—, catalyst, acrolein polymerisatioii, i02 
, alkylation of phenols, 411 
—, —beii^l .ehlorids-bensm raotlon, 1131 
ehlofmition of naphthalene, 1151 
ehloroiii^>htlialene rssiniflnatton, 266, 1136 
—, eohdensation, phend and vhiyl esters, 1031, 

1044 


oQsuurnne polymerisation, 109, 115, 117, 119 
-r* dioMAn^monolafin oo^polymariaatioii, 192 


Ferric chloride, catalyst, formaldehyde-bornyl 

chloride reaction, 782 

, formation of a-polychloroprene, 157 
glycerol resinincation, 504 
—, —, hardening of rcnorcinol-aldriiyde resins, 371 
—, —, in polymerization, 50 
—, —, metnylal formation, 496 
—, —, naphthalene chloride-phenol reaction, 1137 
—, —, oxidation of cresols, 270 
—, —, oxidation of tar and tar oils, 273 
—, oxidation of xylenols 270 

—, —, phenol-acetylene reaction, 385 
—, —, phenol-formaldehyde reaction, 290, 356 
—, —, polycyciopentadiene formation, 187 
—, —, polymerization of furfural, 521 
—, —, glycerol, 996 
—, —, —, ketene, 553 
—, —, —, petroleum hydrocarbons, 227 
—, —, reaction of naphthalene with olefins, 194 
—, —, rosin esterification, 795 
—, —, treatment of coal tar, 122 
dehydrating agent, 344, 405 
—, m prevention qf varnish yellowing, 1378 
—, precipitant, asphaltenes, 205, 215 
Ferrie hydroxide, catalyst, acetaldol formation, 498 
Ferric Imoleate, in asphaltic compositions, 789 
Ferric linseed diglyceride phthalate, preparation of, 
951 

Ferric oxide, catalyst, polymerization of castor oil, 
1223 

—, —, resinification of naphthalene chlorides, 1136 
—, —, rosm esterification, 805 

111 alkyd resin water paints, 977 
-, filler, 460, 719 

Ferric phosphate, catalyst, dehydration of gly¬ 

cerol, 501 

Ferric sulphate, action on ethylene glycol, 1253, 

1254 

—, catalyst, cumarone ]:^lymerization, 109, 117, 118 
preparation of vinyl acetate, 1018 
promoter, hydration of vinyl acetylene, 549 
Ferrous Imoleate, solution in turpentine, use of, 
1234 

Ferrous sulphate, catalyst, phenol-aldehyde re¬ 

action, 363 

—, —, rosin esterification, 799 
Ferrous sulphide, catalyst, naphthalene-sulphur 

chloride reaction, 1202 

Fertilizers, preservation by urea resins, 647 
Fiberboard, from oellulosic material, 749 
—, use of phenol-sulphur chloride resin in, 1186 
—, use of sulphur in, 1205 
Fibers, antiseptic, preparation of, 445 
—from diene jwljoners, 199, 200 
—, from polyamides, 1000 
—, from polyesters, 1002 
—, structure of, 63 
Fiber stress, determination of, 1342 
Fiber structure, correlation with molecular weight, 
872, 878 

—, in cellulose, 64, 65 
in cotton, 64, 65, 66 
—, in hemp, 64 
—, in jute, 64 
—, in ramie, 64 
in sisal, 64, 65 
—, in wood, 64, 65, 66 
nature of, 70 

Fibrin, reaction with phthalic anhydride, 732 
Fibrous crystals, nature of, 30 
Fibrous material, core in molded panel, 1383 
—, fireproofing, 416 
—, filler, for coal-tar plastite, 860 
—, , for nitro resin plastics, 729 

—, —, for phenol •^ald^yde resins, 319, 416, 461, 
462 

—, impregnation with amine-aldehyde resins^ 701 
—, —, phenol-aldehyde resin, 471 
—, —, sulphur, 1168 
—, —, nibber-resin mixture, 1246 
—, —, wax, 1245 

—, inlays for phenol resin moldings, 466 
—, methods of impregnation, 1281, 1825 
waterpproofing, 415, 452 
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Filaments, from chlororubber, 1126 
—, from modified acrylic ester-vinyl ester co¬ 
polymers, 1067 

—, —, phenol-aldehyde resins 433, 484 
—, —, urea-aldehyde resins, 685 
from polyesters, 906, 999 
—, from polyvinyl acetals, 1062, 1083, 1067 
—, from polyvinyl esters, 1067, 1069 
—, from resin-modified cellulose ethers, 1244 
—, —, cellulose esters, 1244 
—, from rubber hydrochloride, 1112 
—, from tar oil-acetylene resina, 276 
—, from toluenesulphonomide resins, 721 
—, from vinyl co-polymers, 1053 
—, x-ray patterns of, 999 
Fillers, classification, 1272-1276 
—, detection of, 1261 

—, effect of, on mechanical strength of moldings. 
1269 

—, on molding surfaces, 1330 
—, on solidification of tung oil, 1218 
—, examination of, 1276 
—, for alkyd resins, 934, 981, 987 
—, for butadienol ester polymers, 152 
—, for cold-molding compositions, 1289, 1290, 1317 
—, for ethylene polysulphide moldings, 1174 
—, for phenol-aldehyde resin coatings, 449, 450, 
462 

—, for phenol-aldehyde resins, 284, 317, 318, 319, 
329, 332, 338, 339, 349, 369, 372, 456-463, 480, 481. 
486 

—, for phenol-carbohydrate resms, 759 

—, for polystyrene, 234 

—, for sulphurized cuprene plastic, 147 

—, for S3mthetic rubber, 196 

—, for urea-aldehyde resins, 564, 586, 587, 609 

—, for vinyl resina, 1048 

m purification of resins, 338 
Filling properties, of syntans, 419 
]*'ilm-contact angles, of eleostearic-maleio anhy¬ 
dride films, 869 

Film formation, of oxidizmg alkyd resins, 974 
—, phenomena of, 40 

Film-hardenmg agents^ for urea resins, 633-634 
Films, alkyd resm, properties of, 957, 958, 961, 974 
—, cellulose acetate, fireproofed with phenol resin, 

447 

—, curaarone resin, durabihty of, 125 
—, —, elasticity of, 125 
from Alkalit, 1262 

—, from diene polymers, 185, 199, 200 
—, from modified acrylic ester-vinyl ester co¬ 
polymer, 1067 

—, —, phenol-aldehyde resins, 376, 418, 433, 484 
—, —, urea-aldehyde resin, 648, 6^, 684, 685 
—, from oxidized viscose, 1197 
—, from polyacrylic acid derivatives, 1078 
—, from polyaciylio esters, 1077, 1081 
—, from polychloroprene, 168 
—, from polWinyl acetals, 1062, 1067 
—, from polsrvinyl alcohol, 1056, 1067 
—from polyvinyl chloride, 1043 
—, from polyvinyl esters, 1029, 1067, 1069 
from resin esters, properties of, 818, 819 
from rubber hydrochloride, 1112 
from tar oil-acetylene resins, 276 
from triglyceride of 9-11-octadecadienoic-l- 
acid with tvmg and linseed oils, 1226 
from urethan, 682 
—,.from vinyl co-polymers, 1063 
—, linseed stand oils, 1227 
—, nature of, 40, 41 

*—• nitrocellulose, fireproofed with phenol resin, 

447 

, with ethyl-abietate, 823 
, with Plastopals, 684 
*—1 with p-toluenesulphonamide, 719 
phenolphmalein. 1262 
pol 3 rethylene oxide, properties of, 991 
—, rubber, 1101 

—, spirit varnish, characteristic?, 19 

Fihn strength, of hydrocarbon oils, 1168 

Filter, fpr light waves, 967 

Filter eloths, treatment with chlororubber, 1128 

—, —, phenol-aldehyde resins, 448, 480 

Fin, tee Flash 


Finishing, of leather, with alkyd resins, 978 
—, of molded articles, 1316, 1330, 1331 
—, of molds, 1302, 1304 
Finishing agent, hexamethylenetetramine, 827 
Fire extinguishers, resins m, 1248 
Fire hazards, with sodium butadiene rubber, 196 
Fireproofing, of fibrous material, 416 
of panels, 657 
—, of rubber, 159 
—, use of selemum, 1168 
—, use of urea resins, 644 
Fire-resistanoe, of Aroclors, 1146, 1147 
—, of molded articles, 23 

Fire-retardant, brominated tncresyl phosphate, for 
lacquer, 718 

Fish liver oil, polymerization, 1219 

Fish oils, chlormation of, 1165 

—, hydroxylated fats from, 1226 

—, in cold-moldmg compositions, 1203, 1286 

—, modification of, 1227 

—, reaction with sulphur chloride, 1209 

Fish goalee, use, in coatmg compc^tions, 1248 

—, use. m phenol-aldehyde resins, 320 

Fission, of olefins, 166, 167 

Fixatives, for prmting inks, nitro resins as, 730 

Flame-proofing, use of chlorobiphenyls, 1146, 1147 

—. use of chloronaphthalene, 1162, 1153 

Flash, removal from moldmgs, 1315, 1330 

—, reworking of, 1821, 1332 

thickness of (mi moldings, 1319, 1321 
Flash point, of Aroclors, 1146 
—, of varnishes, 1362 
Flash molds, operation of, 1294, 1320 
Flatting agents, for varnishes, 787, 788, 402 
Flexibility, of alkyd r^ins, 873, 973 
—, of cellulose esteis, 21 
—, of cumarone lesuis, 120 

of phenol-aldehyde resins, 414 
—, of polychloroprene, 158 
—, of urea-aldehyde resins, 661 
", of varnish hlms, 19 

, tests for, 1341, 1365, 1370, 1377 
Flexoresin, in alkyd resins, 910 
Flint, filler, 1275 

Floor covering, alkyd resins in, 923, 949, 978, 983, 
984. 985 

—, chlorinated biphenyls in, 1150 
—, ciilorinated naphthalenes in, 1160 
—, cumarone resm in, 127, 130, 187, 138 
—, ester gum in, 821, 824 
—, ethvl abietate in, 824 
—, modified phenol-aldehyde resin in, 416 
—, polyacryhc acid derivatives in, 1078 
—, vinyl resins m, 1050 
Floor tiles, cumarone resm in, 123, 137, 138 
—, ester gum m, 824 
Floor wax, alkyd resins m, 924 
—, alkylene oxide polymers in, 993 
—, sulphur m, 1164 
Floral wax, nature of, 1250 
Florida earth, catalyst, polymerization, 50 
—, extractant, petroleum resins, 202, 203 
Flondm, catalyst, polymerization, 166, 226 
Flotation agent, from pine oil, 1200 
—, phenol-sulphur resin as, 1186, 1190 
Flour, potato, infusible prcKlucts from, 760 
—, wheat, use m urea-aldehyde resms, 623, 688 
Flowing characteristics, of alkyd resin varnishes, 
978 

—, of molding preparations, 1329, 1380 
—, —, tests for, 1^ 

Flow marks, on moldings, 1329, 1330 
Flow point, of flexible alkyd resins, 873 
Flow sheet, for manufacture of furfural, 518 , 

—, for manufacture of toluenesulphonamide, 713 
for manufacture of urea, 668 
Fluavil, from gutta-percha, 1091 
Fluoborio acid, action on rubber, 1102 
—reaction with vinyl compound»i 1067 
Fluolxiroaoetio^ add, catalyst, cumarohe polymeri¬ 
sation, 117, 119 

Fluorene, reaction with formaldsbyde, 265 
Fluorescein test, for phthalio a^dride, 967 
Fluorescence, of resitts, 714, 1963 
Fluorescent paint, oompojution ol, 

Fluoridenes, dyes for polystyrene, 237 
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Fluorides* action on rubber, 1102 
Fluorination, of hydrocarbons, 1101 , 1106 
Fluorobromoethylene, oxidation, 1042 
—, polymerisation. 1042 
Fluosilicates, moaifiers for syntans, 421 
Flux, soldering, metallic soaps in, 791 
Fluxing agents, for molding compositions, 1277 
for phenol ^aldehyde resins, 318, 337 
—, for urea-aldehyde resins, 593 
Fly paper, ohlororubber in, 1127 
—, phenol-sulphur resin in, 1180 
Foaming agents, from polyethyloie glycols, 993 
—, from sulphonated methylenediphenols, 422 
Foam prevention, in methylolurca, 593 
Foils, condenser, ohloronaphthalene in, 1152 
—, from polymers of 1,3-dienes, 185 
—, waterproof, alkyd resins in, 970 
Folded molecules, description, 70, 71 
Fo|g-container 8 , metal, phenol-resin coatings for, 

Foots, from glycerol distillation, 994 
Formaldehyde, action on hydrolyzed vinyl acetate- 
maleic anhydride co-polymer. 1068 
—, — hydrolysed vinyl ester-aldehyde resin, 1086 
—, — oil-soluble phenol-aldehyde resins, 368 
—, — pectous material. 782 
—, petroleum rasina, 202, 203 
—, — phenol-o-bensoylbensoic acid resins, 376 
—, — polyvinyl alcohol, 1058, 1059 
—, — rubber, 1100 
—, — turpentine, 782 
—, — urea-butylene glycol resin, 885 
—, — urea-cyclohexanone resm, 884 
—, — urea-thioalddiyde resins, 882 
—, — wood, 749 

—I by hydrocarbon oxidation, 511 
, condens^ agent, ketone-aldehyde reaction. 543 
—, excess, in phenol resins, rmoval of, 377 
—, , in urea resins, effect on curing, 598 

—, —, —, fixation of, 591, 818 
—» —» —» removal of, 582, 583, 588, 598, 599, 600 
—, —, use in phenol-ald^yde reactions, 323, 324 
from. m<»t haT|g]lj_ 511 , 584 

methylene dichlonde, 398 
from palladium hydride, 950 
—, from rubber oxidation, 1093 
—, from styrene, 239 

—, from urea resin, by decomposition, 579 
—, hardening agent, alkyd resin-casein composi¬ 
tions, 948 

—, aralkyl halides, 1132 

benzal halide resins, 1134 
—, —, cashew-shell oil, 1230 
—, creeol-aldehyde resins, 887 
—, oreaol-furfural resin. 528 

—» —» petroleum resins, 228 
—, —, phmol-aeetaldriiyde resins, 380, 381 
phenol-acetylene bromide resin, 1138 
phenol-aldehyde resins, 305, 822, 330, 392, 
894, &8 

—, —, phenol-bensotrichloride resin, 1135 
’-'r phenol-cyclohexanone resin, 390 
phenol-furfural resin, 520 
—, —, phmol-sulphur resins, 1188, 1190 
—, —, rosin, 778 
—, —, tung oil polymers, 1219 
—, —, ursa-aerolein resins, 870 
, urea-furfdral resins, 870 
—, modifier, for alkyd reeins, 935, 936 
—, —, for eresot-funural reebs. 831 
—, for glyceride oib, 1227 
—, for phenol-esterined fatty acids, 1233 

—, —, for phenol-furfural resins, 581 

for phenol-sulphur halide resins, 1188 
, for resin from furfural end coal-tar acids, 


—, —, for sulphur-fthenol resins. 1192 
—, —, for uroa-fuirorai rsein, 881 
—, —, for x^ienol-fii^ural vresin, 530 

promoter, rosin oxSdetioa, 775 
-, piiri^eai^ ei^t, fraeiioDS, 881 


343, 394. 


VfmtA 
—* ieecetoot:|ritli 


M. m 


m: 


Formaldehyde, reaction with acetone, 545, 546, 
547 

, — acetophenone, 658 
, — acetylurea, 588 
, — aldehyde-acids, 508 
, — alkali phenolatea, 833, 382 
, — alkali polysulphides, 1181 
' amides, 573, 592 

■ amines, 888 

, — aminophenols, 411, 888, 700 
, — ammonia, 444, 886 
, — ammonium cyanate, 591 
, — ammonium sulphide. 624, 882, 883, 1180 

■ ammonium thiocyanate, 859, 941, 1182 

• amylodextrm, 1056 
, — anethol, 516 

• aniline, 886, 890-698, 700-707, 710 
, — aniline and hydrogen sulphide, 1181 
, — aniline and sulphur, 701 
, — aniline sulphonamides, 715 
, — anisole, 265, 407 

• aromatic hydrocarbons, 212, 1007 

• aromatic hydroxycarboxylic acids, 374 
, — aryloxyaliphatio acids, 375 

> asparagine, 699 

• benzamide, 573 

• benzene, 263 

— benzidine. 688 

— benzylamline, 899 

— 1-benzyl-1,2,3,4-tetrahydro isoquinoline, 745 

— biphenyl, 263 

— biuret, 685 
, — 1-borneol, 518 

— n-butylaniline, 687 

— p-ter-butylphenol, 378 
, — calcium cyanide leachings, 681 
, — camphor, 559 

carvone, 559 
cashew-shell oil, 1230 
, — catechol, 343 
, — cellulose ethers. 515 
, — chlorinated anthracene, 260 
, — 4-chloroac6napbthene, 265 
, — 1-chloronaphtnalene, 266 
, — chlorophenols, 378 
, — chlorotoluidines, 898 
, — cholic acid, 512 
cmnamaldehyde, 509 

■ coal-tar fractions, 120 
cracked distillates, 213, 214 

— cresidinsv 701 

— cresols, 287, 804, 355, 366, 369, 407, 1008, 1044 

— cresols, in vapor state, 355 

— oresoj^aoetio acid, 938 

— cresylic acid, 408 
. ^ and tung oil, 403 

—, rosin and cyclohexanone, 559 
oyanamide, 881 
, — cyanuno acid, 885 
, — cyclohexane, 410 
' cyclohexanone, 559 

> -~, rosin and cresylic acid, 559 
, — cyclohexylphenols, 378, 411 

■ cyclopentanone, 559 
' diaoetone alcohol, 549 
‘ diamides, 885 

- diaminodiphenylmethane, 710 
* — diarylacetiUs, 377 
, — diarylalkylenediamincs, 709 
, — dichloroethylenc, 518 
, — ^cyanodiamidc, 844, 879, 880, 881 

• diethyl ketone, 547 

• 0, p <4,4'-dihydroxy-8,S'-dimethyIdiphenyl) 
propane, 410 

, — diisopropyloarbasole, 744 

dimethylamine and phenols, 810 
, — dimethylaniline, 887 
, — dimethylsulphonamidsi 718 

• dimsthylurea, 578 

• dinaphthylmnine, 709 

> diolefins, 212 

. — diphcnyiamine, 890, 709 
, diphenyl sthsr^ 296 
, — diphenylethylsnedimnliie, 709 

• diphoi^lolpiropene, m, 800 
' sym-dtphsnyl^p-piM 


uttbe, 799 
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Fonnaldehyde, reaction with diphenyl thiourea, 
ASS 

. di-o-tolyl-thiourea, 658 
, — o-ethoxybensoic acid, 374 

* ethyl acetoacetate, 546 

■ ethylamine, 705, 710 
, — ethyl ether of m-creeol, 265 

- 1,3,5'xylenol, 407 

- eugenol, 375 
' fluorene, 265 

* fonnamide, 573 

— furfural, 510, 521, 535 

— furfurkmide and phenol, 536 
furfurm, 536 

— gallic acid, 279 

— gelatin, 685 

- glue, 685 

■ glycol monoaryl ethers. 376 

— giyoxaline, 689 

— guaiacol, 280 

— guanidine, 681, 682 

— guanidine saltqi, 614 , 681, 682 

— halogenbenzenesulphonamides, 712 

— hydrochloric acid, 342 

— hydrogen sulphide, 1179, 1180 

— hydroxybiphenyls, 408. 409, 412 

— hydroxyetnylamine, 705 
, — /?,/3'-bi8(4-hydroxy-3-methylphenyl) pro¬ 
pane, 377 

, — p-hydroxyphenylphenoxyniethane, 301 

— m-hydrox>4oluic acid, 374 

— indene, 265 

— isatin, 689 

— isoamylaniline, 687 

— iaopropylamine, 705 

— laopropylnaphthalene sulphuiiic acid, 419 

— ladtic acid, 1004 

— magnesylp 3 rrrole, 742 

— menthol, 280. 287 

— menthone, 559 

— mesitol, 302 

— mesitylenc, 263 

— o-methoxybensoic acid, 374 

— methylamine and hydrogen sulphide, 1181 

— methylaniline, 699 

— methyldiphenylamine. 699 

— methyl ether of 1,3,5-xylenol, 407 

— methyl ethvl ketone, 543, 545, 546 
— N-mono-alkyl derivatives of sulphonaraides, 

712 

* naphthalene, 263 

■ naphthalenesulphonamide, 712 

■ /8-napththalene sulphonic acid, 267 
, — naphthenes, 212 

- naphthols, 280, 295 , 343. 347 
' naphthylamines, 539, 698, 700, 702 
' naphthyl ethers, 265, 407 

, — nitrobensenesulphonamide, 712 
, — p-nitrophenol, 294 

, — 6'-nitroveratrylnorhydrohydrastinine, 746 
, — N-substituted tetrahvdronaphthalene sul- 
phonamide, 712, 713 
, — olefins, 212 
, — phenetole, 265 

, —phenol, 2ir9, 280, 287, 295. 296, 301, 816, 318, 
m, 827, 831, 835, 865, 378, 397 432. 673 
,-and alkyl sulphonyl chlorides, 419 

- and ammonium sulphide, 378 

* ^ and cellulose ethers. 446 

,-and furfuramide, 536 

^ ~ and sulphonated fats, 426 

— -- and sulphonated waxes, 426 
-and toluenesulphonamide, 425 

— — and tung oil, 408 

— — and urea, 425 

— phenol ethers, 871, 407 

— phenol mixtures, 872, 878 

— phenols and proteins, 414 
-and sulphites, 420 

— *— from xanthorrhea gum, 364 

— phenyl-iO-naphthylamine, 7017 

— ^a^ dimethylamine, 310 
phthklu^de, 578 

, polymerised njethylene 

— polyvinyl alcohol, 1056, 1060, 1061 


Formaldehyde, reaction with n-propylaniline, 
687 

— pyrogallol, 279, 280 
, — pyrrole, 741 

pyrrolidine, 741 
pyruvic acid, 542 

— resorcinol, 279, 343, 660 

— salicylates, 374 

— salicylic acid, 398 

— shale-oil phenols, 364 
~ sodium anihnemethane-ai-sulphonate, 708 

— soya-bean protein, 732 

— substituted phenols, 294 
. — sucrose, 757 

— p-siilphaminobensamide, 684 

— sulphonamides, 61, 712-716 

— sulphonated anilines, 698 

— sulphonated hydrocarbons, 267 
. — sulphonated mixtures of phenol and wool 
fat, 421 

— sulphonated phenols. 267, 418, 419, 420 
, — tar acids, 361-365, 369, 370 

terpene hydrocarbons, 548 
tetrahydronaphthalene sulphonamide, 712, 713 
- thiodicyanodiamidme, 681 
thiophenols, 377 

thiourea, 692, 598, 603, 607, 612, 644, 653-658, 
671-673 

-and guanidine, 681 

— thymol, 376 
, — toluene, 263 

, — toluenesulphonamide, 712, 713, 1258 
,-and phenol, 425 

— p-toluene-sulphon-ethylamide, 712 

— p-toluenesulphonic acid, 678 

— toluidine, 686, 687, 696, 698, 702 

— di-o-tolylthiourea, 049 
, — turpentine, 548 

, - urea, 565, 574, 576-694, 596-601, 004, 007, 609- 
619. 622-625, 639, 642-644, 647, 648, 654-658, 660, 
673, 685 

,-and toluensenlphonaiaide, 425, 688 

— ureides, 679 

— urethans. 656, 6W 

— unc acid, 573 

— v^table tar, 866 

— vinyl compounds, 1064 

— wood, 748 

— wopd tar, 289, 751 

— wood-tar phenols, 365 

— xylenol, 366, 3W 370 

— xvhdine, 700, 701 

, reducing agent, silvenng resin surfaces, 1251 
Formaldehyde-furfural resins, see Furfural-formal¬ 
dehyde resins 

Formaldehyde-naphthalene sulphonic acid mxKiuot, 
reaction with hydroaromatic alcohols, 1193 
Formaldehyde-phenol resins, aee Phenol-formal¬ 
dehyde resins 

Formaldehyde polymers, reaction with phenol al¬ 
cohols, 832 

—, - phenols. 284, 326, 327, 880, 831, 849, 894 

— thiourea, 617 

—, — urea, 616, 617, 623 
Formaldehydepyrrole, preparation, 741 
Formaldehydesodiumsulphoxylate, neutralisinc 

agent, 356 

Formaldehyde-urea resins, see Urea-formaldehyde 
resins 

Formalglyoerol, reaction with hydroxybeniyl al¬ 
cohol, 447 

—, —^ phenol alcohols, 838 
—, structure of, 883 

Formalglyool, reaction with phenol alcohols, 838 
Formalin, see Formaldehyde 
Fonnamide, buffer, in urea-aldehyde condensa¬ 
tions, 612 

condensing agent, urea-thiourea and trioxy- 
methylene, 590, 658 , ^ 

—, dehydrating agent, urea-formaldehyde resuis, 
600 

—, production of, 566 

reaction with formaldehyde, 578 
solvent, for polyacrylic acid, 1078 
, for polyvinyl alcohol, lOM 
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Formic add, acdon on ngaiol, 560 
—, activator, for hydrogenation of esters, S07 
by oxidation of ethyl alcohol, 497 
—, — rubber, 1093 

—, condensing agent, amines and aldehydes, 630, 
698, 708 

—, —, hydrocarbons and aldeliydes, 364 
—, —, phenols and aldehydes, 279, 333 , 349, 350, 
407, 416 

—, , urea and formaldehyde, 600, 612, 644 

—, dehydrating agent, urea-formaldehyde resins, 
600 

—, e 8 terif 3 dng agent, for wax alcohols, 814, 815 
—, hardening agent, urea-formaldehyde resins, 598, 
657 

—, reaction with, pyrrole, 740 
—, — vinylacetylene, 151 
—, removal, from formaldehyde, 594 
—, —, from urea teams, 654 , 683 
—, solvent, chitin acetate, 1255 
—, —, modified phenol-aldehyde resins, 441 
Formic ester, buffer urea-formaldehyde condensa¬ 
tion, 612 

Formin, defined, 327 

Formolite number, determination of, 212, 213 
—, properties of oil by, 213 
Formolite reaction,-in oil refining, 213 
Formolites, from aromatics, 214 
—, from sapropel, 213 
—, from trioxymethylene, 212, 213 
—, insulating material from, 213 
—, preparation, 211, 212, 213 
—, uses of, 213 

Fossil resins, disadvantages, 18 
—effect of, on copal-rosin varnishes, 810 
—, esterification of, 807-809, 811 
—, nmning, 19 

—, use of with castor oil, 1223 
Foundry core, alkyd resins in, 987 
Fourth state of matter, glass as, 29 
Fractionation, of drip-oil from carbu retted water 
gas, 257 

—, of polyethylene oxide, 991 
—, of rosin oil, 779 
—, of styrene polymers, 235 
Franconite, catalyst, carbazole-olefin condensation, 
195 

—, —, Friedel-Crafts reaction, 1137 
—, —, phenol-benzyl chlonde reaction. 1133 
Frequency, effect on dielectric strength, 1348 
Friction, coefficient of, in laminated materials, 

1861 

Friction materials, cold-molded, 1287 
—, phenol resins in, 474 , 482 
—, sulphur in, 1204 
—tung oil in, 1216 
Friction tape, cumarone resin in, 132 
Friedel-Crafts reaction, aryl-substituted phenols 
by, 411 

resins by, 1129, 1254 
Frosted glain, from urea resins, 649 
Frosted surfaces, preparation of, 1247 
Frosting, in all^^ds, prevention of, 930 
nature of in films, 40 
''Frosty number” of tung oil, 401 
Fruit jellies, polyvinyl alcohol in, 1068 
Fruits, preservation with resins, 1251 
Fruit sugar, esterifying agent, for oopal-rosin mix¬ 
ture, 810, 811 

—, modifier, for S3mtanB, 431 
Fuchsin, use in lime paints, 998 
Fuchsin derivatives, from eresol, 272 
Fuels, use of cuprene in, 146, 147 
Fuller's earth, action on glyceride oils, 1227 
—, — pine oil, 782 

catalyst, Friedel-Crafts reaction, 1187 
polymerisation, 117, 118, 226, 227, 1181 
condensing agent, carbasole and ol^ns, 195, 
744 

—, resin purification with, 889, 770 
—, use, adsorption of cholesterol resin, 1266 
—, bleaching chloiorubber, 1124, 1126 
Fulvene of ^-iooone, action of on^ 270 
Fi^ric acid, modifier, alkyd resins, 888^ 880 


Pumaric acid, modifier, phenol-aldehyde resins, 489 
—, reaction with bromoprene, 160 
—, — chloroprene, 160 
—, — 2-phenyl-1,3-butadiene, 160 
—, — terpenes, 845 

Fumaric acid esters, polymerisation, 1076 
Fungicides, metallic soaps in, 789 
—, phenol resins in, 862, 632 
—, phenol-sulphur resins in, 1186 
", use, in artificial wood, 1246 
Fural, see Furfural 

Furan, catalyst, polymerization of diolefins, 183 

—, oxidation of, 619 

—, reaction with maleic acid, 846 

—, — maleic anhydride, 846 

—, structure of, 517 

Furan resins, humic acid from, 520 

Furfural, absorption of ammonia with, 444 

—, dye for wood, 522 

—, hardening agent, phenol-aldehyde resms, 381, 
382. 444 

—, hydrogenation of, 518, 519 
—, m abrasive cements, 532 
—, in adhesive compositions, 518 
—, in cold molding composition, 1286, 1288 
—, m phenol-resin varnishes. 444 , 531 
—, in purification of rosin, 768 
—, modifier, alkyd resins, 882 
—, —, amine-aldehyde resins, 701 
—, —, phenol-aldehyde resins, 376 , 526, 527, 529, 
531, 532 

—, oxidation of, 888 
—, polymerization of, 518, 521 
—, preparation of, 517, 518 
—, properties of, 517, 518 
—, leaction With ac^taldehvde, 519, 521 
—, — acetone, 537 
—, — aluminum caseinate, 538 
—, — amides, 535 
—, — p-amidophenol, 525 
—, — amines, 518, 519, 533 
-, — ammonium acid sulphide, 1182 
—, — ammonium hydroxide, 636 
—, — ammonium sulphide, 536 
—, — aniline, 533, 584, 535, 701, 702 
—, — aniline-o-sulphonamide, 716 
—, — aromatic hydroxy compounds, 523 
—, — benzaldehyde, 521 
—, — benzidine, 534 
—, — bomeol, 525 
—, — camphor, 625 
—, — carvacroK 525 
—, — casein, 588 
—, — chloral-ammonia, 519 

— cblorophenol, 525 
—, — coal-tar acids, 529 

—, — cracked petroleum distillates, 527 
—, — eresol, 523. 529, 530, 531, 586 
—, — crotonaldebyde, 521 
—, — cymidine, 5W 
", — dextrose, 759 
—, — diethylamine, 703 
—, — diethyl ketone, 587 
—, — diphenylguanidine, 708 
—, — formaldehyde, 519, 521, 535 
—, — guaiaool, 525 
—, — hydrochloric acid, 521 
—, — hydrogen sulphide, 1180, 1181 
—, — hydrolyzed wood, 749 
—, — hydroquinone, 525 
—, — isobutyraldehyde, 519 
—, — ketene, 5M 

— ketones, 618, 537, 538i 
—, — lignin, 748 

—, — menthol, 625 

— mesityl oxide, 538 
, — naphthPls, 519, 6^ 

—, — naphthylamines, 584, 702 
—, — p-nitroaniline, 534 
—, — p-nitrodilorobensene, 726 
, — nitrophenol, 625 

— nitrous acid, 519 

— phenol, 296, 518, 619, 528, 622, 624, 626-680, 
682, 684 

and hexamethylenetetramine, 686 





1617 SUBJECT INDEX Gasoline 


Furfural, reaction with phloroglucinol, 525 
—, — phorone, 688 
—, —* phosphoric acid, 1181 
—— pmacoline, 638 
—, piperidine, 707 
—, — polyvalent phenols, 372, 523, 525 
—, — pyrocatechol, 626 
—I — pyrogallol, 626 
—, — resorcinol, 626 
—, — sodium hydroxide^ 621 
— sodium polysulphide, 1181 
—, — sulphonamides, 61 
—, — sulphur chloride, 1181 
—, — sulphuric acid, 621, 1181 
—, — tar acids, 363, 369 
—, — tcrpenes, 623 
—, — terpineol, 626 
——^thiourea, 668, 669 
—, —'thymol, 626 
—, — p-toluenesulphonainide, 635 
—, — toluidine, 634, 702 
—^ — m-tolylenediamine, 634 
—, — m-tolylenediamme sulphftte, 519 
—, — vmylethyf ketone, 638 
—, — xylenols, 370 
—, — xylidene, 634 
—, softener for rubber products, 1098 
solubility of, 517 

—, solvent, amine-furfural resins, 520 
—, —, phenol-furfural resins, 5!W 
—, —, tar acid-furfural resin, 369 
—, —, urea-resm svrups, 637 
—, structure of, 517 
—, wettmg agent, 457 

Furfural-acetaldehyde resin, properties, 521 
Furfural-amine resins, as impregnants, 701 
—, light-sensitive, 638, 689 

Furfural-amonium hydrosulphide ream, properties 
of, 636 

Furfural-aniline resins, hardening agents, phenol- 
aldehyde resins, 633, 636 
—, in coatings, 630. 633-637 
—, m phenol-formaldehyde compositions, 702 
—, modified with stearic acid, 425 , 635, 1328 
—, preparation, 636 

Furfural-chloronaphthalene resin, as impregnant, 
633 . 

Furfural-cresylic acid resin, in moldings. 536 
Furfuraldehyde, tee Furfural. 

Furfural diacetate, preparation of, 519 
Furfural-formaldehyde-phenol resin, in moldings, 
532 

—, preparation, 629-631 

Furfural-formaldehyde resins, rubber-modified, 435 
Furfural-furyl alcohol resin, preparation, 522 
Furfural-hexamethylenetetramine resin, in grind¬ 
ing wheels, 536 

Furfural-ketone resins, in coatings, 537, 538, 539 
—, in moldings, 637 
—, light-sensitive, 638, 539 
—, preparation, 537 

Furfural-naphthol resin, properties, 530 
Furfural-phenol-lanolin resin, preparation, 531 
Furfural-phenol resins, bleaching with halogens, 
528 

—, hardening agents for, 626, 628, 529, 632 
—, in adhesives, 630, 682 
—, in coatings, 628, 680-638 
—, in molding oompositions, 622, 628, 626, 528, 

—, properties of, 6SS, 628, W6, 527 
—, solvents for, 526 
—, witH. alkyd resin, 966 
—, with phenol-formaldehyde reams, 632 
—, with tung oil, 683 

Furfural^sulphonamide rosins, in lacquers, 535 
—, in laminated glass, 686 
—, preparation, 686, 714 
Furfural-urea resins, in coatings, 669, 670 
—, in moldings, 669, 670 ,. , , 

Purfuramide, catalyst, for phenol-formaldehyde re¬ 
action, 848 

—, from furfural, 686 


Furfuramide, hardemng agent, phenol-aldehyde 
resins, 309, 528 

, reaction with hydrogen sulphide, 688 
—, — phenol and formaldehyde, 636 
—, — urea, 669, 670 
Furfurin, from furfural, 536 
—, reaction with formaldehyde, 636 
Furfuiol, see Furfural. 

Furfiiryl alcohol, tee Furyl alcohol. 

Furine, action of potassium amide on, 620 

—, structure of, 520 

Furoie acid, from furfural, 518 

—, use, alkyd-modified urea-aldehyde resin. 662 

Furylacetone, reaction with Gngnard reagents, 

519 

Furylacrylio acid, reaction with ketene, 664 
Furyl alcohol, from fuifural, 618 
—, in rosin purification, 768 
—, polymensation of, 522 

—, reaction with pyridme and thionyl chloride, 

520 

—, resmification of, 522, 1289 
~, solvent, phenol-aldehyde resins, 466 
Furylangelic acid, preparation, 520 
Furylbroraoethylene, polymerization of, 243 
resmification of, 620 

Furylethylene, polymerization of, 243, 520, 522 
Furyhdeneacetone, reaction with Gngnard reagent, 
551 

—, — isatin, 744 

Furvl isobutyrate, pieparation, 619 
bis-Furylmethyl disulphide, preparation, 1182 
Furylmethylthiol, preparation, 1182 
2-Furylthiol, resimfication of, 520 
^-Furyl-valeramines, hydrolysis of, 520 
Fusel oil, modifying agent, phenol-aldehyde resins, 
284, 352 

—reaction with acetylene, 495 
—, rubber substitute from, 495 . 

—, saturation with hydrochloric acid, 284 
—, — sulphur dioxide, 284 

G 

Galilith, use in phenol-aldehyde composiUons, 
416 

Gallic acid, catalyst, for phenol-aldehyde reaction, 
349 

—, —, for uiea-aldehyde reaction, 610 
—, film-hardemng agent, 633 
—, hardenmg agent for rosm composition, 778 
—, modifier for urea-aldehyde resins, 678 
—, reaction with formaldehyde, 279 
Gas, carburetted water, styrene from, 257 
—, coke-oven, vapor-phase gum in, 267 
—, formation, during molding, 607 
—, manufactured, liquid-phase gum in, 267 
—, use in heating molds, 1295 
Gas envelopes, manufacture of, 1247, 1248 
Gases, cracked petroleum, acetylene from, 142 
—, flue, in neutralization of alkaline catalysts, 362 
—, nature of x-rav pattern of, 79 
—, permeability of polychloroprene to, 168 
Gas-impenneable sheets, with ethyl polyacrylate, 
1078, 1079 

—, with polyvinyl acetate, 1078, 1079 
Gaskets, alkyd resins in, 874, 9U 
—, cumarone resin in, 133 

—, rubber-modified phenol-aldehyde resins in, 484 
Gas masks, vinyl, resins for, 1028 
Gas mixtures, separation of carbon dioxide from, 
566 

Gasoline, action on chlororubber, 1126 
—, cracked, effect of pressure on, 49 
—, diluent in pobnrnerisation of 1,8-dienes, 182 
, effect on rubber hydrochloride, 1112 
—, gumming of, 222, 223, 224, 226 
—, mold-lubricant, 1827 
—, oxidation of, 223, 225 
—, precipitant for chlororubber, 1126 
—, resistance of Olyptal lacquers to, 956 
—, solubility of castor oil in, 1222 
—, solvent, for atdol, 497 
—, for ff-eleostearin, 462 
—, —, for hydrogenation of resin esters* 807 
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Gasoline, solvent, for phenol resins, 456 

—t for resins from cracked distillates, 192 
—, —, in purification of crude rosm soap, 753 
—, —, in rosin purification, 768 
i suspension of phenoNresin in, 445 
—, wetting fillers with, 872, 456 
Gas purification materials, plastics from, 122 
Gas* resistance, of oil-treats Resyls, 978 
Gears, laminated stock for, containing alkyd resins, 
987 

*», —, containing phenol-aldehyde resins, 473, 474 
—, —, containing phenol-carbohydrate resins, 759 
—, —, containing, polyvmyl esters, 1029 
—, noiseless, porous materials for, 487 
—, self-lubricating, manufacture of, 473 
Gear-shield oils, from bensol-still residues, 121 
Gear stock, special tests for, 1352 
Gdatin, analogy to urea-formaldehyde resin, 62 
—, compatibility with glyceryl borates, 898 
—, — glycol borates, 893 

—, dispersing agent for phenol-aldehyde resins, 
326 

—, — in rubber mixtures, 1178 
—, films of, 40 
—. gels of, 87. 38 
, modifier, for alkyd resins, 944 
—, —, for dicyanQdiamide-formaldehyde resins, 
680, 681 

—, —, for phenol-aldehyde resins, 349, 414, 415, 
417, 624 

—, —, for polyvinyl acetals, 1064 
—, —, for urea-aldehyde resins, 609,- 624, 631, 644, 
685 

—, reaction with formaldehyde, 685 
—, — with wood creosote, 782, 1254 
—, in safety glass, 644 
—, sols of as p 83 udo-plastics, 85 
—, sound records of, 1336 
—, streaming double refraction in, 70 
—, urea-idoohol resins as softening agents for. 
664 

—, use in alkyd resin emulsions, 946, 954 
—, •— coatings for rubber, 965, 985 
—, — decorating molded articles, 1333 
—, — gas-envelopes, 1247 
—, x-ray studies of, 38, 71 
Gelation, agents for, cresol derivatives as. 718 
—t —> polyvinyl alcohol derivatives as, 1068 
, and fUm formation, 40 
—, in rosin vamidies, 771 
—, nature of in resins, 89, 40, 975 
—, of acrolein, 502 
—, of alkyd resins, 864, 868 
—, of aluminum soaps, 788 
, of cellulose, 66 
—, of copal resins, 808 
—, of lignocellulose, 750 
—, of linse^ oil, 1326 
—, of oils, 974, W5 
—, of phtfiol-aldehyde resins, 337 
—, of polyst 3 orene, 284 
—, of tung oil, 26. 773, 1215, 1216, 1336 
—, of urea resins, 587, 597 
—, reversible and irreversible, 89 
—, —, in alkyd resins, 869 
G^s, classifioations of, 88 
—etastie, 

—, formation of salts as, 30, 81 
—, from ealluloee, 66 
—, from lignoorflulose, 750 
—, from loiig moleoules, 76 

from phenol-aldehyde condensation, 324 
—, from polirvinyl alcohol, 1056, 
membranous, 88 
nature of, 27 

—, nature of dispersion in, 88 
—, network, 87, 88 
—, number of. phases in, 87, 

—, nOat u, ir 

—, rigid, W 

—, Study of, by x-rays, IT, 91 
theory of formation of, 80. 11 
Con^sald^jdo, reaotlon with potassiom persul- 


Geometrical isomerism, effect of, m alkyd resms, 
908 

—, in rubber-like polymers, 174 
Geraniol, esterification of, 783 
Germanium compounds, resinous, 1285, 1289 
Germanium diphenyldiimide dihydrochloride, for¬ 
mation and formula of, 1239 
Germanium-phenyl rin^ structure, 1239 
Germanium tetrachloride, reaction with aniline, 
1239 

Germany, manufacture of oumarone resin in, 107 
—, production of phenol m, 359 
Germicides, from cashew-shell oil, 1231, 1232 
—, from polyacrvlio acid reaction with organic 
bases, salts, 10V2 

—, hydroxyphenyl sulphides as. 1186 
—, use of polystyrene in, 245 
Gilsonite, as mold lubricant, 1328 
—, compatability with chlororubber, 1119 
—, in japan lacquer, 1204 

—, in molding compositions, 986, 1153, 1203, 1285, 
1290, 1315 

—, nitration of, 729 
—, semi-drying oil from, 274 
—, sulphonation of, 274 

Glass, adhesives for, 373, 479, 480, 481, 681, 1029, 
1100, 1153 

—, as fourth state of matter, 29 
—, casting of, 1314 
—, extrusion of, 1323 
—, facing for phenolic moldings, 467 
—, filler, for chlororubber, 1108 
—, —, for phenol resins, 349 
—, —, for urea resins, Ml 
—, laminated, preparation of, 1244, 1283 
—, —, use of Arochlors, 1150 
—, —, use of calcium alginate, 1254 
—, —, use of halogenated butadiene polymers, 199 
—, —, use of isobutylene polymers, 200 
—, use of phenol resins, 873 , 374 , 480 
—, —, use of phenol-urea-aldehyde resins, 676 
—, —, use of polystyrene, 251, 252 
—. —, use of sulphonamide-aldehyde resins, 718, 
719 

—, —, use of urea resins, 689, 644, M5 
—, —, use of vinyl resins, 1051, 1067 
—, plasticity of, 31, 82, 1235 
—, polystyrene coating for, 247 
—, remforoement with sulphonamide-aldehyde 

resins, 719 

—, — urea-aldehyde resin, 685 
—, relationship to resins, 29 
—, standard lor varnish haidness tests, 1371 
Glasses, ability of various oxides to form, 28 
—, formation of, 27, 28, 29 
—, molecular arrangement in, 28, 29 
—, nature of, 27 
—, softening interval in, 29 
—, x-ray studies of, 28, 29 
Olaasine paper, impregnation of, 1245 
Glass-like material, from amyl itaconate, 1085 
—, from dextrbse, 27 
, from glycerol-glucose, 27 
—, from phenolphthalein monomethyl ether, 1252, 
1253 

—, from propylene glyool-glyoerol-gluoose, 27 
—, from silk, 69 

—, from thiourea and formaldehyde, 656 
from urea resins, 564, 588, 599, 662, 649 
OlaM substitutes, from alkyd reidns, 902 
—, fi^inr, butadiene polymers, 199 
—, from phenol-aldehyde resins, 439, 458, 486 
—, from pojyacrylic esters, 1678 
—, from polystyr^ig, 252 

from urea resins, 596, 666, 662, 616, 663 
—, from vinyl resins, 1652 
—, resifi-eoated gause as, 1245 
—. synthetic resins as, 9 
Glass wool, catalyst in diene polvmerisation. 185 
Qlase fi^elief, ^yd resins m, MV, 678 
—. uren i;eslns in, 631 ^ 

Gloss, of varnish films, 19 
—, —, msMurement of. 1376, 1171 
tests for, in resinous materials, 1356 
Qlossmeters, types of, 1356 
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OioM oil, preparation and usee, 773 
GIom promotera, preparation of, 953 
Glow discharge, accelerator, polymerization, 230 
Gluoanure, 620 

Glucose, effect on urea-formaldehyde condensation, 

616 

—, modifier, for syntans, 421 

—, reaction with organic acids, 758 

Glucose-glycerol, formation of glasses from. 27 

Glucose units in cellulose, 64 

Glucosides, formation, 760 

Glue, dispersing agent, compounded rubber, 1173 

—, incorporation of, into alkyd reams, 943, 983 

—, —, into phenol resins, 349, 414, 415, 416, 417, 429 

—, —, —, in adhepives, 485, 486 

—, —, mto urea resins, 628, 645, 685 

—, reaction with formaldehyde, 6W 

—, solubility m phenol, 414 

—, use, gas envelopes, 1247, 1248 

Glutamic acid, from hydrolysis of wool, 68 

—, reaction with diphenylamine, 690, 732 

Glutaiio acid, reaction with cellulose, 904 

—, — ethylene glycol, 898 

—, — water, 996 

Glutario anhydride, reaction with hydrazine 
hydrate, 736 

Glutaryl chloride, reaction with chlorobenzene, 
1141 

Gluten, reaction with formaldehyde, 678, 762 
— ^-naphthoh 678 
—phenols, 762 

Olyc^ic acid, ahellac-hke resin from, 1006 
Glyceric aldehvde, polymerization of, 507 
Glyceride of eleostearic acid, in tung oil, 1215, 1216 
Glyc^de oils, formulation of structure, 860 
—, modification with inorganic reagents, 1227 
—, — organic reagents, 12W 

—, oxidised, condensation with polyhydric alcohols, 
1227 

—, with diolefins, pol 3 rmerization, 1228 
—, x-ray examination of, 860 
Glycerides, condensation with phenols, 1228 
—, fatty acids of, displacement with rosin acid«, 


Olvcerol, acrolein from, 501, 994 

activity of hydroxyls of in alkyd resin forma¬ 
tion, 61, 865. 866 

—, catalyst, in butadiene polymerization, 176 
—, condensation to glycol ethers, 795 
—, — polyglycerols, 795 
, condensmg agent, for pyrrole, 740 
—, dehydrating agent, urea-formaldehyde resins, 
600, 601 

—, dehydration of, 994 

diglycerol from, 795 , 890, 994 , 995 
—, distillable polymers of, 995 
distillation of, 994 

effect of excess, in alkyd lacquers, 913 
—, —, in copal-glycerol reaction, 809 
—, —, in ester gum lacquers, 822 
—, —, in ester gum varnishes, 792 
—, , in reducing acid number of alkyd reams, 

981 

—, fluxing agent, 337 
—, in alkyd resin emulsions, 947 
in baking lacquers. 372 

—, in coating compositions for rubber, 965, y»o 
—, in insulating varnishes, 819 

in oil monoglyceride production, 928 
—, in toxic coatings, 789 

—, inhibitor, for gelatinization of tung oil, 1316 
inW- and intra-molecular condensation of, 

, modifier, for carbolites, 351 
—, for glyceride oils, 921, 928, 929, 930, 1227, 

—for guanidine-formaldehyde resins 
—, —, for hydroxybensyl alcohol ream, 

, for phenol-aldehyde resins, 

822. 829, 839, 852, 871, 400, 414, 415, 

42a! 429, 480. 489. 485 

—I for r^rclmS^-fonualdehy^ reein. 372 
—»for lorfn-aW^yde r^, ^ 

—. —. for urea-fuifural 669 

—. —. for ttwh rninf, 08t» 685 


, 681 
873 
290, 

416, 


310, 

427, 


Glycerol, plasticizer, for phenol-aldehyde resins, 
285, 344, 468, 479 

, —, for urea-aldehyde resins, 642, 649 
, polymerization of, 995 

, catalysts for, 796, 995, 996 
reaction with abietio acid, 792 

— acetic anhydride, 995 

— acetone, 560 

• aconitic acid, 891 

• acrolem, 503 

— adipic acid, 604 , 891 

— alkyl oxalates, 885 
' aralkyl halide resins, 1132 

• aromatic hydrocarbons, 266 

— azelaic acid, 892 

— benzophenone-2,4'-dicarboxylio acid, 895 

• benzoylbenzoic acid, 894 

— benzyl alcohol* and urea, 664 

— brornomaleic anhydride, 889 
-- camphoric acid, 898 

, carbohydrates, 759 
—, — carboxylated phenol-aldehyde resins, 427, 
428, 429 

■ castor oil, 802 

• citric acid, 890 

• Congo copal, 807, 808 

— copal-rosm mixtures, 810, 811 
-r copals, 807, 808, 809 

— crotonic acid, 1081, 1082 

— cyclohexanone, 560 

— dammar, 813, 814 

• diglycohc acid, 804 

, — dihydroxydiphenylmethane dicarboxylic acid, 
374 

, ~ dimethylolurea, 668, 669 

— dimethyl oxalate, 885 

— diphenyl carbonate. 885 

— estohdes of castor oil, 1222 

• ethvlene oxide, 899 

■ foasil resms, ^7 

—• hydrogen chloride, 1176 

— lactic acid, 1004 

• linseed fatty acids, 646 

— magnesium oxide, 896 

— maleic acid, 888, 901 

. — maleic anhydride-abietic acid reaction pro¬ 
duct, 845 

, — maleic anhydride and styrene, 895 
’ maleic anhydnde-a-terpinene, 844 

• malic acid, 888 

— Manila (topal, 807, 808 

— methyladipic acids, 892 

— montan wax, 814 

■ oxidized hydrocarbon acids, 911 

— oxidized wax. 209 

— phenol, 891, 892, 5W 

— phosgene, 885 

— phthalic anhydride, 646, 876, 879, 882, 886, 
887, 899. 902, 903 

— pimaric acid, 814 

, — a-pinene-ipalcate, 845 

— polyhydroxy acids, 911 

— polyrieinoleio acid, 1222 
— Pontianac copal, 807, 808 

— resinates, 794 

— ricinoleic acid distillation residues, 1224 

— rosin, 26. 792, 798, 794. 795. 801, 805 

— rosin, tung oil as catalvst, 801 

— rosin and lignite wax, 805 

— rosin and linoleic acid isomer, 910 

— rosin and polycarboxyUc acids, 557 

— sebacic acid, 892 

— shellac, 813 

— sodium acetate, 896. 995 

— succinic acid, 862, 886, 887 

— sulphates. 445 

— sulphonic acids, 445 

— sulphur monochloride, 1176 

— tall oil. 756 

— tartaric acid, 888 

A^-tetrahydro-o-phthalie anhydride. 882 
•— toluylbenaoic acid. 894 

— turpentine, 795 

— unsaturated adda, 269 . 

recovery of, from dietilla^n residiiee, 894 
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Qlyoerol, mnoval of excess, in rosin esterification, 
7M, 706 

, resinification of, 428, 604 
—, resinified, modifier for phenol resins, 428 
—, saliretone from, 282 
—, solvent, for alkyd resins, 876 
—, —, for polyvinyl alcohol, 1064, 1058 
—, —, for shellac, 1006 
—» triglycerol from, 904 

Glycerol-acetaldehyde acetal, reaction with urea, 

866 

Glycerol-adipic acid resin in laminated glass, 963 
Glycerol aldehyde, reaction with phenols, 363 
Glycerol-boric ester, m mucilage, 893 
Glycerol-carbohydrate resins, 760, 761 
Glycerol-cresol-iormeldehydo-sodium chloroaoetate 
composition, 938 

Glycerol dichlorohydrin, modifier, urea-aldehyde 
resins, 666 

—, reaction with sodium resinate. 796, 79? 

— sodium sulphide, 1176 
—, solvent, for aniline-formaldehyde resins, 697 
Glycerol dibensyl ether, plasticiser for polsrstyrene, 
247 

Glycerol diethyl ether, solvent for chlororubber, 
1118 

Glycerol ester, of 9.11-octadecadiene-l-carboxyhc 
acid, in pnnting ink, 827 

Glycerol esters, of fatty acids, in laminated glass, 
989 

—, modifiers, phenol-aldehyde resins, 430, 431, 1004 
—, of monobasic aromatic acids, miscibility with 
cellulose esters, 971 

Glycerol-glucose, formation of glasses from, 27 
GlyceroUglue mixture, modifier for phenol resins, 
429 

Glycerol-glycol alkyd resin, properties of, 873 
Glycerol p-^droxyethyl ether, preparation and 
reactions, 899 

Glycerol monobromohydrin, rosin esters with, 797 
Glycerol monochlorohydrin, glycidol from, 994 
—, modifier for urea resins, 666 
Glycerol monoethyl ether, reaction with phthalic 
anhydride, 900 

Glyceiol monomethyl ether, reaction with phthalic 
anhydride, 900 
—, — a-pinene-maleate, 845 
Glycerol-oleic ester, reaction with maleic anhydride, 

Glycerol-phenol resin, as cement for mica, 982 
Gl^^rol-phthalic anhydride reaction, 862, 863, 864, 

—, infiuence of excess reagents, 866 
—, linear pol3rmer8 in, 61 
—, properties of intermediates in, 866 
—, study of electrical resistance and esterification 
in, 867, 868 

—, three-dimensional polymers in, 61 
—, x-ray studies of, 87 

Qlvcerol-phthalic anhydride resins, artificial silk 
from, 966 
—, density of, 967 
—, heat-convertible, 863, 864 
in adhesives, 963, 966, 10^ 

, in airplane coatings, 968, 1378 
—, in Arochlor varnishes, 1146 

in molding compositions, 988, 1289 
—in various coktings, 960, 964, 966 
—, light-colored slabs of, 980 
—, Iight-re8i8tance of, 9 m 
—, modified with diethyl phthalate, 430 
—, petroleum acids, 911 

—, shellac, 918 

—, structure of, 69 
—, tnmsparsncy of, 967, 958 
—, with phenm-aldehyde resins, 486, 530 
with phenol-furfural resins, 630 
with urea-aldehyde resins, 661, 663 
x-ray patteraa of, ^84, 86, 86, 87 
—, see also Alkyd resins. ' 
Q^aerol-polysuli^ide plastics, x-ray patterns of, 

glycoUglucose, formation of 
i ethsr^ reaction with sue- 


Qlyoerol vapors, refluxing of in rosin esterification, 
794 

Glyceryl abietate-sebacate, in modified alkyd 
resins, 936 . . 

Glyceryl adipate-rosin composition, 915 
Glycerylamine, neutralization with abietic acid, 
804, 806 

Glyceryl benzoate, in artificial leather, 971 
Glyceryl borates, 893 
—, compatibilitv with gelatin, 893 
—, — nitrocellulose, 898 
Glyceryl carbonate, preparation of, 885 
Glyceryl citrate resin, in cold-molding composition, 
1289 

Glycol citrate- rioinoleate-salicylate, in alkyd 
resins, 986 

Glyceryl diabietate, comparison with triabietate in 
lacquers, 8^ 

—, modifier, phenol-aldehyde resins. 400 
—, preparation from glycerol dichlorohydrin, 796 
Glyceryl linoleote-phthalate, properties of, 876 
Glyceiyl monobenzoate, in alkyd resin formation, 
926 

Glyceryl malate, in cold-molding composition, 1289 
Glyceryl maleate, in cold-moldmg composition, 1289 
Glyceryl oxalate, from glycerol and oimethyl ox¬ 
alate, 886 

—, glyceryl carbonate from, 885 
a-Glyceryl phenol ether, condensation with 
phthalic anhydride, 900 

Glyceryl phthalate-benzoate resin, in flooring com¬ 
positions, 984 

—, in nitrocellulose lacquers, 966 
—, properties of, 907, 945 

Glyceryl phthalate-butyrate, preparation of, 906 
Glyceryl phthalate-castor oil resin, modification 
with polymerized terpenes, 910 
—, preparation of, 907 
—, with polychloroprene, 167 

Glyceryl phthalate-chloroaoetate resin, preparation 
of, 906 

Glyceryl phthalate-cottonseed oil acid resin, in 
coating compositions, 906, 907, 966, 968 
—properties of, 914, 915 
—, with polychloroprene, 167 
Glyceryl phthalate-ethylene succinate resin, 873 
Glyceryl phthalate-linoleate, properties of, 875 
—, x-ray pattern of, 84, 86, 86 
Glyceryl phthalate-linoleate-abietate, in alkyd 

resins, 936 

Glyceryl phthalate-linoleate-eleostearate, x-ray 

d pattern of, 84, 86, 86 

yceryl phthalate-oleate emulsion, properties of, 
945 

Glyceryl phthalate-oleate resin, preparation and 
properties, 966 
—, sulphonation of, 907 
—, treatment with sulphur, 906, 906 
Glyceryl phthalate-rosin composition, in nitrocel¬ 
lulose lacquers, 967 
—, preparation of, 911, 912, 918 
Glyceryl phthalate-salicylate resin, preparation of, 
981 

Glyceryl phthalate-soya bean oil acid resin, prepa¬ 
ration of, 928 

Glyceryl phthalate stearate, in alkyd resins, 936 
—, preparation of, 906 
—, with polychloroprene, 167 
. x-ray Mttem o^ 84, 86, 86 
Glyceryl phthalate-stearate emulsion, properties of, 

Glyceryl phthalate-walnut oil acid resin, prepara¬ 
tion of, 981 

Glyceryl phthalic acid, reaction with butyl alcohol, 
903 

Glyceryl propionate, modifier for phenol resins, 
428, 489 

Glyceryl aebaoate, in laminated glass, 968 
Ggc^l sebacate-oastor oil resin, preparation of, 

oGrceryl succinate-bensoate resin, 907 
Glyoeryl succinate resin, in cold-molding composi¬ 
tion, 1889 ^ 

Qlycery! talrtrate resin, in oold-molding composi¬ 
tion, 1889 

Glyceryl a-terpinene maleate, preparation of, 844 
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Glyceryl a^terpinene maleate-rosinate^linoleate, Sii 
645 

Glyceryl tetrahydrofurfuryl ether, reaction with 
phthalic anhydride, 900 

G&oeryl triebietate, modifier, for phenol resins, 400 
—, preparation of, 792. 805, 806 
Glycide tjrpe of polyglycerol, 995 
Glyoidol, condensation of, 994 
—, polymerisation of, 994 
preparation of, 994 
Qlycidol acetate, reactions of, 904 
Glycine, amorphous polymer from, 66 
—, from silk hydrolysis, 69 
Glycine ethyl ester, decomposition of, 66 
Gl^ol, alkyd resins from, 876, 622, 624, 925, 926, 

—, —, nature of, 869 

modifier, phenol resins, 428 
—, —, urea reams, 684 

—, reaction with aralkyl halide reams, 1132 
—, — carbohydrates, 761 

^ carboxylated phenol-aldehyde resins, 427, 428. 
429 

—, — linseed oil, 994 

—, — monomethylolurea, 666 

—, — olive oil, 904 

—, — oxalic acid, 871 

—, — oxidized hydrocarbon acids, 911 

—, — pimaric acid, 814 

—, — a-pinene maleate, 845 

— polyhydroxy acids, 911 
—, — rosin, 796, 1134 

— succinic acid, 869, 870, 871, 872 
_, — a-terpinene maleate, 844 

—, — urea resins, 626 
Glycol abietate, use of, in rubber, 942 
Glycolanilide, catalyst in vinyl acetate hydrolysis, 
1056 

Glycol borates, 898 
Glycol boriborate, uses, 893 
Glycol carbonate, formation of, 870 
Glycol chlorohydnn, dehydrating agent, urea-form¬ 
aldehyde resins, 600 

—, solvent, for amme-aldehyde resms, 693 
—, —, for aniline-formaldehyde resins, 697 
Glycol diacetate, plasticizer, polyvinyl chloride, 
1^38 

—, solvent, for alkyd resins, 879 
—, —, for cellulose esters, 960 
—, use of, in alkyd resin production, 925 
Glycol ethers, condensation of glycerols to, 795 
—, rosin esters of, 796 _ 

—, solvents, for sulphonamide-aldehyde resins, 7ls 
—use in alkyd resins, 925 
Glycol-glycerol alkyd resin, 

Glycolic acid, adhesives from, 27, 28, *994 
—, catalyst, for phenol-aldehyde reaction, 354 
effect of heat on, 1004 

—, reaction with chlorinated naphthalenes, 1140 

— phenol and formaldehyde, 310 

—, — phosphorus pentoxide and naphthalene, mo 
—, resin from, 1004 .. . ^ 

Glycolide, reaction with chlormated naphthalenes, 

Glywl monoacetate, dehydrating agent, urea-form¬ 
aldehyde resins, 600 . 

, reaction with monoraethylolurea-glycol com¬ 

pound, 666 

—, rosin esters with, 801 

Glycol monoaryl ethers, reaction with formalde 
hyde, 876 , -o- 

Glycol nmnoesters, rosin estere with, 7W 
modifiers, for phenol-aldehyde 

G/ycol monoether carbonates, lacquer plasticizers, 

Glycol monoethers, bromoethers 

modifiers, for phenol-aldehyde^nB. 

Glycol palmitate, use of, m robber, 943 

Olyool ph^5ate-cs3tor*on^co^^ ammonium 

^salt of, 947 . ^ 

Glycol iDhthidate resins, fibers of, 878 
t-. nature of •fters.in, 872 
—I pro|?ertiie of, 8M. 872 

*73 


Glycol phthalate resins, use in rubber. 942 
Glycol phthalate-tung oil acid composition, 922 
Glycol-phthahc anhydride reaction, study of elec- 
tncal resistance and esterification m, 8w, 868 
Glycols, acetals from, 183 
m rosm purification, 768 
—, polyethylene acetates from. 990 
Glycol succinate, mcorporation with alkyd resins, 
882 

—, use in lammated glass, 887 
Glycol a-terpmene-maleate, formation of, 844 
Glycol vinyl ethyl ether, polymerization with 
acrylic acid derivatives, 1076 
Glyoxal, effect on casein, 507 
polymerization of, 507 

—, reaction with substituted dithiocarbamates, 684 
—, — polyvinyl alcohol, 1061 
Glyoxaline, reaction with formaldehyde# 689 
Glyptal lacquers, description of, 955 
Glvptal resins, compatibility with mtrooellulose, 
1149 

—, designation of alkyd resins as, 868, 955, 972 
—, m baking enamels, 961 
—, m leather finishes, 978 
—, see also Alkyd, Rezyl, Teglao 
Gold, catalyst in cumarone polymerization, 118 
colloidal, as colormg agent for polystyrene, 
237 

—, x-ray pattern of, 91 

Gold chloride, porcelain gild frmn, 1200 
Gold leaf, alkyd ream coating for. 962 
Gold powders in alkyd resin varnishes, 960 
Goldschmidt's compound, 577, 581, 583 
Grahamite, nitration of, 729 
Oram, visible, in impregnated paper, 1830 
Graphite, as filler in molding compositions, 317, 
318, 352, 460, 459, 460, 623, 624, 1250, 1286 
—, comparison with Bakelite C, 803 
—, crystal structure of, 78, 79 
—, electrical resistors containing, 460, 1250 
in acid-resistant coatings, 450 
—, m sulphur compositions, 1!65. 1166 
Grasses, reams from, 749, 753, 762 
Greasing agents, from Imseed oil, 1228 
Grease-resistant paper, preparation of, 968 
Grease-resistance teats, for varnishes, 1877 

Green acids, from acid sludge, 218 
Green earth, in paints, 993 

Grignard reaction, m preparation of p-bromo 

ethers, 1010 

—, in preparation of styrene, 255 
Grignard reagent, action on furylideneacetone, 551 
—, — ketenes, 554 
, — 2-methyl-9-anthrono, 556 
—— Novolaks, 305 
—, — phenylacetylnaphthalene, 556 
—, tar formation with, 1141 
—, vulcanization of rubber by, 1102 
Grinding wheels, binders for, 251, 460, 536, 1276 
Ground-joint lubricant, alkyd resins in, 891, 899 

Guaiac resin, acids of, 280 
—I —» guaiacol radical in, 280 
—, in urea resin lacquers, 632 
—, purification of, 280 , ... 

Guaiacol, condensation with diphenylformamidine, 
395 

—, — furfural, 525 

— tiglic aldehyde and ciesol, 280 
•— tiglic aldehyde, and pyrogallol dimethyl 
ether, 280 

—, nature of melts of, 30 
, oxidation inhibitor for alkyd rerins, 976 
—, preparation from anisole by oxidation. 271 
Quaiacol-formaldehyde ream, modifier for alkyd 
resins, 9M 

—, preparation, ,280 , 

Guaiacol radical, in guaiac resin, 

Guaiacyl vinyl ether, preparation of. 1008 . 

Guanidine, adjustment of pH, urea-formaldehyde 
condensations, 618 
—, ammelide from, 578 

—.condensation with,thiofoitnaldehyde. 1188 
—. modifier, for sulphonamide resin plasties, 720 
", for urea-aldehyde resins, 614, fts. 681, 682 
—, preparation df, w 
—, reoettons of, 571, 672 
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Quttnidine* reiuition with aldehydes, 681, ^682 
Quanidine carbonate, in phenol‘aldehyde condensa¬ 
tions, 845, 868 

—, modifier for urea resins, 675 
resins from, 614, 681 
Quanidine derivatives, preparation of, 572 
Guanidine resins, rate of curmg, 614 
Quanidine salts, reaction with formaldehyde. 681, 
682 

Guanidine thiocyanate, resms from, 681 
Quanylureas, reactions with mercapto compounds, 

647 

Gum, acids from, 224, 225 
—, from gasoline, properties of, 223, 224, 225 
—, inhibitors for, 222, 21^ 
ketones from, 224, 225 
polymerised aldehydes from, 225 
Gum acacia, in urea resins, 601 
Gum aocroides. esterification with aromatic sul¬ 
phonyl chlorides, 722 
modifier, alkvd resins, 987 
—, —, phenol-aldehyde resins, 426 
—, —, urea resins, 675 

use in insulating varnish, 819 
Gum arable, emuMfying agent, 157, 180, 326, 441, 
457, 045 

—, modifier, for pyrogallol-paraform resin, 372 
—, —, for urea-alddiyde resins, 678 
Gum benzoin, modifier, phenol-aldehyde resins, 426 
Gum deposits, removal from gas mains, 257 
Gum elemi, in anti-corrosive paint, 1203 
Gum-formation, accelerated by light, 222, 223, 224, 
225,. 280 
in benzene, 121 
—, m illuminating gas, 188 

in gasoline, mechanism, 222, 223, 224, 225 
Gum mastic, hardenmg of, 804 
Gumming, of gasoline. 222. 223, 224, 225 
Gums, by oxidation of oils, 222, 223 
. from phosphorus pentoxide and unsaturated 
hydrocaroons, 225 
—, moleoular dissymmetiy in, 45 
—, natural, definition of, 12 
—, —, in rubber compositions, 435 
—, in sulphonated resins, 426 
—, —, in urea resins, 609 
—, —, properties of, 12 
, —, solubihty of, 12 

Gum-substitutes, from sucrose octa-acetate, 28 
Gum tragacanth, in urea resins, 597, 683 
Gutta-percha, crystallisation of, 62 
dictation of, 1092 
—, hardening of, 1093 
—, hydrogenation of, 1096 
—, in alkyd resins, 003 

—, in electrical insulation, 198, 251, 828, 1001, 1152 
—, oxidation of. 1093 

reaction with halogens, 1105, 1107, 1108, 1113, 
1115 

—, — hyd^en'halideSj 1115 

—, separation of constituents of, 1091 

Gutta-percha compositions, cumarone resin m, 132 

—, diene polymers in, 200 

Gutta-percha resin, adhesive from, 1100 

—, hardening of, 1102 

—, oxidation of, 775 

—, reaction with aldehydes, 777 

Gitita-per^ substitutes, TOO, 1099, 1204, 1205. 1212 

Oypsimi, filler, 968, 1274, 127i 

Gypsum piaster, sulphur in, 1166 

H 

Hair, as xerogel. 87 
Hair, x-ray studies of, 70 
Half-add esters of maleic acid, use with castor 
oil, 909 

Halides, ittorganic, catalysts in cumarone polymer¬ 
ization, 117 > ^ 

a-RaloaUcyt ^ers, reaction with pols^vinyl al¬ 
cohol, 1067, 1068 

BalogsD, rubber oxidising agent, 1094 
sine activated with. 1074 

Halbgen adds, catalysts, In cihnaroae polymsrisa- 
doa, ill 


a-Halogen aldehydes, reactions with a-alkylpyri- 
dines, 738 

Halogenbenzenesulphonamide, reaction with form¬ 
aldehyde, 712 

a-Halogen ketones, reactions with a-alkylpyri- 
dines, 738 

Halogenatcd acids, use in alkyd resins, 884 
Halogenated aromatic alcohols, urea resin conden¬ 
sation with, 636 

Halogenated compounds, as film strengtheners in 
lubricating oil, 1158 

Halogenated derivatives of ethyl ether, halogenated 
vinyl ethers from, 1010 

A-Halogenated ethyl aromatic amines, ethers from 
1008 

Halogenated fatty acids, plasticizers, 446 
Halogenated hydrocarbons, solvents, polyvinyl ace¬ 
tate. 1026 

Halogenated naphthalenes, plastidzers, urea resins, 
617 

Halogenated paraffin, dehalogenation of, 1158 
Halogenated penthiazoline derivatives, 1159 
Halogenated phenols, reaction with aldehydes, 421 
Halogenated phthaho acid, alkyd resins from, 969 
Halogenated polyhydric alcohols, modifiers, urea- 
aldehyde resins, 667 

Halogenated propionic acids, acrylic acid from, 
1069, 1020 

Halogenated resins, classes, 1129 
Halogenated rubber, see also Rubber, halogenation 
of 

—, properties of, 1105 
—, uses of, 1105 
—, wearing qualities of, 1100 
Halogenated vinyl co-polymers, 1048 
Halogenated vinyl ethers, preparation of, 1010 
Halo^nation, of cuprene, 145 
—, of eleostearic acid, 858 
—, of rosin, 777 

—, of rubber, mechsmsm, 1105, 1106 
—, of vinylacetylene polymers, 160 
resin formation by, 1142 
Halogen-substituted benzenes, condensation with 
butadiene, 194 

Halogen-substituted vinylaoetylenes, polymeriza¬ 
tion of, 160 

Halogen substitution products, of acrylic acid, 
1079, 1080 

Halogen substitution products, of vinylacrylic acid, 
polymerization, 1084, 1085 
Halogens, action on indene, 97 
—, absorption by vinylacetylene polymer, 150 
—, additkm to polymethyleneurea, 579 
—, bleaching agent for furfural resin, 528 
, catalysts, for phenol-formaldehyde reaction, 
857, 358 

—, effect on chloroprene polymerization, 156 
—, reaction with balata, 1105, 1108, 1113, 1115 
—— chicle, 1115 

— gutta-percha, 1105, 1107. 1108, 1113, 1115 
—. — rubber, 1105, 1106, 1107, 1108, 1109, 1110, 
nil, 1113, 1114 

use, hardening rubber surfaces, 1128 
Halogm test, for resins, 1258 
Halonitrobitolyls, preparation of, 1140 
Halovinyl comppunde, with stand oils, polymerisa¬ 
tion, 1228, 1829 

Halowax. see also Chlorinated naphthalene 
—plasticiser, for vinyl resins, 1048 
—, preservatr^, for test panels, 1868 

softening agent, phenol-aldehyde resins, 424 
Halowax resins, use with coal-tar bitumen, 860 
Halphen-Hioka test, 1258 

Hammer mill, use in mixing molding oomposi- 
tions, 1878 

Hammer test, on gear stock, 1352 
Hardened montan wax, 778 
Hardened foein, 771, 774. 778 
Hardening agent, acid oe, 849, 890, 449, 597, 616 
odd salt as, 898, 181, 674 
air oe, 806 

—, aldehyde ammonia oe, 481 
aldehyde-bisultuiite oe, 881 
—, alkaU phenolate os, 898 
, aluminum hydroxide on, 492 
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Hardening agent, beneidine-nct^tnne hs, 392 
beni^r chloride as, 1132 
—, oaldum oxide as, 303 
ohloranil as, 358 

formaldehyde as, 305, 316, 322, 330, 380, 381, 300, 
302, 804, 448, 1210 

—, from phthalic anhydride and aromatics, 953 
—. furfural as, 381. 3^, 444 

hexamethylenetetramine, as, 308, 318, 327, 320, 
332, 846, 380-382, 302-394, 405, 443 , 470, 481 
—, lead dioxide as. 450 
—, manganese dioxide as, 450 
—, paraformaldehyde as, 380, 303 
-, p-phenylenediamine as, 347 
—, potassium carbamate as, 393 
—, — carbonate as, 382 
—, quinone as, 358 

•, spdiuin-acetone-bisulphite as, 392, 759 
sodium hydroxide as, 393 
—, sulphur dioxide as, 508, 034 
Hardemng, of all^d resms, 946, 980 
, of B^elite, influence of electric field on, 312 
—, of cumarone resms, 107, 120 

of hydrocarbon-halide resins, 1138 
—, of phenol-aldehyde resins, by heat, 344, 345 
—, —, mechanism of, 311 

—, of resms, effect of aromatic amines on, 347 
—, of resins from acid tar, 121 
—, of sugar resins, 758 

of p-toluenesulphonamide-formaldehyde resin, 
714 

—, steel molds, 1302 
Hardening t^perature, urea resin, 565 
Hardness, of cumarone re^^ins, 109, 118, 124 
—, of films, from acetylene polymers, 153 
—, of fossil resins, 18 

of laramated matenais, 1351 
of polystjrrene, 236 
—, of resins, 60, 61 
——, determmation, 1264 
—, of Teglacs, 056 

—, of vamudi films, tests for, 1371, 1372 
Hard rubber, breakdown voltage of, 1348 
—, chlorination, 1116 
—, moldings, 454, 1327 
—, relation to resins, 1100 

Hard rubber compositions, chloronaphthalene in, 
1152 

Hard rubber dust, coating composition of, 1091 
Hard-rubber substitutes, from phenol-aldehyde 
resins, 415, 416, 5M 

—, use of niUocellulose-Teglac compositions as, 

018 


Hay, fermented, action on petroleum oil, 230 

Havei, moldmg of, 1332, 1383 

—, properties of, 458 

Harvel, from cashew-shell oil, 1229 


H. B. Tar acid, uses, 366 
Head capacity, of molds, 463 
Heat, eflfwt on addity of rosin esters, 793 , 794 
—, — alkvd resins, 081 
—, — aryl fumarates, 1254 
— brominated isoprenes, 170 
—. — butadiene hydrocarlxins, 172, 175, 177, 179, 

butadiene polymers, 178 
carbasole-olefin condensation, 195 
chloroprene rubber, 158, 159 
ohiororubber, 1105, 1122 
ehlororubber, modified, 1124 
cholesterol, 1255 
cumarone resins, 107, 112 


108 



cuprene, 147 

cydopttitadiene polymers, 186, 188 
dichlorobutadiens polymers, 170 
diphenyl ether, 1258 
eiter gum from turpenthie, 795 
esterification of rosin, 708 
formaldehyde-glycol-monoaryl etlier resins, 


tta-perdia dihydrochloride, 1115 
logenated rubber, 1105 
lene. 100 

soprene, 172, 178, 175, 178 


Heat, effect on methyl salicylate, 1253 

—,-methylolurethans, 6^ 

“» ~ fi-naphthol-formaldehyde condensation prod¬ 
ucts, 408 

—, — natural rubber, 160 

—, — olefin-aromatic hydrocarbon condensation, 
104 

—, — phenol-alcohols, 288, 292 
—, — phenol-aldehyde resins, 285, 360, 870, 424, 
434 

—, — phenol-formaldehyde condensation, 312, 358 
—, — phenolphthalein, 1252 
—, — phenylaoetylene, 162 
—, — phenylbutadiene chloride, 1258 
—, — Plastopals, 634 

", — polymerization of butadiene hydrocarbons, 
169, 173, 180, 183, 185 

—. — pol 3 menzation of butadienol esters. 152 
~ polymerization of cumarone, 117, 118 

- polymerization of 1,3-cyclohexadiene, 180 
~ polymerization of cyclopentadiene, 186 

—, — pol 3 anensation of divinylacetylene, 152, 154 
—, — polymerization of olefins, 164 
—, — polymerization of styrene, 234 , 235 
—, — polystyrene. 236, 288 
—, — polystyrene molding, 249 
—, — polyvinyl alcohol, 1056, 1050 
—, — polyvmyl esters, 1050 
—, — resins, 1263 

—, — resin from cracked gasolinet 102 
—, resorcinol-aldehyde resms, 278, 878 

—, — rubber* hydrochloride, 1112 
-t, — saliretazine fonnation, 282, 283 
—, — shellac, 24, 25 

—, — sulphonamide-aldehyde ream, 718, 714 
—, — urea-aldehyde ‘resins, 671 
—, — vinyl ethers, 1010 
—, polymerization of acetylene by, 142, 143 
- — acrylic acid by, 1070, 1071 

— cinnamic add esters by, 1083 

—, — esters of unsaturated adds by, 1076 
—, — ethyl itaconate by, 1085 
—, — methyl acrylate by, 1072, 1078, 1081 
—, — ^-vinylacTj'Uc acid by, 1084 
Heat-oonvemble alkyd resins, characterization of, 
918 

—, properties of, 074 
—, structure of, 868 
—, temperature coeflfidents of, 875 
Heat-oonvertible gels, 39 
Heat-oonvertible resins, defination of, 14 
Heat-convertibility, of alkyd resins, reduction of; 
914 

Heat deterioration, tests for, 1355 
Heat distortion, of lammat^ materials, 1354 
Heat-hardenmg, of Alkyd resins, 006 
—, of past resins, 470 

•— of phenol-aldehyde resins, 337, 858, 362, 863, 
364 

—, of urea resin, 631 

Heat hardenmg rates, of m-creeol-formaldehyde 
condensations, 300 
Heating, of molds, 1295, 1320 
Heat insulation, from cuprene, 147 
Heat marks, m molding, 1820 
Heat-nonconvertible alkyd resins, charact^ieation 
of, 918 

—, temperature coefficient of, 875 
Heat-nonoonvertible gels, 80 
Heat-nonoonvertible resin, defimtion of, 14 
Heat-polymer, of allyl cinnamate, structure of, 
1083 

Heat-resistance, factors influencing, 1260 
—, of alkyd resin coatings, 964 
—, of casein-modified phenol-formaldehyde resin, 
417 

—, of polymerised butadiene-rubber oompositioiiw 
108 

—, of varnish films. 19, 1365 
Heat-resistant moldings, cold-molded, 1284 
Heat-resistant paint, 1286 
Heat-resistant papw, alkyd resins in, 060 
Heat-resistant varnish cloths, use of alkyd reeins 
in, 874 

Heat-stability, of shellao moldings, 25 
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Heftt treatment, dehydration of resins by, 389 
Heating time, effect on one-stage Wet process, 322 
Heavy metal acetates, buffer agents, 312 
Heavy metal salts, of phenol-aldehyde resins, sic¬ 
catives, 412 

—, removal from urea solution, 367 

Hdium, removal of water from resins with, 601 

Helmcr’s number. 1261 

Hemicolloidal polystyrene, from styrene, 285 
H^icolloids, from ethylene oxide, 991 
—, nature of, 57 

Hanimelhtic acid, from methylindene, 105 
Hemp, fiber structure of, 64 
Heptachloropropane, formation of, 1140 
Heptaglycerol nona-acetate, preparation of, 995 
Heptaldehyde, by distillation of castor oil, 1224 

- — methyl ester of ricinoleic acid, 1224 

- , condensation with ammonia, 705 

— amline, 703, 705, 707 

— aromatic amines, 705 
—, — butylamine, 707 

—— ethylamine, 705 
—, — o-tolylguanidine, 707 
—, — urea, 705 

—, from ester gum and castor oil, 829 
—, in rubber accelerators, 705 
—, polymerization .of, 505 
Heptamethylene carbonate, dimer of, 870 
Heptanaphthene, action of aluminum chloride on, 
215 

Heptine oxide, preparation, 1254 
—, resin from, 1254 

Heptoate, of ca.stor oil fattv acids, pieparatioii, 
1224 

1-Heptyne, polymerization of, 161, 162 
Ifercolyn. plasticizer, chloioiithbei, 1119 
Heteropolymerization, 42, 43 

- acrylic acid derivatives with maleic nnhvdrido, 
1076 

, cyclohexanol with styrene, 244 
—, indene and maleic anhydride, 100 
—, of olefins, factors affecting, 168 
—, stilbene with maleic anhydride, 100, 854 
—, styrene and dimethylmaleate, 246 
—, styrene with ethylacrylate, 246 
—, styrene with maleic anhydride, 244 , 245 
Heveen, formation of and formula, 1089 
Hexabromoeleostearic acid, formation of, 858 
Hexabromo-3-hexene, from divinylacetylene, 152 
Hexachlorobiphenyl, as paper impregnant, 1150 
Hexachloroethane, ih fireproof coatings, 1156 
—, use in heteropolymerization of styrene, 246 
—, use in polymerization of diolefins, 180 
Hexadecamethylene dicarboxylic acid, polyester- 
polyamides from, 1000 

Hexadecamethylene dicarboxylic acid, reaction with 
trimethylene glycol, 998 

Hexadiene, condensation with aromatic hydrocar¬ 
bons, 194 

Hexadiene, formation of, 1089 

1.5- H6xadien6-3-yi)e, from acetylene, 144 

1.5- Hexadiyne, polymerization of, 162 
Hexaglycerol octa-acetate, preparation of, 995 
Hexahydroaniline salt of ethylhexahydrqphenyl- 

dithiocarbamio acid, preparation of, 1197 
Hexahydroanthraquinones, formation of, 882 
Hexahydrodiphenylene oxide, pyrolysis of. 94 
Hexahydrodipbehylene oxide, reaction with acetyl * 
chloHde, 1138 

H^hydrophthalide, plasticizer for polystyrene, 

Hexahydrophthalide, properties of, 941 
Hexabydropolyindene, from pol3dndene, 105 
eis-|>-Hexahydroterephthalie acid, reaction with 
ame anhydride, 999 

Hexahydroterephthalic anhydride, polymerisation 

of 999 

Hoxahydrotomf^thalic polyanhydride, distillation 
: of, 999 , 

Hexah3rdf4r^l4i,3-iriazine8, rubber accderatora and 
antl^agiii, 719 

condensation with phtha- 

ho janhydfhU, 964 

f|e<a»Hi'Oky«tearie acid, use in atkyd lesins, 910 


Hexalin, solvent in cold-moldit^ composition, 1288 
Hexamethylbenzene, condensation with isoprene, 
193, 194 

Hexamethylbenzene, decomposition of, 266 
Hexamethylene carbonate, dimer of, 870 
Hexamethylene carbonate, properties of, 872 
Hexamethylene glycol oxalate, polymerization of, 
871 

Hexamethylenetetramine, ammonia from, 318, 327, 

444 


ammonia addition by, 321 
and ethyl abietate, soldering flux, 829 
catalyst, polymerization of formaldehyde, 512 
—, polymeriration of vinyl acetate, 1023 
condensation with diphenvicarbonate, 377 

— rosin, 769 

— starch, 758 

— tannin. 289 

— urea, 632, 649 

condensing agent, paraformaldehyde and p-ni- 
trochlorobenzene, 728 
—, phenol and fonnaldehyde, 308 
—, urea and formaldehyde, 590, 597, 639, 044 
—, urea-guanidine-formaldehyde reaction, 682 
dehydration of resins with, 318 
dissociation of, 309, 327 
effect on shellac, 25 

— viscosity of nitrocellulose solutions, 446 
flux, for phenol-aldehyde resins, 318 

from formaldehyde and ammonia, 307, 326 
from methylene dichloride, 393 
from trimethylolamine, 686 
hardening agent for aniline-formaldehvrle res- 
ns, 695 

— lienzotrichloride resins. 1135 

— furfural resins, 520, 526, 529. 532 

— phenol-acetaldehyde resins, 380, 381. 382 

— phenol-acetylene resins, 384, 385, 386 

— phenol-acetylene tetrabromide resins, 1138 

— phenol-alcohol resins, 332 

“ phenol-butyraldehyde resins, 382 

— phenol-formaldehyde resins, 308, 316, 318, 
319, 326, 327, 328, 329, 332, 341, 346, 405 , 423, 
424, 425, 431, 437. 438, 441, 443, 481 

-, — phenol-glycerol resin, 392 
, — phenol-ketone resins, 388 
, — phenol-methylal resin, 394 
, — phenol-methylene dichloride resin, 393 
, — phenol-sulphur resins, 1188, 1190 
, — surar resins, 759, 760 
, — xyTenol-formaldehyde resin, 870 
, in cold-molding composition, 1286, 1287, 1288 
, in molding compositions from furfural resins, 
529 


—, — formaldehyde-cyclohexanol resin, 377 
modifier, polymerized drying oils, 1228 
—, —, urea-aldehyde resins, 678 
oxidation of. 309 

—, reaction with alkali phenolates, 862 

— aromatic hydroxy acids, 374, 875 
' arylsulphonyl chlorides, 716 

“, — ca^ew-shell oil, 1330 
—, — chlorophenol and fonnaldehyde, 878 
—, - cresol, 339, 809, 402, 458 

— dihydroxydiphe^l ethane, 382 
—, ~ ethyl chloride, 707 

—, — hydroxy-benzoic acids, 809 

—, — ni^^hthols, 308 

—, — p-nitroehiorobenzene, 736 

—, — p-nitrophcnol, 808 

—, —phenol, 307, 308, 809, 810. 410. 1044 

—, phenol and tung oil, 403, 404 

—, — phlorogludnol, 810 

—, — resorcinol, 310 

—, — salicylic acid, 809 

—, — sulphur, 1197 

—, — wood tar, 751 

—, removal of phenol from resins by, 865 
—, retorder, sohdification of urea reeins, 617, 633 
—, rubber vulcanization accelerator from, 707, 1197 
—, structure of, 808 

—, use in phthalio anhydride-sugar reeins, 757 

— urea-sugar resins. 787 

—f wee with phenol-o-bensoyl-bensoie acid resin, 
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Hexamethylenetetramine- furfural - phenol, conden - 
sation product, 536 

Hexamethylenetetramine-furfural resin, m grinding 
wheels, iZd 

Hexamethylenetetramine-phenol reaction product, 
methylamine from, 809 

Hexamethylenetetramme-phenol resms, preparation 
310, 837, 328 

Hexamethylenetetramine salts, accelerators, urea 
resins, 619 

—, catalyst, formation of metaldehyde, 489 
, phenol-formaldehyde reaction, 346 
Hexamethylenetetranunetriphenol, ammonia addi¬ 
tion by, 321 

—, ammoma from, 309, 327 
, catalyst, acrolein polymenzation, 502 
—, phenol-formaldeiiyde reaction, 348 

—, decomposition products m reams, 12^ 

—, methylamine from, 327 
—, production of, 327 

—, reaction with hydroxybenzyl alcohol. 332. 333 
—, softening agent, phenol-aldehyde reams, 441 
Hexaraethylenimine. preparation of. 1000 
Hexamine, see Hexamethylenetetramine 
Hexane, from divmylacetylene, 152 
Hexane, reaction with acetylene, 161 
1,3,5-Hexatriene, reaction with maleic acid, 853, 
854 

Hexene, use with greases, 249 
1-Hexene, from ethylene, 165 
Hexoae, reaction with phenol-formaldehydo iCMns, 
310 


Hexyl acetate, aolvent, for nitrocellulose, urea lesiii 
lacquer, 636 

Hexyl alcohol, use in castor oil-maleic composi¬ 
tions, 909 

Hexylene, reaction with sulphur, 215 
Hide, x-ray studies of, 71 

High-frequency discharge, action on acetylene, 143 
—, action on ethylene, 165 
Hippuric acid, 7^ 

Hobbing, of molds, 10, 1301, 1302 
Hdppler viscosimeter, varnish tests with, 1361, 1362 
Holder oil, resins from, 121 
Hollow articles, molding of, 464, 1334 
Homogenizing agents, for nitrocellulose varnish, 970 
a-Homoheliotropin, resimfication of, 511 
Homophthalic acid, from indene, 98 
—, reaction with phosphorus pentachloride, 1240 
Homophthalic anhydride, reaction with phosphonis 
pentachloride, 1240 

l-Homopiperonyl-6,7-dimethoxytetrahydroisoquino- 
line, Goi^ensation with methylal, 745 
Homopiperonylic acid, resins from, 745 
Homopolymerization, 42 
—, of cumarone, 92 
of indene, 92, 100 

Honing composition, from factice, 1213 
Hopcalite, catalyst, in ethyl alcohol oxidation, 497 
—, composition of, 497 
Horn, as xerogel, 37 
—, aHihdal, from casein, 415, 416 
—, —, from casein-modified resins, 417 
—, from casein-urea mixture. 679 
—. —, from poljrvinyl acetals, 1064 
—, —, from urea-aldehyde resin, 665 
, preparation of, 1246, 1314 
—, filler, for phenol-aldehyde resins, 317, 318 
—, hydrated, molding with resins, 1249 
—, incorporation with urea resins, 625 
Horn-like product, from acrylic acid amide, 1074 
—, from phttiol-aldehyde resin, 439 
Horn scrap, paint vehicle from, 1234 
Horn substittites, from amine-aldehyde resins, 6 to 
—, from casein-fuefural resin, 538 
—, from lichenin, 750 
from lignocellulose, 750 
from thioglycerol, 1177 
Hose, from methyl rubber, 178 

gasoline resistant, 1246 * .oo 

Hot-molding, of funural-ph«H)l resm, 528 
—» of haloMEted rubber, 1105 

of Umea phenol-aldehyde yresm, J20» ^ 
of phenol-carbohydrate resinsi 759 


Hot-molding, of thermosetting resins, 1265, 
1286 

—, of urea-furfural resins, 670 

Hot plate, for finishing sheet material, 1325 

Hulls, utilization of, 762 

Humic acid, chlorination of, 1156 

—, from furan reams, 520 

-, reaction with sulphonic acid chlorides, 1206 
—, — sulphuric acid, 1254 
Humic acid derivatives, from carbohydrates, 760 
Humic acid salts, reaction with aromatic sulphonyl- 
chlorides, 723 

Humidity, control, in drying test, 1364 
—, effect on polycyclopentadiene formation, 188 
—, — power factor, 1350 

— resistivity of varnish films, 1374, 1375 
Hydracetylacetone, by condensation of acetone and 
acetaldehyde, 544 

Hydracryho acid salts, acrylic acid by dehydration, 
1070 

Hydrated cellulose, swelling of, 1192 
Hydrated forms of urea, 569, 570 
Hydrated lime, in casern glue composition, 495 
Hvdration, of vinylacetylene, 149 
Hydraulic accumulator, gravity type, 1310 
Hydraulic cement, m cold-molding compositions, 
1285 

Hydraulic molding presses, 1304, 1305 
Hydraulic press, for injection molding, 1325 
—, for phenol-resm molding, 463 
Hydraulic pressure systems, for presses, 1308 
Hvdrazine, catalyst, polymenzation of diolefins, 
180 

, fi-nitrostyrene polymerization, 259 
- phenol-formaldehyde reaction, 346 
—, reaction with cellulose, 735 
Hydrazme dicarboxyhc acid ester, catalyst, poly¬ 
merization of diolefins, 180 
Hydrazine dicarboxyhc diamide, reaction with 
foimaldehyde, 685 

Hvdrazinedithiocarboxamide, roaction with aniline, 
1198 

Hydrazine hydrate, condensation with dimethylpy- 
rone, 735 

—, — glutanc anhydride. 736 
—, — maleic anhydride, 736 
—, — o-mtrobenzenesulphonyl chloride, 736 
—. — succinic anhydride, 7W 

Hvdrozme hydrochlonde, catalyst, formation of 
metaldehyde, 489 

Hydrazobenzene, reaction with methyl acetylwe 
dicarboxylate, 853 

Hydrazoic acid, action on naphthenic acids, 208 
Hydrazoisobutync acid, catalyst, polymerization 
of diolehns, 180 

Hydrazone, from tetrahydrofurfural, 519 
Hvdrazones, resimfication by zinc chloride, 735 
Hycirindeiie, from indene, 97 
—, from polymers of methylcumarone, 96 
—, removal Irom naphtha by chlorination, 116 
—, separation from cumarone, 93 
a-Hydnndone, from diindine, 105 
2-Hvdnndone, resinification, 558 
Hvdnndonylacetophenone, 1139 
2-a-HvdnndyIindene, structure of, 105 
Hydnodic acid, action on methylir^denes, 105 
—. depolymenzation of polystyrene with, 284 
—, 2,4-dimethyl-3-vinylpyiTol-5-carboxylic acid 
resinified by, 241 

—, styrene polymerization withj 284 
Hydroaromatio alcohols, oxidation of, 891 
—, reaction with naphthalene sulphonic acid-for¬ 
maldehyde product, 1198 

Hydroaromatio hydrocarbons, solvents, cumarone 
resins, 117 ' 

—, use in aldehyde-tar acid condensation, 868 
Hydrobensamide, condensation with phenols, 829 
—, catalyst, phenol-formaldehyde reaction, 848 
—, hardening agent, phenol-aJdehydc resins, 481 
Hydiobromio acid, action on cumarone, 94 
—, — vinylacetylene, 189 
Hydrobutadiene rubber, preparation of, 1096 
Hydrocarbon oil», media, tung oil pobmierizatioik| 
1216 

Hydrocarbon polymers, from benxyt diloride, 1189 
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Hydroearbon residues, tanning agents from, 750 
Hydipoarbons, action of canal rays on, 269 
—, aromatic^ cracking of, 254 
—, —, reaction with ethylene dichloride, 1187 
reaction with maleio anhydride, 839 
—, chlorinated, condensation m^ia for urea resins, 
617 

—, —, in paints, 220 
—, in purifying oumarone resins, 118 

, resins from, 221 
—f styrene from, 252, 258 

—, chlorinated in presence of phenol, 221 
—, coal'tar, solubility of oxidising alkyds in, 923, 
938 

—, condensation medias, urea resins, 617 
—, condensation with acetylene, 161 
—, — aldehydes, 26S 
—, — bensyl chloride, 1131 
~, cyclic, from butadiene hydrocarbons, 172 
—, dehydrogenation of. 216 
—, effect on phenol •aldehyde condensation, 363 
—, — rubber hydrochloride, 1112 
—, from polystyrene de^lymeiisation, 234 
—, from styrene polymerization, 234 
—, halogenated, in artificial shellac, 369 
—, media, castor oil pol 3 rmenBation, 1222 
—, modifiers, urea-aldehyde resins, 684 
—, nitrated, condebsation media for urea resins, 
617 

—, oxidation of, 1283 
—, oxidised, esterification of, 911 
—, petroleum, solubility of modified alkyd resins 
in. 934, 935 

—, reaction with sulphur, 215, 1183 
—, — sulphur chloride, 215, 216, 1263 
, saturated, by pol 3 anerisation of olefins, 164, 167 
—, solvents, diolehn-monolefin oo-polymerization, 
193 

—, —, phenol-oil-aldehyde reeins, 406 
, —, rosin from cracked gasoline, 192 
—, —, vulcanisation accelerators, 196 
, —, xylenol-formaldehyde resin, 370 
styrene from, 253, 254 

unsaturated, by action of silent discharge on 
isobutylene. 165 
—, —, from lactic acid. 1003 
, —, reaction with nitrogen peroxide, 727 
—, use in ald^yde-tar acid condensation. 363 
Hydrocarbon-soluble Rezyls, 966 
Hydrocarbon vapors, effect of electrodeless dis¬ 
charge on, 269 

Hydrocellulose, filler, for molding composition. 468 
—, effect on, blistering, urea resins, 620 
Hydrodkloric acid, accelerator, solidification of urea 
resins, 617 

—, actimi on alkyl fury Icarbinols, 520 
—, — chitin, 1255 
—, — chloronibber paints, 1121 

— furfural, 521 

—, •— hexamethylenetetramine, 309 
—, — hydrogen-carbon monoxide product, 1255 

— indene, 102 

—, — rosin, 766. 769 

—, activator, for hvdrogenation of esters, 807 
catal^, acetaldehyde-naphthvlamine. 708 
—, —, aldehyde-acid amide reaction, 689 
—, —, aldehyde-aikylosrbasole reaction, 744 
—, —, amine-aldehyde reaction, 706, 701, 706 707 
—, —, aniline-formalddiyde reaction, 690, 691, 692 ' 
. bensaldehvde-naphthylaiQiii% reaction, 710 
, bensaldehyde-pyrogaUio::iiil reeetion, 277 
—, —. catechol-acetone reaction^ \887 

, condensation of phenol and vinyl esters, 
1081 

—, —, cyclohexanone-phenol reaction, 890, 560 
-***, —»cUcygnodiamide-formaldehyde reaction^ 680, 
681 

—, —, eeteriftcgtion of montan wax, 814 
—, —, *- diellae, 818 ^ 

formaldehyde and ammonium thiocyanate 
reaction, 660 

, fonnhl^yde*henzaQiHne reaction, 6M 
—, —, formaldi^yde^difnethytaniliae reaotlofi, 687 
—V fc^itiaidehyderglycol-monoaryl ether reac- 


Hydrochloric acid, catalyst, formaldeliyde-pyrrole 
condensation, 741 

—, —, formaldehyde reaction with p-tolueno- 
sulphon-ethylamide, 712 

, formaldehyde-salicylic acid reaction, 374 
—, , formaldchyde-p-toluidine reaction, 687 

—, formalin-cashew-ahell oil reaction, 1230 
—, —, furfural-acid amide condensation, 585 
, ~, furfural-amine condensation, 534 
—, —, furfural and cracked distillate condensation, 
527 

—, —, furfural-phenol condensation, 521, 522, 523, 
526, 534 

—. lignin-furfural condensation, 748 
—, —, methylene acetate-phenol reaction, 279 
—, —, oxidation of acetaldehyde resin, 492 
-- —, paraformaldehyde and 2-ethoxynaphthaienc- 
3-carboxylic acid reaction, 374 
—, —, phenol-acetaldehyde reaction, 283 , 381, 382 
—, phenol-acetone reaction, 386 388 . 389. 

—. —, phenol-aldehyde reaction, 278, 279, 285, 288, 
296, 323. 333, 346, 348, 850, 351, 352 353. 355 36t>- 
369, 378, 392, 397, 398, 422, 426, 429, 430, 439 
—, —, phenol-aldehyde-carboxylic acid reaction, 
375, 394 

—, phenol-furfural reaction, 672 
—, —, phenol-glycerol reaction, 393 

, phenolketo-carboxylic acid reaction, 375 
——, phenol-lignin condensation, 747 
—, phenol-methylal reaction, 394 

—, —, polymensation of isoprene, 174 
—, —, — styrene, 241 
—, —, — vinyl (^loride, 1040 

—, preparation of ethyl abietate, 798 
—t —, — polyvinyl acetals, 1061 
—. —, — polyvinyl ester-acetals, 1065, 1066, 1067 
—, —, — sulphonanilide resins, 715 
—, —, reaction of acetaldehyde and hydrogan sul¬ 
phide, 1180 

- —, reaction of essential oils with phenols, 383 
—, resmification of acetaldehyde, 493 

—, —, —' corncobs with phenol, 526 
—, —, — furyl alcohol, 522 

—, resorcinol-acetone reaction, 378 387 
—, —, rosin-aldehyde condensation, 776 

- *, —, saliretm preparation, 281, 282 

—, , thiourea-turiural condensation, 658 

—. —, urea-aldehyde reaction, 589, 613, 635, 637, 
671 

—, —, urea-furfural resujtion, 669, 670 

urea-phenol-aldehyde resins, 676, 678 
—, urethan-aldehyde reaction, 682 
—, —, xylenol ether-formaldehyde condensation, 
371 

—, hardening agent, phenol-ald^yde resins, 449 
, polyvinyl esters, 1029 
—, —urea-aldehyde resins, 598, 662 

ui varnishes, prevention of yellowing, 1378 
—, precipitant, almond-oU resin, 1258 
—reaction with acetylene, 149 
—, — calcium carbide, 1036 
■, — dianilinothiourea, 733 
-', — formaldehyde. 342 
—, — monotbioparaldehyde, 1180 
—, — pyrrole, 740 

—, removal from phenol-sulphur resins, 1186 
—, use in scrap resin recovery, 629 
Hvdrochlorides, of divinylacetylene, 152 
Hydrofluoric acid, as prolymensation catalyst, 50 
—, catalyst, styrene polyrMrisation, 241 
—, effect on fiuns of acetylene polders, 154 
— polystyrene, 287 

—, haraening. agent, urea-formalddiyde resins, 598 
Hydrogen, ciftalyst, drying oil polymerisation, 1228 
—, effect on rosin ester formation, 794 
—, from ethylene, 165 

—. from hydrolysis of phenol-fformaldehyde resin, 
807 

*"•, from lactic acid, 1003 
—, from polymerisation of acetylene, 148 
—, reaotion with carbon monoxide, 552 
—, ngaiol, 560 

HydrogenatM aromaalo hydrocarbons, solvents, 

444. 617 

flondcnsatkili with aralkyl chtoridea^ 1132 
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Hydrolysis 


Hydrotfenated methylrubber^ propeities of, lOW 
Hydrogenated naphthalenes, condensation with 
aldehydes, 265 

Hydrogenated petroleum hydrocarbons, solvents. 
978 

Hydrogenated phenols, solvents, 444. 456 
Hydrogenated phthalides, plasticizers, 120 
Hydogenated rubber, use with lubricating greases, 

249 

Hydrogenated syntans. preparation, 419 
Hydrogenated tung oil, polymerized, uses of. 1217. 
1218 

Hydrogenation, electrolytic, of sulphite liquor res¬ 
ins, 754 

—, of abietic acid, 807 
—, of alkali-digested cotton, 750 
—, of animal oils, 636 
—, of aromatic hydrocarbons, 268 
—, of asphaltenes. 205 
—, of balata and gutta-percha, 1096 
—, of castor oil, 1221 
of coal, 221, 275 
—, of cumarone dibromide. 94 
, of cumarone resins, 119 
—, of divinylacetylene, 154 
—, of furfural, 518, 519 
—, of indene, 97, 105 
—, of mandelic acid, 1003 
—, of paraindene resins, 119 
—, of petroleum oil, 221 
—, of phenol-aldehyde resms, 307 
of polycyclopentadienes, 186, 188 
-, of polydimethyleneurea, 580 
of polystyrene, 237, 249 
-, of rosin, 769 
—, of rosin esters, 807 
—, of rubber, 1095, 1096 
—, of vegetable oils, 636 
—, of vinylacetylene polymers, 160 
Hvdrogen bromide, reaction with acetylene, 1037 
—, — acetylene polymers, 142 

— rubber, 1114 

—, — vinylacetylene. 149 

Hydrogen-carbon monoxide reaction, resins from, 
1255 

Hydrogen chloride, action on diphenylmethyl ethyl 
ether, 1158 
, — indene, 98 
, — vinyl esters, 1032 

-, catalyst, benzene-foinialdehvde condensation, 
265 

, —, benzoyl cyanide-resorcinol reaction, 378 
j —, condensation of benz^l chloride and methvl- 
naphthalene, 1132 

, cyclohexanone-formaldehyde reaction, 559 
■, formaldehyde-methylene acetone react lun, 
.550 

, hydrolysis of yinvl acetate. 1055 
, preparation of diglveerol, 995 
. polymerization of ethyl itaconate. 1085 
, vinyl ester-aldehyde reaction. 1064 
, effect on chlorombber oil varnish, 1123 

— polycyclopentadiene, 188 

— roam estet formation. 794, 
reaction with acftylene, 108 

acetylene poijmers, 142 

— carbon suboxide, 1012 

— cyelohexene, 167 

— glycerol, 1178 

— indole, 748 

— rubber. 1112, 1118 
—• vinylacetylene, 149, 184 

— vulcanized rubber, 1116 
remoxnil from chlorombber, 1110. Ini 

■ mbbw hyd''»)chloride, 1112, 1116 
Hydrogen chloride-chlorine mixtures, action 
niblier, 2113 

Hydrogen cyanide, polymeris^n, 731 
—, reaction with acetylene, 1070 
Hydrogen fluoride, action on indene, 98. 10- 
eafalvet, polymerisation of; cumarone, 117 
—,, phenol •sulphur 
—% —, potymerisatlon of <**^“*» *,** 

—, reaction with rubber, 2U3* 2U3 


795 

1036, 1037 


Hydrogen halides, reaction with gutta-percha, 1115 

— rubber, 1105 

removal from gutta-percha hydrohalide, 1115 
—, use, alkylation of polyvmyl alcohol, 1067 
Hydrogen iodide, action on cumarone, 94 
—, reaction with rubber, 1114 
Hydrogen ion concentration, change, during urea- 
formaldeliyde reaction, 612 
—, control by organic bases, 613 
, — magnesium carbonate, 612 
control of, urea-formaldehyde reaction. 631 
—, phenol-aldehyde reaction, 352, 31^ 
effect on dicyanodiamide-formaldehyde reaction 

— gelatinization of silicic acid, 1235 

— phenol-aldehyde resins, 352, 358, 439, 440 

— polymerization of acetylene, 149 

— polymerization of diolefins, 178, 179 
Hydrogen peroxide, action on aromatic hydrocar¬ 
bons, 269 

— anisole, 271 

-- films of acetylene polymers, 154 

— magnesylmethylketole, 743 
bleaching agent for resins, 339 
catalyst, polymerization of acrylic acid nitrile, 

1075 

— diolefins, 180 

— methyl acrylate. 1076, 1079 

— styrene, 240, 245 

— vinyl bromide, 1037 
phenol-aldehyde reaction, 416 

. urea-formaldehvde reaction, 591 
lormg phenol-aldehyde resins with, 442 
from rubber ozonide, 1U88 
oxidative draradation of urea resin by, 586 
removal of free formaldehyde by, 598 
resin with acetaldehyde, 495 
Hydrogen persulphide, reaction with bensalddiyde, 
1182 

ilydtogen setenide, reaction with bensaldehyde, 
1180 

Hydrogen sulphide, action on films of acetylene 
polymers, 153 

— sulphite Ixjuor, 754 

— wash oils, 122 

catalyst, drying oil polymerization, 1228 
—, phenol-formaldehyde reaction, 345, 346, 849 
condensation with aniline and formaldehyde, 
1181 

— formaldehyde and methvl amine. 1181 
for removal of sulphuric acid from sludge, 228 
hardening agents, urea-formaldehvde resins, 

598 

reaction with acetaldehyde, 1180 
—• acetylene, 275 

— acrylic acid chloride polymers, 1075 
—• acrylonitrile polymers, 1075 

— aromatic aldehydes, 1180 

— - 3-chlorovinyldichloroarsin«», 1012 

— evanamide, 681 

— dicyanodiamide, 881 

— fonnsldehvde, 1179 

— furfural. 1180. 1181 

— furfuramide, 538 

removal by p-nitroso compounds. 652 
, removal of free formaldehyde i>y. 599 
Hvdro-gutta-percha, preparation of. 1096 
Hydrolysis, of caihamate, 571 
—, of castor oil, 1221, 1222 
—, of w-chlorotolvl carbonate, 294 
—, of cumarone, 94 
—, of ethylene chlorohydrin, 356 

- of ethylene cyanohydrin. 1070 
of /3-furvlvaleramides, 5^0 

of 7 -hvdroxypronoxyacetic lactone, 1002 
—, of lactic anhydride, 1008 

- -, of monochloroethvlene, 1054 
—, of ozonide of isoeugenol, 262 

—, of phenol-formaldehyde resin, 307 
—, of polyaerylic acid derivatives, 1669 
—, of polyacrylonitrile, 1072 
, of polyamide of e-amiuoeaprotc acid, 999 
of pob^cinnamic esters, lOgI 
of polyvinyl esters, 1054-1057, 1089, 1003.. 1009, 
1070 
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H3rdrolysi8, of polyvinyl halidee, 1056 
—, of proteins, 68, 69 
—, of silk, 69 
, of wool, 68, 69 

Hydrolytic degradation, of polyesters, 999 
Hydrolytic products, from proteins, M 
Hydrolysed wood, reaction with furfural, 749 
Hydrometer doats, chloronaphthalene in, 1154 
Hydrophenylfurfnryl alcohol, from furfural, 519 
Hydrophilic colloids, in urea resin, 587, 630 
Hydrophilic resins, from aryl sulphonamido car¬ 
boxylic acid amides, 715 

Hydrophilic sol, conversion to hydrophobic, 596 
Hydrophilic stage, of urea resins, 680 
Hydrophilic urea resin colloid, 565 
Hydrophobe, urea resin, 630 
Hydrophobe resin, preparation, 825, 826 
Hydrophobic sol, conversion to hydrophilic, 596 
Hydropneumatic accumulator, use of, 1309 
Hydroquinol, reaction with o-sulphobenzoic anhy¬ 
dride, 7^ 

Hydroquinolsulphonephthalein, from hydroquinol, 
723 

Hydroquinone, inhibitor, polymerization of acrylic 
acid, 1071 

—. —, polymerization of diolefins, 180 
—, —, pol 3 niierizal;ion of 8 t 3 rrene, 242 
—, —, polymerization of sulphones, 1178 
—, oxidation inhibitor in nitrocellulose films, 823 
—, reaction with acetylene, 383 
—, furfural, 525 

Hydroquinone dimethyl ether, 1157 
Hydrorubber, comparison with polyisobutylene, 167 
—, in lubricating oils, 1097 
—, preparation of, 1095, 1096 
properties of, 1095, 1096 
—, pyrolysis of, 1096 
—, specific viscosity of, 74 
—, uses of, 1096, 1097 

Hydrosilicates, catalyst, Friedel-Crafts reaction, 
1137 

—t polymerization of olefins, 166 
—f —I polymerization of vinyl ethers, 1011 
Hydrosols, use of polyvinyl alcohol in, 1058 
Hydrotropic salts, use of, 338 
Hydrotropism, effect of, resin precipitation, 337 
Hydroxyacanthine, oxidation of, 745 
Hydroxy acids, by oxidation of hydrocarbons, 1233 
—, from oxidized petroleum, 911 
—. in shellac, 1004, 1005 
—, in shellac substitutes, 1139 
—polyesters from, 999, 1000, 1001 
—reaction with lactones, 1002 
—, sulphonatlon of, 910 
a-Hydroxy acids, lactides from, 1000 
7 -Hydroxy acids, lactones from, 1000 
o-Hydroxy acids, lactones from, 1000 
Hydroxyaldehydes, polymerization of, 506. 507 
Hydroxyalkyl esters of abietic acid, from <*olo- 
phony, 797 

—, softening agents for lacquers, 828 
Hydroxjralkyl esters of drying oil acids, reaction 
with resin acids, 803 

3-Hydroxy-3'-aminob«izo8ulphone, preparation of, 
,1190 

Hydroxyaromatie alcohols, reaction with cyclic 
ethers, 431 

reaction with polyhydric alcohols. 481 
Hydroxyarylmethane, condensation with aldehyde*), 
389 

4*Hydroxy-l-azidoecetylbenzene, resins from, 737 
o-Hydroxyazo dyes, salts of. use, 1250. 1251 
3-Hydroxy-6-benzalordinotrtfueiie, reaction with 
sulphur, 1196 

m-Hydroxybenssldehyde, condensation with ace¬ 
tone, 5(9 

Hydroxybenzaldehyde, in Cannizzaro reaction, 293 
—, preparatloii^ 399 . 

—, reaction wHh phenols, 888 
o*Hydroxybensenethio1t formatjlon of, 1189 
m*Hydrokyb«nzoie add. oddation of, 875 
fsaetto idth 1137, 1188 

Mtdy ddbydmiion of, ITS 
neztiia fromt 875 


Hydroxybenzoic-acid resins, films from. 378, 379 
—preparation, 878 

Hydroxybensoio acids, condensation with hex¬ 
amethylenetetramine, 809, 374 
—, reaction with iodine, 378 
o-Hydroxy benzophenone, 1135 
n-Hydroxybenzophenone, resinification of, 555 
Hydroxybenzyl alcohol, action of alkali on, 293 
—, condensation with formalglycerol, 447 
— , ethers of, 1008 

—, from chlorotolyl carbonates, 1141 
—, from cresol and formaldehyde, 1044 
—, from phenol and aldehyde, 432 
—, from salicyho acid, 277 
—, polymerization of, 349 
—, plastic masses from, 292 
—, reaction with aldose, 760 
—, reaction with allyl bromide, 1044 
—, reaction with hexamethylenetetraminetriphenol, 
332, 838 

—, reaction with naphthalenesulphonic acid, 419 
—, reaction with vinyl bromide, 1044 
—, resins from, 287, 333 
—, use with cellulose acetate, 432 
o-Hydroxybenzyl alcohol, formation of, 281 
—, sahretm from, 291 

p-Hydroxybenzyl alcohol, formation of, 281, 292 
—, resimfication of, 281 

Hydroxybenzyl alcohol resin, as adhesive, 873 
o-Hydroxybiphenyl, use in alkyd resins, 930 
Hydroxybiphenyls, as preservatives, 196 
—, condensation with formaldehyde, 408, 409, 412 
—, from chlorobiphenyls, 409, 412, 413 
—, reaction with lead oxide, 273 
Hydroxybromide, of indene, 99 
p-Hydroxv-ter-butylbenzenesulphonic acid, reac¬ 
tion with formaldehyde, 419 
/9-Hydroxybutyraldehyde, see alio Aldol 
—, formation, 489 

o-Hydroxybutyric acid, dehydration of, 1080 
4-Hydroxy-8-carbethoxy-4-pentanone, preparation 
of, 546 

—, reaction with diethylamine, 546 
Hydroxycarboxylic acid-boron tnfluoride complex, 
polymerization catalyst, 119 
Hydroxycfirboxylic acids, esters of, condensation 
with aldehydes, 374 

—, esters of, reaction with silicic acid, 1237 
—, reaction with methylolureas, 667 
e-Hydcoxycaproic acid, dimer, formation of, 1002 
polyester of, 1002 
—, preparation of, 1001 
C'Hvdroxycaproio lactone, formation of, 1002 
Hydroxy chloride, of indene, 98 
o-Hydroxv-fi-chlorostyrene, cumarone from, 93 
Hydroxycyclohexaneoarboxylic acid, 1139 
(ii-Hvdroxydecanoio acid, molecular weight deter¬ 
mination of, 1002 
—polyesters from, 999, 1002 

Hvdroxydiphenylamine, catalvst,* phenol-formalde- 
hvde reaction. 846, 347 

7-Hydroxy-2,4-diphenylbenzopyrylium chloride, 
preparation, 295 

p-Hvdroxydiphenylmethane, 1183 
liydroxydiphenyl sulphide, reaction with iodine, 
1156 

p-Hvdroxydiphenyl sulphide, formation of, 1186, 
1187 

—. toxicity of, 1187 

Hydroxyesters. reactions with dimethvlolurea, 646 
jfi-Hydroxyethyl adipate, preparation, 892 
Hydroxyethylamine, condensation with aldehydes, 
705 

Hydroxyethyl ethyl phthalate, plasticizer, 897 
Hydroxy fatty acid esters, modifiers, urea-aldehyde 
resins, 669 

Hydroxy fatty acids, synthesis of. 1003 
Hydroxylamine, catalyst, phenol-formaldehyde re¬ 
action, 346 / 

Hydroxylamine hydrochloride, catalyst, phenol- 
futfural reaction, f/Xt 

Hy^xylated ethers, of glyeerol, in alkyd netins, 
.969 

Hvdroxylated fatz, from chlorinated fish oils, 1225 
Hydroxylated fatty oil, in lacquers, 9M 
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Hydroxylated solvents, urea > formaldehyde con> 
densation m, 636 

Hydroxylated vinyl compounds, sensitivity to 
allmlies, 1007 

Hydroxyl groups, activity of, in glycerol conden¬ 
sations, 61, 866 

—, effect, on velocity of phenol-aldehyde con¬ 
densation, 371 
Hydroxyl number, 1261 
Hydroxyl value, of polyglycerols, 996 
a-Hydroxylepidine, condensation with aromatic 
aldehydes, 746 

4 -Hydroxy-8-methoxypropenol, electrolytic oxida¬ 
tion of, 272 

4-Hy<iroxy-3-methoxystyrene, preparation of, 256 

2 - Hydroxy-3-methylbenaoic acid, 1133 
Hydroxymethylene-methyl-n-propyl ketone, poly¬ 
merisation of, 551 

Hydroxymethyl ether, of cresol, condensation with 
formaldehyde, 400 

3- Hydroxy-2-methylindole, resinification, 748 
^,/}-bi8-(4-Hydroxy-8-methylphenyl) propane, re¬ 
action with formaldehyde, 877 

bis-(4-Hydroxy-8-methylph6nyl) selenide, prep¬ 
aration, 1198 

/3-Hydroxy methyl propionate, in linseed oil 
laoQuer, 825 

B-Hydroxynaphthaldehyde, condensation with ani¬ 
line, 705 

2 ,3-Hydrox3maphthoio acid, glyceride oils modified 
with, 1227 

HydYoxynaphthoic acids, film-hardening agents, 
633 

—modifiers, urea-aldehyde resins. 678 
Hydroxy-/3-naphthol alcohols, resins from, 333 
a-Hydroxy-o-naphthoylb«i*oic acid, condensation 
with phenols, 376 

Hydroxynaphthylmethylsulphonio acid, preparation, 
352 

1- Hydroxy-octane-3,7-dione, preparation, 550 

10-Hydroxy-oleic acid, ketostearic acid from. 1222 
bi-Hydroxy-pentadecanoio acid, polyesters of, 872 
bis-p-Hydroxyphenyl-l,l-cyclohexane, preparation 
of, 890 

2- Hydroxy-3-phenylinda*ole, resinification, 736 
p-Hydroxyphenylphenoxymethane, preparation, 300 
—reaction with formaldehyde, 301 
p-Hydroxyphenylpyrindone, methylation of, 788 
ois-p-Hydroxyphenyl sulphide, preparation of, 

1188 

Hydroxyphenyl sulphides, germicides from, 1186 
p - Hy droxyphenyltrichloromethylcarbinol, prepara - 


tion, 294 

/9-HydroxypropioniG acid, acrylic acid from, 1069, 
1070 _ 

/3-Hydroxypropionitrile, acrylic esters from, 10 m 
7 -Hvdroxypropoxyacetic acid, lactone from, 1001, 

1002 j 1 . / 

7 -Hvdroxypropoxyacetic lactone, hydrolysis oi, 
1002 

3-Hydroxy-1,2-propylene sulphide, incorporation 
with rayon, 1177 , , 

a- (/3 -Hydroxy propyl) -7-phenyl-7 
resiriification, 788 . . t i 

biS'8-HydroxypropyI sulphide, reaction with phos¬ 
phorous trichloride, 1179 t i mu 

Hydroxypropyl vinyl ether, preparation of, 1009, 

. . u *• 

7 ‘*HvdroxyquinaIdines, condensation with aromatic 
aldehydes, 745 . , ^ 

Hydroxyquinolinc, catalyst, phenol-formaldehyde 
reaction, 846, 347 . inns 

Hydroxystearic acids, shellac-like 
18-Hydroxystearin, from castor ml, 1221 

Hydroxytohiic acid, condensation with aldAydee, 

/5-^droxytrimethylene sulphide, modifier, urea- 
aldehyde reeint, 684 ^ no 

Hydroxyxylolquinone, from aiym-m-xylidine, 712 
Hypo<^loritee, in rosin oxidation, m 
U^^poohlorites, reaction with rubber, 1094. 1114 


Hypochlorous acid, effect on latex, 1113 
—, reaction with oleone, 551 
—, — rosin, 804 
—, -- rubber, 1113 

Hypophosphorous acid, bleaching of phenol-alde¬ 
hyde resins with, 429 
Hyrax, composition of, 1202 

I 

Ice cream, use of polyvinyl alcohol, 1068 
Iceland moss, see Lichenin 
Ideal varnish, nature of, 36 
Ijlummatmg gas, purification of resins with, 335 
lllummatmg materials, cuprene as absorbent for, 
146 

Imide, by polymerization of acrylic add amide, 
1074 

Imides, condensation with aldehydes, 708 
Imitation marble, resin, preparation of, 468 
Immersion tests for laminated materials, 1343 
Impact machme, simple beam, 1348 
Impact-molding material, from phenolic resin, 462 
Impact press, use m cold-molding operation, 1312 
Impact strength, of laminated materials, 1342 
—, of molding materials, determination, 1358 
Impervious coatmg, from phenol resin with rubber, 
450 

Importation, of phenol, into United States, 359 
Impregnant, chloroprene as, 159 
chlororubber, 1121, 1127, 1128 
—, cresylic acid-formaldehyde resin in tung oil, 365 
for cloth, phenol-formaldehyde resin as, 533 
for fabrics, Toron, 1200 
—, for paper, furfural-phenol resin as, 533 
for stone, vulcanised asphalt, 1203 
—, for textiles, from stearin pitch, 1203 

for wood, furfural-chloronaphthalene resin as, 
533 

-- from rubber, 1097 
—, urea-aldehyde ream, 671 
vmylacetylene as, 150 
Impregnants, benzal chloride resins as, 1134 
—, chloronaphthalenes as, 1153 
—, for wood, 1153 

—, from aralkyl halides and tar oil, 1131 
—, from the butadienol esters, 152 
—, from modified urea-aldehyde resin, 685 
. from phthaUc anhydride-modified urea-alde¬ 
hyde ream, 653 

~, from a-polychloroprene, 159 
—, from polymers of l,3-diene8, 185 
—, from polymers of vuiylethinyl carbinols, 151 
—, from shellac, 24 
—, from sulphurised products, 1210 
—, natural resins used as, 18 
—, partially hydrolysed polyvinyl esters, 1059 
—, phenol-aldehyde resins as, 862 
—, phenolic resms, preparation of, 481 
—phenol-sulphur resins m, 1193 
—, synthetic resins, 1245, 1246, 1247, 1248, 1249 
—, tests for non-volatile matter in, 1368 
—, urea-furfural resins, 669, 670 
—, urea resins, 565 
waxes, 1245 

Impregnated asbestos sheets, use of, 474 
Impregnated bodies, with phenohe reems, 481-483 
Impregnated canvas, uses of, 471 
Impregnated wood, properties, 481 
Impregnating agent, oasKew-sheil oil, 1232 
—, for paper, ester gum in, 828 
—, from rubber, 1100 

—, from sulphurised Japane<^e lacquer, 1206 
—, from vulcanised castor oil-petrolsum pitch mix¬ 
ture, 1204 

—, resin from naphthalene as, 266 
Impregnatmji agents, from polymerised aeiylie 

—, from vinyl resins, 1060 
—, polyvinyl ethers as, 1011 
—, urea resins as, 680, 681 
Impregnating fabrics, use of aUtyd resins, 005 
Impregnating materials, nitrated rubber for, 1004 
—, from coal-tar pitch dyso; 274 
Impregnation, by injeotion, 1326 
—, of cellulosic material, m^od, 1845 
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Impregnation, of fabrics, with iiheriol oil-foituaMe- 
hyde resma, 406 

—, of wood with Aroclor resins, U47 
—, with alkyd resins, 891 
—, with cresol-aldehyde resins, 423 
—, with sulphur, 1167 

Impregnator for hbraus material, furyl alcohol 
ream as, 522 

Impurities, m cumarone resins, 125 
—, in roam, removal, 767 

Incandescent-lamp hlameuis, from phenol-alde¬ 
hyde resin, 285 

Incorporating fillers, method, 1316 
Indamine, catalyst, for phenol-formaldehyde reac¬ 
tion, 347, 348 
Indane. see hydrindeue. 

lndasole-1-carboxylic acid esters, pyrolysis, 736 
Indelible prmting ink, cumarone resm with, 140 
Indeiie, action of air on, 98, 101 
——, aluminum chloride on, 102 
—, —, antimony pentachloride on, 102, 103 
, -~, boron trichloride on, 102 
—, , bromine on, 100 

—, —, ethj^l oxalate on, 98 
—, —t glacial acetic acid on, 102 
—, —t halogens on, 97 

hydrogen chloride on, 98, 102 
—, —, hydrogen fluoride on, 98, 102 
—, , hydrogen halides on, 98 

—, iodine on, 102 

—, —, nitrous acid on, 98 
, oxygen on, 103 

—, oxygenated denvatives on, 103 

, —, perbensoic acid on, 103 
—, —, phenyldiaaoniiim fluoborate on, 103 
—, —, phosphoric acid on, 102 
—, —, picnc acid on, 99 

potassium permanganate on. 98 
—, sodamide on, 98 

—, —, stannic chloride on, 102, 103 

—V —I sulphuric acid on, 92, 100, 101 
—, —, suxui^t on, 101 
—, —, titanium tetrachloride on, 102 
—, —, ultraviolet light on, 101 
—, —, sine chloride on, 102 

as plasticiser in alkyd I'csin coatings, 964 
, bromination of, 97, 98, 102 
by erackinjg, 201 

condensation with formaldehyde, 265 
—, cemditions of polymensation, 100 
l,2,*dihydit>xymdane from, 98 
, diindene from, 101 
—, dimeiisation of, 102 
—, effect of heat on, 100 
light on, 100 

preMiire on polymerisation of, 49 
—, —, sulphuric acid on, 167 
ethyl indeneoxalate from, 98 
—, from acetylene-hydrogen mixtines, 96 
—, from carburetted water gas, 96, 97 
—, from ooal gas, 97 
—, from ooal tar, 96, 97, 99 
from crude naphtha, 99 
—, from drip oil, 97 
from natural gas, 96 
, from phenols, w 
—, from pplsdndene, 104 
—, from primary tars, 96 
, from tar oils, 99 
gum from, 103 

neat effect of polymerization, 95 
—» hetero-polymerisation of, 100 
homophtbalio acid from, 98 
—, homo-polymerisation of, 92, lOO 
—, hydrindene from, 97 
—, hydrogenation of, 97, 105 
hydroxybromides of, 99 
—, identifiMtim^af, 97 , 

influence of concentrations of sulphuric acid 
on, Ipl 

***** iodoindanaa frenn, 102 
—, mechanism pf poimariaatioa of, 194 
, metalndina front* tOl 
—, nitrosHe of, 98 


Indeiie, ocidation of, 100 
—, paraindene from, 101 

photopolymerisation of, 101 
—, physical properties of, 96 
—polymdenes from, 100 
—, polymerization of, 100, 257, 258 
—, —, by stannic chlonde, 990 
—, —, unimolecular reaction, 104 
—, polymerized, 1^ 

—, —, bromine absorption of, 103 
—, —, dielectiic constants of, 103 
—, —, effect in cumarone resuis, 106 
—, —, fractional precipitation of, 101 
—, reaction with bensaldehyde, fw 
—, maleic anhydride, 895 
—, — nitrogen peroxide, 727 
—, — tin tetrachloride, 100 
reduction of, 97 
—, relation to oumarone, 92 
—, removal from naphtha, 106 
—, resemblance to rubber, 1101 
, resinous polymers from, 105 
—, resin with paiaforraaldehyde, 265 
—, separation from cumarone, 99 
—, styrene, 99 

—, similarity to cyclopentadiene, 92 
—, —, styrene, 92, 100 
---, sodium mdene from, 99 
~, solvent, alkyd resins, 880 
—, structure of, 92 
—, synthesis of. 97 
—, tetraindene from, 100 
—, tetramer of, 101 
—, thermopolymerization of, 100 
Indene-oumarone resins, analytical schemu, 1257 
—, constituents, 1267 
—, identification, 1257 
—, properties, 1257 
uses, 1257 

—, varnish from, 131 
Indene dibromide, from indene, 97 
—, mdene hydroxybromide from, 97 
Indene dichloride, from mdene, 98 
Indene-formaldehyde condensation pioduct, chai- 
aoter of, 206 

—, similarity to drying oil, 266 
Indene hydroxybromide, from mdene dibromide, 97 
Indene hydroxychlonde, from indene dichloride, 98 
Xndene-phenol ratio, effect of, in cumarone lesiiis, 
119 

Indene picrate, decomposition of, 99 
from indene, 99 

Indene polymerization, aryl diasoniuui fluolxuutc 
catalyst in, 176 
—, exothermic nature of, 109 
use of acetic acid in, 180 
, acetone m, 180 
—, —, arsenious acid in, 180 
—, —iodine in, 180 
, phenols in, 180 
reducing agents in, 180, 181 
—, —sulphur in, 180 
—, x-ray studies of, 50 

Indene polymers, properties, 100, 101, 102, 103, 104, 
105 

Indene resins, use of, with coal-tar bitumen, 300 
—, x-ray patterns of, 80, 81, 82 
indenes, compatible, chlororubber, 1119 
Index, Trade Names, 1380 

Index of refiaction, diango during reaction of 
phenol and formaldehyde, 312 
Indigo blue, oxidation, 744 
In^i^d dyes, use, with phenol-aldehyde resins, 

Indole, from acetylene and aniline, 704 
—, reaction with diindole hydrochloride, 743 
—» —» hydrogen chloride, 743 
—, metaphospborio acid, 743 

—, rSiinifleation with hydrochlorio acid, 743 
resins from, 742. 743 

IndolyimAgnesium iodide, reaction with ehloro- 
aestonitrile, 743 
-**, ett^l acetate, 743 
—* riiiiie from, 743 
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Indophenol, catalyst, for phenol-formaldehyde re¬ 
action, 347, 348 

—, color teat, 12M , , 

Inductive capacity, of chloronaphthalene waxes, 
1163 

Inert sas, polymerization of fatty oils in, 1228 
—, pob^®risation of glycerols with, 995 
Inert gases, effect of, separation of styrene, 254 
Inflammability, of varnish films, 19 
Infusibility, of molded oWects, 22 
Infusible alkyd resin, influence of heat on, 864 
Infusible phenol-formaldehyde resm, 297 
Infusible products from starch, 760 
Infusible resins, coiiveision to fusible resuis, 692 
—, formation of, 11 
—, from fusible resins, 693 

Infusible transparent resins, phenol-aldehyde, with 
excess of formaldehyde, 823 
Infusoiial earth, effect of, m synthetic rubber, 196 
Inhibitor, anthracene, polymerization of styrene, 

342 

—, benzoquinone, polymerization of styrene, 242 
—, oresol, polymerization of styrene, 242 
—, eugcnol, 408 

—, hydroquinone, polymerization of styrene, 242 
—, a-naphthol, 408 
—, pickling, urea resin as, 649 
—» pyrogallol, polymerization of styrene, 242 
—, sulphur, poljnaaerization of styrene, 242 
—, tnmtrobenzene, polymerization of styrene, 242 
Inhibitors, for gum, 222, 223, 224 
—, phenols, polymerization of furylethylene, 243 
—^ polymerization of styrene, 242 

—, use of, with styrene, 242 
Injection, of resins, into fibrous materials, 1325 
Injection mold, operation of, 1294 
Izijection molding, 1321, 1322, 1323 
—, advantages of, 1328, 1325 
—, mottled effects, 1325 
—, of reactive resins, 1324, 1325 
of thermoplastic materials, 1324 
—types of presses, 1825 
Inks, alkyd resins in, 979 ^ 

—, colored phenol reains m, 453 
—, from polyvinyl alcohol, 1060 
—, intaglio, from synthetic resins, 1250 
, non-drying, cumarone resm in. 140 
—, printmg, cumarone resins in, 123, 139 
—, —, from tall oil, 755 
—, —, from terpenes, 781 
—, —, from wood oil, 781 
—, —, metallic soaps m, 790 
—, silica black in, 1235 
—, transfer, cumarone resin in, 140 
Inorganic acid chlorides, condensing agents, 289 , 290 
Inorganic acids, catalj'StSi condensation, uiea ami 
formaldehyde, 616 

—, curuig, cellulose-urea rosiii compositioii.s 622 
m vami^es, prevention of yellowing, 1378 
Inorganic compounds, «ulplionaiiiide-aldehy<io re.s- 

Jnon^ni^^'llers for phenol-aldehyde molding jjow- 

Inorganj^hafides, catalysis, poyinerizatiwn of tun« 

oil, 1219 en XI 

—, mechanism of polymerizing action, &o, ai 
Inorganic resins, insulation from, 1240 
—, varnishes from, 1240 
Insect adhesives, from 
Insecticide, factice in, 1212 
—, from sulphur and rosin, 1164 
InseeUcide carrier, silica black jn, 1235 
Inserts, adapting prefor^ to, 1319 
—, in moldra articles, 1296 
machining of, 1331 . 

—, metal, use, injection molding, 1325 
placiDg in mold, 1320 

Ini^uKe to/usibte resins, from cresol-hexamethyl- 

enetetramine reaction, 329 2 ^- 

—, from i^enpl and formaldehyde, 2W1, 

^^^5*ph6ool-bexamethylenetetramine reaction, 

-Tfrom enluble fusible resins, 345 
—, use of tenii, 816 


Insoluble polymers from benzyl chloride, 1130 
Insoluble lesuis, soluble resins from, 340, 341 
Inspection, of moldings, 1331 
Instability, of methyl rubber, 178 
Insulating agent, from sulphurized Japanese 
lacquer, 1206 

Insulating capacity, of anilme-formaldehyde reams, 
692 

Insulating characteristics of cumarone resin, 134 
Insulating coating, alkyd resins in, 906 
—, from rubber, 1092, 1098 
—, resm-modified cellulose lacquers, 447, 448 
Insulating composition, cumarone resin and tung 
Oil, 133, 136 

—, from chlorobiphenyl, 1151 
Insulating compositions, 778 
—, fi-om sulphur and cumarone resin, 1162 
—, phenol-formaldehyde resins with glycerol- 
phthahe anhydride reams m, 530 
Insulating compound, from gutta-percha, 1091 
—, of linseed oil and stearin pitch, 1203 
—, rubber m, 1091 

Insulating compounds, Aroclors in, 1150 

—, cumarone ream in. 133 

Insulating material, acetaldehyde resin in, 495 

—, composition of, 828 

—, electrical, from tar distillates, 273 

—, ethyl abietate in. 828 

—, troni cashew-shell oil. 1232 

—, from cumarone resm, 112, 1243 

—, from formohtes, 213 

—, fiom uiea resins, 625, 628 

—, magnetic, preparation of, 1249 

—, nitrated rubber, 1094 . . ^ ^ 

Insulating materials, amino-aldehyde resins, 696 
—, from shellac, 24 

, from Bulphouamide-aldehyde resms, 721. 722 
—, from tail oil, 757 
—, modified uiea-aldehyde ream, 684 
—, urea resins, 623 

Insulating paper, from chlororubber, 1126 
Insulatmg properties, of phenol-furfural-alkyd 
resm compositions, 939 
—, of polystyienes, 249 
Insulating varnish, gum accroides in, 819 
Insulatmg varnishes, from modified phenol-alde¬ 
hyde resins. 439 
—, from phenol-resins, 450 
—, furfural-ketone resins m,,538 
Insulation, chloronaphthalene m, 1152 
—, electrical, chlormated cumaione compounds lu, 
139 

—, —, cold-molded, 1286 
—, —, cumaione ream in, 140 ,, , . 

—, —, from leather-modified phenol-aldehyde resm, 
418 

—, —, from phenol-furfural i*esin, 532 
—. —, from vinyl resins, 1051 


—, urea in, 566 

—, flaine-pioof, cold-molded, 1287 
—, fliiormaled compounds in. 1151 
—. for cable.s, butadiene polymerizatmn piodiicl 
and ethylene oxide-abietic ester in, 828 
—, from inoigaiiic resiiw, 12^ 

—, from rubber and sulphonic acids, 1098 
—, from rubber-sulphonyl chloride pn,<Iuct, 1098 
—, furfural-phenol resin in, 523 , t » 

—, heat, from leather-modified phenol-aldehyde 
resin, 418 ^ 

—, metallic soaps m, 790 , 

—, phenol-cuibohydrate resins in, 759 

phenol-furfural-p-aminophenol resm m, 531 

_ phenol-resin impregnated fabric, 471, 474 

—[ submarine cable, 1091, 1096 
Insulator, Bakelite, 482 ^ 

—, electrical, polyrtyrene resm, 248 
—, marble, oy polystyrene treatmimt, wl 
Insulator qualities, determination of, 1849 
Insulator^ aldehyde-amine reeuif, 710 
—, electrical, 560 
—, alkyd resini, 8W ^ 

— for tar oil hydrocarbon-aceteme ream, 276 
—! from alkyd roriiiit, 677 

z; {SS 

4cid resin, 963 
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Iu8ulatore» hard rubbei -chloroimphthaleno oomposi- 
tiona as, 1153 
—, mica, binder for, 1287 
—, styrene polymers as, 245 
—, synthetic resins as, 1850 
Litaglio ink, from polyvmyl acetate, 1027 
—, from synthetic resins, 1250 
Intaglio printing, use of urea resins, 648 
Intaglio printing colors, 062 
Interfaeial surface, influence on plasticity, 33 
Intennediate, resin-forming, 3,4'-dihydroxy di- 
phenylmethane, 306 

Intermediate coating compositions, drying alkyd 
resins in, 076 

Intermediate condensation products of phenol- 
formaldehyde reaction, 205, 200 
Intermediates, in resin formation, 201 
—, resin, dihydroxyarylmethanes as. 302 
Intermolecular condensations, 1120 
Intermolecular dehydration of glycerol, 004 
Intermolecular esters, s^thesis of, 1002 
Internal slippage in rubber, 71 
Intertwining, in alkyd resms, 075 
Intramolecular changes, in alkylated phenols, 361 
Intramolecular rearrangement in drying oils, 861 
Introflers, chlorinated biphenyls as, 1147 
—, types, 1165 • 

Inulin, ally\ ethers of, 763 
Inulin dyes, use, sound records, 1336 
Inverted-ram press, operation of, 1305 
Iodic acid, action, on anise oil, 1253 
lodinated rubber, properties, 1113 
Iodine, action on anise oil, 1253 
, indene, 102 
j phenols, 1154 
, —, pine oil, 781 
, catalvst, chlorination, 1151 
, —, chlorination of biphenyl, 1144 

, decomposition of 8|lver triiodophenylate, 379 
, phenol-sulphur reaction, 1191, 1192 
I polymerisation of glycerol, 7M, 995 
I polymerisation of vmyl ethers, 1010 
I preparation of modifi^ phenol resms, 405 
, reaction of acetone with a-naphthylamme, 
1198 

, rubber-chloiination, 1110 
, sulphur-amline reaction, 1197 
, effect on chloroprene polymerization, 157 
-, oxidation of styrene, 289 
. -, resins from isosafrole, 261 
I resins from safrole, 261 
, st/rene polymerisation, 241 
, reaction with acetone-formaldehyde resin, 548 
, , acetylene, 161 

, —, acetylene homologues, 161 
, —, bensene, 1156 
, hydroxybensoio acid^ 878 
, , hydroxydiphenyl sulfide, 1156 

, —, rubber, 1105, 1113, 1114 
, —, ti^ oil, 1217 
, —, vinylacetylene, 161 
, —vmylacetylene homologues, 161 
resins containing. 548 
, use in photographic coating, 1251 
, polymerisation of 1,3-dienes, 180 
, —, tung oil isomerisation, 923 
Iodine monobromide, reaction with balata, 1113 
, gutta-percha, 1113 
—, —, rubber, 1113 
Iodine monochloride, reaction with balata, 1113 
> —, gutta-percha, 2113 
, —, rubber, 1113 
Iodine number^ of oumorone resin, 125 
r of tung oil, teduotion of, 1217 
, quantitative ^v^ermination, 1256, 1260, 1261 
j use of, oontrol of oboklng of oils, 1226, 1227 
lodine^va^, of sashsirAi^iU oil, 1229 
of resin from cracked-gasoline, 191 
a-lodoaecaldehyde, poiymmisation Of, 606 
o-Iodobromobenssne, reaction with copper, 1142 
lod o deeate d ene, from Indsoe^ 102 
lodolt^ in eoaihiis, 699 




resins, at 


lodophenol, formation of, 1191 
/3-lodopropionic acid, acrylic acid from, 1070 
—, reaction with alcohohc potash, 1070 
—, —, lead oxide, 1070 
, —, sodium carbonate, 1070 
bis-3-Iodopropyl sulphide, decomposition, 1179 
ionic micelles, phenol formaldehyde resins as, 31 
^-lonone, fulvene of, resin from, 270 
Iron, action on petroleum tar; 217 
—, catalyst, acetylene polymerisation, 143, 146 
, —, acrolein formation, 994 
—, —, air-oxidation of phenol, 371 
~, —, ammonia-carbon monoxide reaction, 684 
—, —, chlorination of biphenyl, 1144 
—, —, —, naphthalene, 1151 

—, —, condensation, xylyl chloride and naphtha- 
lene, 1131 

—, —, dechlorination, 220 
—, —, drymg oil polymerization, 1228 
—, —, ester gum formation, 802 
—, —, formation of oily polymers of 1,3-dienes, 185 
—, —, oxidation of tar and tar oils, 273 
—, —, reaction, polyvmyl alcohol and haloethera, 
1067 

—, rosin esterification, 799, 800 

—, effect on rosin, 772 
—, , turpentine, 783 

—, filler, phenol-aldehyde moldmg powder, 459, 460 
—, hardemng catalyst, alkyd resms, 981 
—, incorporation with montan wax, 211 
—, inhibitor, vmyl ester-aldehyde reaction, 1064 
—, oxidation catalyst, 209 
—, polymerization catalyst for furfural, 521 
—, removal of orgamc compounds of, from coal- 
tar fractions, 361 

Iron-bionze, inhibitor, polymerization, vinyl bro¬ 
mide, 1037 

Iron carbonate, modifier, phenol-aldehyde resins, 
438 

reaction with benzal chloride, 1134 
Iron carbonyl, catalyst, m polymenzation of 1,3- 
dienes, 184 

Iron castings, use in making molds, 1297 
lion chloride, catalyst, furfural-aniline reaction, 
535 

reaction with phenol resins, 310 
Iron halide, catalyst, polymenzation of l.S-dienes, 
188 

Iron monoalkyl phthalate, preparation, 050 
Iron naphthenates, 207 
Iron oleate, oxidation catalyst, 210 
Iron oxide, catalyst, acetylene polymerization, 146 
—, condensation, acetone with oamauba wax 
and rape oil, 541 
—, , dechlorination, 220 

—» —I polymerization of ethylene oxide, 991 
—, preparation of styrene, 254 

dehydrogenatmg agent, 216 
—. filler for mica sheets, 983 
, in cold-molding composition, 1286 
, in rosin-biphenyl compositions, 1150 
—, modifier, phenol-aldehyde resins, 437, 438 
—, pigment, 1276 
—, —, chlororubber> paint, 1120 
use of, 407 

Iron pipes, coated with chlororubber, 1121 
Iron powder, incorporation with urea resins, 623 
Iron pyromucate, polymerisation catalyst for fur¬ 
fural, 521 

Iron resinate, catalyst, oxidation of tall oil, 755 
Iron salts, neutralisiiig agents, 344 
of alkyd resins, 946 

Iron-zinc foil, catalyst, polymerization, vinyl bro¬ 
mide, 1037 

Irish raOfs, use of, in eniulsification, 945 
—, with urea resin, 681 
irradiatiosi, effect on, polymerisation, 547 
—, of cinnamic acid, 1083 

polymerisation of isopropenyl methyl kutenf 
by, 551 , . 

Irregular pieoef, die casting of, 1296 
Irreversibla gelation, 39 
—, in glyoerol phthalate resina, 869 
Irritant, skin, ohioronaphthalenea ae, 1112 
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laatin, condensation with beuzalethyl ketone, 744 
. —, fonnaldehyde, 089 
—, furfurylideneacetone, 744 
—, methylcinnamenylvinyl ketone, 744 
from, indigo blue, 743 
—, oxindole, 744 
j resinification, 744 
leatoid, from, isatm, 744 
—, resinification, 744 
Isatropic acids, structure of, 1084 
Isoamylaniline, condensation ^ with formaldehyde 
687 

Isoamyl cinnamate, polymerization, 1082 
Isoamyl pyromucate, from reaction of furfural and 
acetaldehyde, 619 

Isobornyl chloride, reaction with formaldehyde. 
515, 516 

Isobutane, from heptanaphthene, 215 
Isobutene, polymerization with aluminum chloride 

166 

p-Isobutenylaniline, from 2,2'-diaiiiino{liphenvllm- 
taue, 732 

—, polymerization of, 732 
Isobutyl alcohol, leaction with phenol, 410 
—, urea-formaldehyde condensation in, 637 
Isobutylchlorourea, leaction with aldehydes, 574. 
575 

isobutylene, action of silent eleilne discharge on. 

165 

-, —, sulphuric acid on, 167 
—, effect of boion trifiuoride on pulMiieiization of, 

166 

—, —, flondin on polymerization of, 166 
—, molecular weight of polymerized, 166 
—, polymerization, 167 
—, —, effect of temperature, 166 
—, reaction of, with liquid sulphur dioxide, 167 
resinous substances from, 165 
Isobutylene-acetone, condensation, in presence of 
sodium hypobromite, 550 
Isobutylene esters of phenylacrylic acid, polymer¬ 
ization, 1083 

Isobutylene polymers, use of, as adhesives, 200 
Isobutyl phthalate, plasticizer, polyvinyl acetal, 

1062 

2-l8obutylquinoline, resmification, 739 
Isobutyraldehyde, polymerization of, 506, 507 
—, reaction with furfural, 519 
Isobutync acid, use of, m alkyd resms, 906 
Isobutyrylphthalimide, decomposition, thermal, 553 
a-Isocaoutchouc, decomposition of, 1089 
—, ozonide of, 1089 
—, preparation of, 1089 

Isooolloid materials, containing fatty acids, heat- 
mg in electrolytes, 1227 
Isooolloid theory, of polystyrol resins, 235 
Isocolloids, nature of, 36, 37, 56 
Isocrotonio acid, from crotonic acid, 1081 
Isocyanates, reaction with dimethylketene, 553 
Iso^amo acid, combination with ammonia, 569 
Isodibromosuccmic anhydride, hardening agent, 
urea resms, 618 

Isoet^enol, bromination of, 1154 
—, effect of potassium ferrocyanide on reainifica¬ 
tion of. 262 

—, —, toluene on resinification, 262 
—, hydrolysis of ozonide of, 262 
—, osonolysis of, 262 

—I polymerization, lead peroxide anode, 262 
—, resins from, with caustic soda, 262 
—, —, with sodium sulphate, 262 
—, vanillin from, 262 

Isoeugenol resinification, effect of methylation of 
phenolio group, 262 

—, prevenUon of, 262 .... 

Isoeugenol-vanillin solution, electrolytic oxidation 

^ 

Isohaptene oxide, preparation, 1234 
—, resin from, 1254 . . 

4 -Isohexinyl* cis^^*-tetrahydrophthalic anhydride, 

compounds from pheDoMormaldehyde 
oonoMuation products, inetbods» 292 
diindsne, 108 


Isuiatiun of 2,6,>methylal-i>-cienoi, 293 
—. o-polychloroprene, 156 
—, resorcinol alcohols, 371 

Isomeric butenes, alkylated phenols from octenes 
of, 411 

Isomeric forms, of cinnamic acid, 1082 
Isomerization, of tung oil, 923 
—, m fused rosin, 766 

Isomethyleugenol, resins by steam distillation, 261 
—, varnish from, 261 
Isonitrosates, polymerization, 727 
Isonitrosites, polymerization, 727 
Isophorone, reduction with, zinc amalgam and 
hydrochloric acid, 541 

Isophthalaldehyde, condensation with, benzidine, 
688 

Isophthahc acid, use of, in alkyd resins, 925 
Isoprene, attempt to prepare, 161 
—, condensation with uiumutic hydroeailxnis 193, 
194 

- , ketene, 554 

co-polyineiization with chloinjnein, 157 
—, monolefins, 192 
dinioiic, 173 

dipenlene lioin, 172, 1087 
effect ot electromagnetic fields, 170 
heat, 172, 173, 175, 178 
—, light on, 174 

—, pressure on polymerization of. 4M 
—, silent electric 'discharge, 174 
emulsification, 179, 180 
estimation of, by diene leaction, 830 
formation of, 1089 

from acetone-vinyl bromide reaction, 1258 
from acetylene, 177 
from amyl alcohol, 177 

from destructive distillation of rubbei, 1089 
from rubber, 1087 

mechanism for thermal polymerization of, 170 
monomeric form of rubber, 169 
jg-myreene from, 172 

ozonized, as catalyst m isoprene polvmeiiza- 
iion, 176 

photopolymeriaation, effect of oxygen, 1020 
polymerization, 169, 172, 173, 174, 175, 178, 179 
—, by stannic chloride, 990 
rate of polymerization of, 155 
reaction with benzoquinone, 830 
—, 2-penteTie, 190 
—, sulphur dioxide, 171 
—, trimethylene, 190 
—, triphenylmethyl, 834 
lelationship to rubber, 1087 
resemblance to rubber, 1101 
rubber-hke material from, 178, 174, 175, 176, 

177, 178, 179, 180, 183, 184, 1247 
sodium-polymerized, cyclic structure of, 175 
—, resemblance to natural rubber, 175 
sodium rubber from, 1089 
structure of, 1087 
synthesis of, 178 
thermal reactions of, 51 

, see also butadiene bomologues 
Isoprene-butadiene mixture, vulcanizing pol3anei 
of, 195 

Isoprene dibromide, reaction with calcium poly- 
.sulphide, 1171 

rubber-hke substances from, 1171 
Isoprene emulsions, tanning, 1247 
IsopreDe-2-pentane reaction, aluminum chloride 
catalyst in, 190 

—, effect of reactant ratio on properties of prod¬ 
uct, 190 

—, properties of product^ formed in, 190 

Isoprene j^lymer, cunng of, 175 

—, increasing rubber-like properties of, 200 

—, production of Ught-ooforeidt 181 

—, rubber-Uke material from, 200 

—, vulcanization of, 175, 188, 196 

Isoprene polymerisation, alkali-metal catalyst in, 

178, 179 

—, apparatus for, 179 
arresting, 180 

aryl diaaonium fhioborate eat^st in. 176 
—, benMoe-solubls product of^ 180 
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Isoprene polymerisation, catalysts for, 175, 176, 180 
—, effect of catalyst on yield, 180 
—, —, hydrogen ion concentration, 178 
—, glacial acetic acid catalyst in, 175 
—, homogenisation of emulsion before, 170 
—, hydro^lonc add catalyst in, 174 
hydrogen>ion concentration in, 170 
in aqueous emulsion, 178, 170, 180 
—, in commerce, 170, 177 

oxidising substances as catalysts in, 180 
—oxygen catalyst in, 175f 179, 180 
—, place of autoxidation in, 176 

remoyal of oxidising catalyst after, 180, 181 
—, removal of product after, 170 

sodium catalyst in, 175, 181, 182, 183 
—, temperature control in, 170 
—, use of adds m, 178 
—, —, acrylic acid denvatives, 181 
—, —, amyl ether in, 180 
—, —, aqueous emulsions in, 181 
—, —, buffers m, 178 
—, —, carbon-dioxide atmosphere in, 175 
—, —, caustic alkali in, 178 
—, —, chlorinated oomj^unds in, 180 
—, ~, emulsifiers in, 178 
—, —, heat m, 179, 180 
—, —, pressure in, 176 
—, —, vegetable oils in, 180 
—, velocity of, 184 
—, x-ray studies of, 50 

—, see also butadiene homologues, polymerization 
of 

Isoprene sulphone, action of alkali on, 172 

—, effect of light on, 172 

—, polymeric, allene linkage present in, 172 

—, preparation, 171, 1178 

—, reaction with bromine, 171 

—. —. potassiuhtt, 172 

Isoprene sulphone B, formation of, 172 

—, meltmg point of, 172 

Isoprene sulphone dibronude, preparation of, 171 
—, reaction with alcoholic sodium hydroxide, 171 
Isoprene tetrabromide, dibromoisopiene from, 170 
Isogrene-toluene condensation, sodium catalyst m, 

Isoprene units, in rubber, arrangement. 174, 1090 
Isopropenyl methyl ketone, isomerization, 551 
—polymerization, 550 
—I by irradiation, 551 

—, reaction with, stannic chloride, 551 
Isopropyl alcohol, influence on viscosity of nitro¬ 
cellulose lacquers, 966 

Isopropylamine, catalyst for cresol condensation, 
347 

—, condonsation with acetaldehyde, 705 
—, —, benzaldehyle, 705 
—, —, formaldehyde, 705 

Isopropylbenzene, condensation with ethylene diha- 
Udetf, 266 

—, —, isoprene^ 198 

—, polymerization with stannic chloride, 258 
—, styrene homolo^es from, 254 
Isopropyl benzyl diloride, reaction with phenols, 
1188 

Isopropylbensyl chloride-rosin condensation, 1132 
Isopropylbensyl chloride, rosin esters with, 799 
isopropyl chlorosuccinate, 889 
Isopropyl esters of phenylacr>'lic add, polymeriza- . 
tion, 1088 

laopropylnaphthalene, as toxic constituent of coat¬ 
ing, 154 

Isopropyinaphthalenesulphonic acid, modifier, phe¬ 
nol-aldehyde resins, 419 
reaction with formaldehyde. 419 
Isopropyl-xanthogenate tetrasulphide, rubber ac- 
oelemtor, 1173 

Isoquinoline derivatives, resina from, 7M 
Isusafrole, ooqpUng with 4iasotised p-nitroanitiii(eC L 
734 ' 

effect of eunlight on, 261 
osonides of deeomp^tion, 262,.^^^' 
polymerization, stannic ehtorkla,^i|4alyet, 261 
resma from, 261, 811 

Ispsuodide add, reaetioii with raserdnot, 1286 


Isosuocinio add-resorcinol resin, effect of lead, 
1255 

—, solvents for, 1265 

Isothiohydantoins, from thiocarbanilide, 575 
Isourea, condensation with malonic ester, 571 
—, derivatives of, 671 
reactions of, 571 

Isovaleric aldehyde, resinification of, 509 
Isovalervl cyanamide, polymerization of, 781 
Itanomc acid, dinikyl esters of, polymeiization, 

1085 

—, esters, resinous polymers of, 1085, 1086 
—, pob'mensation of, 1085, 1086 
—. polymerised modifier, for urea resin, 632 
Itacomc add esters, polymers of, uses, 1086 
rate of polymerization, 1085 
liaconic acid polymers, as modifiers, 1086 
—, use in phonograph records, 1086 
—, with vinyl compounds, dispersing media from, 

1086 

Itacomc acid resins, use of phthalide with, 942 
Itacomc anhydnde, reaction with cydopentadiene, 
835, 836 

Ivory, natural, modifier, phenol-formaldehyde res¬ 
ins, 418 

Ivory-like castings, 589 

Ivory-like material, modified phenol-aldehyde 
resin, 487 

—, urea-phenol-aldehyde resin, 674 
Ivory-like substance, from sulphur and casein, 
1166 

Ivory scrap, filler, for molding composition, 463 
Ivory substitutes, from casein-furfural resins, 538 
Izod test with laminated materials, 1342 

J 

Japan, baked, in molded lubricants, 1827, 1328 
Japanese acad clay, catalyst, rubber-chlonnation, 
1110 

Japanese lac, modifier, for phenol-aldehyde resin, 
396, 399 

—, properties of varnishes from, 25 
—, source of, 25 

Japanese lacquer, action on skin, 1205 
—, source of, 1205 
—, sulphuriz^, uses for, 1206 
—, —, reaction with aldehydes, 1206 
Japanese sardine oil, fatty acids, polymerisation, 
1229 

Japan lao, constitution of, 516 
Japans, use of nitrocellulose-Teglao compositions 
as, 913 

Japan wax, in stencil sheets, 962 
Jar caps, from urea resins, 627 
Jars from vmyl lesins, 1269 

Jayne, H. W., use of by-produot coke ovens by, 
360 

Jellies, theory of formation, 30, 31 
—, from cellulose, 66 
Jelly, from silk, 69 
Jig-boring, of molds, 1801 
Juniper oil, resin from, 1258 
Jute, fiber structure of, 64 

K 

Kaolin, catalyst, 1181 
- use in alkyd resins, 949 
~, —' synthetic rubber, 196, 197 

with phenol and uiea reams, 624 
Kiu-aya gum, retarder, urea and formaldehyde 
resine, 642 

—, stabiliser, urea-formaldehyde resins, 597, 
Ka6himoto-body, formulation of, 850 
Kauri-butanol tests, for solvent evaluation, 1869 
Kauri copal bensyl ester, preparation of, 810 
r Kauri gum, distillation with turpentine, for var- 
niah testing, 1367 
—, substitute for, 1158 

ursa resin lacquers with. 682 
—, use in alkyd resin#, 914 
—, with astir gum, 837 
, *— rubbw, 1961 
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K!»uri reduction value, durability of vamishea. 

1367, 1368 
—, of reauiA, 972 

Keratin, condensation with phthahc anhydride, 
732 

a-Keratin, folded molecules in, 71 
A-Keratin, stretched molecules m, 71 
Kerosene, effect on glyptal lacquers, 935 
—, — rubber hydrochloride, 1112 
—, nitration, resins from, 729 

solvent, for petroleum resins, 204 
—. use in preparation of aldehyde -tar -acid resins, 
368 


Ketasines, thermal decmnposit inn, 735 
Ketene, effect on water-resistance, alkyd resins, 
882 

—from acetone, 551 

—, from bromoacetylbromidc and r,mc, 552 
—, from hydrogen and carbon monoxule, 552 
—, from vinyl esters, 1032 
—, pyrolysis, 565 
—, reactions, 554 
, resms from, 540 
Ketene imines, poljrmenzat/on, 73I 
Ketenes, oxidal ion, 554 
—, polymerisation, 553 
—, use in alkyd resins. 044 
Keto-acids as driers, 786 

Keto-alcohols, unsaturatcd, from dimcilivlol ace¬ 
tone, 544 

—, mesityl oxide and phoioiie fioni, 540 
o-Keto-aromatic acids, 786 

Keto-carboxylic acids, condensation with phenols, 
375 


3-Ketobutanol, formation, polymenzHlion, and re¬ 
actions of, 543, 545, 547 
Ketohydrindene-acetic and, 113<) 

Ketolysation, 10-hydroxy-nine and, 1222 
Ketone-acids, condensation with polyhydnc alcr»- 
hols, 894 

—, resins from, 894 

Ketone-aIdehyde-peotose condensation, 763 
Ketone-creosote resins, sound records, 363 
Ketone-formaldehyde resins, amine modihed, use 
m coating compositions, 663 
—I polymerisation of, 663 

Ketone-furfural resins, insulating varnishas, 538 


—, lacquers from, 447 

Ketone-phenol-aldehyde resin, with cellulose esters, 
varnish from, 446 
Ketone resins, use with rayon, 388 
Ketones, aliphatic, condensation with benzalde- 
hyde, 561 

—, —, from tall oil, 756 

—, aromatic, pyrillium (oxomum) compounds from, 


660 

—, —, reaction with acetic anhydride and sulphu¬ 
ric acid, 560 

arylidene, 561 , ^ » -.o* 

—, chlorinated, reaction, with phenols, 421 
—”, condensation with aldehydes, 518, 540, 540 
o-aminothiophenols, 892 
—, — benzothiasoles, 892 
—, — ooal-tar wl, 368 

— phenols, 889 

—, — polyvinyl alcohol, 1063 

— e od him vin 3 HlacetyIide, 150, 151 
-,-uroa, 673-676, 668;W6 

—, cyanohydrins from, 497 
—, oyolio, reaction with aldehydes, 559 
—, —, — carbohydrates, W1 
—, -- eyelohexanol, 890 

—, reeinification, 867 

—j effs^ on chlororublw, 1118 
-- flow of urea reems, 620 
—, from gum, 224, 2to 
—» ftOBh oxidation of |»roline, 223 
from vinyl esters, 1082 
—, hardeninff 
—, Igotonea ftom, 1001 
—♦ polymarixation with styrene. 244 
—, mardiSttk ^SSet on condensations, m 
e^aration of lecins from siudge Iv# 8^ 

—, ^Mdflo vimorfty of, 78 


Ketones, styryl methyl, condensation with chlor- 
aldehydes, 563 

—styryl phenyl, methoxy, resinifloation, 663 
—, unsaturated, formation of, 549 
reaction with phenols, 890 
—, use in chlororubber paints, 1118 
—, — crimping fibers of diene polymers, 200 
-- — polymerization of l,3-diene8, 188, 184 
^-Ketones, condensation with methylolbenzamidc, 
574 

Kctonic acid salts, m lacquers, 788 
Kefonic esters, reaction with isoureas, 571 
Ketoses, condensation with aromatic amines, 710 
—, — urea, 710 

Kctostearic acid, by ketolyzation of 10-hydroxy- 
oleic acid, 1222 

l-Keto-tetrah>drocarbaisole, condensation, 555 
l-Keto>tetrahydronaphthalerie, reaction with poly¬ 
vinyl alcohol, 1063 
Kidney oil, 779 

Kicselguhr, catalyst, poiymeriZHlioii, 227, 262 
—, cuprene as a substitute for, 146 
hller, 1275 

- , mica sheets, 083 

. impiegnatod, catalyst nioditier, 385 
-phenol-aldehyde ream purification with, 339 
use in chlorination of latex, 1125 
", — jiohshing composition, 1251 
—, — polystyrene-cellulose acetate plastic, 249 
- syatheiic rubber composition, 200 
Kinetics, baking piucess of oil varnishes, 955 
—, glycerol phthalate resin formation, 865 
—, phenol-formaldehyde reaction, 299 
Kin, definition of, M 
Kneader, use, incorporating fillers, 1316 
Kneading inaciiine, use of, 344 
Knifing compositions, use of ixisins, 1248 
Kolimt, molding composition, 274 
Kopak, furfural from, 517 

Kopol-A, compatibility with nitrocellulose and 
Aroclors, 1149 

Koroseal, polyvinyl hahde plastic, 1044 
Kraft paper, impiegnation with phenol resin, 477 
, use in dielectric strength testa, 1372 
—, — drying tests, 1364 


L 


Lac resin, structure of 1005 
Lacquer, adhesion of, 826, 1367 
, brushing, 559 
celluloid, use of, 465 
composition of. 823, S25 
containing Aroclors, 1147, 1148 

— alkyd resins, 10. 912, 956 

— este,* gum, 816, 825 

formaldeliyde-hydroxycarboxylic acid resins, 
374 

> furfural resins, 522, 531, 635, 537 

— lactic acid resms, 1004 

— metallic soaps, 788 

— oils, sulphuni^, 1209 

— phenol-sulphur resins. 1186, 1193 

— polyethylene oxide, 998 

— rosin, chlorinated, 803 

— rubber, 1033 
discoloration tests for, 1378 
for wood furniture, 967 

rubber. 965, 986 

— wire, 966 

formation, in Dlesd engines, 210 
from acetylene pobm?er8, 168 

— acid sludge, 217 

— alkycl resin, 894, 897 
—' alkycl-urea-formalddtyde restn, 661, 662 

— amine-aldehyde resins, 698, 697 

— benzenesulphonamide-aldehyde reeim 717, 718 
butadiene polsmsers, vulcanised, 188 
butadiene-stand oil cxt-polymer, 199 
butadienol esters, 168 
carbohydrate reams, 768 

— <»al tar resins, 276 

• erotyl eeUuloee, 10^ 

• eumqrona resin, 119, 128, 129, 118 
-- Uymene, chlorinated, 1166 






Lacquer, fix>m ester gum and nitrocellulose, 

822 

—, — ester gum, nitrocellulose and cumarone resin, 
828 

—, — fat oil, 781 

—, — hydrogen and carbon monoxide, 1255 
—, —* ketone-furfural resins, with nitrocellulose, 

447 

—, — gas^purification extract, 122 
— , — glycerol diabietate, 822 

— glycerol-urea-acetaldehyde, 665 
—, — gutta-percha, chlormated, 1128 
, — leather base, 1255 
—, — lignite extractions, 275 
—, — natural resins, 18 
—, — naphthalene, 1137 
—, naphthenic acids, 207 

—, — nitro resins, 728, 729 
—, — 1,3-diene polymers, 185 
—, — pectous material, 763 
—, — phenol-alcohol resms, 332 
—, — phenol-aldehyde resin, 400, 416, 1044 
—, — phenol-aldehyde-alkyd resins, 447 
—, — phenol-aldehyde-urea resins, 673, 676 
—, — phenol-bensoylbensoic esters, 433 
—, — phenol-fatty acid esters, 1233 
—. —• phenol-furfdral-nitrocellulose compositions. 

447 

—, —* phenol-resins, alkylated, 411, 412 
—, — Plastopals and nitrocellulose. W4, 635 
—— polyacrvlic acid. 1079 
—, — polycyclopentadiene, 188 
—, — polystyrene, 241, 242, 246, 247, 248, 961 
—. — polyvinyl acetals, 1062, 1064, 1066 
—, — polvvinyl acetate, 1025 
—, — polyvinyl chloroacetate, 1025 
—, — polyvinyl esters, 1059 
—, — polyvinyl halides, 1039, 1043, 1044 
—, — resorcinol-isosuccinic acid resin, 1255 
—, — rubber, halogenated, 1105, 1108, 1109, 1110, 
nil, 1115, 1116 

— rubber, oxidised, 1093, 1095, 1098 
—, — rubber, synthetic, 199 

— sulphonamide-aldehyde resm, 713 714, 717, 
718 

—, — tar acid-aldehyde resins, 361, 362 
—, — thiourea resins, 654 
—, — titanium glvcolate, 1239 
—, — turpentine-formaldehyde condensation, 782 

— urea resin, 565, 631, 635, 636, 646^ 669, 678 
—, — vinylacetylene, 150 

—, — vinylethinyl carbinols, 151 

— vinyl resins, 249, 1023, 1027, 1031, 1033, 1047, 
1065, 1067 

—, — waste distillates, 320 
—. — xylenesulphonamide-aldehyde resin. 717, 718 
—, glo^ brushing, use of Teglacs in, 912 
—, ratio of ester gum to solvent in, 822 
—, resins, nature of, 821, 822, 827 
rough surface from. 961 
—, shock-resistant, 1248 
—, storing, sulphur containing, 1204 
Lacquer compositions containing no nitrocellulose, 
914 

^oquer films, effect of reagents on, 822, 826, 827 
LAoquer industry, expansion of, 10 
Lacquer plasticisers, use of all^d resins as, 874 
;r» — glycol monoether carbonates in, 870 
^cquer substitutes, from fatty oil ac^s, 803 
|4icquering of light bulbs, 940 
Lacs, as a mesomorphic state, 63 
—hardening by formaldehyde, 516 
# preparfttion with rieinoieie acid distillation 
residue, 1224 

lUctams, preparation and properties of, 999 
Lactic acid, m alkyd resins, 906, 986 

— 5^1ororubber paints, 1121 

— hydroeaH>on-aIdi^ydev resin, 265 
P««»ol.41dehyde condensation, 310, 849, 354, 

428, 488, 4M 

—, -- resin formation, 2Ti 
—r rsiiit Pinlficatipii. W 

’“L.f condensation, 610, 673, 

075 ^ 185 

—» — vinyl resins, 1029, 1032, 1058, 1059 


Lactic acid, preparation and properties of, 1003. 
1004, 1070 

—, reaction with formaldehyde, 1004 
—» —* glycerol, 1004 
—, shellac-like resin from, 1006 
, use of, 468 

Lactic acid resin, preparation of, 1003, 1004 
Lactic anhydride, properties of, 1003, 1004 
Lactio esters, fluxing agents, 837 
Lactidos, preparation and properties of, 1000, 1001, 
1003, 1004, 1005, 1007 
Lactone formation in shellac, 1006 
Lactones, preparation and properties of, 1000, lODl, 
1002, 1008, 1075 

Lactose in urea-formaldehyde condensation, 616 
Lakes, dye, from amine-aldehyde resins, 701 
—, —from urea resins and acid dyes, 642,.648 
—, from cumarone resins, 118 
—, metallic soaps in, 790 
—, phenol-sulphur resms in, 1187 
—, polyethylene oxide m, 993 ‘ 

Lamellar structures, nature of, 32 
Laminated board, properties of, 9, 338, 362, 1282 
Laminated duck, uses of, 474 
Laminated glass, alkyd resins in^ 887, 063, 989 
—, furfural-p-toluenesulphonamide, 535 
—, lactic acid resin in, 1004 
phenohe resin m, 480 
—, polyacrylic esters in, 1077 
—, polystyrene in, 251, 252 
Laminated msulators, 1247 

Lammated material, coefficient of friction in, 1351 
—, cold flow test on, 1853, 1354 
—, compressive strength of, 1342 
—, dielectric test for, 1345, 1346, 1348 
—, distortion under heat, 1354 
—, effect of exposure, 1850 
—, hardness tests for, 1351 
—, multi-colored casting, 1813, 1314 
strength of, 1280, 1342 
“, test for power factor, 1348, 1349 
—, tentative standards for, 1340 
—, thermal conductivity of, 1354 
—, volatile material in, 1844 
Lammated paper, 472, 473, 643, 829 
Laminated products, contaming rubber, 1099 
—, decoration of, 483, 484 
—, formation of, 938, 987, 1280. 1281 
Laminated products, from alkyd resins, 949 

phenol-aldehyde resins, 452. 470, 471, 472, 473, 

474, 475, 476, 477, 478, 479, 480, 481 
urea-formaldehyde resin, 604, 623, 625, 627 
—, xylenol-formaldehyde resin, 370 
—, vinylite resins, 1045 
T.iaminated sheet, flexural strength of, 1341 
Laminated sheets, from amine-aldehyde resins, 

694 

—, cellulose esters, 963 

—, lactio acid resin, 1004 

—, mica, 474, 475 

~, phenolic reain, 478, 485, 673 

Laminated sound records, manufacture, 1337, 1338, 

1839 

Laminated stock, bonding strength of. 1352, 1353 
liaminated tubes, from amine-aldehvde le^uns, 694 
Laminated wood, preparation of, 963 
Lainpblack, flller, 198, 485, 719 
—, in acrylic acid derivatives, 1076' 

— altyd resin, 981 

—, — phenol-aldehyde resin. 287, 818 

— polvvinyl lacquers, 1026 

—, — rubber, synthetic, 195, 196, 197, 198 
, — urea resin, 648 
—• waterproofing compositions, 1158 
Lanolm rn furfural-phoiol resin, 581 
-- furfural-urea resin, 670 
, lubricant, 455 

lanolin substitute, from oleic acid, 1212 

Lara oil, chlorinated, aa film sti^gthenor, 1158 

Latmt eatalyiti in uraa-formald^yde reein, 617, 

Qlo 

Latex, actipn of acids on, 1091, 1100, 1118 
—. — chlorina on, 1125 H 

— boat on, l<j91 

—I — hydrogen peroxide on, 1094 
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Latex, adhesive from, 1092, 1094 
—, artificial, from diene polymers, 152, 179 
—, —, methyl acrylate polymers, 1076 
—. —» polystyrene, 234, 245 
—, as electrical insulator, 1103 
—, impr^ant, 1246 

—— molding composition, 1103 
— paper sise, 1094 

—, — softening agent in urea resins, 595 
—, coagtdation, 1091, 1106 
—, constitution of, 1090 
—, in artificial gutta-percha, 790 
—, — chloronapnthalene composition, 1153 
, — chloroprene rubber latex, 157 
—, oxidation of, 1094 
—, precipitation of, 1092 
—, preservatives for, 647, 1091 
—, putrefaction of, 1091 
—, solvent, phenol-aldehyde condensate, 435 
—, source of, 1090 
—, sponge rubber from, 1334 
—, stability of, 1091 
—, vulcanisation of, 1092 

Latex-phenol-formaldehyde product, piepmation 
and properties of, 1103 
Lathes, use, finishing moldings, 1330, 1331 
Launc acid, use in alkyd resins, 907 
Lauryl alcohol, reaction with phthalic anhyd*'>de, 
903 


Lauryl chloride, use with cellulose, 1222 
Lavender oil, resin from, 1258 
Lead, action on cashew-shell oil, 1230 
—, — resorcinol-isosuccinic acid lesin, 1255 
—catalyst, condensation, 355, 800 
—, —, oxidation, 210, 271 
—, —, polymerization, 521 
—, filler, for phenol-aldehyde resin, 459 
—, in moldings, 434, 1294 
Lead acetate, action on phthalic anhydnde, 957 
—, buffering agent, urea-formaldehyde condensa¬ 
tion, 612 

—, catalyst, acrolein polymenzalion, 502 
—, —, formaldehyde condensation, 512 
—, —, furfural polymerization, 521 
—, —, phenol-formaldehyde reaction, 357, 369 
—, —, rosin esterification, 795 
—, in liming of rosin, 772 
—, precipitant, sweet-almond-oil resin, 1253 
Lead carbonate, catalyst, condensation, urea and 
formaldehyde, 591 

Lead chromate, alkyd resm primer coatings, 976 
—, resin purification with, 336 
Lead driers, uses of, 126, 786, 1228 
Lead hydroxide, catalyst, acrolein polymerization, 
502 


—, catalyst, aldol formation^ 499 
—, oxidation a-bromopropionaldehyde dimethyl 
acetal, 1070 

Lead Imoleate. drier, use of, 401, 1216 
Lead molds, for phenolic resm casting, 468 
Lead monoalkylphthalio acid preparation of, 950 
Lead naphthenates, 206, 207 
Lead oleate in alkyd resins, 881 
—, — rubber, 1103 

Lead oxide, action on cresol, 271, 273 
, — crude tar oil, 273 

— o-naphthol, 273 

— phenol, 270, 273 
catalyst, cashew-shell oil, 1231 
—, ethylene oxide, 991 
—, formaldehyde condensation, 512 
—, glycerol and acids, 209 
—, 1,8-diene polymerization, 180 
—, vinyl bromide, 1087 
d^ydrogenating agent, 216 
use in alkyd resins, 911, 921, 922 

— hardening rosin, 772 

■— phenol -formald^yde reaction, 281, 343, 408, 


Lead peroxide, polymerization of isoeugenol, 262 

Lead phenolate, uses of, 273, 438 

Lead resinate, use of, 1251 

Lead salts, action on pine tar, 781 

—^ — phenol-aldehyde resin, 854 

—, neutralising^ agents, 344 


Lead soaps, in lubricants, 790 
—, -, phenol-aldehyde resm, 438 
Lead sec -amylbenzoyl-o-benzoic acid salt, prepa¬ 
ration of, 953 

Lead sulphate, uses of, 434, 984 
Lead sulphonate, drier, 219 

Lead tetraethyl, catalyst, vinyl resms, *1025, 1040 
—, catalyst, polymerization, styrene, 242 
Lead tetrafluonde, as fiuormatmg agent, 1156 
Leaded zinc oxides m Rezyl vehicles, 977 
Leafing properties of metallic joints, improvement, 
979 


licather, artificial, from butadiene homologue poly¬ 
mers, 198 

—, —, — chlororubber, 1128 
__ __ naphthenates, 207 

tar oil hydrocarbon-acetone resin, 275 
—, —, — vinyl resins, 1030 
as xerogel, 37 

—. coating of, 453 , 788 , 911, 967, 1207, 1209 
—, filler, 1275 

—, imitation, am me-aldehyde resins, 692 
- , impregnation by alkyd resins, 924 
—, — chloroprene, 159 
— phenol resm, 475 
, — rubber, 647 
' — urea resms, 647 

—, lacquer base from, 1255 
—waterproofing of, 130, 139, 1208, 1248 
l.tathei dressings from nitro resins, 729 
—, — Rezyls and nitrocellulose, 967 
—, — sulphurized fatty acid salts, 1210 
Leather fimshmg, alkyd lesin in, 978 

salicylic acid-formaldehyde resin m, 374 
“Leather gum,” urea resm coatings with, 633 
Leather linings, use of, m pol> menzation appa¬ 
ratus, 179 

Leather plasticizer, polyalkylen<i oxide as, 993 
Leather preservative, 1-chloronaphthalene-formal- 
dehyde resm as, 266 

Leather scrap, modifier, phenol-aldehyde reams, 
418 


Leather substitute, fillers for, 485, 486 
—, from phenol resm, 485 , 486 

~ polyacryhc acid derivatives, 1078 
—, — vinyl resins, 1052 
Leather tannmg. cumarone resm in, 140 
—, cumarone sulphonated resin m, 121 
—, phenol-aldehyde sulphonated resins m, 418, 419, 
420, 421 

Leather-like material from halogenated rubber, 
1105, 1108 

Leaves, impregnation method, 1245 
—, use, decoration of moldmgs, 1333 
Lemon oil, cymene from, 1253 
Lenses, from polystyrene, 262 
—, urea-formald^yde resins, 598 
Lepidme, from acetaldehyde and aniline, 703 
—, from acetylene and aniline, 703 
Leuco bases, action on resins, 831, 335 
Levulic aldehyde, formation of, 1087, 1089 
Levulinic acid, 421, 542, lOM, 10^ 

Levulose, m carbohydrate resins, 761 

—, m urea-formaldehyde resins, 616 

Lichenm, horn substitutes from, 750 

Liebermann-Storoh test, 1259 

Life test on gear stock, 1852 

Lifting of coatings, nature of, 960 

Light, discoloration by, 331 

—, effect on acetylene, 144 

—, —• amine-aldehyde resin, 693 

—, — butadiene derivatives, 171 

—, — chloroprene, 157 

—, — chlororubber films, 1119, 1120, 1121 

—, — cmnamylideneacetylene, 503 

—, — cracked distillates, 230 

—, — cyclopentadiene, l86 

—, •— dibenzylidsns-stannio dkloride complex, 563 

—, — ethyl itaeonats, 1085 

-I - ^ formatioD, 822, 823, 224, 885, 230 

— isoprene, 174 

—, — isoprene sulpbone, 172 

— methyl acrylate, 1070, 1071, 1072, 1081 

— methyl ketope&tadieueear^xidate, 568 

—, — phenol-aldehyde oondensate, 287, 224, 385 
—, — rubber chlorination, 1106,^ 1108 
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Light, effect on rubber iodination, 1114 
— ftyrene, 288, 339. 240, 241 
—, — vinyl acetate, 1054 
—, ~ vinyl eeter-aldehyde reaction, 1064 
—, — vinylethinyl carbinolf, 151 
Light-absorption, . measurements of, polystyrene 
structufe, 232, 233 
Light bulbs, lacquering of, 940 
Li^t-colored compositions, molding temperature, 
1819, 1320 

Light filters, from vinyl resins, 1052 

Light oils, in rosin distillation, 779 

—, — phenol-aldehyde resins, 307, 363 

Light-resistance, of hydroxybenioic-acid resins. 378 

—, of glycerol phthalate, 958 

Light-sensitive amine-aldehyde products, 699 

— coatings, 141, 1251 

— furfural products, 535, 588, 539 

Light-stability, of cellulose esters, 21, 719, 720 
—, of cumar^ne resins. 117 
—, of hexamme-phenol resins, 809 
—, — phenol-aldehyde resins, 661 
—, — phenol-urea-aldehyde resins, 672 
—, — polymerized hydrogenated divinylacetylene, 
154 

—, — resin solutions, 1250 
, — urea-aldehy4e resins, 11, 661 
—, — varnish films, 19 

Li|^t-transmission of synthetic resins, study of, 

Lignio acids, chlorinated, 1156 
Lignin, composition of, 747 
—, condensations of, 747, 748 
—, in urea resins, 623, 625 
—, nitration of, 729 
—, oxidation of, 753 
—, relationship to cellulose, 64 
—, resins from, 747, 748 

Lignin sulphonic acids, from sulphite liquor, 753 
Lignite, chlorination of, 1156 
—, extraction of, 275, 427 
—, oxidation of, 309 
—, reactions with amines, 274, 275 
Lignite tar, nature of, 122, 275, 368 
Lignite wax, uses of, 196, 805 
Lignite-eresol compositions, 365 
Lignite-phenol compositions, ^4, 275 
Lignocellulose^ uses of, 750 
liignoceric acid, reactions of, 723, 1206 
Lignone derivatives, formation of, 750 
Lignophol, preservative, for test panels, 1368 
Lime, catalyst, acrolein polymerization. 502 
—, —, condensation, cycl<^exanone and formalde¬ 
hyde, 559 

, ~, cyclopentanone and formaldehvd?, 559 
—, —, —, phenol-formaldehyde, 364, 425 , 438 
—, —, separation of styrene, 254 
—, chlorinated in rosin compositions, 778 
—, hardening agent, olefin polysulphides, 1174 
—, —, pine tar, 752 
—, hydrated, usee of, 319, 771, 772 
—, in dilororubber, 1108 
—, — cumarone, 9$ 

—, — gloss oil, 773 

—, ^ molding finishing, 1331 

—, —’ phenol-aldehyde resins, 318 

—, — synthetic rubber, 196 

—, urea resin coating, 632 

—, reaction with fatty oils, 1213 

—, spedfioations for, 772 

Lime paints, constituents of, 993 

Lime soap, effect on rosin-glycerol reaction, 801 

Limed dammar reein, 773 

Limed mica product, 982 

Limed oils, action of sulphur on, 1213 

Limed rosin, 771, 816 

Limitation of Olott's law, 312 

Limitation of molecular growth, 1131 

Limonene, preparation and ^reactions of, 780, 783 

Linalofit, deld^dmtion of, 843 

—, derivatives of, 

—, est6fs from, 788 
—, resitt from, 783 
Linear polymers, did-droups of, 57 
nfiture of, 57 


Linear pol 3 rm 6 rs, in alkvd condensation, 61, 863 

—, — polyanhydrides, 998 

—, — polyesters, 872, 1002 

—, — rubber, 1090 

—, — tung oil polymerisation, 61 

—, — urea resin, 584, 586 

Linen, creasing of, 6o9 

—, impregnation of, 472 

Lmoleate dners in alkyd resins, 976 

Linoleic acid, see also Imseed oil acids 

—, esterification with wax alcohols, 814, 815 

—, — rosin, 802 

in alkyd resins, 918. 919. 921, 932. 928, 924, 
925, 927. 930, 931, 032, 949 
—, — dicyanodiamide-formaldehyde resin, 680 
LinoIeic acid films, nature of, 974 
Linoleic acid isomer,, esterification with glycerol and 
rosin, 910 

—, preparation of, 910, 1224 
Linolenic acid in urea-aldehyde resins, 662 
Linoleum, adhesive for, 437 
—, binders for, 485 

—, containing acetaldehyde resins, 493 
—, — chlorobiphenyls, 1160 
—, — factice, 1212 
—, — methyl rubber W, 199 
—, — urea resins, 646 

—, from butadiene homologue polymers, 198, 199 
—, — cumarone resin, 133, 136. 137 
—, — cuprene, 146 

—, — naphthalene-formaldehvde resin, 264 
—, — oils treated with sulphur dioxide, 1210 
—, — phenol-aldehyde resm, 285 
—, — unsaturated fatty acids, 1227 
—, — vinyl resins, 1048 

Linoleum-like plastics, from acid sludge, linseed 
oil, 1234 

Lmoieutri manufacture, 776, 777, 821 
Linoleum printing, use of alkyd resm in, 922 
Linoleum substitute, synthetic lesin composition. 

1246 

—, vinyl resins, 1030 

Linoxyn, uses of, 199, 825, 1210, 1212, 1234 
Linnet diglyceride, preparation of, 951 
Linseed diglyceiide half-acid phthalate, prepaiation 
of, 951 

Linseed oil, absence of webbing in, nature of, 40 
—, bleachmg of, 929 

—, blown, action of sulphur chloride on, 1207 
—, —, catalyst for polyfuiylethylene, 243 
—, —, with castor oil, 1227 
—, bodied in alkyd resins, 927 
—, color-retention of, 975 
—, emulsified, vulcanization of. 1210 
enzymatic hydrolysis of, 930 
—, gelatinization of, 1226 
—, in alkyd resins, 926-931 
—, — alkyd reams, modified, 935, 936, 973 
—, — brake material, 1204 
—, — cold-molding composition, 1286 

— core oil, 821 

—, — cumarone resin, 131, 137 
—, — electrical insulation material, 986 

— ester gum, 825 

—, — furfural-acetone resin, 537 
—, — Umed rosin, 772 
—, — phenol resin, 485 
—, — tar-oil resin paints, 122 
—, — tricresyl phosphate resins, 1240 
—, — urea resins, 636, 669 
—, — waterproof sandpaper, 1248 
—, inhibitor, for gelatiniiation of tung oil, 1216 
—, manganated. in japan, 1204 
—, oxidation of, 1226, 1226 
—, oxidised, in ehlororubber, 1124 
——, reaction with sulphur chloride, 1208 
—, polymerisation of, 818, 1219 
—, protective colloids in, 36 / 

reaction of, at high temperature. ,860 
—, reaction arith aromatic diamines, 1219 
—, chlorine, 1221 , 1225 

—, — chromyl chloride, 1229 ^ 

—, —' copals, 809 
—, — ferric chloride, '1218 
glycol, 994 
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Linseed oil, reaction with mineral oil acid sludge, 
1284 

—, — resorcinol, 1233, 1234 
—, ~ silicon tetrachloride, 1229 
—, — sodium bisulphite, lead-manganese naph- 
thenate, 1228 
—, — sulphur 1207, 1211 
—, — sulphur monochloride, 1208 
— titanium tetrachloride, 1220 
—, — zinc oxide, 1227, 1228 
—, softening agent, urea resins, 595 
—, solubility of Aroclors in, 1146 
—, solvent for, cumarone resins, 117, 110 
, natural resin esters, 400 
—, phenol-aldehyde resin, 397 
—, polyvmyl alcohol, 1056 
—, —, resin from cracked gasolme, 192 
—, sulphonated, uses, 1234 
—, sulphurized, 1207, 1208, 1209 
—, Tekaol from, 1227 
uses, 464, 1228 

—, vulcanized in brake hning, 1209 
—, , chlororubber, 1124 

—, with horn scrap, uses of, 1234 
—, — metallic resmates, resin glyccrlde^ from, 803 
—, — semi-drying oil from gilsomte 274 
Linseed oil acids, chlorination of, 1138 
—, distilled, in alkyd resins, 922, 923 
—, esterihed with sorbitol, 815 

m alkyd resins, 875, 918. 919, 921-925 . 927, 930- 
932, 935, 936, 984 

—, — furylethylene polymerization, 522 
—, — urea-formaldehyde lacquers, 662 
Linseed oil acid salts, reaction with dimethylolurea- 
ethylene chlorhydnn, 667, 668 
Linse^ oil films, nature of, 153 
Linseed oil pamts, 959, 975 
Linseed oil-soluble resins, 1131, 1136 
Linseed oil stand oil, 199, 1216, 1226 
Linseed oU-stearm pitch insulating compound, 
1203 

Linseed oil substitute, from balata or gutta-percha, 
1092 


496 


115 


— rosin, 778 

—, — vmylacrylic acid polymers, 1084 
—, — vinyl resin, 1044 

Lipase, use of in hydrolysis of fatty oiIh, 930 
Liquid ammonia, in Wurtz-Fittig reaction, 1141 
Liquid crystals, formation of, 44 
—, nature of stability of, 44 
—x-ray patterns of, 44 

Liquid crystals and resins, relationship between, 45 
Liquid-phase gum, m manufactuied gas, 257 
Liquid-phase oxidation, of ethyl alcohol, 

Liquids, plasticity of, 31 
—, x-ray pattern of, 79 
Tjiquids and solids, nature of, 27, 31 
Liquors, from woodpulp, 752, 753 
Litharge, action on phenols, 273 
-, filler, 485, 1126 

—, m purification of coal-tar naphtha, 

—, m reaction of alkyd resins, 964 
—, — fatty acids, 815, 1238 
—, ~ nitrobenzene and o, o'-dithioaniline, IIW 
—, — oil diglycendes, 951 
neutralizmg agent. 815 
Lithium alkyls, catafysts, 

Lithium amide, reaction with vinylacetylene, 151 
Lithium resinate, catalysts, 794 
Lithographic plates, use of resins in 140 , 539. 1251 
Lithol Red [»]» 

Lithopone. in alkyd resins, 922, 978, 984 

—, — linoleum, 198 

—, — phenol-aldehyde resins, 431 

—^ — rubber, chlorinated, 1120 

—, — rubber, synthetic, 196 

—, — urea resin molding, 817 

Liverlng of rosin varnish, 771 

Loading coils, cores for, 1249 

Long molecules, action of heat on specific viscosity, 

LeSg molecules and gel formation, correlation of, 

76 

Long^oil varnish, cumarone resin in, 12^, 126, 127 
—, nature of, 80l 

IiOss factor m insulation, 1348 ^ 


Loudspeaker diaphragms, from urea resins, 624 
Low molecular weight compound, viscosity of, 72 
Low temperature coal tar, resins from. 278, 276 
Lower oxides of carbon, formation of, 1013 
Lubricant from benzol, crude, polymerized, 120 
—, ~ cumarone-resin, 112 
—, — glycerol, 504 

—, — halogenated hydrocarbons, 1154 

— sulphonic acids, 219 

— tall oil, 755 

—, ground-joint, alkyd resin, 891 
metallic soaps in, 790 
mold, 455, 463, 620, 621, 1276 
—, molding, 1326, 1327, 1328 
Lubricating greases, uses of, 249 
Lubricating oils, as a mesomorphic state, 62 
—, action on chloroprene rubber, 159 
rubber hydrochloride, 1112 
—, addition of polymerized hydrocarbons, 227 
—, chlonnated compounds m, 1140 
—, deblooming of, 230 
—, from olehn polymery 166, 185, 194 
—— halogenated paraffin, 1158 
—, — tar oil hydrocarbons, 275 
—, improvement m film strength, 1158 
in sulphur-rosin mastic, 1164 
~, refining of^ 227 
—, resins from, 202, 203 
—, use of cumarone resin m, 140 
—, — polyindene in, 200 

— polystyrene in, 200, 249 
—, — rubber m, 200, 1097 

—, — vmyl reams m, 1011, 1031 
Lummescent pamts, preparation of, 247. 248, 450. 
1125 

Luster, test for, 1356 
—, improvement of, 669 
Luting^ resins in, 360, 1313 

Lyophihc proprtties of urea-formaldehyde conden¬ 
sation, 62 


M 

Machming, of alkjd resms, 873 
of molded products, 1270 
of inserts, 1381 

Macro-crystals, formation of, 30, 31 
Macrocyclic ketones, odor of, 998 
Maciopolymenzation, nature of, 42, 48 
Magnesium acetate, catalyst, formaldehyde con¬ 
densation, 512 

Mi.gnesium, action on benzaldehyde, 508 
—, — benzyl chloride, 1131 

- , — furfural, 521 

- , — rosin, 772, 800 

- , — rubber, 1092 

- , — styryl dibromide, 253 
Magnesium alkylbromides, 783 

Vfagneiaum alloys, coatmg with phenol resin, 449 
Magnesium carbonate, basic, addition to forma¬ 
lin, 613 

m floor covering, 983 

- m phenol-aldehyde condensation, 436-438 
in rosm compositions, 777 

—, in synthetic rubber, 196 
—, in urea-formaldehyde condensation, 591, 612 
Magnesium chloride, as ansolvo-acid, 194 
—, hydrolysis of, 3W 
—, in l,3-dien6 polymerization, 182 
—, m diolefin-monolefin co-polymentation, 192 
—, in phenolic resin coating, 448, 449 
—, m urea-formaldehyde conduisation, 613 
Magnesium hydroxide, dispersing agent for rub¬ 
ber, 1178 

—, in formaldehyde condensation, 512 
—, in magnetic ooree, 1249 
—in phenol-aldehyde resins. 438 
—, resin precipitation by, 695 
—, resin purification with, 337 
Magnesium methoxide in furfural-acetaldehyde 
condensation, 519 

Magnesium oleate, in emulsification of IJ^dienes, 
180 

w, in factrioe oil paint, 1208 






Magnesium 
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Magnesium oxide, in aldol polymerisation, 4M 
—, m alkyd resins, 906, 981 

in ethylene oxide polymerisation, 991 
in glycerol polymerisation, 995 
—, m linoleum, 198 

in phenol-aldehyde condensation, 324, 370, 
436-438 

—, m refractory filler, 1250 
—m rosin, 792, 794 
—, in styrene separation, 254 
in synthetic rubber, 196, 198 
Magnesium silicate, hydrati^, as catalyst, 1131 
Magnesium stearate as mold lubricant, 620 
Magnesium sulphate, in • hydrocarbon-aldehyde 
condensation, 265 
—, m urea resin, 647 
Magnesylindole, reactions of, 743 
Magnesylmethylketole, reactions of, 743 
Magnesylpyrolle, condensations of, 742 
Manietic cores, preparation of, 135, 1249 
Mahogany acids, from acid sludge, 218 
Maintenance of molds, 1304 
Maise oil, in phenol-alddbyde resins, 424 
Malachite green, use of, 488 
Maleic acid, from furfural, 888 
—, in alkyd resins, 876, 888, 901, 925, 932, 935, 949 
—, in condensations, 8M, 901, 910 

m phenol-aldehyde resins, 810, 854, 439 
—, reaction with carcavrol, 1254 
—, — castor oil, 865, 909, 1028 
—, chloroprene, IW 

—, — 2-phenyl-1,3-butadiene, 160 
Maleic acid esters, polymerisation of, 1076 
Maleic anhydride, action on cracked distillates, 
224 

elucidation of structures of, by, 830 
in methylene ketone, 550 
in rosin-modified alkyds, 857 
in rosin-modified phenol-formaldehyde resins, 
857 

, in vinyl resins, 1034, 1044 
in urea and formaldmyde, 610 
purification of benzene with, 836 
quinoidal nature in, 831 
reaction with abietio acid, 845 

— amylene, 854 , 855 

— anthracene, M9 

— aromatic hydrocarbons, 839 

— benzalasine, 854 

— butadiene, 882 

— 1,8-butylene glycol, 855, 898, 909, 1029 

— chloroprene, 155, 160 

— eineole, 846 

• ^-couepin, 861 

— cyclohexadiene, 837 

, — cis-cyclohexadiene-A •’®-l-2-dicarboxylic an¬ 
hydride, 887 

, cyclopentadiene, 885 

— dehydration product of linalofil, 848 

— dextrose. 761 
—• 1,2,5,6-dibensantliracene, 841 

8,8-10,11-dibensopeiylene, 841 

— 3,5-dimethyl furan, 847 

— 1,2-dimethylindole, 849 

— dipentene, 845 

l,i0-dipheiiyl*M,5,7,0-decapentaene, 854 

— asym-diphenylethylene, 854, 855 
^ •ym.-diphenyletfylene, 168 

, — ],8-dipheiiyl-l,8,5.7-oetatetraene, 854 
■ divinylaeetylene. homologues, 160, 161 

• a-^eoiteaiio acid, 858 

> ^-dcoeteario add, 858 

> ester gum, 857. 
ethytbensene, 889 
furau. 846 

— 1,8,5-hexatriene, 858, 854 
hydrasine hydrate, 786 
isomerised a«pinene, 844 

~ isopropyl aicohol, 890 ' 

^ indene. 895 

methyl abietate, 851 

—, fBTiB, ttf 

8»meihyIh)dole, 819 


Maleic anhydride, reaction with 2-methyl pyrrole, 
847 

—, — myrcene, 843 
—, — oiticica oil component, 861 
—, — olefins, 168 
—, — perylene, 841 
—, — a-pinene, 845 
—, — jS'pinene, 845 
—, — 3-phenyl-l,8-butadiene, 160 
polyenes, 858, 854, 855 
—, — pyrrole, 847 
—, — rosin, 765, 804 
—, — stilbene, 260, 854 
—, — styrene, 168, 244, 854, 884, 805 
, — terpmene, 783. 844 
—, — terpinolene. 845 
—, — tetraphenylcyclopentadienone, 842 
—, — toluene^ 839 
—, — tung oil isomers, 1216 

— vinyl resins, 884, 895, 1058, 1059 

Maleic anhydride-a-terpinene reaction product, 844 
Maleic anhydride-a-terpinene-abietic acid reaction 
product, 844 " 

Malic acid, in alkyd resins, 876, 883, 888 
—, malomalic acid from, 888 
Malonanilide, resin from, 733 
Malonic acid, reactions of, 571, 909, 1012, 1013, 
1015, 1198 

preparation and properties of, 1013 
Malonyl chloride, preparation and properties of, 
1012, 1014 

Malt, phenolic resins from, 762 
Mandefio acid, reactions of, 1003 
Mandrel test, for flexibility of varnishes, 1870 
Mandrel, use of, 475 
Manganated lins^ oil, in japan, 1204 
Man^nese acetate, m urea-formaldehyde conden¬ 
sation, 612 

Manganese borate, catalyst, 180, 806 
Manganese, catalyst, 209, 497, 1231 
Manganese chromite, catalyst, 495 
Manganese driers, 206, 219, 401, 785 
Manganese monoalkyl phthalio acid, preparation 
of, 950 

Manganese oxides, catalysts, 180, 211, 216, 270, 
408 549 1132 

—, uses oi, 336, 450, 460, 517, 567, 1276 
Manganese resinate, catalysts, 755, 1102, 1280 
Manganese salts, in pine-tar, 781 
—, in rosin oxidation, 774 
—, in vinyl polymerisation, 1088 
Manganese soaps, UMi of, 310, 401, 438 
Manganese sulphate, catalyst, 122 
Manila copal, in alkyd resins, 918 
—, in phenol-aldehyde resins, 898, 486 
—, in rubber, 1092 
—, in sound records, 1886 
—, reaction with butanol, 810 
—, — formaldehyde, 776 

— glycerol, 807, 808 

—, — hydroxy carboxylic acids, 810 

— polyvinyl acetate, 1032 

Mannitol, in alkyd resins, 864, 886, 890, 911, 036 
—. in natural rerins, 796, 810, 811 
—, in phenol-aldehyde resins, 427. 429 
Manufacture, of acetald^yde, 496, 497 
of large moldings, 1883, 1888 
—, of light-colored articles, 1382 
of urea, 566. 567, 568 
Many-memhered rings, nature of, 866 
Marble, uses of, 251, 11^ 

Marble-effects, by injection, 1825 
Marble-like resins, from potassium acid tartrate, 
468- 

from sulphonamid-aldehyde reaction, 721 
Marine glue, nature of, \004 
Marine paints, ester gum in, 820 
Marine piling, treated with ^mene resins, 1155 
Mar resistance, tests for, 1877 
Mastic, incorporation of, into alkyd resins, 948, 

MMio compositions, 187, 188, 1205 
Mastication, of rubber. 1098, 1108. 1109 
Masticator, uses of, 1279, liNM), 1816 
Matches, resins in, 624, 1244 
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Materials, fireproofing of, 644 
Matt‘Varnishes, dispersing agents m, 788 
Maumem4 number, 1261 
Masout, action of silica gel on, 203 
—, aromatics from, 203 
—, asphalts from, 203 
naphthenes from, 203 
—, olefins from, 203 
paraffins from, 203 
—, tars from, 203 

Meandering molecular configuration, 76 
Measurement, of plasticity, 34 
—, of charge of molds, 1320 
Mechanical presses, 1304, 1311 
Mechanical properties, of lesms, 23. 115, 1209 
1343 

Mechanical treatment, effect of, on plasticity, 33 
Mechanism, of acetylene polymerization, 147, 148 
—, of acrylic acid polymerization, 1071, 1072 
—, of action of electric discharges, on olefins, 165 
—, of addition of acetylene dicarboxyhc acid 
ters, 862, 863 

—, of cumarone polymerization, 94 
—, of cuprene-formation, 146 
—, of indene polymerization, 104 
—, of muscle contraction, 68 
—, of sodium polymerization of l,3-<lienes, 181 
Medicinal preparation, from formaldehyde- 
table tar resm, 366 

Medium*oil varnish, nature of, 125, 127 
Meerschaum-like materials, 285, 596 
Melamine, nature and properties of, 571, 572 
Melissyl alcohol, reaction with fattv uckN, 1233 
Mellistio palmitate, uses of 411, 936 
Mellitic acid, formation of, 145, 276 
Mellophanio acid, from resinenes, 276 
Melon, nature and properties of, 571, 572 
Melting point, determinations, devices foi, 1264 
Melts, crystallization from, theories conremingr 
30 


Membranous gels, 38 
Menhaden oil. m alkyd resins, 926 
Menthol, reactions of, 280, 287, 525 
Menthone, reactions of, 559 
Mercaptans, formation of, 361. 1196 
—, reactions of, 230 , 241, 647, 653, 1075 
Mercaptobenzothiazoles, uses of, 705, 707, 727, 
985 

Mercury, as catalyst, 1014, 1074 
—, in accelerated weathering tests, 1370 
Mercury acetate, reactions of, 275, 804 
Mercury arc as polymerizing catalyst, 144, 157, 161, 
230, 240, 358, 1040, 1041 
Mercury chloride, catalyst, 504, 703, 996, 1035 
—, reactions of, 541 
Mercury di-p-tolyl, reactions of, 1140 
Mercury monoalkyl phthalic acid, preparation of, 


Mercury oxide, as catalyst, 180, 209, 375, 385, 541, 
1017, 1141, 1225 

Mercury phosphate, as catalyst, 1018 
Mercury salts, as catalysts, 161, 2M, 256, 388, 496, 
990, 1036 

Mercury sulphonates, as catalysts, 161, 1018 
Mercury sulphate, as catalyst, 149, 151, 161, 384, 
385, 401, 495, 504, 549, 996, 1017, IMO 
Mercury vapc^, as catalyst, 144, 1025 
Mesitol, reactions of, 302 

Mesitylene, analogues, from cyclohexanone, 508 
Mesitylene, reactions of, 263, 269, 724 
Mesityl oxide, analoanes. from cyclohexanone, 558 
—, preparation of, 540, 541 
—, properties of, 562, 725, 9W 
—, reactions with alddiydes, 263, 492, 538 , 551 
—, reaction with rosin, 8^ . . „ 

Mesomoiphic state, classifications of, 62 
—, formation of, 44 

—. see Liauid crystals tj u j nf 

Metaformaldehyde, anhydrous aldehyde, use of, 

Metaindene, from indew, 101 
Metal adhesives, phenol resins in, y9-48l 
MeSl aJkyd re^, preparation and properties of, 
946. 940, 950 

MeUl alkyl phthalates, properties of, 95Q-952 


carbides, m phenol-foimaldehyde reaction, 
357 

Metal chromates, use of, 321 
Metal cores, fusible, in molding, 1334 
Metaldehyde, catalysts for formation of, 489 
—, reaction with polyvinyl alcohol, 1062 
—— phenol, 380 
Metal driers, catalysts, 975 
Metal fibers, as fillers, 1250 
Metal glue, from polyvmyl resins, 1029, 1044 
Metal halides, as catalysts, 1129, 1135, 1155 
in cumarone polymerization, 115, 118 
m oils, 975, 1218, 1219 
—, m olefin polymerization, 166 
in olefin polysulphides, 1173 
—, m phenol resin, 310 
in rubber, 1101 

—, in styrene polymerization, 238, 241 
—, in vinyl polymerizations, 151, 1010, 1035 
Metal lacquers, 956 
Metal naphthenatea, uses, 207 
Metal overlays, use of, 1296 
Metal oxides, as catalysts, 479 
as fillers, 759 
—, in castor oil, 1223 
, in coating cum position, 1251 
, in diene polvmenzatioiib, 126, 180, 195 
, in urea-formaldehyde condensation. 616 
, in vinyl resins, 1058 
Metal paints, preparation of, 960, 979 
Metal peroxides, in vinyl acetate polymerization, 
1022, 1023 

Metal phosphides, m phenol-formaldehyde reac¬ 
tion, 357 

Metal polish, ester gum in, 827 
xMetal powders, as fillers, 135, 449, 641, 644, 827, 
1027 

Metal reinforcements, for phenolic resin moldings, 


465, 466 

Metal resinates, uses of, 722, 803, 806, 1223 
Metals, action on alkvd resm light stability, 898 
—, — Congo resm polyrnenzation, 808 
, — rubber, 1102 
as catalysts, 118. 241, 242, 258 
as resm coatings, 484 , 004 
bonding to rubber, 200, 436, 1100, 1103, 1200, 1206 
coating with alkyd resms, 902 , 960 

— chlorobiphenyl compounds, 1147 

— chloronaphthalene-rubber compositions, 1152 

— chlororubber, 1120 

— phenol resm, 448, 449 

— polystyrene, 246 247 

— resm-tar oil composition, 1247 
’ urea resins, 631-633 

— vinyl resins. 1067 
plasticity of. 31 

replacings by, molded parts, 1265 
, substitution of synthetic plastics for, 9 
Metal salts, in films, 1377 
, in fireproofing fabrics, 1127 
in glyool-phmalic anhydride condensation, 897 
in naphthalene chloride resinification, 1136 
in phenol-formaldehyde condensation, 310 
in rubber, 1101-1103 
in urea-formaldehyde condensation, 611 
of linseed diglyceride half-acid phthalate, 951 
of 3-nitrophthalic acid, 954 
of phenol-sulphur resins, 1186, 1187 
of polyacryUc aad, 1078 
—, of thiourea, 580 
Metal sheets, decorating, use of resms, 1217 
—, figured, use decorating moldings, 1883 
Metal silicides, in phenol-formaldehyde reaction, 


357 

Metal soaps, in alkyd resms, 881 
—, in ethylene polysulphide, 1172 
—, in phenol-aldehyde resins, 789 
—, in lung oil coatings, 1216 
uses of, 788-791. m. 1276 
Metal sulphides, uses of, 1058, 1176 
Metal surfnces, bronsiM of, 1251 , . . . 

MeUl suspensions, sUbilised with polyvmyi ^Ico* 
hoi. 1058 

MeUl thiocyanaUs, m, ursa resm Wt 

MeUl tubes, coating, by extrusion, 1328 
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M«tal vuitiihM, 44», m 
MetMtyrene^ lacquer from, 153 
chlorination of, 1156 
from styrene, 333, 384. 235. 338. 340 
Methacrylic acid, formation of, 1080, 1081 
—, polymerisation of, 1080, 1081 
Methacrylonitrile, polymeriiation of, 1081 
Methane, cracking of, 162, 301 
—, diacetylene from, 162 
—, electropyrolysia of, 162, 165 

from acetylene polymerisation, 143 
~, from ketene pyrolysis, 555 
—. from lactic acid, 1008 

halogenated derivatives of, 1154 
—, purmcation of resms with, 385 
Methene, reactions of. 192 

Methiomc acid, catalyst, preparation, vinylacetate, 
1018 

Methoxyacetophenonee, from ketene and anisole, 
564 

l*(a - Methoxy - a - aoetyl)>mdolisine*2,3-dicarboxy- 
ho anhydride, formation of, 851, 852 
6-Methoxy*-8>aminoqumolme, resinification, 739 
Methoxybensal-acetophenone, condensation, light, 
566 

o-Methoxybensoic acid, condensation, with formal¬ 
dehyde, 374, 375 

4-Methoxy-2-butyiie, formation of, 149 
1 - (o - Methoxy - o - carbmethoxy)>3,3-carbmethoxy- 
mdolisine, preparation of. 8^, 

1 - (a *Methozy-a-carboxy )• indohsuie-2,3-carboxylic- 
acid. formation of. 851 

p-Methoxyoinnamylidene - m - nitroacetophenone, 
resins from, 726 

/S-4-Methoxy-3,5-dimethylbensoylacrylio acid, poly¬ 
merisation, 1084 

p-Methoxydiphenyl sulphide, formation of. 1186, 
1187 

3-Methoxy-4-ethoxy8t3rryl methyl ketone, resim- 
fication of, 563 

^-Methoxyethyl bensoate, as plasticiser, 897 
3-Methoxy-4-isopropoxystyryl methyl ketone, re- 
smiii cation of, 563 

p-Methoxy-propylbensenef polymerisation of, 358 
Methoxystyrenes, polymerisation of, 260 
p-Methoxythiophenol, condensation with diaso- 
tised amines, 1186, 1187 
Methyl abietate, hydrogenation of, 807 
—, reaction with maleic anhydride, 765 , 856 
Methylacetylene dicarboxylic ester, reaction with 
butadiene. 834 
—, — cyclonexadiene, 887 
—, — cyclopentadiene, 887, 838 
—, — 1,2-dimethylglyoxalme, 849 
—, — 3,4-dunethylpyiTole, 848 
—, — heterocyclic nitrogen derivatives, 850, 851 
—, — hydrasobeosene. Si3 
—, — 4-methylglyoxaline, 849 
—, — 5-inethylglyoxalme, 849 
—, — l-methylpyrrole, 848, 849 
—, — 3-meihylpyrrole, 848 
—, — pyridine, 850, 851 
MmyiaceWlene, polymerisation of, 161 
3-Methyl-5-acetylpyridine, reaction with ethyl 
formate and sodium ethylate, 738 
Methyl add oxalate, reaction with methylolurea 
derivatives. 666, M7 
Methyl acrylate, formation of, 1074 
in polymerisation of 1,3-dienes, 181 
—,^i>mWisation of, 1051, 1073, 1073, 1076, 1079- 

Mi^rl acrylate pobrmsrs, physioal properties of, 

x-ray studies of, 50 
Mmyladipie add, in alkyd resins, 89S 
Methylal, preparation of, 394, 496 
—, reaction with aaliol, 343 
b^sene, 314, 368 > < 

—, — ethyl p-bydroxybsnsoate, Mi 375 
~,^J^hgaopi|ghjJyK]|,7-dimstl^ 

—«Jurdradurboiut* aromatie. f63 
—, — ^snol^aldehyde oondsnshte, 430 
379^^314 

—, — potyvlk^l J W 


Methyl alcohol, esterifioatimi of alkyd reeine, 845 
—, — pimarie acid, 814 
—, — roem, 797 
— shellac, 813 
formation of, 511, 564 
—, m abietio acid extraction. 758 
—, m formaldehyde manufacture. 564 
—, m phenol^aldehyde condensation, 367, 369 
—, m poly 8 t 3 ^rene separation, 245 
, methylal from, 4M 
—, oxidation of, 511 
—, purification of, 751 
—, reaction with vmylacetylene. 149 
1 - Methyl - 2 - amido - 4 - isopropylbensene, see 
Cyiutdine 

Methylamine, catalyst, acrolein polymerization, 
502 

—, —, cresol condensation, 347 
—, —, phenyiacetylene polymerisation, 162 
formation of, 309, 327, 579 
—, reaction with carbon disulphide, 1197 
—, — formaldehyde and hydrogen sulphide. 1181 
, — aucoinio aldehyde and aoetoacetic esteis, 560 
Methylamine hydrochloride, condensing agent, 
acetophenone and formaldehyde, 557 
5-Methyl-7-amino-m(iazol. reaction, with urea, 
684 

Methylaminophenols, catalysts, phenol-formalde¬ 
hyde reaction, 846, 347 

N-Methyl-p-aminophenols. formation of, 700 
a-Methylammopropiophenone, formation of, 557 
Methylanilme, condensation with formaldehyde, 
699 

o-Methylanisole, reaction with p-nitrobenzalde- 
hyde. 383 

Methylanthrones, reactions of. 566, 557 
Methylated xylan, 763 
Methylation, of chitm, 1255 

of 4.4'-dihydroxydiphenyldihydro rubber, 1114 
—, of isoeugenol, 262 

N-Methyi-N-benzimidaeolium iodide, resinifica- 
tion of, 737 

Methyl bensoate. in phenol-aldehyde resins. 431 
Metbylbensyl chloride, rosin esters with, 7W 

1- Methylbutadiene, polymerisation of. 169 

2- MethylbutBdiene, see Isoprene 

2-Methyl-2.3-butadiene tulphone, reaction of, 171, 
172 

2-Methyl-1-butene, from hydrorubber, 1096 
2-Methyl-l,3-butylene glycol, synthesis of, 178 

1- (o-Methyl-a-carboxy)-uidolizme<42,3 - dicarboxy- 
lic acid, reduction of, to resin, 852 

Methyl cellulose, uses of, 446, 6M, 824, 954, 1244 
Methylchavicole, polymerisation of, 360, 261, 262 
Methyl chloride, m polystyrene, 287 

2- Methyl-3-chlorobutadieiie, m polymerisation of 
1.3-diene8. 181 

Methyl cinnamate. polymerisation of. 1082, 1083 
Methylcinnamenylvinyl ketone, oondmsation with 
isatin, 744 

Methyl cinnamylidenemalonate, gums from, 725 
Methyl ooumalate and maleic anhydride, reaction 
of, 847 

j9-Methylorotonic acid phenyl esters, polymerisa¬ 
tion of, 1082 

Methylcumarone, preparation and properties of, 96 
1-Methyl-1,3-cyelohexadiene, polymerisation of, 
189 

Methylcyclohexanol, in alkyd resins, 916, 936 
Methylcyclohexanone, reaction with phenol-alde¬ 
hydes, 390 

— polyvinyl alcohol, 1063 
—, •— pyrrole, 741 
—, — Boriiitol, 658 

3- Methyley6lphexanone, reaction with sugar and 
aloohd, 761 , 

Methyleyelohexyl adipate, softening agent, urea 
reams, 649 

Methylcyelopentane, chlorination of, 330 

4- Methyl-3,5-diGarbethoxy-3 (1 >>fthylol)-3,6-hep<^ 

taodkme, formation of, 546 

Mfthyl-dihydroxyamyt ketone eoiideasatioii of# 
541 





1543 


SUBJECT INDEX Methylol 


Methy!-l,8-diinethyl-l,8-dihydropynmmazole.4,5,- 
6J-tetracarlx>xylate, reactions of, 849 
Methyl -1,8 - dimethyl - l,8-dihydropynmmazole-4,5,- 
8,7 -tetracarboxylate, synthesis of, 849 

2-Methyl-2,4-dimethylpenladiene, styrene copoly- 
tnerization, 251 

Methyldiphenylamine, condensation with formal¬ 
dehyde, 699 

Methyl l,2-diphenylpyraaol-5-one-3-carboxylate, 
formation of, 853 

l-Mp1hvl-3,6-endomethylene-A<-tetiH]ivrijophtl)ahc 
anhydride, preparation of, 835 
Methylene acetate, reaction with phenol. 279 
Methyleneacetone, polymerfeation of, 562 
Methylene acetone, polymerized, condensations 
with formaldehyde, 550 
Methylenearaines, polymenziit'on of. 686 
Methylene-p-aminophenol. resinification, 688 
Methyleneaminophenols, aiibstitute<l, prepaiation 
of, 310 

Methyleneanthione and qninone'', condensntion of, 
834 

Methylene blue, reaction with polvacnlic acid, 
1072 

Methylene chain, influence of, m pf»!vniefhvle)ic 
polyesters, 872 

Methylenedianude, leMnous derivatives of, 884 
Methylene dibenzjl ethei, m elp<*tncal insulHtinc 
material, 986 

Methylene dichlorido, reaction with phenols, 393, 

304 

Methylenedi-/3-naphthol, fiom ^-naphthol-foimal- 
dehvde reaction, 343 

3,4-Methylenedioxybenzylidene-glycine, lesmihca- 
tion of, 733 

Methvlenediphenols, reactions of, 420-422 
Methylene diphenylamine, reaction with sulphur, 
1197 

Methylene diphenyldiamine, condensation with 
phenol, 697, 732 
—, preparation of. 697 

Methylene diphenyl ether, in electiical in^ulatina 
material. 988 

Methylenediphenylimine, from aniline and formal¬ 
dehyde, 707 

Methylene glycol methyl phenyl ether, reaction of, 


Methylene groups in urea resin, 582 
Methyleneketobutanol, fonnation of, 543 
Methylene ketone, condensations of, 550 
Methylenehydnndone, resinifi cation. 558 
8-MethyIenepvran, reactions of, 661 
Methylene sulphide, 1169 

Methylene sulphide iodides, condensation of, 65 
Methylene p-toluidine, in rubber cement, 436 
Methyleneurea, reactions of, 577-579 
Methybneurefhon, polymerization of, 882 
Methyl cater, of acrylic acid, preparation, 1074 
—, of atropic acid, polymerization, 1084 

of bromovinylacrylio acid, polymerization, 1085 
of a,^-dichIoropropionic acid, methyl acrylate 

, of 2,4»8-octatrienic acid, polymerization, 1082 
of phenylacrylic acid, polymerization, 1083 
of ridnolcic acid, heptaldehyde from, 1224 
—, of shellac, cxyatallization of, 813 
—, of shellac, uses of, 828 
Methylethylbenzene, methylstyrene from, 283 
Methylethylketene, formation of. 552 
Methyl ethyl ketone, in modified alkyd resins, 938 
—, reaction with acetaldehyde, 544 
—, acetone, 541 

—, — creaol, 887 
—, — dipbenylolpropime, ^ 

fonnaldehyde, 648, 645, 646 

—, — furfural, 6W 

— hydrogen chlonde, 641 
_ sodium rinylacetylide, 161 
—, pyrrole, 741 

pnidpitmitv petroleum wflns^ 208 

—! acetate, 1024, 1026 


Methyiethylmalonic acid, reaction with diphenyl- 
ketene, 552 

3- Methyl-5-ethylphcnol, from coal tar, 861 

4- MethyI-2-ethyIpyrroIe, resinification, 740 
2,5-Methylethylthiophene, from ebomte, 1089 
Methyl ethyl vinylethmyl carbinol, polymerisation 

of, 151 

Methyleugenol, steam distillation of, 261 
Methyl formate, uses as solvent, 39, 1025 

2- Methyl furan and maleic anhydride, reaction of, 
847 

3- Methyl furan, synthesis of, 847 

3- Methyl furan and maleic anhydride, reaction of, 
847 

Methyl glyoxal, polymerization of, 507 

4- Methylglyoxaline and methyl acetylene dxcar- 
boxylate, reaction of 849 

5- Methylglyoxaline and methyl acetylene dicar- 
boxylate, reaction of, 849 

a-4-Methyl-2-glyoxalinyl-malea1e, preparation of, 
849 

Methyl group, action on p«dymenzation tendencies, 
169, 171, 257, 258 
Methylhydracrylic a<’id, 894 

Methyl 2-h>dioxy'3-anilidoqiiinolme-4-carboxylate. 
formation of. H5Z 

2-Methyl - 5 (hj'droxyinethyleneacetyl) - pyridine, 
lesin formation, 738 

Methyl 3-hydio\v-3-methyl-4,6-octadienate, poly¬ 
merization, 1082 

Methylindene, preparation and properties of, 98, 
105 

N-Methylindole, reactions of, 848 
7-Methylindole, condensation with benzoyl chloride, 
743 

2-Methylindole-3-aldoxime, reduction, 743 
2-Methylindole and maleic anhydride, reaction of, 
849 

2-Mpthylindole and oxalyl chloride, reaction of, 
743 

Methyl-a,i9-indoIe carboxylate, formation of, 853 
2-Methyl-3-iiuloleglyoxyl chloiide, resinification, 
743 

Methylmdoles, resinifi cation of. 743 
2-Methyl-1-indone, polymerization, 558 
Methyl iodide, reaction with benzylunidazole, 736 
N-Methylisutin, resinification, 744 
1 -Methyl -2 - vsobutyl -1,2-(lihydroquinoline picrate, 
resinification, 739 

6 - Methyl -3 - isohexeny I- A®- rahy drobenzaldehyde, 
formation of, 843 

Methyl isopropenyl ketone, lacquer solvent, 550 
Methyl isopropyl naphthalene, reaction with mine 
acid, 724 

Methyl isothiourea sulphate, guanidines from, 572 
Methyl ketene, preparation of, 551 
Methylketobutanol, preparation and properties of, 
543, 545, 550 

Methyl ketopentadienecarboxylate, resinification, 
563 

Mcth>] lupinate, reaction with thionyl chloride, 
745 

Methvlmagnesium iodide, reaction with furylaoe- 
tonev 519 

Methyl mcthacrvlate, polymei isation of, 1081 
Methvlmethvleneacetone, polymerization of, 562 
Methvl-meihylene ketone, condensation with diole¬ 
fins, 550 

Methyl-2-mothylpyridine-3,4,5,6-tetracarboxylate, 
formation of, 849 

Methylnaphthalene, reaction with bensyl diloride, 
1131 

a-Methylnaphthalene, resin from, 268 
Methyl-m-Hitrobenzylmalonate, action of alcoholic 
potash, 726 

Methyl octyl ketone, reaction with sodium vinyl- 
acetyhde, 151 ,. v ^ j 

Methylolacetamide, from fonnaldehyde and ace¬ 
tamide, 592 

Methylolamidea, nature of, 578 
fluxing agent*, ura* realna. 898 
Methylolbetttamide, condensation with ketones, 674 
Methylol butyl urethan, uses of* 682 
S, e-MethyloI-p-eresol, preparation of, 298 
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8«MethyloI>8,5-dicarbethoxy-2,0-heptandione, for¬ 
mation of, 54ft 

Methylol group, in urea-resin condensation, 582- 
584 

Methylolmethyleneurea, formation of^ 579 
Methylolthiourea, formation of, 592 
Methylolthiourea, reactions of, 581, 592 , 065 , 667 
Methylolures, polymerization of, 592, 598, 597, 608, 
613 

preparation of, 577 
reactions of, 578, 665, 667 
Methylolurethans, preparation of. 682 
Methyl orthosilicate, properties of, 1236, 1237 
3-Methyl-1,4-pentadiyne, formation of. 143, 144 
Methylphenoxyethyl laurate, in cellulose acetate 
lacquers, 970 

Methylphenoxyethyl phthalate, m cellulose acetate 
lacquers, 970 

2-Methyl-6-phenylcinchomeronic acid, reduction of, 
738 

l-Methyl-2-phenyl-l,2-dihydroquinoline, resinihca- 
tion, 739 

8-Methyl-5-phenylpentene, from isoprene-toluene 
condensation, 194 

7-Methyl-7-phenylpyrotartoiic acid, formation of, 


Methylpolyacrylate, uses of, 1077-1079 
Methyl polymethacrylate, plastics from, 1081 

2-Methyl pyrrole and maleic anhydride, reaction 
of. 847 

Methylpyrrole and methyl acetylene discarboxyl- 
ate, reaction of, 848, 849 

l-Methylpyrrole-2,5-dipropionic acid, properties 
of, 848 

1- Methylpyrrole-2-maleic acid, synthesis of, 848 

2- Methylpyrrole-5-propionic acid, formation of, M7 
2-Methylpyrrole-5-succmic acid, preparation of, 

847, 848, 

Methylquinolmes, action of sodium amalgam, 739 
Methyl rubber, preparation and properties of, 177, 
178 

hydrogenated, 1096 

Methyl rubber H, production of, 177, 178 
Methyl rubber W, preparation of, 177 
~, uses of, 177, 199 
Methyl salicylate, resin from, 1253 
—, reactions with thionyl chloride, 1188 
Methyl saliretin, physi^ properties, 282 
a-Methyl styrene, reactions of, 193, 233, 234, 246, 
258 

reaction with butadiene, 193, 195 
^-Methylstyrene, polymer, 258 
m-Methylstyrene, polymerisation of, 257, 258 
o-Methylstyrene, i:)ol3maerisation of, 257 
p Methylstyrene, from cymene, 253 
Methyl-substituted styrenes, 260, 261, 262 
Methyl sulphate, reaction with nitrated rubber. 


Methyl tetrahydroabietate, reaction with poly¬ 
styrene, 248, 821 

6-Methyl-A*“tetrahydro benzaldehyde, preparation 
of, 832 

3-Methyi-l,3-thiazetanme, preparation of, 1181 

3-MethyIthiophene, from ebonite, 1089 
Mwiyl-p-toluenesulphonate, rosin alkylated with, 

Me^yl-p-toluidine, from formaldehyde and p- 
toluidme, 687 

Metbylurea, reaction, with acrolein, 670 
Methylurea*formaldehyde resin, transparency to 
ultraviolet, 608 

Metfayt vtolacetate, polymeric, hydrolysis of, 1062 

Methylvin3rijodoaeetyleiie, formation of, 161 
Methyl vmvl ketone, formation of, 149, 549 
—, polyinerte, reductfon of, 1062 

ketone, preparation, 557 

ffisfassfes?’ “ 

as ^sr. 447, m, tm, 1274, 1290 
^ lOkyd reshis, m, 988 
—, hi aam^ald^vde re^, 096 

in ehlprohaplimlsne compositions, 1153 


Mica, in ester gum composition, 826 
m lammated sheets, 474, 475 
—, in paper stock, 1282 

—, m phenol resins, 318, 320, 415, 425, 434, 459 
—, in urea resins, 641 
Mica dust, in alkyd resins, 981, 982 
Mica foil, in insulating material, 819 
Mica insulations, historical survey, 982 
Mica molded products, properties of, .1274 
Mica sheets, preparation of, 982, 983, 1274 
Micarta, breakdown voltage of, 1348 
Micarta, wood-base, preparation of, 475 
Micellar surface reactions in cellulose, nature of, 
64 

Micelle formation, in alkyd resins, 869 
—, in phenol-aldehyde resins, 311 
in urea resins, 580, 587 
Micro-crystals, formation of, 30, 31 
Microscopic observations on varnish films, 36 
Milk of lime, uses of, 281, 319, 343, ^ 

Milling, of alkyd resins, 873 
—, of chloroprene-rubber compounds, 159 
—, of methyl rubber, 177 
—, of sodium-butadiene rubber, 196 
of synthetic rubbers, 174 
—, of rubber, 1109 

Millmg process, for phenol-aldehyde molding pow¬ 
der, 455 

Mineral acid, catalyst, dicyanodiamide-aldehyde 
reaction, 679, 680, 681 
—, —, furfural-anilme reaction, 535 
—, —, isatin-formaldehyde reaction, 689 
—, —, phenol-alcohol reaction, 287, 288 
—♦ polyvinyl acetals, 1060 
~, urea-alcohol reaction, 665 
—, —, urea-ketone reaction, 665 
—, disadvantages as catalysts, 7§9 
—, m precipitation of phenol-aldehyde resins, 362 
Mmeral colors, m phenol-aldehyde paint, 366 
—, in urea resin transparency, 621 
Mineral esteis, of polyhydric alcohols, on cirilu- 
lose, 749 

Mineral fillers, in phonograph records, 1275 
Mmeral oils, action of sulphur chloride on, 1299 
—m acetylene polymerization, 149 
—, ingredient of mastic composition, 1205 
—, in Imoleum, 198 

—, in phenol-aldehyde resins, 354, 655 
—, in rosin plastics, 777 '' 

rubber substitute from, 1212 
—, Bulphonated, uses of, 851, 419, J327 
—, variation of m.p. of, 27 
—, vulcanization of, 1212 
Mineral powders, fillers, 332 
Mineral spirits, as solventSi SlY, 973, 974 
Mirrors, from urea-formaldehyde resins, 6M 
—, metallic, alkyd resins in, 989 
Miscibility, of alkyd resins, 942, 943, 973 
—, of cumarone resins, 125 
Mixmg rollsrs, use of, 324, 329, 1099, 1277 
Moderator, description of, 179 
Modified alkyd reams, 10, 905-944 
Modified cumarone resins, 118, 119 
Modified fatty acids, 1227 
Modified Aatursl resins, 25, 26, 806, 807, 820 
Modified phenol resins, 8M, 399 
Mo^fied phenol-sulphur resins. 1193-1193 
Modified s^phonamid-aldehyde resins, 714, 715 
Modified vinyl resins, 1031, 1033 
M^ifi^, aniline-alaenyde resins, polyvinyl alco¬ 
hol, 666 

*~'io^^'**^*^"®^***'**^® acid-formaldehyde resin, casein, 
685 

(^rbolites, glycerol. 851 
chlororubber, camphor, 1108 
dwyanodiamide-formldehyde resins, fatty oil 
acids, 680 

. o»lic acid, 680 

—• phenol, 080 

—, protdns. 680, 681 

—, formald^yde-acetone resins, rubber, 435 
—, fonnaldehyde-furfural reeiiui, rubber, 435 
—, phenol-aM^yde retina, acetanilide, 429 
—, Albertol reiine, 397 

—, —, alkyd redne, 4|», 480, 445 




ir>45 


SUBJECT INDEX 


Moldings 


Modifier, phenol-aldehyde leeins, anisol, 431 
—, —, alcoholi, 362, 427-430, 430 
—, —, basio carbonates, 436, 438 
—, —, basic oxides, 436-438 

, camphene, 433 J 

—, camphor, 428, 4w, 441 

—, carlKihydrates, 420, 430 

—, castor oil, 406, il9, 430 

—, —, cellulose derivatives, 317, 430, 432-434 
——, chlorohydrins, ^9 
—, —, chlororubber, 4315, 436, 1125, 1126 
—» p-dichlorobenzene, 433 
—, dicyanodiamide, 680, 681 
—f drying: oils, 402, 404, 405, 407-400, 433 

—, —, dyestuffs, 442 < 

—, —, esters, 800, 400, 411, 424, 428-433 
—, —, faotice, 441 
—, —, formaldehyde-aniline, 423 
—. —f glycerol-glue mixture, 429 
—* glycerol resin, 428 
—, —, glycol derivatives, 309 
“, —, inorganic acids, 439 
—, —, morganic sulphite, 420 
—, iodoform, 431 

—, —, Japanese lac, 398, 399 
ketones, 428, 431 
—, —, leather scrap, 418 
—, —, metallic hydroxides, 436-438 
—, —, metal oxides, 437, 438 
—, —, naphthalene, 440 
—, —, natural resins, 396-402, 408, 426, 437 
—, natural waxes, 426, 438 
—, —, nitrobenzene, 440 
—, —, organic acids, 424, 438-440 
•—I —. petroleum derivatives, 426, 427, 435 
—, phenylphthalimide, 423 
—, —, polyalkylene aryl ethers, 430 
—, —, polycumarone, 397 
—» —* polyethyleneglycol acetate, 430 
—, —, polynuclear phenol, 408 
—, —, polyvinyl alcohol, 665 
—, —, polyvinyl esters, 445 
—, —, proteins, 317, 430, 678 
—, —, rubber, 428, 432, 434-436 
—, —, soaps, 400, 424 , 437 , 438 
, —, sodium borate, 437 
—, —, sodium glycerate, 429 
—, —, sulphonated derivatives, 419, 420 
—, —, sulphur^ 430 
—, —, turpentine oil, 419 
—, —, wax acids, 427 
—I —. xylene, 440 

—, phenol-formaldehyde resins, alcohols, 416 
—, —alginic acid, 414, 417, 418 
—, —, carbohydrates, 414 
—, —, cellulose, 415 
—, —, cholesterol, 414 
—► cydohexanol, 417 
—, esters, 414 
-, glue, 414-417 
—» glycerol, 414, 416 
—, —, ivory, 418 
—, —, natural resins, 414 
——, protein, 414-417 
—» —* vegetable ivory, 414, 416 
—, phenol-ketone resms, casein, 417 
lignite-extract, 427 

—, phenol-sulphur chloride resins, diinethylolurea, 
672 

—I polyvinyl acetals, amines, 1064 
-, casein, 1064 
—, —, phenol, 1064 
, —, urea, 1064 , 

—, polyvinyl alcohol, fatty oil, 1660 
gelatin, 1064 

—, , organic acids, 1068 

—, syntans, amido derivatives, 420 

—, —, ammonia, 420 

—, —, carbohydrates, 421 

—, cyclohexylamine, 420 

—, 1 , 4 -diamiooanthraauinone, 442 

—, —, fluosiUcates, 421 

—, —, levuUnic acid, 421 

~, polysulphides, 420 


Modifier, syntans, salicylaldehyde, 421 
—, —, sulphite liquor, 421 
—, —, thiocyanates, 420 
—, tar oil hydrocarbon-acetone resins, 389 
—, thiourea-aldehyde resins, casein, 680 
—, —, dicyanodiamide, 680 

urea-alcohol resins, toluene sulphonamide, 664 
urea-aldehyde resin, acetaldehyde, 671 
—, —, acetamide, 683, 684 
—r —, agar-agar, 683 
—, —, alcohols, 665-669 
—, ~, alginic acid, 685 
—, —, aniline, 678 
—, —, carbohydrates, 683-685 
—, cellulose, 684 , 685 
—. —, chlorinated rubber, 684, 1126 
—, —, dicyanodiamide, 680 

, glycol derivatives, 678, 684 
—, —, guamdine, 682 
—. —, gum tragacanth, 683 
-, —, hexamethylenetetramine, 678 
-, —, itaconic acid polymer, 632, 1086 
—, naphthoic acids, 678 
, naphthylamme, 678 
—, —, natural resins, 683 
—, —, natural wax, 685 

—, —, phenol-hexamethylenetetramme resin, 678 
, phenols, 674, 676, 678 
, phthahe anhydride, 663 
—, —, polymerized acrolein, 632 
—, —, polymerized vinyl, 632 
—, —, polyvinyl alcohol, 665 
—, —, proteins, 678-680, 683-685 
—, —, salicylates, 678 
—, —, sulphides, 682-684 
—, —, sulphur, 682, 683 
—, —, tannin, 678 
—» —» p-toluene-sulphonamidc, 683 
—, —, urethan, 682 . 

—, —, xanthates, 682, 683 
—, urea-furfural resins, amines. 669 
—, —, camphor, 669, 670 
—, —, lanolin, 670 
—, —, tung oil. 670 

—, urea-phenol-aldehyde resins, albumin, 676 
—, —, camphor oil, 874 
—. —. guanidme carbonate, 675 
—, —, oleic acid, 674 
—, —stearic acid, 674 
—, —, p-tclaenesuiphonamide, 676 
Modulus of elasticity, determination of, 1841 
Modulus of rupture, determination of, 1342 
Molasses, extraction of, 762 
—, fermented, action on petroleum oil, 230 
—, reaction with rosin, 7w 
—, —, urea and aldehydes, 757 
Molding apparatus, cleaning of, 1332 
Molding compositions, methods of mixing, 1277- 
1279 

Molding equipment, 1294 
Molding, of dental plates, 464, 465 
—, of granulated material, 1320 
—, of hollow articles, 1334 
—, of large articles, 1332, 1333 
—of phonograph records, 464, 1834-1339 
—, of powdered material, 1320, 1321, 1323, 1326, 
1327 

—, of printing plates, 464 
—, of radio-tube bases, 1332 
—, of sheet material, 1320 
—, of striated articles, 1320, 1321 
Molding presses, types of, 1304 
Molding pressures, for high-impact materials, 462 
Moldings, asbestos-filled, prope^es, 1273 
binders for, 1271 

—, blistering of, 1320, 1328, 1829 
coating with metals 484 
oolorsd. 22. 488, 484. 1267, 1268, 1276, 1882 
—, containing acrylic add derivativ«i, 1076, 1078, 
1081 

—, — alkyd resins, 878, 879, 916, 917, 927, 928, 980, 
981, 988 

— ainine-aldsh 3 rde resins, 190, 097 
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Moldings, containing Aroclors, 1150 
—, — butsdienol esters, 152 

— carbohydrate resins, 760, 761 
—, — Carbohtes, 851 
—, — casein-methylol butyl urethan, 682 

— cashew-shell oil, 1230 
~ castor oil factice, 1214 

— chlororubber, 1109, 1115, 1116, 1118, 1125, 
1126 

—, —* coal-tar resin, 276, 360 
—, ■— cumarone resin, 134-136 
—, — dicyanodiamide-formaldehyde resin, 680 
—, — ester gum, 820 
—, — estenfied waxes, 814 
—, — ethyl itaconate polymers, 1086 
~, — furfural-modified resins, 527, 528, 532, 536, 
537 

— , — ketone resins, 548 
—, — lignin cresol resins, 365 
—, —• limed resins, 438 
—, — nitrogen, properties of, 968, 1258 
—, ■— phenol-alcohol compounds, 332 
—. — phenol-aldehyde resins, 283, 284, 314, 318, 
321, 322, 328, 329, 331, 344-346, 356, 362 . 363 , 365, 
367, 369, 403. 404, 415-418, 430, 461-463, 467, 485, 
530, 1332, 1333 

, — phenol-carbohydrate resin, 438 

— phenol-formaldehyde-alkyd compositions, 934, 
937, 942 

—, — phenol-furfural-alkyd resin, 938, 939 
“, — phenol-furfural resin, 522, 526 , 528, 529 
—, — phenolic ream binder, 455, 461, 463, 464, 476 
—, — phenol-lignite compositions. 274 
~, — phenol-sulphur resm, 1183, 1186, 1188-1191, 
1193 

— polystyrene, 245, 249-251 

—, — polyvinyl resins, 151, 1016, 1021, 1029, 1030, 
1032, 1038. 1044, 1046-1048, 1050, 1062, 1064, 1066. 
1067, 1078 , 

—, — resorcinol derivatives, 372, 465 

—, — rosin, 778 

—, — rubber, 435, 1102, 1201 

—, — shellac, 24. 916, 917, 1206, 1835 

—, sulphur, 1186 

—, — sulphur-aniUne resin, 1197 

—, — sulphur-nitrobenzene resin, 1198 

—— sulphurized Japanese lacqua*, 1206 

~, — sulphurized oils, 1213 

—, — thiodicyanodiamidine-formaldehyde resin, 681 
—, — thioglycerol resins, 1177 
—, — thiourea resins, 658 
—, — p-toluenesulphonamide, 719, 720 
—, ~ tnphenyl-phosphate resin, 432 
—, — tung oil, polymerized, 1216, 1218 
—, — urea resins, 11, 564, 587, 606, 607, 613-623, 
628, 657, 663, 6^, 671-680, 683, 684, 1032 
—, costs of. 10, 1^1, 1332 
—, curing time, 465, 1267 
—, decoraticMn of, 483, 484 
—, extrusion of, 349, 250 
—, fibrous inlasrs for, 466 
finishing of, 18^, 1331 
fiow marks on, 1329, 1330 
heat marks on, 1329 
injection of, 250 
inserts for, 466 

—, lubricante for, 620, 621, 1276, 1326-1328 
machining, 1270 

—, ornamentation of, 1333, 1334 
pitting of, 1820 
—, preforming of, 1317-1319 
preheating of, 1321. 1322 
—, preseure for^henoUos, 463, 464, 465, 470 

propertiea of, 21, 22, 23, 1269-1270, 1856, 1356, 
1360 

reactive resins, methods, 1819, 1824 
—, reinforpement with wire, 465, 406 
reeistance wiips in, 1384 
—; screw inserts for, 466 
—, shrinkage of, 249, 250 
—, staining of, iM-im 
stiddiMMi of, 22, 1826-1826 
sttrfaos finish, 1269 
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Moldings, temperature for phenolics, 468, 461, 
470 

thermoplastic, methods, 1314-1316 
—, threaded. 1321, 1322 
—, translucent, 1267 
—, use of solid carbon dioxide, 464 
Molding scrap, varnish material from, 397 
Moldmg-temperature, determination with dyes, 488 
Molds, alloy steel, properties of, 1303 
—, button method of locating holes, 1301 
—, chromium-plated, 607, 1326-1327 
—, cleanhness of, 1326 
—, coating with resins, 1247 
—, cored, 1295 
—, corrosion of, 1326, 1327 
—, deep, effect on molding temperature, 1320 
—, desipi of, 1297, 1298 
—, effect of sulphur, 1165 
—, exchange of, 1381 
—, iimshing of, 1802 
—, finish-grinding of, 1304 
—, for cold-molding, 1291-1292 
—, for sound records, 1337 
—, for thermoplastic molding, 1315, 1316 
—, for vinyl-resin panels, 13^ 

—, from vinyl resiiia, 1052 
—, hardening, 1302 
—, head capacity of, 463 
—, hollow, 1295 

—, lead, for phenolic resin casting, 488 
—, lettering on, 1299 
—, maintenance of, 1304 
—, materials used m making, 1296 * 

—, mechanical features of, 463 
—, methods of coolmg, 1295 
—, methods of heating, 1295, 1320 
—, multiple-cavity, 12M, 1321 
—, of machine steel, 1326 
—, of stainless steel, 1326 
—, open, use of, 470 
—, opening of, 1320, 1321 
—, operation of, 1294 
polishing of, 1304 
—, stainless steel, 607 
—, plaster of Pans, use of, 464 , 465 
—, powder, operation of, 1296 
—, repairs of, 1304 
—, rotating, use of, 464 
—, sheet-stock, operation of, 1296 
—shrinkage allowance of, 1299 
—, specifications, 607 
—, split, use of, 1307 
—, tablet, operation of, 1296 
—taper of, 1298 
—, thread, design of, 1300 
, tolerance of, 1299 
—, types of, 1294 

—, use of Uquid-metal bottom, 1314 
—, use of Duralunun, 1827 
Molecular fUrangemeiit in glasses, 29 
Molecular eolloi^, nature of, 72, 73 
Molecular dissymmetry and resins, relationship 
between, 45 

Molecular growth, limitation of, 1131 
Molecular orientation in dried filnas, 859 
Mcdecular refraction of phenol-formaldehyde resin, 

Molecular still, 872, 997, 1000, 1227 
Molecular structure of urea resin, 581-587 
Molecular weight, of /^-alanine methyl aster poly¬ 
mer, 1000 

—, of e-aminocaproic acid polyamide, 999 
of balata, 75 
of cellulose, 75 

—of N-dithiophenylamine, 1194 

of glycerol phthalate intermediates, 866 
of oi-hydroxydeoanoio acid ester, 75, 1003 
—, of indene polymer, 100, 101, 103 
—, of isobutylene polymer, 166 
—, of lactic acid laotide po! 3 mier, 1001 
—, of Novolak. 805 

of phenotpothalein tohiates, 1353 
—, of pbenylailioon .triohloride resin, 1388 
•>*<, of polyester fibers. 1003 
of pollyethylene oxide, Ofl 
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Molecular weight, of poljrpropylene ox^dejs, W1 
of polvstj^rene, 76, 236, 238 
—, of pofyvinylaoetate, 76 
—, of a-n-ptopyl-6-valerolactone polymer, 1001 
of proteins, 87, 68 
—, of rubber, 76, 1090, 1096 
—, of ehellac salts, 1006 
—, of silicon ester gels, 1236 
—, of sulphur dyes, 1183 
of triaoctyl cellulose, 76 
of urea resin, 681 
—, of vinyl ether polymers, 1010 
Molecular weight and condensation, correlation of, 
872 

Molecular weight and fiber structure, correlation 
of, 872, 873 

Molecular weight and property of cold-drawing of 
filaments, correlation of, 872 
Molecular weight and property of spinning of 
filaments, correlation of, 872 
Molecular weight and specific viscosity, relation¬ 
ship between, 72, 73 

Molecular ^weight determination, through diffusion, 
67 

—, — estimation of end groups, 72, 75 
—, — osmotic pressure, 75 

— specific viscosity, 72, 73 

— ultracentrifugal method, 64, 67, 75, 1002 
Molecules, folded, 70 

—, coiled, 70 
Moloxide, of styrene, 240 

Molybdenum oxide, catalyst, separation of styrene, 
264 

Molybdenum carbonyl, catalyst, diene polymeriza¬ 
tion, 184 

Monel metal screens, use, in drj-ing molding com¬ 
position, 622 

Monoacetm, from glycidol acetate, 994 
—, rosin esters with, 801 

Monoanhydride of lactic acid, structure of, 1003 
Moiioanihde, formation of, 99S 
Monobasic acids, influence of, in alkyd resin forma¬ 
tion. 864. 906, 970 

Monobasic monoglycende, use of in alkyd resins, 
926 

Monobenzylideneacetone, resinification, 562 
Munobromoacrylic acid, preparation of, 1079 
Munobromoisoprene, preparation and properties of, 
170 

Monobiximovinvlaorylic and, pulymenzation of, 

1085 

Monobutylamine bulylphthalate. properties of, 964 
Monochloracetylene-amline condensation, 1138 
Monochlorobenzene, use as solvent 966 
Monochlorooyclohexane, preparation of, 167 
Monochlorodimethyl ether, reaction >^ith polyvinyl 
alcohol, 1068 
—, — phenols, 280 

Monochloroethyleiie, hydrolysis of, 1054 
Monochloroethylene, reaction with chloroform, 
... . . 

a-Monochlorohydrin, reaction, with sodium adipate, 

668 

Monochloronaiflithalene as carbon remover, 1154 
—, in phenol-aldehyde resins, 423, ^24 
Monocniorophenoi, reaction with formaldehyde and 
hexamethylenetetramine, 878 
Moiioohloropolycycio derivatives, preparation of, 
167 

Monocbloro-tri (cvclohexanoxy)-silioon, prepaia- 
tion and properties of, 1237 ,. . , 

Monoohlorourea. reaction with aldehydes, 574 
Monocydohexylidene-cyclohexanone, from cyclo¬ 
hexanone, 668 

Monoester formation in alkyd resins, 864 
Monoethanolamine, catalyst, phenol-formaldehyde 
reaction, 347 ^ 

—reaction with monomethylolurea, 867 
Monoethyidiene compound, from aniline-o-sul- 
phonamide with acetaldehyde, 716 i 

Monoethyl ether of diethyleneglyoot, tte Orbitol, 

829 

Monoethyl ether of ethylene glycol, vinyl com- 
pounda from, 1007 


Monoethylin phthalate, in cellulose acetate lac¬ 
quers, 000 

Monoethyl oxalate, ethylene oxalate from, 1001 
Monoglycerides in alkyd resins, 926 
Monoglycendes of drying oils, preparation of, 928 
Monoglycerol diphthaiate, formation of, 864 
Monoglycerol monophthalate, formation of, 864 
Monomethylolacetophenone, preparation of, 666 
Monomethylolurea, in urea resin condensation, 686 
preparation of, 643, 677, 678, 692 
reactions of, 678, 692, 666, 667 
Mono-methylxylene-sulphonamide, as plasticiser, 
720 

Monohydric alcohol esters of drying oils, nature 
of drying of, 920 

Monohydric alcohols, in alkyd resins, 902 
—, m castor oil-maleic compositions, 909 
in rosin esterification, 792, 793, 797-799 
—, in wax esterification, 814 

Monohydroxyacetone (acetol), polymerization of, 
542 

Monohydroxydiphenylmethanes, preparation of, 
295 

Monolefin-diolefin co-polymerization, see Diolefin- 
monolefin co-polymerization. 

Monolefins, polymerization of, 164, 225 
—, poIymenzatioD with cyclohexane, 194 
— diolefi'ns, 189-193 
—, serration of, from diolefins, 184 
Monolmolem, in alkyd resin production, 929 
Monomeric acllpif' a^ydnde, structure of, 996 
—, reaction with aniline, 998 

Monomenc ester from ethylene glycol and oxalic 
acid, 862 

Monomeric ethylene oxalate, formation of, 871 
Monomenc glycol carbonate, formation of, 870 
Monomenc propylene glycol oxalate, formation of, 
871 

Monomenc resin, examples of, 14 
Monomolecular films, of fatty acids, 40 
—, of polymers, 40, 41 
—, nature of, 40 

Monophenyl germanium, formation of, 1239 
—, polymerization of, 1239 

Monothioparaldeliyde, pi-eparation and properties 
of, 1180 

Monovalent-polyvalent phenol mixtures, condensa¬ 
tion, With foimaldehyde, 872, 373 
MoiiovinvldceU leue, tue Vinvlseetv lene 
Monovinyl other of diethanolamine, preparation of, 
1007 

Montan wax, halogena^ion of, 219, 220, 1154 
—, esterification with glycerol, 814 
—, hardened, 773 

—, flooring compositions from, 983 
—, impregnants from, 1245 
—, in alkyd resins, 911, 948 
—, in chloronibber, 1123 
—, in coal-tar bitumen compositions, 360 
—, incorporation with iron, 211 
—, in phenol-aldehyde resms, 426, 438 
—, insulating cement, 820 
—, in urea-aldehyde resms, 685 
—, lubricant for molding composition, 988 
—, modifications of, 814, 815 
—, oxidation of, 209 
—, polishes from, 814, 993 
Montan wax-acid esters, uses of, 828, 829 
Montan wax acids, estmfication of, 815 
Montan wax alcohols, esterification of, 814, 815 
Mordants, from amine-aldehyde resms, 701 
—, — phenol-aldehyde resins, 840 
—, — phenol-sulphur remns, 1183, 1190-1192 
—, — urca-phenol-aldehyde resins, 676 
Mother of pearl, substitute, 691 
Moth-repellants, from formaidehyde-chlorophenols, 
378 

Motion picture films, from polyvinyl eeter-acetals, 
1067 

Mottled articles, by injection molding 1326 
Mottled articlee, molding of, 1320, 1^1 
Mottled effect in floor tile, 186 
Motor-fuels, action on chloronibber films, 1128 
—from naphthalene-olefin condensation, 194 
—, from cumarone polshnerisation, 116 
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Mounting, of radio transformers, 1313 
Mudo acid, in urea-formaldehyde condensate, 610 
Mueilage, glycerol-borio ester in, 803 
Mudn, intestinal, ta phenol-formaldehyde resins, 
414, 417 

Muconio add and butadiene, reaction between, 834 
Muoono-dialdehyde, polymerisation of, 507 
Mud. use with reams, 1250 
Mufflee, of synthetic ream, 1250 
Multi-colored moldings, 1314, 1325, 1333 
Multicondensation, dassification of, 54, 55 
nature of, 42, 54 

Multiple-cavity molda, 1294, 1325, 1332 
Multiple cylinder pumps for hydraulic presses, 
1308 

Multiple-platen presses, operation of, 1306 

Multiples m polypeptides, 67 

Mumtions, phenol used in, 359 

Muscle protem, nature of, 68 

Musk, composition of, 998 

Mustard oils, thioureas from, 652 

Myrcene and crotonic aldehyde, reaction of, 843 

Myrcene and maleic anhydride, reaction of, 843 

i8-Myrcene, from isoprene, 51, 172 

N 


Nail coating from Cumarone resin, 129 
*'Nail test'* of cumarone resins, 124 
Naphtha, coal-tar, cumarone resins from, 106-120 
—, —, determination of resin-forming material in, 
107 

drying of, 108 

purification of, 109, 114, 115, 117, 118 
, by bromination, 116, 117 
—, by chlorination, 109, 117 
removal of bases from, 108, 114, 116 
. removal of phenols from, 107, 108, 114, 116 
phenol-contammg, cumarone resins from, 116 
producticm of cumarone resins from, 106-120 
refining of, 227 
removal of indesne, 106 
removal of tar acids, 107 
rosm solutions in, 770 
rubber solvent, 1092 

solvent, oold-moldmg compositions, 1285 
—, condensation with bencaldehyde, 265 
—, formaldehyde-wood-tar-phenol resin, 365, 
366 

—, petroleum reaina, 204 

—, resin from cracked-gasoline polymerization, 
192 


a-Naphthaldehyde, resinification of, 510 
Naphthalene, action of chloral on, 263 
—, action of formaldehyde on, 263, 264 
—, action of hydrogen peroxide on, 269 
—, action of methylal on, 263 
—, action of oxalic acid and aluminum chloride on, 
266 

—, alkylation of, 194 

—, chlorinated, condensation medium, 617 
—, —, modifier, 404 

—, chlorination of, 220, 1136, 1137, 1142, 1150, 1151 
—^TOndensation products from, in tanning agents, 

—, condensation with olefins, 194 
—, copals treated with, 809 
—, decomposition products of, 268 
-r, electrolytic oxidation, 268 
—, iluorinated, 1156 
—, from by-product coke ovens, 360 
—, from styrene, 238 

halogenated, plasticiser, urea resins, 617 
—, hydrogenated, condensation medium for urea 
reaina, 617 

, condensation with olefins, 194 
introiier for sulphur, 1165 
modifitf, phenol-aldehyde resins, 440 
—• nitrat4^, condensation medium for urea resins, 
617 


oxidation of, 268 
piasticiaar, 447 

celluloae acetate-uraa realn oompoaition, 623 
—* polyvinyl dilortde, 1638 


Naphthalene, polychlormated, softening agent, 
phenol-aldehyde resins, 424 
preparation of resin from, 266 
products of hydrogenation, 268 
reaction with bensal chloride, 1134 
• chlorinated lard oil, 1158 

— ohlormated wax, 1140 

— ohlorosulphonic acid, 884 

— ketene, 554 

— sulphur monochlonde, 1202 
removal from coal-tar naphtha, 108 
resin from, 265, 266, 269 
resinified by hydrosilicates, 1137 
resinous by-products from purification of, 120 

, retarder, alkyd resins, 881 
softener, phenol-aldehyde resins, 423 
—, rubber products, 1098 
, solvent, polyvinyl chloride, 1038 
, sulphonated, condensation with acetone, 541 
, use of, 332, 349 
Naphthalene derivatives as lacquers, 1137 
Naphthalene dichloride, 1136 
Naphthalene-2,7-di8ulphomc acid, tars from, 1202 
Naphthalene-ethylene condensation, catalysts for, 
194 


Naphthalene-formaldehyde resin, 263 , 264 , 265 
Naphthalenemonosulphonamide-aldehyde resin, luc- 
quers from, 717 

Naphthalene oil, condensation products from in 
tanning agents, 267 

Naphthalenesulphonamide, reaction with formalde¬ 
hyde, 712 

Naphthalenesulphonic acid, cataivst, phenol-for¬ 
maldehyde reaction, 352 
reaction with sulphur, 1202 
—, reaction with hydroxybenzyj alcohol. 419 
Naphthalenesulphonic acid-formaldehyde product, 
267, 1193 

Naphthalenesulphonyl chloride, reaction with so¬ 
dium colophonate, 1206 
Naphthalene-sulphur resins, 1202, 1212 
Naphthalene tetrachloride, incorporation with phe¬ 
nol-rubber product, 1104 
—, resinification of, 1136 

Naphthalene-xylyl chloride condensation, 1131 
Naphthalio acid, condensation with polyhydroxy 
acids, 910 

—, modifier, phenol-aldehyde resins, 489 
l.S-Naphthalio acid, use in alkyd resins, 883 
Naphtha sulphonio acid, catalyst in formation of 
phenol-glycerol resins, 393. 

Naphthazarine, reaction with butadiene 834 
Naphfhenate driers, 785, 780 
Naphthenates, polymenzation catalysts, 207 
—, oxidation of, 217 

Naphthenes, reaction with formaldehyde, 212 
—, sulphonation of, 217 

Naphthenic acid chlorides, reaction with polyvinyl 
alcohol, 1059 

Naphthenic acid glyeerides. in coatings, 828 
Naphthenic acids, action on antines, 208 
—, action on amino-alcohols, 207 
—, combination with polyvinyl acetate, 1032 
—driers from, 785 
—, from alkali sludge, 205, 206, 207 
—, from petroleum, 203, 205, 206 
—, lacquers from, 207 
—, modifiers, phenol-aldehyde resins, 439 
—, oxidation of petroleum, 208 
oxidation of turbine oil, 209 
, reaction with rosin, 803 
~, resins from, 207 
—, sulphurised, in varnishes, 1210 
—, use in vulcanization of sodium-butadiene rub¬ 
ber, 196 

Naphthtoio acid salts, 788, 784 
Naphthenic anhydrides, action on cellulose, 208 
a-NaphthoI, action of lead oxide on, 273 
—, condensation, with 2-aldehydo-4-methyl-phen- 
oxyaoetic acid, 875 

—, condensation with diphenylformamidene, 395 
—, glyceride oils modified with, 1237 
inhibitor, 

—, in tar acids. 361 
—, reaction with benssldehyde, 279 
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a-Naphthol, reaction with benayl chloride, 1133 
— cyclohexanone and formaldehyde, 390 
—, — hexamethylenetetramme, 308 
—, — sulphur dichloride, IIW 
a-Naphthol-acetaldehyde reaction, 283 
a-NaphthoUbenaotnchloride reaction, 1135 
a'NaphthoUformaldehyde resin, 284 
a-Naphthol-furfural, resin from, 525, 530 
a-Naphthol-)ead oxide resin, 273 

1- Naphthol-6-sulphonie acid, condensation with 
rosin, 800 

^-Naphthol, action on furfural, 519 
—, chlorination of, 1154 
—, condensation with diamines, 732 
—, — diphenylformamidine, 395 
—, — p-nitrobenzaldehyde, 295 
—, crystallization inhibitor, 787 
—, effect on drying rate of oils, 408 
—, effect on polymerization of tung oil, 1217 
—, m tar acids, 361 
—, plasticizer, alkyd resins, 890 
—, reaction with formaldehyde, 295, 343, 408 
—, — hexamethylenetetramine, 308 
—, — sulphur dichloride, 1184 
—, resmihcation, with carbon dioxide, 374 
/3-Naphthol-acetaldehyde reaction, acetal from, 283 
^-Naphthol-benzaldehyde reaction, resin from,^ 279 
/3-Naphthol-benzotrichloride reaction, 1135 
^-Naphthol-formaldehyde resin, 355, 377, 408, 414, 
415, 678 

/3-NaphthoI-furfural reaction, resin from, 525 
/9-Naphthol-lead oxide resin, character of, 273 
^-Naphthol-phenol-formaldehyde resin, 426 
/8-Naphthol-rosin esters, preparation, 800 

2- Naphthol-6-sulphonic acid, reaction with tung 
oil, 1217 

/5-Naphthol-3,6,8-tri8ulphonic acid, reaction with 
rosin, 805 

Naphthol-aldehyde condensations, in alkyd resins, 


Naphthol esters, modifiers, phenol-aldehyde resins, 
431 

Naphthol ethers, resins from, 714 

Naphthol pitch, cumarone resin with, 135 

Naphthol resins, use with ester gum, 799 

Naphthols, antiseptics from, 277 

—, color tests, 1259 

—, condensation with diamines, 732 

—, — formaldehyde, 347 

—, — keto-carboxylic acids, 375 

—, diarylmethanes from, 294 

—, esterification of rosin with, 799 , 800, 801 

—, in ester gum varnishes, 817 

—, modifier, urea-aldehyde resms, 675 

—, mordants from, 1192 

—, phenol alcohol from, 332 

—, reaction with acetylene, 383 

—, — acetaldehyde, 2^ 

—, — carbohydrate, 759 
—, — formaldehyde, 280, 284 
—, — hexamine, 310 
—, — lead oxide, 278 
—, syntans from, 419 
—, with copal, esterification, 810 
Naphthol-sulphur resin, as mordant, 1192 
a-NaphthoQuinone, from oxidation of naphthalene, 
268 

—, reaction with butadiene, 883 
^-Naphthoquinone, reaction with oxygen, Me 
Naphthoquinone, reaction with chloroprOTe, 155 
Bi8-l,2-naphthothiophene indigo, use, with phenol- 
aldehyde resins, 442 

Naphthoxy-fatty acids, condensation with formai- 
Na^^yia^nes, condensation with acetaldehyde, 


700, 708 

- - aldol, 700, 708 

— b^saldehyde, 710 

— crotonaldehyde, 696, 7M, 701, 708 

— formaldehyde, 698, 700, 702 


— furfural, 701 
^ lignin, 748 

— parald^yde, 689 


Naphthylamines, cond^iisation with pyrrole, 741 
—, m ester-gum varnishes, 817 
—, modifiers, urea-aldehyde resins, 678 
——, urea-furfural resms, 869 
—, reaction with acetone, 1198 
—, — carbohydrates, 759 
—, — rosin, 799 

use m synthetic rubber vulcanization, 200 
Naphthylamine-aldehyde resins, 695 
—, light-sensitive, 537, 539 

Naphthylamme ethyl phthalate, properties of, 954 
Naphthylamine-furfural, resins, 5M, 539 
Naphthylamme hydrochloride, action on sulphite 
liquor, 753 

Naphthylamme resms, 700 

l-Naphthylamine-4-8ulphonic acid, hardening of, 
alk>d resms, 881 

Naphthylcarbmpl, catalyst, vmyl-acetate hydroysis, 
1056 

Naphthyl ethyl ethers, reaction with formaldehyde, 
265, 407 

Naphthylhydrazme, condensation with, cyclohexyl- 
bromide, 735 

Naphthyndine derivatives, chlorinated, 1140 
Natural gas, acetylene from, 142 
— , cracking of, 201 
—, styrene and indene from, 96 
Natural gum, with phenol resin, wood underooatmg 
with, 451 

Natuial rebiii esters, hardening with sj'nthetic res¬ 
ins, 400 

Natural resms, adhesives from, 18, 1244 
—, carriers, urea-aldehyde resins, 679 
—, coatings from, 18, 1243, 1247 
—, compared with synthetic resins, 11, 310 
—, compatibility with cellulose acetate, 966 
—, condensation with phenol-formaldehyde, 398 
—, disadvantages of, 11 

—. distillation residues, use with phenol resins, 487 

—, esterification, 400 

—, esterification apparatus, 811 813 

—, hardened, 777 

—, impregnating fabrics with, 18 

—, in ijellulose ester lacquers, 955, 1243, 1244, 1246 

—, modification of, 25, 26 

—, modifiers, phenol-aldehyde resins, 396-402, 408, 
414, 426 

—, —, urea-aldehyde resins, 683 
—, moldings, 18, 454, 1814, 1317 
—, molecular di8s>mmetry in, 45 
—, nitration, 730 
—, plasticizers, 618 
—, properties of, 12, 23 
—, recovery from wood, 749 
—, solubilities of, 12, 832 

—, still-residues, reaction with sulphur and cu- 
prene, 147 

—, urea-formaldehyde-salicylio acid lacqueis with, 
632 

—, use in alkyd resins, 875, 905-917, 931-033, 965 
—, — laminated insulation, 1249 
—, — magnetic cores, 1249 
—, — match heads, 1244 
—. - sound records, 1835, 1386, 1338 
—, use of maleic anhydride in, 857 
uses of, 1247-1251 

use with butadienol-ester polymers. 152 
Natural resin alkydresins, tee also Teglac 
Natural waxes, synthetic, production of, 911 
Negative groups, effect on polymerization, 46, 164 
Nematic state, nature of, 63 
d-Neomenthylamina, tars from, 735 
Neopine, resinous properties, 745 
Neostrychnidine, resins from, 745 
Network gels, 87, 38 

Neutral catalysts, acceleration, solidification prooese 
of urea resins, 617 

Neutral eharaoter of cumarone resin, 126 
Neutral crystals, nature of, 36 
Neutralisation, acid buffering salts, 687 
—, alkyd resins, 918, 914, 916, 946 
—, catalysts, 3^ 

—, cumarone resins. 111, 118 
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Neutralizing agent, formaklehydesodium8ulphoxyl> 
ate, 35(1 
—, rosin, 8Ifl 
—, stearic acid, 319 
—, with chlororubber, 1111, 1112 
Neutral point in phenol-formaldehyde condensa¬ 
tion. 843 

Neutral resin esters, preparation of. 400 
Neutral resins, from petroleum, SKll, 202 
—, oxidation of petroleum, 208 
Nevinol, nature of. 1119 
Ngaiol, rcMinifioation, 560 
Nickel, act.ion on benzyl chloride. 1131 
—. as catalyst, 1129 

—calaivst, acetylene polymerizalion, 143, 146 
air-oxidation of phenol, 271 
ammonia-carboy monoxide reaction, 684 
—, —, drying oil ptdvmeriaation, 1228 
—, —. chlorination of biphenyl, 1144 
—, —, condensation of acetylene and aniline, 704 

formation of oily pobnicrs from 1,3-dienes, 
185 

—, hydrogenation of divinylacetviene, 154 
—, —, hydrogenation of esters. 807 
—, —, hydrogenation of rubber, 1096 
—, —, sulphur-aniline reaction, 1197 
—, polymerization, catalyst, furfural, .521 
Nickel carbonyl, polymerization of 1.3-dienes. 184 
Nickel chromate, hydrogenation of esters, 807 
Nickel hydroxide, resin purifiGation with, 887 
Nickel linoleate, solubility in transfotmer oil, 787 
Nickel molds, effect of polyvinvl halides, 1326 
Nickel oleate, solubility in transformer oil. 787 
Nickel oxide acetylene polymeiixation, 146 
—, polymerization of 1,3-dienes, 180 
—, polymerization of vinyl bromide, 1037 
—, resin purification with, 387 
Nickel plates, preparation multi-ooloied material, 
1314 


Nickel salts, catalysts, polymerization of vinvl 
chloride. 1037 

—. neutralizing agents, 344 

Nickel stearate, solubility in transformer oil, 787 
Nickel sulphate, hardening azent, 357 
Nickel vessels, use of. 319, 468 
Nicotine, reaction with polyacrvlic acid, 1072 
Nigrosine, use, phenol-aldehyde composition, 437 
—, use, sound records, 1^6 

Nigrosine black, catalyst, hardening phenol-acetal¬ 
dehyde resin, 881 

p-Nitrsniline, condensation with furfural, 534 
—, condensation with isosafrole, 784 
—, condensation with mercaptobenzothiazole, 727 
—, diazotized, coupled with formaldehyde-acetone 
resin, 548 

—, —, coupled with vinyl resins, 1058 

reaction with phenol, hexamethylenetetramine, 
407 

resins from, 734, 739 

—, use, reaorcinol-cresol-formaldehyde oondensa- 
iion, 372 

m-Nitraniline-furfural, resin from, 534 
Nitrated castor oil, use with nitrocellulose, 1223 
Nitrated h^roearbons, condensation media, urea 

Nitrated hydrocarbons, modifiers, urea-aldehyde 
resins, 684 

Nitrated fiaphthalene, condensation medium, urea 
Mins, 6tt 
plastldser, 940 

Niiratei, gelatinisatkm of urea^formaldehyde res¬ 
ins, 197 

use, li^t-fast resin solutions, 1250 
Nitration, ehitin acetate, 12M 
—/dibromoindane, 07 
petroleum resihs, 202 


rubbsk, 1004, 

Nitrle add, aotiuu on acetytshe polymers, 154 
aetioii on ehlmorubber palptil, 1191 
00^ on cumarone, 04 
-S aetkm on matb^indenes, 100 


natte on rubber, 1004 


Nitric acid, catalyst, condensation, urea and for¬ 
maldehyde, 589 

—, —, dicyanodiamide-formaldehyde reaction, 670 
—, effect on Carbolites, 351 
—effect on dicyclohexadiene, 189 
—, effect on olefin polysulphides, 1175 
—, effect on polyisobutylene, 166 
—, effect on vinylacetylene polymer, 150 
—, fuming, reaction with acetylene, 161, 737 
—, in varnishes, prevention of yellowing, 1378 
oxidant, polyvmvl alcohol, 1056 
—, oxidation catalyst, 211 

—, oxidative degradation of urea ream by, 586 
—, polymenza^ou of castor oil with, 1223 
—, reaction with abietic acid, 731 
—, — acetone. 725 
—— 6-a(*et.yltetralin. 724 
—, — cashew shell oil, 1231 
—, — rosin, 730 
—, — saponified oils, 1223 
—, — tung oil, 1217 
—, use in resin-impregnation, 1245 
—, use m snap resin reco'erv, 629 
Nitric OMclc, oxnbition to nitrogen pcrovjrle, 188, 
728 

Nitrile of ubiehc acid, 804 
Nitrile of acrylic acid, 1069, 1070 
Nitriles, condensation with thioainides, 658 
—, a,/3-unsaturated, reaction with dienes, 850 
4-Nitro-3-aldehydophenvl carbonate, from m-al- 
dehvdophenyl carbonate, 725 
Nitroar>d compounds, effect of, on cbloroprenc 
polymerization, 156 

m-Nitrobenzaldehyde, condensation with mea and 
acetoacetic eeter, 576 

o-Nitrobenzaldehyde, action on dulcitol, 763 
p-Nitrobenzaldehyde, condensation with 2.4-di- 
methylpyrrole, 741 

—, condensation with jS-naphthol, 205 
—, reaction with phenols, ^ 

Nitrobenzaldehyde, condensation with ketene, 554 
Nitrobenzaldehyde thioether, resins from, 726 
Nitrobenzene, condensation with butadiene, 194 
—, homogenizing agent, 970 
—, modifier, phenol-aldehyde resins, 440 
—oxidizing agent, 834 
—, plasticizer, vulcanized rubber, 1115 
—, reaction with o,o'-dithioanihne and litharge, 
1198 


—, reaction with sulphur, 1197, 1198 
—, solvent, vinyl resins, 1026, 1038 
use in aUcyd resin production, 926 
p-Nitrobensene-diasonium chloride, reaction with 
oyclopentsdiene, 186 
—, resin formation, 784 

Nitrobenzenesulphonamide, reaction with formalde¬ 
hyde 712 

o-Nitrobenzenesulphonyl chloride, condensation 
with hydrazine hydrate, 786 
o-Nitrobenzoyl chloride, condensation with sinc-o- 
aminoselenophenolate, 727 
p-Nitrobenzyl chloride, condensation with cocaine, 
745 

o-Nitrobenzylmalonate, tar from, 725 
1-Nitro-l-butyne, resinification, 726 
Nitrocellulose, Albertol resins with, 402 

slkyd resins with, 909, 943. 955, 905, 966, 909 
Aroclors with, 1147, 1148, 1149 
chlorinated rosin with, ^ 
eomparison with chlororubber, 1118 
—, compatibility with Alkydals, 957 
—, — alkyd resins, 10, 888, 897, 918 
—, — Aroclors, 1149 
—, — borates, 898 

—,metallic alkyd resins, 949, 950 ' 

— modified alkyd reeing, 98^, 987, 988, 989. 942, 


—, — oxidising alkyds, 921, 985 
r* ehellac, 24 

— urea-foraialdehyde-alkya reebis. 661, 662, 989 

— urea*t^enol-aldehyde recto, 6W 

—. vinyl co-polymers, 1047 

—» — vtoylethtoyl-carbtool pidymert^ 151 




1851 SUBJECT 

~; 0 pttoiW 6 ed oil modified alkyd redn with, 

WD 

—, cumarone resin with, 070, 1243 
—, double refraction of, ^ 

—, ester gum with, 707, 816, 822-820 
ethyl abietate with, 823 
—, filler, phenol-aldehyde resms, 318 
—, incorporation with polyvinyl halide, 1043 
—, incorporation with urea resins, 623, 624, 

644, 645 

—, ketone-furfural resins with, 447 
linoxyn with, 1284 

—, metallic alkyl phthalates with, 052 
, modifier, phenol-aldehyde resins, 317 433 
mtrated castor oil with, 1223 
Olovine with, 11^ 

~, oxidising alkyd resms with, 072 . 978 
—, paraffin with, 1243 

phenol-o-beneoylbenzoie acid resm with, 433 
—, phenol resm varnishes with, 446, 447 
Plastopsis with, 634, 635 
proportion with Resyla, 956 
—, reduction of inflammability of, 447, 913 
—, Resyls as preservatives for, 966 
—, rosin-maleic-glyceride with, 857 
—, sulphonamide resins with, 717, 718 
—, urea resin lacquers with, 634-638 
—, use in cementmg composition, 989 
—, use m flooring compositions, 9M, 984 
—, use in leather dressmgs, 867 
—, use in Imoleum, 189 
—, use m linseed oil lacquer, 825 
—, use in Teglac compositions 912, 913 
~, varnish gums with, 951 
—, waxes with, 124B 

sine n-butyl phthalate with, 950 
Nitrocellulose ooatmgs, standards, foi gloss of var¬ 
nish. 1370, 1371 

Nitrocellulose compositions, for waxed paner, 984 
~, protective coatings from, 966, 967, 1377 
Nitrocellulose films, blushing, nature of, 918 
—, plasticizers for, 970 
—, prevention of blushing, 968 
Nitrocellulose lacquers, alkyd resins in, 10, 874, 875, 

905, 908 

—, ammonia in, 1210 
butyl alcohol with, 412 
—, hydroquinone as oxidation inhibitor, 823 
—, isopropyl, alcohol with, 966 
linseea oil in, 1228 
—, metallic soaps in, 788 
—, polyacrylic acid chloride for, 1075 
—, polymers of acrylonitrile in, 1075 


INDEX Non-drying 

Nitrogen, use m light colored resins, 968 
use in polymerization of 1,3-dienes, 182 
use m polymerization of glycerol, 996 
JNitiogen bases, conversion of wax esters to 
amides, 815 

—.removal from coal-tar fractions, 361 
Nitrogenous material, removal of, from rubber, 1997 
Nitrogen oxides, reaction with phenanthrene, 724 
—. reect.ion with unsaturated distillatea, 728 
Nitrogen pentoxide, reaction with stilbene, 724 
Nitrogen peroxide, action on rubber, 1094 
, ^talyst, polycyclopeiitadieiie formation, 188 
from nitric oxide, 188, 728 
reaction with p-cresol, 725 
—. reactions with unsaturated hydrocarbons, 727 
N itrogen sulphide, action on pinene, 1200 
Nitrogen tetroxide, reaction with aromatic hydro¬ 
carbons, 724 

effect on polycyelopentadiene, 

—, reaction with phenylcyelohexanone, 725 
Nitro -hydrocarbons, solvents, polyvinyl esters, 1025 
2-Nitro-2-(hydroxymethyl)-l,4-butanaiolone, resia- 

ihcation of, 511 

Nitrolignin, polymerization, 729, 780 
Nitromcthane, solvent, polyvinyl acetate, 1026 

2- Nitro-6-methyldiphenylamine-6'-arsmic acid, re- 
aimfication, 727 

o-Nitrophenol, modifier, oxidised fatly adds, 1227 
—, reaction with furfural, 525 
—, reaction with p-nitrobenzaldehyde, 388 
p-Nitrophenol, reaction with formaldehyde, 294 
—, reaction with hexamethylenetetramine, 808 
p-Nitrophenylcarbamide, polymerization, 727 
p-Nitrophenyl-sulphur chloride, action on rubber. 
1101 

Nitrophenylurea, reaction with chloral hydrate, 571 

3- Nitrophthalic acid, use in alkyd reams, 954 
Nitropiperonal, reaction with piperidine. 738 
—. resins from, 726 

l-Nitro-l-propene, polymerization, 726 
Nitro resins, 724 , 728-730 
—, from petroleum oil, 728, 729 
rubber substitute, 729 
Nitrosite of cumarone, 94 
Nitrositc of indene, 98 
Nitrosoacetanihde, action of alkali, 734 
Nitrosobenzene, reaction with rubier, 1096 
Nitroso compounds, removal of hydrogen sulphide 
by, 652 

Nitrosodimethylamline, reaction with rubber, 1091 
Nitrosodiphenylamine, with acetic acid, reactioD 
with tung oil, 1217 

l-Nitroso-S-phcnylpyraxoline, reaction with acids. 


—, polyvinyl acetate with, 1027 
—, preparation of, 822 
Nitrocellulose plasticizers, alkyd resins, 901 
—f dibutyl-3,6-endomethylene-A*-P^thalate as, 886 
Nitrocellulose plasties, crotonic-glycerol esters in, 
1082 

Nitrocellulose substitute, alginate nitrate, 1254 
Nitrochitin acetate, preparation, 1255 
6-Nitro-3-chloroaniline, tars from, 739 
p-Nitrochlorobensene, condensation with alddiydes, 
720 


Nitroohloroethylene, polymerization, 1042 
otNitrocinnamenylglycoyi nitrile, reaction, 726 
Nitro-oompounds, tars from, 725, 720 
Nitrocolophony, 780 

Nitrooresol, condensation with phenol alcohols, 387, 
388 

Nitrooumarones, preparation of, 94 
0-Nitro-3,4-dichloroaniline, tars from, 789 
o-Nitrodiphenylarsinio acid, preparation, 727 
o-Nitrodiphenyl ether, combination with polyvinyl 
chloride, 1044 

Nitrogen, catalyst, acrylic add polymerisation, 1070, 
1071 

effect on acetylene polymerization, 140 
eUmination of, 329 
in ammoftie producUon, 566 
iiit fbis to redns, 1258 
•«», nee of, $S2 

UM in altyd min production, 922, 928 


Nitrostyrene, polymerization of, 259 
Nitro-substituted benzenes, condensation with bu¬ 
tadiene, 194 

Nitrosyl bromide, In lactone formation. 1141 
Nitrosyl chloride, action on bsoMoe, 1141 
—catalyst polymerization of isoprene, 174 
—, reaction with acetone, 725 
reaction with benzene, 724 
o-Nitrotoluene-p-sulphonyl-p-anisidine, tara from, 
724 

Nitrous acid, action on cumarone, 94 
action on indene, 98 
-, prevention of varnish-yellowing, 1378 
—, reaction with d-neomeothylamine, 735 
—, use in rearrangement of geometric isomers, 906 
Nonaldehyde, condensation with, aniline, 705 
Nonamethylene carbonate, dimer of, ^ 
Nonaoct 3 me, formation r.f, 152 
Nonate of castor oil fatty acids, 1224 
Non-blistering paint, 1336 

Non-blushing nitrocellulose lacquer, composition of. 
970 

Non-breakable sound records, manufaetiire, 1116. 
1336 

Non-convertible alkyd resins, properties of, 861, 
974 

Non-drying alkyd resins, 874, 875 
Non^diytog ink, cumarone resin to. 140 
Ntm-diytog off acids, vm in alkyd rsons, 105-tlT 
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Non-drying oils, conversion to drying oils, 1225 
—. use in alkyd resins, 905-917, 937 
Non-inflammable fibers, urea-formaldehyde resins, 
598 

Non-metallie halides, action on rubber, 1100-1101 
Non|ihatterable glass, requirements for, 1212 
Non-splintering glass, components of, 9M 
Non-statio photographic films, coatings for, 827 
Non-Volatile matter m varnishes, determination of, 
1308, 1364 

Norcamphor, synthesis of, 834, 835 
Norcanthandm, synthesis of, 846 
Notched specimens for impact testing, 1342 
Novolaks, action of Qrignard reagent on, 305 
—, coating composition from, 447 
—, defined, 315 

—, from p-cresol and formaldehyde, 304 
—, from 2,6-dimethylphenol, 301 
—, hardening of, 858 
—, modification with linseed oil, 405 
—, production, 296, 328, 348, 349 
—, structure of, 303-306, 309 
Nuclei formation, in supercooled mellM, 29 
Nuclei formation, processes in, 30 

<) 


Oat hulls, furfural from, 517 
—, reaction with phenol, 748 
Ochre, use in linoleum, 198 
—, ■— polyvmyl lacquers, 1026 
Octabenzylsilicotetrane, 1238 

9,11-Octadecadiene-l-carboxylic acid, and ester 
gum in printing mk, 827 
—, preparation of, 927, 982 
—, use in alkyd resins, 927 
Octadecadienoic acid, preparation of, 1224, 1225 
Octadecanol, use m castor oil-maleic compositions, 
909 

Octahydroanthracenesulphonic acid, modifier, phe¬ 
nol-aldehyde resms, 419 

A^-®-Octahydroanthraquinone, preparation of, 832 
Octahydroantbraquinones, isomerization of, 8M 
2,3,8,7,2^3^8^7'-Octamethyl-10-10'-cilhyd^o-dlan- 
throl, formation of, 833 
Octamethylene carbonate, dimer of, 870 
OctamethyItetrahyd robipyridy 1, 737 
Octane, reaction with sulphur, 215 
1-2-Octanol reaction with p-toluenesulphinyl chlo¬ 
ride. 723 

Ootaphenylcyctosilicotetrane, 1237, 1238 

2.4.6- Octatrienal-l, phenylhydrazone, resinification 
of, 510 

1.5.7- Octatriene-3-yne, formation of, 148 

1- Octene-3,7-dione, 550 

Octenes, of isomeric butenes, alkylated phenols 
with, 411 

2- Octyl-p-toluenesulphmate, from p-toluenesul- 

phinyl chloride and 1-2-octanol, 723 

see.-Octyl toluyl-o-benzoic acid, metallic salts of, 
953 


1-Octyne, polymerization of, 102 
Odor, o-cresol-formaldehyde resin, 307 
—, cyclic anhydrides, 998 
—, molded objects, 23 
—, resins, detection, 1259 
—.varnish solvents. 21 
Offset ink, drying alkyd resins in, 979 
Offset rolls, use of alkyd reein in making, 989 
Oidum, fungus, destruction of, 1180 
Oil, dieleetno strength tests in, 1372 
—, drip, indent from, 97 
—, —, irtyrene from, 97 
—, sesame, with oumarone resia, 135 
—, vulcanised, with oumarone re^, 130 
Oil black, chlororubber paint, 1120 
Oilelotli, coating composition for, 820, 1209 
—, oumarone resin in manufacture of, llO, 137 
—, from styrene with esUtUose geter plastics, 249 
manufacture ef, ISO, 187 
—, roein oil hi, 778 

Ou snameli, luperiority of synthetic resin enam^s, 

974 

OQ-mo^fiei^nfl^ reshis, ooating eomposHkms, 
instthrtion material, 989 


Oil modified alkyd resins-nitrocellulose lacquer, 
molded articles, 907 
Oil-modified phenol resins, 402-400 
—, uses of. 403, 404 , 400 
Oil-modified resm, 093 
Oil of anise, resmification, 1258 

— cassis, reaction with phenols, 383 

— cumanian, reaction with phenols, 383 

— juniper, resin from, 1253 

— lavender, resm from, 1253 

— rue, resm from, 1253 

— sweet almonds, resin from, 1253 

— turpentine, resins from, 12M 

—, solvent, for a-naphthol-formaldehyde resin, 284 

— wmtergreen, resin from, 1253 

Oil paintings, impregnated backings, 1240 
Oil paints, alkyd resin in, 977 

Oil-phenol mixtures, sulphonated, reaction, with 
aldehydes, 421 

Oilproof paper, from chloroprene rubber, 159 
Oil-refining residues, treatment with olefins, 195 
—, vulcanization ol, 1204 
Oil-reactive phenolic lesin combinations, 934 
Oil-resin varnish films, absorption of actinic rays 
by. 977 

Oil-resistance, casein-modified phenol-foimalde- 
hyde resm, 417 
—, cashew shell liquids, 1232 
-, tests for varnishes, 1305, 1300 
Oil-resistant packing, with phenol resins, 485 
Oil-resistant varnish cloths, use ot alkvd lesins, 
874 

Oils, action of sulphur chlotide on, 210 
—, action on chlororubber, 1125 
—, aqueous solvent foi, 1210 
—, chlorinated, pieparation of, 1155, 1220, 1221 
—, 1-chloTOnaphthalene-foimaldehyde ream as sol¬ 
vent for, 260 

—, coal-tar, decolorization of, 301 
—, —» precipitation of aldehyde-tar-acid resins 
from, 304 

—, —, purification of, 381 

—, —, reaction with aldehydes and ketones, 303 
—, cracking of, 221, 222 

—, dechlonnated, compounded with rubber, 221 
—, deterioration, effect of aldehyde-amine prod¬ 
ucts, 711 

—, drying, solubility of oumarone resins in, 125 
—, drying of, effect of phenol-aldehyde resins on, 
413 

—, drying rate of, effect of jO-naphthol, 408 
—, effect, m phenol-aldehyde resin, 320 
—, essential, cymene from, 1253 
—, extending agents, for phenol-aldehyde resin, 285 
—, fatty, in cellulose-ester varnish, 1244 
—, —, solubility of phenolic resins in, 271 
—, flavoring with oumarone resm, 134 
—, for factice, 1212 

—, for therapeutic purposes, from tar oil hydro¬ 
carbons, 275 

—, from action of aldehydes on coal-tar fraction, 
120 

—, from polymerization of butadiene hydrocarbons, 
172, 173, 185 
— olefins, 105, 160 
—, from reduction of rubVier, 1097 
—, hydrogenation of, 221 
—, in plastic composition, 820 
—, in rubber surfacing composition ,1092 
—, limed, reaction with sulphur, 1213 
—, lubricating, cumarone resin with, 140 
—, mineral, in cellulose-ester varnish, 1244 
—, —, resistance of Qlyptal resins to» 955 
—, non-drying, use with polyvinyl ester-acetals, 
1067 

—, plasticizers, for synthetic resins, 1346 
—, properties of, by formolite numbers, 213 
—, reaction With sulphonated chloroecetone-phenol 
resin, 421 

—, removal from phenol-aldehyde resins, 862 
—, resinified by cobalt Unoleate, 839 
—, potassium thiocyanate, 229 

solubility of metauio salts in, 963 
ass, polishing composition, 
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Oils, use. polyvinyl alcohol sizings, 1058 
—, use of ensyme hydrolysis m fatty, 930 
Oils and caoutchouc, polymerization of, 229 
Oil solubility of copal esters, 819 
Oil-soluble phenol resin, ammonia catalyst, 402 
—, comparison with ester gum, 409 
—, non-reactive, 408, 404 
Oil-soluble phenolic resins, 1133 
Oil-soluble resin, 390 

Oil-soluble resins, eresylic acid-formaldehyde. 408 
—, end-point of fusion of, 397 
—insulators, 1153 
—, phenol-ketone-formaldehydc, 410 
—, reaction with drying oils, 401 
—, unmodified. 407-412 
—, uses of, 401 

Oil Stop, from cashew shell oil, 1229 
—, uses of, 1232 

Oil-storage tanks, coating of, 937 

Oil-synthetic resin emulsion, in watei. 404 

Oil test cup, for dielectric strength tests, 1373 

Oil-treated Rezyls, 973 

Oil varnishes, 19, 21 

—, copal esters in, 818 

—, effect of cresol, 408 

—, from furfural-acetone resin, 537 

—, from phenol-crotonaldehyde resins, 392 

—, modified polyvinyl esters, 1059 

—, objections to rosm in, 816 

Oily substances, from cumarone resin, 116, 118 

—, from thermal polymenzation of acetylene 

Oiticicia oil, ester gum varnishes, 817 

—, polymerization of, 1232 

—, source of, 817, 861 

—, uses of, 1233 

Oleate, of castor oil fatty acids, 122i 
Olefin halides, reactions of, 797, .^169-1172 
Olefinic substances, removal from benzene, 121 
Olefin oudes, stabilizers, vinyl resiue, 1048 
—, use, in polymerization of 1,3-dienes, 182 
Olefin polymerization, 164 
Olefin polymers, dehydrogenation of, 165 
—, splitting of, 167 

Olefin-polysulphide resins, 711, 1173, 1174 
Olefin polysulphide rubber, 1169, 1173 
Olefin polysulphides, admixture with other resins, 
1176 

—, effect of chromic acid on, 1175 
—, — sulphur monochloride-phenol products on, 
1173 

—, hardened by slaked lime, 1174 

—, incorporation of aldehyde-polysulphides, 1181 

—, — c^lorinat^ rubber, 1173 

—, — chloroprene. 1173 

—, — metallic halides, 1173 

—, insulation of cables, 1176 

—, odor, cause, 1175 

—, resistance to oil, 1174 

—, rubber fixtures, 1176 

—, Btabihsers, plastic sulphur, 1164 

Olefins, action of alpha-rays on, 165 

—, — in pol 3 rmerization of, 164 

—, — reagents on, 167, 201 , . 

—, aluminum chloride complexes, polymenzation 


—f^romatio, co-polymerization with diolefins, 198 
—, aromatic hydrocarbons from pyroly«» of, 164 
—, branched chain, polymerization of, 185 
—, by cracking, 201, 221 
— diolefins from polymers, of, 165 
—, effect of silent electno discharge on poly¬ 
merisation of, 165 , 

-.-structure on polymerisation velocity of, 164 

—, from destructive distillation of coal, 186 
—, from masout and osokerite, 208 
—, from theimal polymerisation of lower olefins, 

muii-furmiiig hydroaiibuns, 224 
—, in ouprene tar, iw 

—I of, urotonle odd poljrmwuotlon, 10»J 

—, pyrolysii of, 164 

TOMttoB with oceVl ohiorido, M» 

—, — oorylio oldehydo. mid ooW, M» 


Olefins, reaction with carbazole, 194, 195, 744 
—. — formaldehyde, 212 
—, - organic acids, 855 
-, — oxygen compounds, 223, 224 
—, ozone, 166 
—, — quinones, 855 
—, — sulphonea, 1178 
—, — sulphur chloride, 216, 1179 

— sulphur compounds, 23S, 224 
—, — sulphur dioxide, 167 

, resinous substances from, 165, 167 
Olefin selenides, 1170 
Olefin-suIphide resins, 1170, 1171 
Olefin-sulphides, combination with rapeseed oil, 
1171 

Olefin sulphones, celluloid substitutes, 1178 
monomeric, x-ray studies, 1178 
Olefin-sulphur dioxide reaction, effect of light, 
1178 

iso-Oleic add, by zme chloride-oleic acid reac¬ 
tion, 1222 

Oieio acid, chlorinated, 1220 

condensing agent, amines and aldehydes, 707 
—, effect on chloroprene rubber, 158 
—, esterification of phenol-alcohols with, 399 
mhibitor, for gelatimzation of tung oil, 1316 
—, isomerization of, 908 
—, lanolin substitute for, 1212 
—, modifier, urea-phenol-aldehyde resins, 674 
—, phenol-aldehyde reams fusi^ with, 8M 
plasticizer for oleic resin coatings, 969 
—, reaction with acetic anhydride, 549 
, — aluminum chloride, 1219 
—, — p-ammo-phenol, 1228 

— aniline and paraformaldehyde, 695 
—, — sorbitol, 1209 

—, — triethanolamine, 904 
—, — zinc chloride, 1222 
~, softener for rubber products, 1098 
—, solubilization of castor oil with, 1222 
—, sulphurized, formation of, 1211 
—, use w alkyd resms, 905, 907, 936, 927, 936 
—, — amine-aldehyde condensations, 702 
Oleic acid modified alkyd resm, binder for as¬ 
bestos cloth, 987 
—, emulsification, 946 

Oleic acid modified glycerol phthalate, prepara¬ 
tion of, 905 

Oleic glycerides, in tung oil, 1215 
Oleic-phthalio glyceride, sulphurization of, 1206 
Oleone, reaction with hypochlorous acid, 551 
Oleone ohlorohydrm, reaction with soap, 551 
Oleoresinous primers, comparison with alkyd resin 
primers, 959, 961 

Oleoresinous varnishes, coatings for pipes and 
tanks, 1377, 1878 

Oleum, condensing agent, ethyl abietate prepara¬ 
tion, 798 

—, used in sulphonation, 1132 

Olive oil, ff-form, use in alkyd resins, 908 

—, modification, 1237 

—, use, lubricant, 1327 

Olovine, 1038, 1327 

Olovine varnish, from Tekaol with polyvinyl ester, 
1237 

One-phase theory of gels, 87 
One-stage dry processes, 326 
One-stage wet prooeee, phenol-aldehyde resine by, 
823-326 

Opacity, varni^ filme, causes for, 20 

Opacity teeta, for vamlshea, 1377 

Optical cement, from vinyl oo-polymers. 1062 

Optical eNmentf, from pdystyrenee, 252 

Optical propertiee, reiini, 770, 1262 

Optical syetem, ultracentrifuge, 70 

Optoquinine eulphate, gela from, 58 

Ordnol, modifier, urea-aldehyde resins, 674 

—, reaction with bensaldehyde, 276 

Organic add anhydridee^ use of, 328 

Organic acid ohloddee, condensing agents, 289, 220 

Organic acid poroxiiles, preparation, 1022 
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Orgamo acids, condensing agents for phenol a!oo« 
hoU,, 287, 288 

—-j^curin^catalysts, cellulose-urea resin oomposi- 

—, in vamishee, prevention of yellowing, 1878 
polymerisation catalysts, 849 
—, salts of, reaction with vinyl chloride, 1019 
shdlac solvent, 1009 

Organic arsenic compounds, wood preservatives, 
1195 

Organic bases, adjusting pH of formaldehyde solu¬ 
tions with, 913 

catalysts, polymerisation of styrene, 242 
reactions with meroapto compounds, 947 
Organic fillers, for phenol-aldehyde molding pow¬ 
der, 491-498 

Organic glass, 902, 904 

Organic peroxides, catalysts, polymerization of 
acrylic add, 1075 
—, —, — ^vinyl ether, 1011 

— methyl methacrylate, 1081 
—, driers for oil-modified alkyd resin coating 
compositions, 978 

Organic phosphates, solubilisation of castor oil 
with, 12^ 

Organic silicon compounds, 1285 
Organic silicon radicals, in resins, 1239 
Organic sulphomc acids, alkylating agents, for 
abietic acid, 805 

Organic sulphur compounds, effect on chloroprene 
polymerisation, 159 

O^ano-metalUo compounds, action on unsaturated 
hydrocarbons, 229 
Organophilic colloids, 88 
Ornamental materials, from urea resins, 941 
Ornamentation, moldings, 1299, 1833, 1334 
—, rubber, 1833 

Ornamenting fabrics, with modified urea-aldehyde 
resin, 985 

Orthophosphoric add, catalyst for fosin esterifica¬ 
tion, 795 

Orthophosphorous add, catalyst, esterification of 
rodn, 795 

Osborne Reynold's effect, nature of, 32 
Osmosis, rnaoval of catalyst by, 595 
Osmotic pressure measurements m molecular weight 
determinations, 53, 75 

Ottawa sand, abrasion resistance tests for varnish 
with, 13M 

Outdoor exposure tests, varnish film, 818 
• Outside paints, alkyd resins in, 977 
Overcunng, effect on chloroprene rubber, 158 
Overheated glycolic add, adhesive from. 1004 
Overlays, d^rative, application of, 13^ 

Overprint varnish, Rezyls with, 973 
Oxalate, of polyvinyl alcohol, 1059 
Oxalic add, 883 

accelerator, urea resins, 619 
action on rosin, 798 
—, catalyst, 401 

—, —, amines and alddiydes, 700 
, furfural-phenol reaction, 526 
—, —, glycerol-dimethylolurea reaction, 698 
—, —, hydrocarbon-aldehyde resin. 265 
—, —, phenol-aldehyde resin, 285, 349, 369, 411, 429, 
431 

—, —, resin formation, 279 

—, —, thiourea resins, 940 

—, —, urea-aldehyde reaction, 589, 663 

urea-phenol-aldehyde reaction, 974, 675 
dehydrating agent, ^-methylketobutapol, 550 
—, from polyvinyl aloohol, 1056 
from polyvinyl ethyl ether, lOU 
from rubber oxidation, 1(M0 
<**, hardening agent, thiourea rtaina, 954 
—, modifier, dieyanodiamide* formaldehyde resins 
680 

—, —, phenol-aldehyde retina, 439 
—, —, polyvinyl aloohol, 1058 
—, neutralising amt, 319 

polymerisation of dimethylolurea by, 809, 910 
r-, reaetion ipdth tKaminophenol, 990 
/ rr* eaibohydmtoa 758 . 

^ eiMtor oO, 001 


Oxalic acid, reaction with polyhydne alcohols and 
phenol-aldehyde resins, 428 
—, treatment of turpentine with, 1201 
—, use of, 354 

Oxalic acid and aluminum chloride, action on 
naphthalene, 269 

Oxalic acid derivatives, esterification with ethylene 
glycol, 892 

—, use as anti-rancification reagents, 909 
Oxalic acid-pinene conden.sation, 783 
Oxalyl chloride, reaction with 2-methylindole, 743 
pyrrole, 742 

Oxidation, acceleration by driers, 784 
—, acrolein, 1099 
—. alkyd resins, 911, 914 
—, bitumen, 2»0 

—, chloronaphthalene waxes, 1152 
—, contributory cause of gelation of oils, 975 
—, copals, 774 

cracked distillates, 222 
—, cracked gasoline, ^1 
—. crude tar oil with lead oxide. 278 
diindene by chromic acid, 105 
—Rsyni-diphenylethylene, 259 
—, electrolytic, cymene, 1253 
—, —, 4-hydroxy-3-methoxy propenal, 272 
—, —, isoeugenol-vanillin solution, 262 
—, fatty oils, 1225 
, indene, 100 
—, lignite, 209 
—, hmonene, 783 

—, low temperature tar under pressure, 272 
—, methylindenes, 105 
—, montan wax, 209 
naphthenes, 217 
—, paraffin, 209, 217 
—, petroleum, 208-211 
—, —, asphalt and pine tar, 230 
—, petroleum residues, 217 
phenols, 271, 272 

—, polymerization of fatty oils by, 1225, 1226 
—. refining residues, 227 
—, resistance of cumarone resins to, 125 
—, rosm, 767, 768, 774, 780 
—, rosin esters, 806, 807 
—, rubber, 1109 
—, —, preventing, 1128 
—, ruhiene, 269 
still residue, 229 
—, styrene, 239 
—, sulphite waste-liquor, 754 
—. tall oil. 755 
—, tar distillates, 273 
—, tar oil, 209 

—, toluene-o-.'iulplionamiilG, 712, 713 
—, urea-phenol-aldehyde msins, 675 
—, wood oils, 780 
—. wood tar, 752 

Oxidation acceleralors, catalysis, in 
tion of vinylethinyl carbinnls, 151 
Ox’dation products of rubber, 1093 
Ou^ation-resistance, of hydroxy benzoic-acid rcftin'', 

Oxide, of polycyclopentadiene. 188 
Oxide catalysts, condensation of acetaldehyde oin, 
495 

Oxides, ability to fonn glasses, 28 
Oxides of carbon, lower, formatum of, 1014 
OxidM of nitrogen, action on phenanthrene, 269 
Oxidised drying oil acids, use in all^d resins, 
923, 924 

Oxidised efiter gum-linseed oil mixture in lacquere, 
828 

Oxidised hydrocarbons, esterification with alco¬ 
hols, 911 

Oxidised oil, in cold-molding eompotition, 1286 
Oxidised paraffin, chlorinated, 1158 
Oxidised rosin, uees, 775 
Mdised rubber resins, |>rop«rtiee of, 1093 
Oxidi^ substances, oatab^, in ieoprene polv- 
nriensation, 179 

Oxidised wax, oxidation eatalysl, .209 
reaction with gtyowol, 109 
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Oxidising tgents, action on chlorinated rubber. 

1U7 

—, — diloroprene robber latex, 157, 168 
—, — cumarone. 84 

—, — films formed by acetylene polymers. 158, 154 
—, reainous susbtance from ethylene, 165 

catalysts, polymerisation of conjugate dienes. 

178, 1& 

—, reaction of cyclohexene with sulphur di¬ 
oxide, 167 

—, purification of urea with, 567 
—, use in rubber-chlorination, 1108 
Oxidising alkyds, 918-923, 925, 981-938, 972, 978, 976 
—, anon^y in, 920 

—, compatibility with nitrocellulose, 921, 925 
—, driers, 976 

—, paint products, 972, 973 
" —, patent history of, 921 
—, preparation of, in inert atmosphere, 922 
—, solubdity of. 921, 923, 925, 931, 933 
use of rosin in, 931, 932, 933 
—, with other resins, 972 
Oxidising Resyls in printing ink, 978 
Oximino group, m nitrated rubber, 1094 
Oxindole, oxidation, 744 

Oxonium compounds, from aromatic ethers and 
ketones, 560 

Oxyaminoquinolines, resimfication. 739 
Oxycarbons, formation of, 1013 
Oxycellulose, filler, 458 
Oxycolophones, 730 

Oxygen, absorption by aretjleiie jioKmeis, 143, 
144, 145 

, — cashew-shell oil, 1229 

— cracked distillates, 230 
—- rubber, 1093 

— vinylacetylene polymer, 150, 152 
accelerator, polymerisation, vinyl acetate, 1020 
action on butadiene-homologue polymers, 199 

— cumarone resin, 131 
> c)Tnene, 269 

— durene, 269 

— indene, 103 

— inoBitylene, 269 

— phenol-aldehyde resin'?, 335 

— rubber, 1109 . 

— triphenylmagnesium bromide, 1142 

— xylene, 269 

catalyst, polymerisation of conjugated dienes, 
176, 179. 180, 183, 185, 186, 188 
, —, — isoprene, 175, 176 
— olefins, 176 

, tlieimul polymerization of acrylic acid, 

i071 ^ . . 

reaction of cyclohexene and sulphur di- 

^03^6^^1178 reaction, 1064, 1065 

effect on cuprene formation, 145 
• polymenzation of acetylene, 145 
, — polymerisation of chloroprene. 155, 156 
, — polymerisation of methylvinyhodoacetylene, 

—polymerisation of oils, 1226 „ 

, - rate of drying of awtylene 

— reaction of sulphur dioxide with cyclohexene, 

IW ^ 

inhibitori!**or’ photopolymensation of acrylic 

^’litroleum reems, »1, 202, 203 
punfication of urea with, 567 
reaction with p-benwqiunone, 558 

— carvone, 558 

— 1,8-cycIohexadiene, 189 

— cydohexene, 167 

— dehydrongiene dioxide, 56U 

— i6-naphthoQuinone, 558 

piperito&ei 558 

•— polyeyclopentadiene, IW 

ritolln* 4»4 


Oxygenated phosphorous compounds, catal)^8, 
rosin esterification, 795 

Oxygenated substances, m chloroprene polymerisa¬ 
tion, 155, 156 

—. catalysts, isoprene polymerisation, 175 
styrene polymerisation, 178 
0^|[en catalysts, for polystyrenes, 288, 289, 240, 

—, polymerisations, vinyl chloroaceti^ 1022 
Oxygen compressors, lubricant for, 996 
Oscygen content of cresol resins, 271 
Oxygen-convertible alkyd resins, nature of, 864, 
918, 919, 920, 974 
Oxyturpentines, 730 

Oyster-shell hme, in hardening rosin, 772 
C^kerite, action of silica gel on, 203 
—, aromatics from, 203 
—, a^halt from, 203 
—, chlorinated, properties of, 220 
—, constituent of insulating compound, 1091 
—, naphthenes fiom, 203 
—, olefins from, 208 
—, piuafiins from, 203 

—, treatment of phenol-aldehyde moldmgs with, 
284 

—, with castor oil, coatings from, 447 
—, with chlorinated tall oil, 758 
Osone, action on natural and synthetic rubber, 
158, 1109 

—, — petroleum distillates, 210 
—, — pine oil and ester gum, 781, 782 , 806 
—’, — polycyelopentadieiie, 188 
—, — pyrrole, 740 
—, — lung oil. 1217 

—, catalyst, phenol-formaldehyde reaction, 358 
—^ ^ polymerization of tatty oils, 1226 

—, —, — furylethylene, 522 
—, —, — olehns, 166 
— — — vinyl chloiide, 1038, 1039 
—, —, polystyrenes. 238, 239, 240 
—, reaction with diinethyiketene, 554 
—, — olefins, 166 

Ozone treatment of rosin, 774 , 776 
Ozonide, of isoeugenol, 262 

Ozomdes, catalysts, polymenzalion of metiiji 
methacrylate, 1081 
—^ ^ polystyrenes, 238, 239, 240 
—, decomposition of, 210, 262 
—, explosive character of, 166 
—, petroleum distillates, 210 
—, polymerization of, 166 
—, use of decomposition productof, 358 
Ozomzei, decomposition ot (‘arUm monoxide by, 
1013 

Oz»»iiol\Ms. of I'.oeugenol, 262 
—, of rubber, 1088, 1093 


Packings, from phenol-aldehyde resins, 459, 485 
Paint, aluminum powder and glycerol phthalate 

resin in, 960 , . • nn-j 

—, anti-corrosive, from sulpnur-amhne ^win, 1197 

_^ bituminous, cumarone resin in, 

—! chemical resistant, with rubber, 1098 

— cumarone resin, poitland cement as pigment. 

129 . 

—, drying Bezyls m, 956 
—, from coal-tar pitch, 275, 360 
—, from phenol-ald^yde resin, 365, 366, 368 
—, from tar-oil resin, 122 
—, from vinyl resiitf, 1048 

— glyoerol-esterified Manila copal varnish in, 817 
—, heat resistant silicon ester, 1236 

—, rust-preventiag, aHO’ i 
—, —, from sulphurised oil, 1208 
—, scrap rubber in, 7W 
Paint oil, from acid sludgs, 217 
Paint pigmttits, from tar oils, 

Paint products, oxidising alkyd reams m, 972 
use of Teglac m. 912 
Paint remover, oonstituentt of, 

Paints, add resistant, chlorinated ^ber w, U 
—, alkali instant, chlorinated rubber in, U 
—I colloidal nature of, 35, 36 
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Paints, comparison of linseed oil with alkyd resin, 
975 

—, drying oil, use of methylol butyl urethan, 682 
—, drying oil acids in, properties of films, 974 
—, from acetylene-p»olymer drying oils, 154 
—, from alcohol resins. 1007 
—, from alkyd resins, 976 

—, from casein-modified phenol-formeldehyde 

resins, 417 

—, from chlorinated hydrocarbons, 220 
-, from chlororubber, 1108, 1111, 1116, 1117, 1118, 
1119, 1120, 1121, 1122, 1123, 1124, 1125 
—, from cyclohexanol-modified phenol-formalde¬ 
hyde resins, 417 

—, from diolefin-monolefin co-polymerisation, 190, 
191 

—^^from glue-modified phenol-formaldehyde resins, 

—, from modified urta-aldehyde resin, 685 
—, from oily polymers of 1,3-dienes, 185 
—, from petroleum asphalt reaction products, 274 
—, from polymerized hydrogenated divinylacety- 
lene, 154 

—, from polyvinyl ester-acetals, 1066 
—, from reduced rubber, 1097 
from vinylacetylene, 150 
—, from vinyl ester-aldehyde resins, 1065 
—, iron protecting, from phenols, 273 
—, lead phenqlate resin in, 273 
—, low-temperature tar oxidation products in, 
273 

—, metallic, drying alkyd resins in, 979 
, —, method of applying, 960 
—, metallic soaps m, 784, 788 
—, oxidised rubber in, 1093 
—paulownia oil in, 817 
, plasticity of, 35 

—quick-drying, comparison with drying alkvd 
compositions, 973 , 975 
—, Rezyls m, 973 
, rosin in, 778, 779 
—, thixotropy of, 35 

—, use of alkyd resin emulsifications in, 948 

—, — crotonic acid m, 834 

—, — sorbic acid in, 834 

—, — squalene in, 199 

Paint vehicle, air-blown linseed oil, 1227 

—, from turpentine, 781 

Palladium, catalyst, drying oil polymerization, 
1228 

—, —, for hydrogenation of esters, 807 
—, for oxidation of phenols, 271 
—, —, in hydrogenation of rosm, 769 
—. in preparation of naphthyridine derivatives, 
1140 

Palladium hydride, reaction with carbon dioxide, 
350 

Palmitate, of castor oil fatty acids. 1224 
Palmitic acid, esterification of phenol-alcohols with, 
399 

—, — wax alcohols with, 814, 815 
in driers, 787 

—phenol-aldehyde resins fused with, 398 
—, separation ol atyrene analogues with, 353 
—, use in alkyd resins, 905, W 
Pancreas extract, use of, as protective colloid, 181 
Paneling, fireproof, 657 ' 

—, surfaced with resin-coated sheet, 1245, 1246 
—, wall, of vinyl reeins, 1333 
Papain, use of, as protective colloid, 181 
Paper, chlororubber-lmpregnated, 1127, 1128 
—coating with modified phenol resins, 398 
—, — sulphur, 1167 
— vii^l resins, 1047 

—, decorated, resm-ooated, use, 1245, 1246 

dielectric strength, effect of, urea resins, 642 
Elliaols in impregnatiem of, 956 
—, filler for laminate products, 1274 
—, fireproofing, 1127 
—, from amine*aldehyde resins, 694 
—, gelatin-glycerol pnthaUte coating for, 965 
—, firease-resistantt preparation ^ of, 968 
—, imprefnated, gram vistbie, 1380 
—, po^erUing resUi. 1345 

—, impregnation with aUcyd resins, 807 
—, — chlorinated biphenyls, 1117 


Paper, impregnation with lialogenated hydrocar¬ 
bons, 1150 

—, — modified phenol resins, 398 
—, — phenol-aldehyde resiiit, 643 
—, — sulphur, 1168 
—, — urea resins, 624, 625, 642, 643 
—, — vinyl resins, 1051 
—, incorporation with urea resins, 620 
—, laminated, alk>’d resins ns bonding agent for, 
987 

—, —, uses of. 472, 473 

—, mechanical strength, effect of urea resin, 642 
—, parchmcntized,'impregnation, 1245 
—, resm impregnated, uses of, 472, 1246, 1283 
—, sheets, method of applying resinous binder, 1281 
—, sizing, cumarone resm in, 139 
—, sodium bisulphate impregnated, use, 1328 
—, translucent, alkyd resm in preparation of, 969 
—, transparent, castor-oil impregnant, 1245 
use of resms, 1245 
—, use, decoration of moldings, 1333 
—, —, lammated insulation, 1247 
—, varnished, breakdown voltage in, 1348 
—, waterproofing of, 130, 721, 1168 
—, writing, treatment, urea resins, 640 
Paper-asbestos mixture, use, filler, 1250 
Paper coating composition, preparation of, 968 
Paper coatings, ester gum in, 828 
Paper decorations, permanence, effect of uiea 
resins, 642 

Paper fiber, as filler for phenol-aldehyde * resins, 
365, 460, 461 

Paper filled materials, testing of, 1342 
Paper impregnant, from rubber, 1097 
Paper insulating sheets, phenol-aldehyde resin 
binder, 452 

Paper-hke materials, amine-aldehyde resins, 692 
Paper linings, use of, polymerization apparatus, 
179 

Paper pulp, decolorising, 1250 
—, incorporation with phenol resin, 457, 460, 461 
— urea resins, 625, 626 

Paper pulp-slkyd resin compositions, fillers for, 
987 

Paper size, from latex, 1094 
Paper-sizing machine, use of, 334 
Papier-m&ch4 impregnant, acid-proofing, 1205 
Paracumarone, from cumarone, 96 
Paracumarone sludge, with cumarone resin, 139 
Paracumarone soap, 112, 118 
Paraffin, chlorination, 219, 220, 1154, 1220 
—, constituent of polishing wax, 993 
—, effect on chlororubber oil varnish, 1124 
in ohlorobiphenyl compounds, 1147 
—, oxidation of, 209, 211 

—, oxidised, butyl ester, use as plasticiifer, 685 
—, reaction with alginio acid, 1254 
, softener for rubher products, 1098 
, use as mold-lubricant, 1827 
—, use in coal-tar-pitch composition, 360 
—, — fiooring compositions, 983 
—. use of, 333 

use with chlororubber, 1128 
—, — nitrocellulose, 1243 
Paraflhi hydrocarbons, in ouprene tar, 146 
—, oxidation of, 911 
Paraffin oil, resmified by chlorine, 211 

in preparation of pitch from wash-oil, 122 
Paraffin oil solution, pobonerisation of acrylic acid 
derivatives with vinyl compounds in, 1076 
Paraffin paper, ester gum solution as coating for, 
837 

Paraffins, from masout, 203 
—, from osocerite, 203 
—, long chained, formation of, 55 
—, oxidation of, 217 
—, specific viscosity of, 73 
—, Bulphonation of, 217 
—, use in rubber compositions, 485 
Paraffin wax, combination with plastic sulphur, 
1168 

—, in chewing gum» 828 

in coating composition for paper, 968 
in gutta-percha substitute, 1204 
—, in preparation of flooring composition, 984 
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Paraffin wax, treatment of phenol-aldehyde mold¬ 
ings with, 284 

Paraffined paper, adhesive for, 1126 
Paraform, condensation with carbolic acid, 345 
‘ pyrogallol, 872 
‘ thiourea, 664 
from formaldehyde, 512 
hardening phenol-sulphur resins with, 1188 
reaction with cashew-shell oil, 1230 

— o- and p-saligemns, 208 

— vinyl compounds, 1065 
use in phenol-aldehyde reaction, 350, 367, 415 

^ with tar acid-aldehyde r^in, 360 
Parafoxmaldehyde, condensation with ammonium 
thiocyanate, 660 
—- amlme, 601, 695 
, — coal-tar oils, 863 
, — dibenzvlamine, 707 

— diethylamine, 707 

— 2-ethoxynaphthaIene-3-caiboxyhc acid, 374 

— 1,3,4-hydroxytoluic acid, 374 
, — p-nitrochlorobenzene, 726 

■ phenol, 1031 

■ resorcinol, 371, 373 

■ tetrahydronaphthalene, 265 
, —■ thiourea, 645 

— urea, 604, 612, 615, 616, 617, 645 
elasticity promotion by urea resins, 593 

, hardening agent, amine resins, 732, 1135 
, —, for cashew-shell oil, 1232 
—, for phenol resins, 372, 373, 380, 303, 443 
polymerization of, 516 
reaction with cyclohexanol, 377 

— dihydroxydiphenylethane, 382 

— diphenylolmethane, 207 

— phenols, 416 

— toluenesulphonamides, 712 

— xylene and tung oil, 403 

— xylends, 407, 408 
use of, 326, 400 

—, m modified alkyd resins, 936 
—in phenol-aldehyde resins, 316, 318 
, —, irj removing excess phenols from phenol-al¬ 
dehyde resms, 365 

Paraformaldehyde-cresyUc acid resin, ejected hot 
from press, 365 

Paraformaldehyde-tetrahydronaphthalene reaction, 
catalyst for, 265 
Paramdene, from indene, 101 
hydrogenation of, 119 
, molecular weight of, 101 
Paraldehyde, as hardening agent, 385, 1138 
bromination of, 506 
condensation with cresols, 364, 365 
, — lactic acid, 1004 
, — ^-naphthylamine, 689 

, — resorcinol and tung oil monoglycende, 405 
, — tar oil, M2 
, formation of, 489, 494 
, in stencil sheets, 962 
, preparation of, 489 
reaction with phenol, 380, 381, 382 

— phenols and cyclohexanone, 390 
, — vinyl compounds, 1064 
, use in phenol-aldehyde reaction, 418 

Paraldehyde-cresol resin, binder for oold-molding 
composition, 1288 
—, solubility of, 364 

Paraldehyde-salicylic acid resin, use in photo¬ 
graphic plates, 875 
Paraldol, from aoetaldol, 498 
Parallel planes, in cubic lattice, n 
Paraplex RG-3, incompatible, cWororubber, IU9 
Parchment, imitation, impregnate P*!^*** , 

Parchmentised fiber, impregnating with phenol- 
aldehyde resins, 484 . 

Parchmsntissd paper, impregnation with resin, 

Parchment-liks paper, use of alkyd resins in 


. making, 989 

Parchment paper, treatment with uwa re^s. 648 
Paris white, use with chloriimtad 
Particle siss, infiusnes on plejtia^, W 
Pasteboard, decorating, use of chlororubber, 1128 
Pastes, polyethylene oxide, 998 


Paulowins oil, in coatings, 817 
—, properties of. 818 
—source of, 818 

Paving materials, metallic soaps m, 791 
Peanut hulls, digestion with phenols, 748 
Peanut oil, plasticizer, chlororubber, 1126 
—, —, vmyl resms, 16M 

Pearl dust, mcorporation with urea resins, 641 
Pearl essence, use of metallic alkyl phthalates in, 
951 

Pearls, artificial, from synthetic resins, 1250 
Peat, addition to a phenol-aldehyde product, 385 
, condensing agent, 355 
—, filler, sulphur castings, 1166 

incoHDoration with urea reams, 623 
—, resins from, 749 
—, Russian, resms from, 274 
saccharification, 749 
—, use, with synthetic resms, 1250 
Peat meal, use in linoleum, 108 
Peat residues, treatment with ethylene diohlonde, 
749 

Peat-tar phenols, sulphonated, reaction with 
formaldehyde, 419 
—, —, tannmg agents from, 419 
Pectms, use in chloroprene rubber latex, 157 
Pectose-aldehyde-ketone condensation, 763 
Pectous material, utilization, 762, 763 
Pencil tests, for hardness of varnish, 1371, 1372 
Pendulum, swinging beam, hardness tests with, 
1371, 1372 

Penetration, water, tests for, 1343 
1,2,2,3,4-Pentachlorobutane, dechlormation of, 160 
—, formation of, 160 

Pentachloroethane, plasticizer, chlororubber, 1123 
Pentachlorophenol, softening agent, phenpl-alde- 
hyde reams, 423 

Pentadecatetrone, formula of, 1089 
2-n-Pentadecylglyoxalidme, use m emulsification 
of 1,3-dienes, 180 

Fentaerythntol, condensation with ether-acids, 
902 


— maleio acid, 901 
—, ■— phthalic anhydride, 901 
—, — succinic acid, 901 

from formaldehyde and acetaldehyde, 900 
—, reaction with acetic acid, 901 
- , — dicarooxyethers, 901, 902 
—, — 9,10-dihydroxy8teario acid, 901 
—, — ethyl chloride, 901 
—, — ethylene oxide, 899 
—, — propylene oxide, 899 
—, — tetrahydrobenzene oxide, 899 
—, rosm esters with, 796 
—use m alkyd reams, 914, 924 , 931, 049 
—, use in preparation of alkyd resms, 969 
Pentaers^ritol-phthalic anhydride composition, 
914 

Pentaerythritol tetra-acetate, preparation, 901 
Pentaglycerol, use m preparation of alkyd resin, 
969 


Pentaglycerol hepta-acetate, preparation of, 995 
Pentaisobutylene, from isobutylene, 166 
Pentamethylbenzene, action of sulphuric acid, 
266 

—, tars from, 266 

Pentamethylene carbonate, dimer of, 870 
PentametbylenediaminediBulphine, coating and im- 
pregnant, 1180 
—, plasticizer, 624, 1180 
—• preparation, 1180 
—, resistance to alkalies, 1180 
—, vulcanisation accelerator, 1180 
Pentamethylene teiraaulphide, preparation, 1170 
Pentane, diluent in oyclohexene polymerisation, 


167 


Penteoe, from hydrorubber, 1096 
3-Fentene, reaction with isoprene, 190 
2*Pentene-iBoprene reaction, aluminium chloride 


catalyst in, 190 

Penteoes, froin sodium rubber, 1089 
—, pol^erisation of, 166 
PenthiasoKne derivatives, halogenated, U$8 
Pentosans, furfural from, 517 
Peptides, synthesis of, 66 
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Phenol, action on cotton, 748 
, — trasc, 748 

~ rubber. 1104 

— wood. 747. 748, 749. 750 
capable of thennohardening. 836 
oatalyeta for air oxidation of, 271 

, phenpl-formaldehyde-reactiou, 358, 855 
coBftjWJwn^ ^th cresola m rfactiona with 

, condensation with sulphite liquor, 754 
conversion of sols by, 596 
decomposition of, 272 
dmhenylol>l,l>cyclohexane from, 560 
effect on amorphous ethylene sulphide, 1169 
eleetrob^ of. 272 
electrolytic oxidation of, 271 
esterification of abietic acid with, 397 

— copals with, 809, 810, 811 

• rosin with. 799, 800. 801 
[CSSS, use in phenol resins, 328, 488 

free, effect on phenol-aldehyde reams, 249, 335 
from bensenesulphonie aoid, 360 
from by-product coke ovens, 360 
from catechol, 270 
from chlorination of bensene, 360 
from cumarone resm, 95 
from diphenyl ether. 270 
from phenyl vinyl ether, 1009 
, glyceride oils modified with, 1227 
, gum mhibitor, 224 
, hydroxyether from, 1009 
, importation of, 359 
, mdene from, 96 
, in oxidation of rosm, 774 
, in roem purification, 768 
ffl wood tar, 751 

methylene ratio, of phenol-formaldehyde resins, 
321 

modifier, chloronibber paint, 1126 
, —, dicyanodiamide-formaldehyde resin, 680 
, —, polyvuiyl acetals, 1064 
oxidation of, 271, 272 

, percentage resin yield by weight of, 322 , 323 
phenol alcohol from, 382 
positions of attack m, 292 
production of, 359, 360 
purification of, 336 

, reaction with acetaldehyde, 283, 380-382, 404, 
407, 418, 424 

, — acetone, 386, 388, 410, 420 
j —* acetophenone and hexamethylenetetramine, 

555 

, acetylene, 383, 384 
' aorolem, 391, 504 

• aorolem resm. 391 

- m-aldehydo-phenoxyacetic acid, 375, 394 
, ~ aldol, 392, 417 

alummum sulphide, 1193 

> p-ammodimethylaniline, 347, 348 
■ ammomum sulphide and formaldehyde, 378 

— amylene, 411 

— a-anhydndes, 998 

—, anhydroformaldehyde-aniline, 347, 698 

— aromatic amines. 710 

— bmsaldehyde, 2M. 882 

— o-bensoylbensoic acid, 376, 433 

— bensyl alcohol, 295 

— bensyl chloride. 295 

— botyraldehyde. 301. 382, 532 

— carbohydrates. 738-760 

— carbon dioxide. 374 

> casein and aldol, 417 

> chloral, 294 

> chloroform, 298 
K— chlorohydrins, 1188 

— chlorosulphonio acid. 1193 
crotanaklehyde, 392 

— cyolohezanol-2-carbokyIate, 391 
cyclohexanone, 377, 389, 300, 560 

— dsxtetMM and sulphuric add, 421 
^ diehloroursa, 1154 

— furfural. 298, 319. 382. 324, 527 

— gassoua aldshydsa. 181, 382 

— glyoarol, 291. 392, 394 


Phenol, reaction with hexamethylenetetramine, 308, 
310, 327 . 407. 416. 424. 1044 

— hydroxybentaldehyde, 883 

— isobutyl alcohol, 410 

— ketones, 388, 389, 300, 410 
-- lignm, 747 

— methylal, 279, 394 
-- methylene acetate, 279 

— methylene dichloride, 394 

— methylene diphenyldiamine, 732 
- methyl cyclohexanone, 390 

—- nionochlorodunethyl ether, 280 

— p-Ditrobensaldehyde, 383 

— paraformaldehyde, 331, 345, 350, 103! 

— paraldehyde, ^1, 382 

— phenol-alcohols, 297 

— phthalates, 1259 

— pine oil constitumts, 783 

— rosm, 420, 777, 799, 800 

— rubber tetrabromide, 1114 
— Halicylaldehyde, 278 

— saligenin, 296 

— selenic acid, 1193 

— styryl methyl ketone, 891 

— sulphonated noinoleio acid, 420 

— sulphur, 1189-1193 
, ^ sulphur chloride, 672, 1188-1189 

— thioaldehydes, 378, 1179 

— trihydroxytrimethylamme, 309 

— trioxymethylene, 398, 416 

— triphenyl-chloromethane, 411 
tung oil, 403, 404, 1217 
unsaturated aldehydes, 295, 891,392 
unsaturated ketones, 295, 390 

—* vinyl esters, 1008, 1081 
refined, 319 

removal from phenol-aldehyde resins, 434 

— phenylated biomorubbers, 1114 
removal of excess, 330. 331 
removal of free formaldehyde by, 698 
removal with cyclohexanone, 877 
softener for rubber products, 1098 
solvent, conversion of reams, 340 
—, phenol-aldehyde i-esms, 318 
—polyvinyl alcohol, 1056 
—, proteins, 414 

uroa-resm syrups, 637 
sulphonation of, 677 
synthetic, production of, 359, 360 
test for phthalate resins, 957 
toxic agent, 451 
uncombined, use of, 325 
use m leather-base lacquer, 1255 
, — tanmng agent, 1192 

— urea-formaldehyde alkyd resin, 940 
use with lignite, 274 

, — urea-aldehyde resin, 685 
Phenol-acetaldehyde resm, acetyl chloride, catalyst, 
3S2 

—, bmder m cold-molding compositions, 1287 
—, catalysts for, 8^, 381, 882 
—, condensation with furfural, 532 
—, 1,4-diaminoanthraquinone modified, 442 
—. hardening agents for, 380, 381, 882 
—, impregnant for fibrous blanks, 381 
—, phonograph records from, 477 
Phenol-acetone lesin, casem-modified, 417 
—, boric acid, catalyst, 889 
—, hydrochloric acid, catalyst, 389 
, phosphoric acid, catalyst, 889 
—, reaction with formaldehyde, 389 
—, sulphonation of, 420 
—. sulphuric acid, catalyst, 889 
Phenol-acetylene products, suphonated, as tannhig 
agents, ^ 

Phenol-acetylene resin, 1.84 
—, cadmium salts, catalysts. 885 
, condensation with eUiylene oxide. 385 
esterified with linoleic add, 386 
—. — polybasie acids, 385 
—, ferric chloride, catalyst, 805 
—, hardening agents for, 884, 388 
T-, mercurto oxide, catalyst, 385 
—, mercuric sulphate, catalyst. 885 
—. mercurous sulphate, catalyst, 884. 888 
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Ph«nol-aeetylene resin, reaction under pressure 
with basic catalyst, 385 
—, reaction with acetaldehyde, 884 
—, — paraldehyde, 885 
—, sulphuric acid, catalyst for, 384, 385 
zinc salts aS catalysts for, 385 
Phenol-acrolein resin, 391, 392 
Phenol-alcohol resins, catalysts for, 288, 332 
dehydration with propyl alcohol. 339 
, effect of pressure on, 287 
from nitrocresol, 288 
from saligenin, 287 
physical properties, 333 
preparation of, 288, 331-333 
uses of, 287, 332, 333 
Phenol alcohols, condensation of, 288, 297 
, condensation with aniline, 288 
, condensmg agents for, 287, 288 
, effect of heat on, 288, 292 
esterification of, 399 
isolation of, 292 
preparation of, 291, 332, 343 
reaction with acetalglvreiol, 333 

— benzalglycol, 333 

— chlorohydrins, 429 
, ■— diarylmethanes, 297 
, — formaldehyde polyineis, 332. 333 
, — formalglycerol, 333 
, — methylenephenuis, 333 
, — phenol, 297 

— resorcinol, 419 
resms from, 287, 288, 289, 292 

, saligenin, 281 
Phenol-aldehyde castable resins, 286, 287, 467-470 
Phenol-aldehyde coatings, adherence to aliiiiiinuni, 
1367 

—, alkaline catalysts for, 446 
—, asbestos with, 449, 450 
—, baking on wood, 450 , 451 
—, Oi-cellulose with, 447 
—, effect of catalysts on, 445, 450 
—, effect of furfural, 444 

—, effect of magnesium chloride with, 448, 449 

—, ethyl cellulose ethers with, 446 

—, haMoiing agents for, 450 

—, ocean-air teste, 1369 

—, preparation of, 445 

—, prevention of shrinkage, 449 

Phenol-aldehyde moldings, baking of, 463 

—, cement for, 458 

—, clear, preparation of, 468 

—, cylinders from, 464 

effect of light, 1267, 1268 
—, effect of over-curing of resin, 465 
—, glass facings in, 467 
—, metal reinforcements for^ 465, 466 
hollow balls from, 464 
—t phenol-resin scrap, filler, 462, 463 
—, treatment with wax, 284 

Phenol-aldehyde reaction, acetanilide, catalyst, 348 
—, acetic acid catalyst, 429, 430 
—, acetyl chloride, catalyst, 357 
—, acid catalysts for, 348-351, 439, 445 
alkyd resins, catalysts, 350, 351 
—t aluminum chloride, catalyst, 356 
—• aluminum hydroxide, catalyst, 345 
aminophenols, catalysts for, 346, 347 
ammonia, catalyst, 3(^, 318, 344-346. 348, 353, 
357, 363-865, 370, 417, 430, 432, 434 , 439 
—, ammonium bicarbonate, catalyst. 353 
—, ammonium carbonate, catalyst. 845 
—, ammonium chloride, catalyst, 357, 863, 864 
—, ammonium sulphate catalyst, 363 
ammonium thiocyanate, catalyst, 853 
—, aniline, catalyst, 345, 846, 847 
—, baryta water, catalyst, 846 
—, baim oatalysts for, 644-848. 368, 445 
—, bensenesulphonic am, eatalvst, 480 
bensylamine catalyst, 668, 365 
—r bensyl diloHde, catalyst, 857 
—, borie acid, catalyst, 840 ' 

boron fluoride, catalyst, 400 
btt^damine, catalyst, 847 
ealeiiiin bromide, catalyst, 857 
ealchsn carbonate, catalyst, 854 


Phenol-aldehyde reaction, calcium chloride, cata¬ 
lyst, 856 

—, calcium eresolate, catalyst, 855 
—, carbolic acid, catalyst, 853, 355 
—, carbon dioxide, catalyst, 349, 350 
—, carbon disulphide, catalyst, 845, 846 
—, caustic potash, catalyst, 843, 675 
—, caustic soda, catalyst, 343, 344, 346, 349, 352, 
353, 415 

chlorine, catalyst, 357, 358 
—, chloroaminoaldehydes, catalysts, 348 
—, copper carbonate, catalyst, 356 
—. cupric hydroxide, catalyst, 345 
—, cyclohexylamine, catalyst, 847 
—, dieyanodiamide, catalyst, 346 
—dicyclohexylamine, catalyst, 347 
—, diethanolamme, catalyst, 347 
—, dihydrogen phosphates, catalysis, 353 
—, dimethylanihne catalyst, 347 
—, dithiocarbamates, catalysts for, 348 
—, effect of ammonia in, 428 
—, — liydrocarbons on, 363 

— hydrogen ion concentration in, 352, 353 , 439, 
440 

—, — hydroxyl groups on velocity, 371 
—, — resorcinol, 373 
, fatty acids, catalysts, 350, 351, 357 
ferric chloride, catalyst, 356 
. ferrous sulphate catalyst, 363 
formic acid catalyst, 416 
—, furfuramide, catalyst, 348 
—, glycolic acid, catalyst, 354 

guanidine carbonate, catalyst, 345 
—, halogens, catalysts, 357, 358 
—, hexamethylenetetramine derivatives, catalvsts, 
346 

—, hydrazine, catalyst, 346 
—hydrobenzamide, catalyst, 348 
—, hydrochloric acid, catalyst, 296, 343, 346, 348, 
349, 351, 352, 353, 355, 366-369, 397 , 398, 426, 429, 
430 

—, hydrogen peroxide catalyst, 416 
—, hydrogen sulphide, catalyst, 345, 346 
—, hydroxydiphenylamine, catalyst, 340, 347 
—, hydroxylaraine, catalyirt, 346 
—, hydroxynaphthylmethylsulphonic acid from, 352 
—, hydroxyquinoline, catalyst, 346, 347 
indophenol, catalyst, 347 
—, latex as solvent, 435 
—lead acetate, catalyst, 357, 369 
—, lead oxide, catalyst for, 343, 408 
—, lime, catalyst. 364 , 425, 438 
—, magnesium oxide, catalyst, 870 
—, malic acid, catalyst, 354 
—, manganese oxide, catalyst, 408 
—, methylaminophenols, catalysts, 846, 347 
—, milk of lime, catalyst, 843 
—, monoethanolamine, catalyst, 347 
—, naphthalene-a-sulphonic acid, catalyst, 352 
—, organic acid catalysts, 349 
—, oxalic acid, catalyst, 369, 429, 431 
—, ozone, catalyst, 858 
—, p-phenolsulphonic acid, catalyst, 352 
—, phenyl-endekasaligenosaligenin from, 329 
—, phosphoric acid, catalyst, 349, 353, 430 
—, phosphorus pentachloride, catalyst, 357 
—, pinene osonidf, catalyst, 358 
—, piperidine dithiocarbamate, catalyst. 345 
—. potassium bromide, catalyst, 357 
—, potassium carbonate, catalyst. 848 415 
potassium cyanide, catalyst, 848, 345 
—. potassium ferrocyanide, catalyst. 356 
—, potassium hydroxide catalyst, 848. 846. 368. 428, 
439, 675 

—, potassium permanganate, catalyst, 848 
pyridine, catalyst, 845, 862 
—, quicklime, catalyst, 848 
—, removal of water, 86S, 869 
—, salts, catalysts, 858-857 
—, salts of hydroxy acids, oatalvsts, 354 
—, sandarao osonide. catalyst, 358 
—, slaked lime, catalyst, 846 
soaps, oataiysts, 858 
—, sodium acetate, catal^, 848. 415 
sodium bromide, catalyst, 357 
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Phaool-aldahyde, sodium carbonate catalyst. 343. 

340, 832-354, 339, 417, 429, 439, 673 
», sodium orasyiate, catalyst, 352 
sodium Oyanide, catalyst, 358, 367 
sodium hydroxide, catalyst, 823, 324 , 363. 364. 
367, 368, 428 

sodium nitrate, catalyst, 857, 858 
—, sodium peroxide, catalyst, 416 
—, sodium phenolate, catalyst, 420 
—, sodium salicylate, catalyst, 358, 354 , 417 
—, sodium sulphide, catalyst, 3M 
sodium sulphite, catalyst, 358, 355 
—, sodium thiosulphate, catalyst, 354-356 
sodium tungstate, catalyst, 854 
sohd aldehydes for, 816 
—stannic chloride, catalyst, 356 
—, strontium hydroxide, catalsrst, 345 
—, succimo acid, catalyst, 369 

sulphonated naphtha, catalyst, 351 
sulphonio acid salts, catalysts, 351, 352 
—, sulphur chloride, catalyst, 857 
—, sulphur dioxide, catalyst, 349, 350 
—, sulphuric acid, catalyst, 831, 343, 345. 349, 350, 
357, 861, 363, 366^ 369, 420, 430, 487-489, 674 
—, sulphuryl chloride, catalyst, 357 
—, temperature of, 363 
—, titanium salts, catalysts, 354 
—, translucent resins from, 467 
—, trisodium phosphate, catalyst, 354 
—, urea, catalyst, 845 
—, use of.acetalddiyde, 418, 419 
, — alcohol, 369 

—, — alkaline peat solution, 865 
—, — coal-tar oils, 354, 355 
- cresol, 424, 430 
—, — dicyanodiamide, 675, 676 
—, — enameled vessels, 819 
—, formaldehyde gas, 355 
—, — fus^ oil. 283, 2M 
—, — methylal, 430 
—, ~ mineral oils, 354, 355 
—, — mixed aldehydes, 368 
—, — paraformaldehyde, 316 
—, — paraldehyde, 418 
, — pressure, 361, 865 
—I — pyroligneous acid, 751 
—, — salt mixture, 424 
—, •— sludge sulpho-acids, 415 
—, — tar-oil diluents in, 862 
—, — tinned-iron vessels, 819 
, velocity of, compared to Reimer-Tiemann reac¬ 


tion, 866 

—, sine acetate, catalyst, 369, 400 
—, sine chloride, catalyst, 852, 856 
—, sine dust, catalyst, 848 
—, sirconium chloride, catalyst. 356 
Phenol-aldehyde resins, acetanilide-modified, 429 
acetone-modified, 4^ 

—, acetophenone-modified, 481 
acetylated derivatives of, 320 
—, acid-anhydride-modified, 439 
—, acid numbers for, 897, 400 
—, acid-resistance, 852, 353 
-r, acid-resistant coatings with, 450 
—, acid-resistant filter doth with. 480 
—, aQrlated, color-stability of, 422 
—, —, effect of formaldehyde, 426 
acylation with wax acids, 426 
—, adherence to metal, 480 
—, adherence to mica, 982 
—, adhesives from, 679-481, 486 
—, alkaline solutions of, 819 
—, alkyd resins with, 423, 430, 445, 447 , 476 , 486 
—, alkyl oellulosse with, 4M 
—, aluminum oxide. 

aluminum stearate-modified, 424 
—, analytical scheme, 1257 

anhydroformaldehyde-aniline-modifiiHl, 423 

—, aniline blacky with, 287 

—, anisole-m^ified. 481 

—, anti-fouling paints from, 411 

—, artificial pearls 

—, asbestos, fillsr, 458. 489 

—, asbistos-fiUsd. moi^g of, 1882, 1888 

—, coatiiMIs from, 458 


Phenol-aldehyde lesius, asphalt witli, 287, 482, 488 
—, barium soap-modified, 438 
—, barium sulphate with, 477 
—, basic oxide-modified, 438 
—, bensoio acid-modified, 424 

benzyl acetate, modifier, 399, 400 
—, binders, for abrasives, 460 
—, — electrical insulation, 461 

— imitation wood veneer, 488 
—, *— paper insulating sheets, 452 
~, — plywood, 477, 478 

—, — schist bearings, 461 
—, — waterproof matches, 460 
binders from, 329 
—, bleaching of, 339. 429 
—, blistering of, 1328 
—, butyl phthalatc, modifier, 399, 400 
—, butyl stearate with, 424 

calcium carbonate-modified, 436 
, calcium oxide-modified, 436, 437 
—, camphene-modified, 483 

camphor-modified, 428, 430, 441 
carbohydrate-modified, 430 
carbonization of, 488, 982 
—, carbon paper from, 452 
—, carborundum, filler, 460 
—, carboxylated, preparation, 427-429 
—, casern-modified, 430 
—, castmg of, 286, 287, 328, 369, 419, 1313 
—, castor oil-modified, 406, 439 
—, celluloid With, 480 

—, cellulose esters with, 430, 432-434, 446, 447 
— cellulose-modified, 433, 4^ 

~, cement, filler, 481 
—, — impregnated with, 482 
—, cements from, 479 
charcoal, filler, 461 
—, chemical leactions involved, 291 
—, chemical resistance of, 365, 448 
—, chloronaphthalene solvent for, 443, 444 
—, chloronaphthalene waxes with, 486 
—, chromium oxide, filler, 460 
—, clarifying, 428, 429 
—, coatings, for aircraft, 448 
—, — candles, 965 
—, — cellulose-ester films, 452, 476 
—, — concrete, 431 
—, — ebonite panels, 451 
—, — electric condensers, 450 
—, —* electnc-light bulbs, 453 
—, — food-contamers, 448 
—— hyd’-ochloric acid containers, 450 
—, — laminated sheets, 987 
—, — leader, 458 

—, — luminescent paint containers, 450 
—, — metals, 448,449 
—— rubber, 453 

—, — sulphur chloride containers, 450 
-, - wood, 450, 451 
—, coatings from, 285, 329 
—, coke, filler, 461 

—, cold-molding of, 487, 470, 1287-1289 
—, collodion with, 447 
—, colloidal dispersion of, 825, 326 
—, colophony, modifier, 397 
—, oolormg of, 442, 453 
—, color permanence of, 335 
—, color reactions with metallic ohloridee, 810 
—, comparison with phenol-lignite refine, 274 
—, — urea resins, 11 

—, compatibility with cellulose eatare, 445 

— other binders, 484 

—, condensing agents for, 289, 290 
—, constituents, 1257 
—, controlling agents for, 829 
—, conversion in **bftkeliser,*^ 864, 454 
—, oonvsrsion of inibluble to soluble, 840, 841 
—, conversion with sodium hydroxide, 841 
—, copals, modifiers, 896, 897 
oopiaba resin, modifier, 898 
—, corundum, filler, 460 
—, crease-proof fabrics with. 452 
curing of, 866, 867, 454, 455, 1320 
—, (flinders from, 470 
—, %feot8 of, 984 
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Ph«aol-ald^yde resins, dehydration of, S89, 840, 858 
dental plates from, 404, 405 
—, diacetin-modified, 428, 420 
—, dibutvl phthalate, plasticiser, 445 
—, p-diohlorobensene>modified, 488 
—, dicyanodiamide-modified, 080, 081 
—, diethyl phthalate-modified, 480 
—, dtsi^sion in colloid mill, 445 
—, drying oil-modified, 483 
—, dry processes, 810 
—, dyes for, 820, 458 
—, dyestuff-modified, 442 
—, ebonite substitute from, 283, 284 
effect of air on, 835 
—, — casting on transparency, 407 
-- condensing agents, 285, 885, 448 
—, — fish scales in, 320 

— , — free phenol on, 335 
—, — heat on, 285, 800, 424 

—, — hexamethylenetetramine, 441 

—, — lead salts, 354 

—, — lii^ht on, 824 , 335 

—— mica inr 820 

—, — pressure, 285, 340 

—, — resin ester m. 307 

—, — Sulphur monochloride, 441 

—, — waxes in, 820 

—, electrical apparatus from, 400 

—, electrically insulating thread from, 484 

—, electrodepositiofi of, 470 

—, emery, filler. 400 

emulsions of, 325, 320, 441, 457, 1384 
—, ester gum with, 790 
—, ester-modified, 480-433 
—, ether-alcohol-modified, 429 
—, expansion properties of, 488 
, extraction of, 301 
—, faotice-modified, 441 
—, fatty-acid salt-modified, 437 
—, ferric oxide, filler, 400 
—, fiber tubes waterproofed with, 452 
—, fillers for, 317, 403 
—, flameproof cloth with. 452 
—, from saligenin, 479 
—, fusible, formation of, 318, 319 
—, fusion with colophony, 397 
—. — organic acids, 398 
—, gelation of, 837 
—, glass-substitute from, 453 
—, glue with, 429, 485, 480 
—, givcerol-modified, 428. 429 439 
—. glyceryl ester-modified, 428^430 
—, givcol monoesters, modifiers, 399 
—, gfvool monoethers, modifiers, 399 
graphite, filler, 450, 459, 400 
—, hardened with catechol tannins, 441 
—, — formaldehyde compound, 330 

- . — furfural-aniline rondmsate 535 

— hexamethylenetetramine, 316, 318, 319, 423, 
424. 431, 437, 438, 443 

—, — hydrobenaamide, 481 
—, — paraformaldehyde, 443 
—, — trioxymethylene, 423 
—, hardening of, 844, 3^5 
—, heat-hardening of, 337, 353, 362-304 
—, heat marks on, 1320 
—, hexan^ethylenetetramine flux for, 318 
—, history of industry, 359. 300 

hydraulic presses for molding, 408 
—, hydrogenation of, 419 
identification, 1257 

—, impact molding material from. 408 
—, impregnants from, 808, 305, 481-488 
—, tests for non-volatile matter in, 1303, 1304 
—, —, time of euring, 1802 

impregnation of asbeetos with, 473, 488 
—, — canvas with, 471 
—, — eleotrio coils with, 440, 482 
—, fobries with, 458 
—, — leather wirii, 478 
—, — paper witt, 451, 458. 477 

— wood veneer with, 477 
incandescent-lamp filgmants from, 885 
incorporation with aldehyde-amine rOtins, 711 

—» — ettm^rone repin, 111 


Phenol-aldehyde resins, incorporation with fillers, 
455-458, 408 

—, — furfural-aniline resin, 702 
—, — polyvinyl resins, 1027 
— sulphur, 1108 

—, mduction-coil cores from, 460 

—, industrial by-products with, 487 

—. infusible, molding of, 404 

—, injection molding of, 1324, 1325 

—, insoluble, vamisbes from, 445 

—, insulating varnishes from, 450 

—, iodoform-modified, 431 

—, iron, filler, 459, 400 

—, iron-oxide modified, 437, 438 

—, ivory-like, 429 

—, Japanese lac, modifier, 898, 399 

—, lacquers from, 400 

—, laminated board from, 388, 302 

—, laminated materials fiom, 452, 470-481 

—, lampblack with, 287 ^ 

—, lanolin, lubricant, 455 
—, lead, filler. 459 
—, leather substitute from, 485, 480 
—, light-sensitive, 481, 458 
—, light-stability of, 001 
—, limed, hot-molding, 438 
—, linoleum from, 485 
—, long-fiber fillers with, 401, 462 
—, magnesium carbonate-modified. 436-488 
—, magnesium oxide-modified, 430-438 
—, manganese dioxide, filler, 400 
—, Manila copal, modifier, 898 
—, mechanical features of molds for, 408 
, metal soapa in, 789 

—, methods of fabric impreimstion with, 471, 474 
—, methyl cellulose ethers with, 440 
—, mica, filler, 459 
—, milling of molding powder, 455 
—, modified, usee of, 419, 481, 441, 442 
—, modified with cracked-petroleum polymers, 435 
—, — drying oil and rosin, 404 
—. — sulphonated naphtha, 419 
—, modifiers, for urea-aldehyde resins, 601 
—, modifying agents for, 817, 871 
—, molded articles from, 283, 814, 1832 
molding of, 362, 303, 305, 309, 870. 463 
. molding powder from, 844, 345. 986 
—, molding pressures for, 328, 1319 
—, molding tonperatures for, 1819, 1320 
—, molding time for, 317 
—, monfjsn wax-modified, 438 
—, mordant from, 340 

naphthalene-modified, 440 
natural resins, modifiers. 890-402, 408, 084 
nitrobensene-modified. 440 
—nitrocellulose with, 440, 447 
non-sticking, 821 
oil-modified, 462-400 
—, —. rubber cement from, 1104 
—, oil-resistant packing with, 485 
—, oil-soluble, 3M, ili. 442, 820 
, oil-treated Resyls with, 973 
—, one-stage wet process, 322-320 
, opacity to ultraviolet, 003 
organic acid-modified, 418-440 
—, organic extending agents for, 280 
—, organic fillsfs for, 461-408 
—, packing for steam pipes from, 459 
—, paper pulp, filler, 305, 460, 401 
penetrating varnish from, 448 
—, phenol methylene ratio, 321 
—, phenolphthalimide-modified. 428 
phosphorio acid-modified, 439 
, phthalides, softeners, 419 
pigmentation of, 504 
—, pine tar with, 401 
—, pitch with, 287 
plaster of Paris, 487 
plasticisers for, 285, 445, 829 
—, porous materials from, 487, 488 
—, Finland esmsnt with, 487 
—potassium chlorate, filler, 400* 
powdered stone, filler, 401 
—, powdered tale, filler, 459 
—t p^aUc^lene oxide, plasticiasr, 998 
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Phenol-aidehyde resins, polyalkylene glycol aryl 
ether-modined, 480 
’-'f polyeumarone, modifier, 397 
—, polyhalohydrm-modified, 429 

polyhydric>aicolioUmodified, 427>430 
polynuclear phenol, modifier, 408 
—, precipitation of, 802, 443, 450, 457 
—, precipitation of albuminoids with, 485 
~, — urea-aldehyde hydrosols with, 075 
precsboard from, 470, 471 
printing matrices from, 459 
production data, 814 
properties of, 285, 1257 
—, protective colloids for, 320 
purification of, 835-889, 427 
pyromudo acid-modified, 439 
—, quarts with, 450 

—, reaction with glycerides and alcohols, 428 
—, — haloahphatio acids, 427, 429 
—, — hydroxy sulphonic acids, 421 
—, — lodme and sulphur, 1192 
—, — metallic salts, 310 
—, —• phenoxy aliphatic acids, 427 
—, — sulphur, 1192 

reducing sticking of, 873 
—, removal of excess phenol from, 305 
—, — neutral oils from, 302 
—, resin-aoid salt-modified, 437 
—, resm ester modifiers, 400 
—, resistant to radium, 484 , 438 
—, resistant to x-rays, 438 
—rosm, modifier, 397, 398, 417 
—, rubber anti-oxidant from, 1192 
—, rubber-modified, 428, 432 , 434-436 
—, rubber-vulcamsation molds from, 459 
—, rubber with, 450, 484 , 485 
—, safety-glass from, 480 
—, sealing compositions from, 424 
—, aelf-lubncatmg bearings from, 450 
—, shellac substitutes from, 284, 350 
—, short-cordage fibers, fillers, 461 
—, sUg, fiUer, 401 
soap-modified, 438 
—, sodium borate-modified, 437 
—, sodium glycerate-modihed, 429 
sodium-hydroxide modified, 437, 438 
—, sodium silicate with, 449 
—, softening agents for, 423-425, 432, 440, 441 
—, solid solvents for, 405 

solvents for, 397, 400, 405, 422, 443, 445, 446 , 448 
—, sound records from, 476, 477 , 624, 1335-1339 
—, Spanish rosin, modifier. 397 
—, spar varnishes from, 451 
—, spray-drying of, 340 
—, stages 01 conversion of, 444 
—, stearm pit^ with, 487 
—, steel, filler, 400 
—. stencil sheets from, 452 


sucrose-modified, 429 
—, Bulphonation of, 340, 418-421 
—, sulphomo acids in hardening of, 369 
—, sulphuric acid-resistant, 437, w 
—, sunfiower-husk resins 
—, tanning agent from, 340, 4w 
—, tars as raw materials for, 3(»-304 
, telephone diaphragms from, 460, 461 
—, tensile strength of, 3M 
—, textile processing with, JB9 
—, time of molding, 4M, 404 
—, toluenesulphonyl chloride-treated, 42/ 

- transfer sEeeta from, .452 ^ ^ 

— ! trwisparent, preparation, 305, 308, 309, 371, 42», 
439, 407 

— , turnery stock, 407 
— , tWQ-stage wet J>ro«;f^» 810-322 
—, urea resins with, 081 
—, use in odiluloie lacquers, 445-448. 

use of water in ending compositions, 488 

—, uses of, 44 JI 

—, vaniishss 

—, vsnsors from, 4W-4W 

—, vinyl resins wi^, 445 
—, viscose films with, 452 
—, vuleanissd rubber, filler, 459 


Phenol-aldehyde resins, wall tiles from, 403 
waste distillates from, 820 
—, waterproof cement from, 479 
—, wax-modified, 320, 420, 427 
wood flour, filler, 401 
~, xerogeli, 87 
—, x-ray resistant, 484, 400 
—, x-ray studies of, 87 

xylene, moderator. 828, 829 
zmc oxide-modified, 437, 438 
Phenol-aldehyde structures, porous, effect of cata¬ 
lysts, 487, 488 

Phenol-aldehyde-tung oil condensation products, 
400 

Phenol-aldol resin, 392 

Phenol alkyl ethers, condensation with formalde¬ 
hyde, 371 

Phenol-allyl alcohol resin, 894 
Phenol-aralkyl halides, sulphonation of, 1133 
Pbenolates, reaction with polyvinyl chloitocetate, 
1034 


—, reaction with urea-aldehyde resins, 005 
—, leaotion with vinyl halides, 1008 
Pbenol-bensal chloride resms, 1134 
Phenol-benzyl chloride condensation, 271, 1133 
Phenol-carbohydrate reams, lim^, 438 
—, uses of 759, 700 
Phenol coefficient, defimtion of, 1187 
Plienol compounds, reaction with resinates, 793 
Phenol content, effect on modified phenol-aldehyde 
resins, 430 

Phenol-o-cyclohexyl-cyclohexanol resin, 271 
Phenol-2,4-disulphonamide, resins from, 715 
Phenol esters, modihers, phenol-aldehyde resins, 
431. 432 

Phenol ethers, addition to fonnaldehyde-glyoot- 
monoaryl ether reaction, 370 
—, reaction with formaldehyde, 371, 376, 407 
—, reaction with o-phthalaldehydic acid, 439 
—, resms from, 714 
Phenol-ethylene oxide reaction, 255 
Phenol-fat mixtures, reaction with aldehydes, 421 
", reaction with sulphur chloride, 1188 
Phenol-formaldehyde-alkyd compositions, modified 
with phthalide, 942 
—, modified with rosin, 930 
—, properties of, 934 
—, use as cement, 938 
—, use in coatings, 934-937 
—, use in moldings, 934, 987, 942 
—, use of bone acid in, 937 

Phenol - formaldehyde - bensoti ichloride product, 
cold-moldmg composition, 1289 
Phenol-formaldehyde-carbohydrate resin, use of, 
480 

Phenol-formaldehyde-colophony resins, modifiers 
for, 899, 400 

Phenol-formaldehyde-furfural resm, 527, 531, 532 
Phenol-formaldehyde-furfuramide resm, 530 
Phenol-formaldehyde-latex product, pr^aration 
and properties of, 1108 
Phenol-formaldehyde-linseed oil reaction, 405 
Phenol-formaldehyde reaction, oi-ammo-o-tolyl-o- 
hydioxybenzyl ether from, 8p9 
—, autoniio control by viscosity, 312 
—, cast resins from, 280, 287 
—, change of refractive mdex in, 50 
—, character of, 295 

—, 2,2'- and 4,4'-dihydroxy-(libenzylammes from, 

m 


—, 4,4'-diphenylolmethane from, 299 
—. effect of alkali concentration, 292 


—, — glycerol, 290 
- Seat, 353 

—, — catalyst on, 29i^ 290, 299 
—• varying pro^rtions, 297 
—, equation for, Wl 

—, e^er-extraction of oolored compounds, 422 
—, gel from, 324 

initial products, 818 
—. in soivsnts, 405, 444 


—, kinetics of, 299 

methylene glycol methyl phenyl ether from. 


880 
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Ph«!iol-formaldehyde reaction, neutml point ui, 348 
—, reeols by, 444 
—. saUgemn from, 281 
scheme of, 302 
stages of, 295, 300, 342 
time of heating, 819 
—, with a-terpineol, 407 

Phenol-formaldehyde resin, absorption spectra of, 
312, 313 

—, action of sulphur chloride on, 1189 
—, action of ultraviolet radiation, 803 
—, acylation of, 422 
—, amber'like substance from, 319, 320 
amphoteric nature of, 310 
—, as fluxes, 892 

—, bakmg of molded products from, 318 

—, by one-stage process, 323, 324 

—, catalysts for alkylation of, 421 

—, celluloid substitutes from, 414 

—, olkmge of constants during reaction, 299, 312 

—, costing aluminum with, 449 

—, comparison with furfural resins, 520 

— resorcinol-formaldehyde resins, 371 
, — urea resm, 584 

condensation media, urea resins, 817 
—, condensation with cyclohexanone, 559 
—, constitution of micelles, 311 
—, cyclohexanol-modifled, 417 
—, degradation products of, 292 
—digestor for, 325 
—, effect of carbolic acid on, 284 
—, — furfural in, 531 
—, — proportion of ammonia on, 312 
—, — urea on, 488, 489 
—, effect on drying oils, 413 
—, electrical tests on, 313 
, emulsifying agents for, 417 
—, esterification with glycerol, 399, 400 
fillers for. 349. 352 
~, for mjection molding, 1325 
—, furfural with, 528, 529, 532 
fusel oil with, 284 

—, hardening agents for, 357, 372, 373, 425 
—, hard-rubber substitute from, 415, 416 
—, hydrolysis of, 307 

—, incorporation with alkyd resins, 530, 934-938 

—, — aniline-furfural resin, 701 

—, — cellulose acetate, 701 

—, — cellulose ethers, 433 

—, — chlorinated rubber, 435 , 436, 1125, 1126 

—, — cumarone resin, 13i4, 135, 141 

—, — ebonite, 438 

—, — ester gum, 820, 821 

—, — factice, 1212 

—, — furfural-phenol resin, 532 

—, — resorcinol-formaldehyde resin, 378 

~, — rubber, 416, 1103 

—, — shellac, 415 

—, — sulphurised hydrocarbon resin, 1202 
—, — urea resins, 808, 818 
—, — vinyl resins, 1031, 1044, 1050 
—, increasing eli^stioity of, 415, 441 
—, influence of dedtrio field on, 311 
—, influence on alkyd resin formation, 884 
, isolation of compounds from, 291, 292 
—, linen-laminated sheets fromi 478, 474 
—, mechanism of hardening, 811 
—, modified with amines, 425, 428 
—, — aniline, 415, 425 
—, — casein, 417 
—, ~ chloroaotio acid, 938 
, — gelatin. 415 

- glycerol, 415, 416, 428, 480 
glycerol esters, 1004 

—, — oleic acid. 421 
—, — polyethyleneglycol esters, 430 
—, — polyvinyl alcohol, 685 
—, — 414-418_ 

, 419, 420 


rtcmoimc aiaa, 

—, — sulph<Hiated*mineraUoil polymer 
subhoppted ridnoMo add, 420 
—, *-^hut> 416. 441 t 
—t tnioureai 425 

-T>, tolueiiesulphoiiatnida 425 


Phenol-fomialdehydu icmii, niodilied >vttli uicu, 
425, 872, 875 
—, — viscose, 482 
—, mo^fiers for, 414, 415, 416 
—, neutralising excess formaldehyde, 425 
—, permanently fusible, 328, 324 

production by continuous process, 334 
", properties of, 285, 287, 295, 296, 309, 414 , 934 
—, purification, 296, 434, 936 
—, reaction with adds, 310 
alcohols, 310 

—, — bensyl chloride, 1132 
—, — bensylnaphthalenesulphonic acid, 419 
— cholesterol, 810 
—, — hexoses, 3l0 

—, — phenol-r^tonaldeliydc resms, 392 
—, — sodium sulphite, 420 
—, — tung oil, 403, 405 
—. shrmkage of, 1299 
—, softening agents for, 429 
—, solubilising by vul'amsatioii, 1207 
—, solvents for, 809, 318, 368, 423 
—, structure of, 297, 298, 311, 313 
—, suggested improvements, 315 
—, tall oil with, 757 
—, tartanc acid-modified, 284 
—, temporary binder, 1289 
—, tests for, 1256 
—, transparent, 430 
—, use in abrasives, 532, 1275 
—, — artificial leather preparation, 453 
—, — coating for rubber, 978 
—, — cold-molding compositions, 1287 
—, — floor-covering, 418 
—, — impregnating fibrous sheets, 440, 086 
—, — impregnating parchmentixed fiber, 434 
—, — laminated glass, 963 
—, — non-breakable watch glasses, 988 
—, — rubber-compounding, 436 
—— sandpaper, 1248 
~ stencil paper, 424 
—, use with silicon in coatings, 961 
—, varnishes from, 10, 415, 474, 531 
viscosity of, 312 
—, vulcanized tars with, 426 
—, water-soluble salts of, 436, 488 
—, x-ray patterns of, 83-85, 87 
Phenol-formaldehyde-sulphur chloride resin, 1180 
Phenol-furfural-alkyd resm, compositions, 938, 939 
—, fillers for molding of, 039 
—, use of phthahde in, 942 
Phenol-furfural-p-aminophenol, resm from, 531 
—, resin in insulations, 531 
Phenol-furfural-benxaldehyde, reaction of, 531 
Phenol-furfural-coal tar, resm from, 531 
Phenol-furfural coatings by baking, 530 
Phenol-furfural reaction, black resin from, 528 
—, catalysts for, 627, 528, 529 
—, control of, 528 
, description of, 524 

—, hydrochloric add as catalyst, 523, 526, 672 
—oxalic add as catalyst, 528 
resins from, 529, 530 

Phenol-furfural resin, application to moldings, 523 
—, binders for paper, 538 
—, bonding agent for asbestos and graphite, 532 
—, coking of, 488 

cold-molded products from, 528 
—, hardening catalyst, for, 529 
—, hard-rubber substitute from, 526 

hexamethylenetetramine as hardening agent, 532 
—, impregnant for doth, 588 
—, impregnant for paper, 588 
, in bri^e linings, 8X2 
—, in cellulose acetate lacquers, 581 
—, in cementing rubber to metal, 530 
—, incorporation with urea resins, 008 
, in insulations, 528 

—, in protective coatings for cellulose estei's, 530 
—, molding competition from. 622, 528. 529 


natural resin-modified, preparation, 428 
preparation of, 522, 627, 628, 680 
properUei of, 522, 528, 626 
resietanoe to adds and alkalies, 628 
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Phenol-furfural resin, sodium hydroxide as con- 
densing agent, 582 
solvents for, 526, 528, 580 
—, varmshes from, 526, 528, 532 

with alkyd resin in coating for candles, 965 
—, with glycerol-phthalic anhydride resin, in in¬ 
sulating compositions, 580 
—, —, in varnishes, 580 
—, with phenol-formaldehyde resin, 532 
—, with tung oil, 538 

Phenol-furfural resinification, catalysts for, 522 
resins, dimethylolurea-modified, 
672 

—, polyhydric-alcohol-modified, 428 
—, tendency to gelatinize, 632 
—, use of mold-lubricants, 1328 
—, with cellulose acetate, lacqueis from, 447 
—, with nitrocellulose, lacquers from, 447 
Phenol-glycerol resm, 391-393 , 982 
Phenol-glyoxyhc acid resin, 376 
Phenol-hexamethylenetetramine reaction, 327 
Phenol-hexamethylenetetramine resms, of 

sodium hydroxide on, 309 
—, effect of camauba wax, 426 
—, — rosin, 425 
, ~ water, 328 

glyceryl mono-oxalate-mudihed, vaim.sh, 430 
, infusible, 310 

modifier, urea-aldehyde lesiim, 678 
use of mica filler, 425 
—, water-repelling, 425 
Phenol-hexamine bodies, slaliihiy of, 309 
Phenol homologues, physical pioperties ot, 366 
—, reaction with formaldehyde, “^24 , 343 
Phenolic compounds, action on rubber, 1102, 1103, 
1104 

Phenolic constituents in cashew-shell oil, 1229 
Phenolic content of tars, 360, 361 
Phenolic groups, in shellac, 1006 
Phenolic hydroxyl groups, lu rvsmotannol esters, 
1193 


Phenolic oils, from pyroligneous acid, 751 
Phenolic styrenes, polymerization, 260, 261, 262 
Phenol-indene ratio, effect in cumarone resins, 119 
Phenol-ketone-fonnaldehyde lesms, 390 , 410 
Phenol-lanolin-furfural, resm from, 531 
Phenol-lead oxide resin, 273, 274 
Phenol-lignin, constitution of, 747 
Phenol-lignite molding composition, preparation 
of. 274 

Phenol-lignite resm, comparison with phenol-alde¬ 
hyde resins, 274 
—, properties of, 275 
Phenol-methylal resm, 394 
Phenol-modified alkyd resins, 875 
Phenol-modified-oil-extended alkyd resins. 875 
Phenol-^-nkphthol-formaldehyde resin, 426 
Phenol nuclei, union of, in phenol-sulphur chlo¬ 
ride resins, 1184 

Phenol-oil-aldehyde resins, 404, 406, 407 
Phenol-oil mixtures, reaction with aldehydes, 421 
Phenolphthalein, amorphous form, 1253 
, esters of, crystalline nature, 1252 
resinous forms, 1252 
ethers of, crystalline nature, 1252 
—, resinous forms, 1252 
polymeric form, 1252 
reversion to crystalhne form, 1252 
sodium salt, reaction with toluyl chloride, 1252 
», films, 1252 

Phenolphthalein di-m-methylbenzyl ether, non- 
crystalline, 1252 

Phenolphthalein monomethyl ether, glass-hke ma¬ 
terial. 1252, 1253 , . , 0^0 

Phenolphthalein-m-toluate, molecular weight, 1252 
Phenolphthalein tolylates, non-ciystalline, 1252 
Phenol'*rosin condensation, in resin mixtures, 1138 
Pheool-rosm esters, preparation. 797. 800 
tties, 800, 824, 829 

PhenoUresoroiaol mixture, condensation with form- 
thermoplMUe 

Mtkm of litharge <», *2 , ,,, 

addition in cumarone polymerisation, 118, 119 


Phenols, addition to formaldehyde-glyool-monoaryl 
ether reaction, 376 

—, alkylated, in coal-tar distillates, 361 
properties of, 866 
—, alkylation of, 410, 411 

alkylation with alkyl halides, 411 
~, — octenes, 411 

bromination of, 1154 
—. catalysts for oxidation of, 271 
—, chlorination of, 228 
—, coal-tar, decolonzation of, 861 
—, —, purification of, 361 
color test, 1259 

—. effect of substituents on reactivity of, 366, 367 
—, effect on chloroprene polymerization, 156, 157 
—, estenfication with rosin, 792, 793 
—, extraction from coal tar, 

—, — shale oil, 364 

—, fatty ucids esterified with, 1233, 1234 
—. fluxing agents, urea resms, 598 
—, lormation of polyalcohols of, 333 

hydrogenation of phenol-aldeliyde resins, 

. fioni low temperature tar, 272, 408 
—, fiom xanthorrhoea gum, 364 

halogenated, amorphous compounds from, 379 
. reaction with aldehydes, 421 
inhibitors, polymerization of furylethylene, 243 
polymerization of styrene, 242 
. modifiers, urea-aldehyde resins, 663, 675 
—, oil-soluble, use of, in alkyd resins, 930 
—, order of reactivity, 292, 347 
—. oxidation of, 227, 271, 272 
—, reaction with abietic anhydride, 800 
, — acetaldehydedisulphonic acid, 419 

- , — acetylene, 161 

— alcohol-modified urea-aldehyde resins, 665. 
668 

—, — aldehydo-caiboxylic acids, 875, 394 

— aliphatic dichlorides, 893 
—. — allyl alcohol, 393, 394 

. — allyl esters, 394 

- , — amine-aldehyde products, 697 
•, — amines, 1259 

, — amyJene glycols, 393 

--, — aromatic carboxylic acids and aldehydes, 376 

— benzaldehyde, 277, 278 

—, — o-benzoylbenzoic acid, 376 

— butylene glycol, 393 
—, — carbohydrates, 758-762 
—, — chloral, 278 

—, — chlorinated aldehydes and ketones, 421 

— dihydroxyacetone, 393 
—, — epichlorhydrin, 393 

—, “ essential oils, 383 

— ethylene glycol, 393 
—, — furfural, 518, 526 
—, — glycerides, 1228 

—, — glycerol aldehydes, 393 
—, — keto-carboxylic acids, 375 

— methylene dichlonde, 3W, 394 

—, — oxidation products of hydrocarbons, 383 
—, — o-phthalaldehydic acid, 439 

— polyhalohydrin-modified phenol-aldehyde 
resins, 429 

— polymer of formaldehyde, 849, 394 
—, — propylene glycol, 393 

— rosin, 800 

—, ■— selenium, 1198 
—, sulphur halides, 1162, 1187 

— tung oil, 1216 
—, — vanillin, 383 

— vinyl chloride, 1044 

removal from coal-tar naphtha, 107. 108, 110 
renr'ival of excess, T^om phenol-aldehyde res-, 
ins, 365 

resmified by hydrosilicates, 1137 
—, resins from 122, 271-273 
—, shale-oil, condensation with formaldehyde, 864 
sulphonated, condensation with urea-ald^yde 
resins, 677, 678 

—, , reaction with formaldehyde, 418» 410, 420 

. use in polymerisation of M’dienes, 110 
—, vinyl derivatives of, 260 
—, wo^-tar, condensation with formaldehyde^ 808 
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Phenol-Ml«nium reain, preparation of, 1198 
Phenol-starch resins^ 759 
Phenoleulphonle acid, action on rubber. 1098 
—, catalyst, phenol-formaldehyde reaction. 352 
laminated matM'ial containing, 1099 
—. reaction with acetylene, 885 
, reaction with formaldehvde, 420 
—, reaction with sulphur chloride, 1187 
Phenol'sulphur chloride reaction, diluents in, 1184, 
1185 

Phenol-sulphur chloride resin, action of acetic an¬ 
hydride, 1187 

—, — bensyl chloride, 1187 
—, — sulphuric acid, 1187 
—, antacid for, 1185 

—, binder for cold-molding composition, 1289 
— mica, 1274 

—, diroethyloluree-modified, 072 
—, effect of diluent, 1184 
—, in molding composition, 1274 
—, in wool-resists, MSS 
—, preparation, 1184-1187 
—properties, 1185, 1187 
—, reduction with hydrogen, 1183 
—, removal of acid, 1185 
—, shellac substitute from, 1188 
—, sound records from, 1188 
—, structure of, 1183 
—, use of water in piwaration of, 1185 
—, x-ray pattern of, 88, 89 
Phenol-sulphur halide reams, 1183-1189 
formaldehyde modified, 1188 
—, modifications of, 1187-1189 
—, structure of, 1184 
—, sulphonation of, 1187 
Phenol-sulphur resins, 1189-1193 
—, action of acetic anhydride on, 1192 
—, — acetyl chloride on, 1193 
—, — bensoyl chlonde on. 1193 
—, — iron oxide on, 1185 
—, — potassium hexachlorostannate on, 1192 
—, — sodium stannate on, 1192 
—, — tin chloride on, 1187, 1192 
—, •— p-toluenesulphonyl chloride on, 1193 
—, adhesives from, 1186 
—, alkali-resistant impregnaiit from, 1191 
—, alkali salts of, 11^ 

—, anil-swelling agent for cellulose, 1192 
—, as flotation reagents, 1186 
—, as fungicides, 1186 
—, as rubber preservative, 1186 
—, binder from, 1186 
—, catalysts in production of, 1190, 1191 
—, decolorising, 1184 
dehydration of, 1184 
—deodorismg of. 1184 
—, dyeing of rubber with. 1192 
—, dyes from, 1187, 1190. 1191 
—, effect of sulphur contHUt on properlies of. 
1190 

—, fiber board with, 1186 
—, flotation i«ent, 1190 
—, fly paper flora, 1186 

hardening of, 1184, 1185. 1190 
, hydrochloric acid in, 1186 
—, incorporation with cellulose derivatives, 1186 
—, ineorpoiation with urea rasiiis, 608 
—, lacquers from, 1186, 1198 
—, lakes from, 1187 
—, metal derivatives of, 1186, 1187 
—, modified, 1192-1198 

—, molding compounds, 1183, 1186, 1188, 1189, 1190, 
1191, 1196 

mordants from, 1183, 1190, 1191, n92 
—, preparatimi of, 1190-1198 

preventing orystalhsation of sulphur by, 1186 
—, relation of solubility to hardness, 1185 
—. relation to phenol-aplphui^ chloride resins, 1189, 
1196 

—, removal of catalyst from, 1190 
—^ free phenol, 1190 

resinotinnol estef sttbstitutee, 1198 
iotiibilHy of, 1184, 1185, 1187, 1196, 1192, 1196 
ftniotnre of, itB9, Iflio 


Phenol-sulphur reeins, tanning agents, 1186, 1185, 
1186, 1187, 1189, 1192, 1198 
, tin compounds of, 1192 
—, use of inducing agent in preparation of, 1185 
uses of, 1186, 1188, 1189, 1190, 1191, 1192, 1198 
varnishes from, 1186, 1191 
—, wool-resist from, 1192 
Phenol-trichlorethylene condensation, 1138 
Phenol-urea-aldehyde resins, adhesives from, 676 
—, albumin-modified, 676 
—, alkyd-modified, 675 
—, binders for mica, 1274 
—, clarifying with thiourea, 675 
—, haidening agents for, 674 
—, milk-white, 674 
—, oxidation, 675 

— preparation, 672, 673 , 674 , 675, 676, 677, 678 
—, protein-modified, 661 
—, rubber-like, 675 

suiphonated, uses. 676, 677, 678 
—, p-toluenesulphonamide-modified, 676 
—. uses. 672, 678, 674 , 675, 676, 6:^, 678 
Phenol-urea-formaldehyde resin, solvents for, 676 
Phenol-urea-ketone resins, reaction, with alde¬ 
hydes. 675 

Phenol-urea-toluene-sulphonamide mixture, reac¬ 
tion with formaldehyde, 425 
Phenol-wax mixtures, suiphonated, 421 
Phcnoplast, defined, 315 
Phenoxyacetaldehyde, cumarone from, 93, 95 
Phenoxyacetio acid-formaldehyde resin, use in 
photographic platea, 375 

Phenoxy aliphatic acids, reaction with phenol- 
aldehyde reaina, 427 

Phcnoxybutyric acid, condensation with formalde¬ 
hyde, 375 

Phenoxyethyl phthalate, softener for cellulose ace¬ 
tate lacqueis, 970 

Phenoxyglyool acetate, from vinyl acetate and 
phenol, 1031 

Plienoxy-p-hydroxyphenylbutane, dlarylbutane 
from, 301 

Phenoxypropene oxide, stabiliser, vinyl resins, 1050 
—, uss with chlororubber, 1111 
Pbenoxypropionie acid, condensation with formal¬ 
dehyde, 375 

Phenyl acetate, from phenol and vinyl acetate, 
1031 

—. solvent polyvinyl chloride, 1038 
Phenylaoetonitrile, use in polymerisation of 1,3- 
dienea, 188 

Phenylacetylene, catalysts for polymerisation of, 
162 

—, effect of ammonia on polymerisation of, 162 
—. ■— potassium hydroxide on polymerisation of, 
162 

—, — secondary and tertiary amines on polymeri¬ 
sation of, 162 

—, polymerisation, by heat, 162 
~, polymer of, solubility rdations of, 162 
—, sym-triphenylbenaene from, 162 
Fhenylacetylnaphthalene, condensation with Grig- 
tiard reagents. 556 

Phe^lacrylio acid eaters, polymerised, use of, 

2-Phenyl-4-amrooquinoUne, condensation with 
acetic anhydride, 739 

1- Phenyl-4-anilinobutadiene, resin from, 783 
Plienyl-m-anisylacetaldehyde, resinification of, 509 
Phenylarsiiiic oxide, reaction with ‘ o-nitrodiaso- 
' hensene chloride, 727 

Phenylaside, addition of, to unaaturated ayatems, 
847 

reaction of, with unsaturated phthalio anhy¬ 
dride, 846, 847 

Phenylasoxycarboxamide, action of alkali. 784 
Phenyl bensenesulphonate, effect on hardening of 
alkyd resins, 881 
Phenyl bensoate, 1185 

2- Phenyl-5-bensoylpyridinh» reduction, resin forma¬ 
tion, 788 

Phenylbensyi ether, from reaction of bensyl 
chloride and phenol, 295 

«y-PJhwt-^-ben«)^mpanf-4-dlol, reaction with 
soiphurie aeid, 991 
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Y-Phenyl-fl^-beujyl-a,/)-propyl«De oxide, prepere- 
tion of, 091 

PhenylbuUdiene, reaction with acrolein, 831 
Phenylbutadiene chloride, polymensation, 1253 
Phenylbutadiene polymerisation, aryl diasomum 
nuoborate catalyst in, 176 

1-Phenylbutadiene, polymerisation, 170 

1- JJhenylbutadiene polymer, molecular weight of, 

—, vulcanisation of, 183 

2- Phenyl-l,3-butadiene, reaction with fumanc acid, 
160 

—, — maleic anhydride, 160 
N-Phenyl-7-chloropyridmium chloride, reamifica- 
tion, 738 

Phenyl cinnamate, from phenyl fumarate, 254 
Phenylcyclohexanone, reaction with ethyl nitntc 
and potassium ethylate, 725 
—, — nitrous vapors, 725 
—, wax from, 7^ 

Phenyidiasonium fluoborate, action on indenc, 103 
—, catalyst, styrene polymerisation, 241 
Phenyl-eiidekasaligenosaligenm, reaction product, 
329 

p-Phenylene chains by Wiirta-Fittig synthesis, 
U4l 

Phenylenediamine, use of, in alkyd resins, 922 > 
—, —, with chlororubber, 1111 
m-Phenylenediamine, condensation with /3-napli- 
thol, 733 

m-Phenylenediamine-furfural, light-sensitive mate¬ 
rial from, 539 

p-Phenylenediamine, catalyst for furfural-phenol 
resin formation, 528 

—, condensation with heptaldehyue, 705 

—, hardening agent, 347 

—, modifier, urea-furfural resins, 669 

—, use, coloring phenol-aldehyde resins, 442 

Phenylene ethers, condensation of, 55 

Phenvl ester of cinnamic acid, polymerisation, 1083 

—, of /3-mfthylcrotonio acid, polymerisation of, 


Phenyleihanol. bromo-derivatives of, bromostyn-ucs 
from, 354, 255 

—, chlorination, chlorostyrencs by, 255 
—, stvrene from, 254 

Phenyl ether, use of, in polymerisation of, 1,3- 
diene, 182 

Phenylethyl chloride, condensation by aluminum 
chloride, 1130 

1 -Phenyl-4-ethylcvcloh€xane-3,5-dionc, i-eaction 
with oxygen, 560 
Phenylethylene, 232 

fl-Phenylethylphenylaoetate, styrene from, 2W 
Phenyl fumarate, substituted, resins from, 1254 
Phenylgermanium trichloride, reaction with metallic 
sodium, 1239 ... : 

/9-Phenylglutaryl chloride, resinification, 1189 
Phenyl groups, effect on polymerisation tendency 
of butadiene, 170, 171 
—, in polystyrene structure, 2M, 233 , 259 
7-Phenyl-2,4.6-hepUtnenal-l, formation of, 494 
—, oxidation of, 495 
—resinification of, 510 

Phenylh^rasine, condensation with bensoqumones, 

—, — chloroacetophenone, 735 

— 2 -«thyl-l-hydrindone, 735 
—, — toluquinones, 561 

—, gum innibitor, 323 
—, reaction with acrolein, 604 
—, — diversine, 745 
—, — phorone, 736 , 

— tetrmhydro-furfural, 519 
—, — tigUo aldehyde, 304 

—, removal of i^d by, 1034 
—! uae of. in eWd production, 935 
Phenylhyijmiine^drochloride, condensation with 

reaction with bro- 

inine. 688, 738 

from phorone end phenylhydimnne, 736 
reeia from* 736 


sym-Phenylsobutylthiocarbamide, reaction with 
bromine, 658, 733 
—, resins from, 733 

Phoiylmagnesium bromide, reaction with fuxylece* 
tone,* 519 

Phenylmethylacetonitrile, reaction with sodium 
ethoxide and ethyl cyanoacetate. 733 
Phenylmethylcarbinol, dehydration of, 255 
—, distillation of bensoic ester of, 255 
5-Phetiyl-3-methylcyciohexanoiie dibromide, res- 
uufication, 560 

Phenylmethylglycidol, use with chlororubber, 1111 
Phenyl mustard oil, preparation of, 1197 
—, reaction with di-o-tolylguanidme, 562 
Phenyl-a-naphthylamine, condensation with trie¬ 
thanolamine, 732 

Phenyl-^-naphthylamine, condensation with acet¬ 
one, 541 

~ — aldol, 709 
—, — butyraldehyde, 709 
—, — formaldehyde, 709 
—, effect on durability of rubber, 709 
—, stabilisation of butyraldehyde by, 497 
5-Phenyl-2,4-pentadienal-1, reaction with acetalde¬ 
hyde, 494 

l-Phenylpenta-4-ene-l-ync, polymerisation of, 162 

3-Phonyl-2-pentene-l,5-oxid6, resin from. 1354 
o-PhenvIphenoI, reaction with formaldehyde, 377 
Pheiiylphthalimide, modifier, phenol-aldehyde res¬ 
ms, 423 

Phcnylpropadiene, polymerisation of, 155 
N-Phenylpyridone, reaction with thionyl chloride, 
738 

Phenylpyrimidasole, reaction with phenacyl bro¬ 
mide, 739 

2,3 - (2'-Pheny Ipy rrolo-4',5') - N - meth y Iquinoline, 
resinification, 742 

Phenyl salicylate, condensation with formaldehyde, 
374 

trans-Phenylscrme, bcnsoylaiion, resin foimation, 
733 

Phenvlsihoon tnchlonde, reaction with sodium, 
1238 

—, resin from, 1238 

Phenylsibcon trichloride resin, molecular weight 
of, 1238 

2'Phenyl-A*-t«tr8hydro bensaldehyde, proparation 
of, 831 

Phenylthiocarbimide, effect on polymensation of 
1,3-dienee, 184 

Phenyl vinyl ether, boiling point of, 1008 
—, decomposition of, 1009 
—, from phenoxyglvcol acetate, 1031 
—, polymerisation of, 1010 
—, preparation of, 1008, 1009 
Phenyl vinyl ketone, condensation, 556. 562 
—, from w-dimethylaminopropiophenonc hydro¬ 
chloride and steam, 557 


—reaction with alcohol, 557 
Phloroglucinol, color tests, 1259 
—. modifier, urea-aldehyde resins, 674 
—, reaction with acetylene, 388 
—, — formaldehyde, 379, 280 
—, — hexamine, 810 

Phloroglucinol-aldehyde condensatkins, 761 
Phloroglucinol-formaldehyde-dimethylamine hydro¬ 
chloride condensation, 810 
Phloroglucinol-furfural reaction, resin from, 525 
Phloroglucinol-sugar condensations, 761, 762 
Phonograph needles, from alkyd resins, 988 
Phonograph records. 1266 
—, copal esters binder, 829 
—, fillers for, 1275 
—, from furfural resin, 588 
—, from Olovine, lOM 
—, from rubber, 1098 

=: SSduJ >««, UM. >387, 1333. 1333 

—, resin surfaces for, 476, 477, 1202 
—, steel dies for, 1^ 
vinyl resins in, 1269 

Phorone, anidogues, from cyclohexanone, 558 
—. condensatiofi with furfural, 588 
^mse^ ftnd sine chlbnde, 541 
—, from keto-glcohols, 540 
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Phorone, reaction with creeol, 

—, — phenylhydraeine, 7W 
—, — rosin, 803 

—, reduction with sodium amalgam, 541 
—, stability toward polymeriaation, 502 , 

Phorone dinitrosochloride, from acetone, 725 
—, resinification, 725 

Phosgene, phenol esters of abietio acids with, 797 
—, reaction with ethylene glycol, 870 
—, — glycerol, 885 
— salicylic acid, 375 

use, acylation of phenol-aldehyde resins, 422 
Phosphate buffers, polymerization of dimethylol- 
urea, 614 

Phosphates, aryl, modifiers, phenol-aldehyde resins, 
431 

Phosphatised surfaces, varnish tests on, 1368 
Phosphomolybdic acid, catalyst, curing, cellulose- 
urea resin compositions, 622 
Phosphorescent coatings, rosin esters in, 823 
Phosphoric acid, action on chlororubber paints, 1121 
—— cumarone, 94 
—, — indene, 102 

—, activator, for hydrogenation of esters, 807 
—, catalyst, condensation, phenol and tung oil, 
403, 404 

——, —, phenol and vinyl eaters, 1031 
—, —, —, urea and formaldehyde, 589, 604 
—, —, cumarone polymerisation. 120 
—, —, curmg, cellulose-urea ream composition, 622 
—, —, dehydration of ethyl hydracrylate, 1074 
—, , formaldehyde-diphenylol cyclohexane reac¬ 

tion, 377 

—, —, hydrocarbon-aldehyde condensations, 264 
—, —, in phenol-acetone reaction, 389 
—, —, phenol-alcohol resins, 3^ 

~, phenol-aldehyde reaction, 430, 439 
—, —, phenol-formaldehyde reaction, 349, 353 
—» —# polymerization of diolefins, IM 
—, —, preparation, polyvinyl acetals, 1062 
—, —, resin formation, 278 
—, —, resorcinol-acetone condensation, 373 
—, urea-aldehyde reaction, 67Z 

—, condensing agent, adipic acid and 1,3-butylene 
glycol, 898 

—amines and aldehydes, 707 
—. dehydratmg agent, preparation of unsaturated 
keto-alcohol, 544 

dehydration of phoiylmethylcarbinol, 255 
—, esterification of phenol-alcohols with, 399 
—, hardening agent, phenol-ketone-aldehyde resins, 
390 

—, urea-formaldehyde resins, 598 
in rosin distillation, 779 
—, reaction with ethylidene diacetate, 1019 
~, — fatty acid esters, 1233 
—, — furfural, 1181 
—, — indole, 743 
—, resin purification with, 467 
—, solubilization of castor oil with, 1223 
8 t 3 ^no from chloroethylbenzene with, 253 
use in bleaching alkyd resins, 908 
—, — with modified urea-aldehyde resin, 685 
Phosphorus, catalyst, rubber lodination, 1114 
—, plastics from, 32 

Phosphorus chlorides, catalysts for chlorination, 
1151 

Phosphorus compounds, organic, 1240-1241 
, resinous, 1285 

Phosphorus fluorides, addition to boron-trifluorido 
catalyst, 166 

Phosphorus halides, oxygenated, reaction with rub¬ 
ber, 1116 

Phosphorus nitrile chloride, properties of, 1240 
Phosphorus oxychloride, action on cumarone, 95 
—, — p-hydroxybensoio acid, 378 
—, — rubber, 1101 

—, catalyst, phenol-aostaldehyde reaction, 382 
—, phenol-formaldehyde reaction, 357 

—, —, polymerisation of 1,3-dieoes, 183 
—, dehydi^ira of sodium salicylate with, 277 
in esteriflcatioii of cork meal, 750 
—, redotion with hydroxy aulphonic acids and 
phendlio resins, 421 
—, — sodium aciytats, 1074 


Phosphorus pentachloridc, action on alkylfuryl- 
carbinolfl, 520 
—, — rubber, 1101 
—, — terpenes, 783 
—, catalyst, chlorination, 1154 
—, —, chlorination of ethylbenzene, 253 

—, condensation, 3,3,4,4-tetraphenylcyclobutanc- 
1,2-dione, 553 

—, —, in polycyclopentadiene formation, 188 
—, —, phenol-formaldehyde reaction, 357 
—, reaction with cholesterol, 1240 
—, — homophthalic anhydride, 1240 
Phosphorus pentachloride-acetophenone reaction, 
1,1-dichloroethylbenzene from, 253 
Phosphorus pentasulphide, action on rubber, 1101 
Phosphorus pentoxide, action on unsaturated 
hydrocarbons, 225 

—, catalyst, benzyl alcohol condensation, 1007 
—, —, paraformaldehyde-tetrahydronaphthaleiie 
condensation, 265 

—, —, polymerization of carbon siiboxide, 1014 
, —, — of l,3-diene8, 183, 187 
—, —, resorcinol-ethyl cyclohexanone-2-carboxylatc 
reaction, 391 

—, dehydrating agent for a-hydroxybutync acid, 
1080 

—, effect on cumarone polymerization, 106 
—, eugenol resmified with, 260 
—, in absorption tests, 1344 

—, oxidation of mixture of phenol and o-cyclo- 
hexyl-cyclohexanol, 271 
—, reaction with sweet almond oil, 1253 
—, use, reaction of cresol with dimethylolurea- 
glycerol compound, 668 

Phosphorus pentoxide and glycol)ic acid, action on 
naphthalene, 266 

Phosphorus sulphide, m plastic sulphur, 1164 
—, wood preservative, 1165 

Phosphorus tnbromide, bromoethcrs from, 1008 
Phosphorus trichloride, action on diethylaniline, 
689 

—, — rubber, 1101 

—, reaction with bis(3-hydroxy propyl) sulphide, 
1179 

—, — polyacryltc acid, 1075 
Phosphoryl halide, action on rubber, 1101 
Phosphotungstic acid, fiocculant, mothylolurros, 
595 

Photocatalysts, for styrene polymerization, 240 
Photo-elasticity tests, use of polarized light, 469 
—, with transparent models from phenol resins, 

469 

Photo-engraving, use of sensitized phenol resins 
in, 453 

Photographic coating, use of synthetic resins, 1251 
Photographic film, cushioning stratum in, 1099 
ester gum solution as coating, 827 
Photographic films, protection by snti-halation 
layer, 954 

treated with sulphonainide resins, 722 
—, urea resins in, 648 
—, use of alkyd resins in. 988 
—, — polyvinyl alcohol, 1059 
—, — water-soluble salts of polyacrvhc and in, 
1070 

Photographic filters, acetaldehyde resin in, 495 
Photographic paper, coated with vinyl resins, 1043, 
1050 

—, waterproofing, 1127 

Photographic plates, anti-halation, resms for, 375 
Photography, cumarone resin in, 140 
—, furfuralamine resins in, 538 
Photolysis, of acetaldehyde vapors, 494 
Photomechanical printing, use of resin coatings, 
1251 

Photopolymsrisation, of acrylic acid, 1071 
—, of allyl acrylate, 1073 
—, of indene, 101 

, vinyl acetate, effect of oxygen, 1020 
o-Fhthalaldehydic sold, reaction with phenols, 439 
Pbthalate plasticisers, resorcinol test for, 957 
Phthalate resin, test for, 957 
l^thalatss, color tcfto, 1259 

plasticisers^ modiflid ureS-aldehyde resins, 079 
reaction with phenols, 1259 
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Pimelic 


acid, catalyst, urea-aldehyds reaction, 


Phtlialic 
663 

—, condensation with polyhydroxy acids, 910 

Po*"* amine-aldehyde 

Mterification of phenol-alcohols with 899 
—, from naphthalene, 263 
—, from resmenes, 276 
—, hardening agent, urea resin, 618 
, modifier, phenol-aldehyde resins, 439 
monoalkyl esters of, 950 

*~j(^«rcommg stickiness of rubber coatings by, 

—, quantitative determination, 1260 
—, reaction with lead acetate, 967 
—, softening agent for nitrocellulose film. 970 
—, use m alkyd resins, 878, 969 
Phthalio acid alkyl amine salts, properties of, 954 
1123 *^ »cid esters, use with chlororubber paints, 

Phthalic acid-glyceryl esters, condensation media, 
urea resms, 617 

Phthalio acid monoglycende, nature of. 862, 863 
Phthalio anhydride, catalyst, urea-phenol-alde¬ 
hyde reaction, 676 

—, condmiMtion with alcoholamines, 904 
~, — 1,8-butylene glycol, 898 
—, — 2-3-butylene glycol, 898 
—, -- casein, 732 
—, — elastin, 732 
—, — ethanolammes, 904 
—, — ethylene glycol, 897, 902 
—, ~ ethylene oxide, 898 
—, — fibrin, 732 

—, — glycerol, 646, 876, 878, 879, 8"2, 886, 887, 899, 
902, 903 

—. — glycerol jS-hydroxy ethyl ether, 899 

—I — glycerol monoethyl ether, 900 

—, — a-glyceryl phenyl ether, 900 

—, — glyceryl tetrahydrofurfuryl ether, 900 

—, — hexahydroxycyclohexane, 904 

—, — keratin, 732 

—, — pentaerythritol, 901 

—, — propane-1,2-diol, 898 

—, — triethanolamine, 904 

—, —- triethylene glycol, 898 

—, trimethylene glycol, 898 

—, control of pn with, 353 

—, fluorescein test for, 957 

—, from anthracene, 883 

—, in carbohydrate resms, 757 

—, modifier, phenol-aldehyde resins, 439 

—, —, urea-aldehyde resins, 663 

—, neutralismg agent, 345 

—, polsunerwation of dimethylolurea by, 609, 610 
—, raw material for resin production, 9 
—, reaction with butyl alcohol, 902 
—— castor oil, 909 
—, — cellulose, 904 
—, — cetyl alcohol, 903 
—, — dextrose, 761 
—, — 8-ketobutanol. 548 
, — lauryl alcohol, 903 
—, — resorcinol, 957 
—, — terpene hydrate, 903 
—, removal from resms, 912 

—, resins by condensation with phenol alcohols, 
287 288 

—, softener for rubber products, 1098 
—, use, 3!^ 

, in preparation of alkyd resins, 945, 984 
Phthalio anhydride and 9,10-dihydroxystearic add 
composition, modified with drying oils, 911 
Phthalio anhydride-coconut oil-diethylene glyool 
balsam, preparation of, 968 
Phthalio anhydride-ethylene glycol resm, m cellu¬ 
lose acetate lacquers, 986 ^ « u 

Phthalic anhydride-glycerol resin, modifier, phenol- 
urea-aldefayde resin. 675 
—, —, with nitrocellulose in lacquers, m 
Phthalio anhy^ride-glycerol-saUcylic acid, prepara¬ 
tion of resin from, 981 

Phthalio anhydride-fl-sttlphpnio add-sulphuric acid 
mixture, use in sumHoo^tbn, 81® 
Phthalto-EMBtiioic-glyoerol resin, m nitrocellulose 
lacquers, 988 


Phthalic-diethylene glycol resin, insulating mate¬ 
rial, 986 

Phthalic esters, fluxing agents, 337 
—, plasticizers, 897 

7"’. Polyacryhc ester sheets, 1078 
Phthalic glyceride, formation of, 862 
modified with shellac, 913 
—, preparation, 876 

TOlubihty m drying oils, 921, 925, 930, 081, 932 
Pnthalic-glycende-cottonseed oil resin, in coating 
compositions, 968 

Phthalic glyceride resins, arcing resistance, 1347 
—.modified with drying oils and drying oil acids, 
918-033 

—, reaction with ethylene oxide, 993 
Phthalic glyceride rosin composition, preparation 

of. 912, 913. 914 

Phthalic glyceiide soya bean oil acid resin, pro¬ 
duction of, 921 

Phthalic glyceride walnut oil fatty acid resin, pro¬ 
duction of, 921 

Phthalic glycerol resins, artificial silk from, 965 
—, as coatmgs for candles, 964 

—, rubber cement, 965 

Phthalic glycol, compatibility with cellulose 

acetate, 897 

™, — nitrocellulose, 897 

Phthalide, modifying agent for glycerol phthalate 
resm, 970 

—, properties of, 9^1 

—, use in alkyd-modified urea-aldehyde resin, 663 
—, — aminoketone resins, 942 
—, — itaconic acid resins, 942 
—, — phenol-aldehyde-alkyd resins, 942 
—, — styrene resms, 942 
—, — tung oil-toluidine resins, 942 
Plithalide-modified alkyd resins, itaconic acid 
polymeis, modifier, 10^ 

Phthalide-phthalic-glyceride, plasticizer for poly¬ 
styrene, 247 

Phthalides, as plasticizers, 120, 439 
”, preparation, 439 
—, substituted, structure of, 941 
—. use in alkyd resins, 941 
Phthalunide, reaction with formaldehyde, 573 
o-Phthaloyl’chloride, reaction with benzyl acetate, 
1254 

Phthalyl chloride, action on rubber, 1100 
—, reaction with magnesylindole, 743 
Phthalyl quinme-amme picrate, preparation, resins 
from, 1254 

Physiological specimens, preservation with urea 
resms, 647 

Picoline resms from, 204 

a-Pioolinc, reaction with alkali iridohexachlorides, 
739 

a-Picolmic acid, formation of, 850, 851 
Pickling agent, polyethylene oxide in, 993 
Pickling inhibitor, amine-aldehyde resin, 703, 710 
—, from o-toluidine, 1193 
Picric acid, action on mdene, 99 
—, condensing agent, amme-aldehyde reaction, 707 
, m isolation of cumarone, 93 
—, precipitant for albumin-ethylene oxide product, 
993 

Piercing potential, of polystyrene, 236 
Pigmentation, of moldings, 1276 
—, of phenol-formaldehyde resins, 564 
—, of urea resins, 607 

Pigmented coating, for automobiles, Rez>'ls in, 
956 

—, non-caking, 979 

Pigments, dispersions of, preparation of, 200 
—, effect on gloss of oil doth, 137 
—, — hardness of varnish, 1371 
—, — light-stability of chlororubber, 1119, 1120 
—, — translucency of urea resins, 821 
—, for Glyptal enamels, 961 

luminous, polyatyrsns base for, 247 
—, use of polyethylene oxide in, 993 
—, wash-fast, use of urea resms, 642 
PUlow stuffing, from dilororubber, 1128 
Pimario add, esterification of, 814 
Pimelic add, formula for, 883 
—, use in alkyd resins, 908 
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Pimelie AQhydrid«» roftotion with water, 9^ 
Piiwbietio add, in aulphite liquor, 754 
Finaool, S,S-dimetliylbutadietie from, 177 
Pinacolm, condensation with furfural, 588 
decomposition of, 558 
Pinene, catalyst for polymerisation of, 176 
oo-polymerisation with diolefins, 192 
esterification of, 814 
>», in turpentine, 780 
—, reaction with formaldehyde, 782 
—, — with oxalic add, 783 
—, sulphurisation of, 1200 
Pinene dichloride, formation of, 783 
Pinene hydrochloride, incorporation with nibber, 
1104 

—, rednification of, 1187 

Pmene osonide, catalyst, for phenol-fonnaldehyde 
reaction, 358 

a-Pinene, isomerised, preparation of, 844 
—, —, reaction with maleic anhvdnde, 844 
o-Pinene-maleate, preparation of, 845 
—, esterification of, 845 
0-Pinene, reaction with maleic anhvdiide, 845 
Pine oil, constituents of, 780 
—, cutting oil fiom, 1200 
—, dehydmtion of, 782 
—; effect of fuller’s earth, 782 
—, flotation agent from, 1200 
, oxidation of, 781« 782 
—, plasticiser, for vulcanised rubber, 1115 
polymerisation of. 781 
—, prcduction of, 780 
, reaction with para form, 782 
—, — with phoiols, 788 
—, •— with pol 3 mnyl chloride, 1038 
—, sulphurisation of, 1200 
Pine rosin, in sealing wax, 1150 
Pme tar, action of stannic chloride on, 215 
—, distillation of, 752 
—, drying oil from, 781 
—, haniened by lime, 752 
—, use of, as rubber softener, 105, 1098 
—, —, wi^ alkyd resins, 943 
—, —, with chlororubber, 1119 
—, —, with phenol resin, 461 
Pine-tar oil, m rubber composition, 1200 
sulphurisation of, 1200 
Pine wood, reeins from. 749 
—, steam distillation of, 780 
Pinocamphone, formation of, 783 
Pmocarveol, pinocamphone from, 788 
Pinolin, from rosm oil, 779 

Pintsch gas, "hydrocarbon drips," reeins from, 
121 

Piperasine-formaldehyde-phenol resins, as rubber 
anti-agers, 377 

Piperidine, catalyst, cresol condensation, 347 
—, —, ketone-aromatic aldehyde reaction, 557, 563 
—, ndnoldc acid oondenssition, 1224 

—, effect of, on polymerisation of phenylacctylene, 
162 

—, reaction with 6-nitropiperonal, 738 
—, — with furfural, 707 
—, — with '2,7-dibromo-4,6-dinitroxanthcne. 738 
—, use in resinification of styryl methyl ketones, 
568 

—, — in vulcanization of ^lyvinyl alcohol, 1060 
Pipendine-dtrbon disulphide, addition product, 
hardening agent for shellac, 703, 1287 
Piperidine dithiocarbamates, catalysts, phenol- 
aldehyde i^eactioo. 345, 348, 469 
Pipeiidine-formaldeayde-phenol resins, as rubber 
anti-agers, 377 

Piperitone, reaction with oxygen, 558 
Piperonal, condensation of, 509 
PigNTonylinethylpropylene glyool, lesinificatjon of, 

Piperylene, imlymerisation of, 169 
Pipes, extrusion of, 1823 
—, lining with sulphur, 1165 

protectiva edatings for, 1147, W7, 1378 
rubber-resin oompositionjl80 
wgter rnhiiis, moldedi» 1388 
Pi||f stsinii, ^rom tesordnoUforwaldahyde redh, 

PistM wttmmU, from laminated maUrialSf 987 


Pitch, coai-tai, chioiiimted, 11.56 
— . —, coking of, 360 
—, —, uses of, 274, 860 
—, definition of, 13 
--f from halogenated paraffin, 1158 
—, from rosin oil, 780 
—, from still-residues, 121 
—, from wash-oil, 122 

—, hard-wood, in sound records, 1335, 1386 
—, plasticity of, 32 
—, reaction with vegetable oils, 274 
—, resinous materials from, 274 
—, rubber substitute from, 1204 
—, use of, in cold-molding, 1817 
—, —, with alkyd reeins, 943, 986 
—, —, with cashew-shell oil, 1230 

with phenol-aldehyde resins, 286, 287, 329, 
332 

—, —, with sulphur, 1162 

—, vulcanised, use with phenol-uldehyde resins, 

426 

Pitch-asphnlt mixture, motlifier, phenol-aldehvde 
resins, 426 

Pitch bindei's, leplacement of, in cold-molding 
compositions, 1287 
Pitches, fatty, solubilising, 1251 
Pitchy material, leinoval from tall oil, 756 
Pitting, of moldings, 1320 
—, of varnish films, 36 

Plant diseases, copper salts of cumarone resins in 
iximbating, 121 

Plant material, utilisation for resins, 762 
Pluakon, urea-aldehyde resin molding comoosition, 
565, 628 

Plaster of Paris, in cold-molding compositions, 
1285 

—, molds, use of, 464, 465 
—, sulphur in, 1168 

—, use, phenol-aldehyde composition, 437 
Plastermg, use of, 1818 
Plastering method, of forming tanks, 1332 
Plasticity, and elastic limit, 34 
—, and shearing stress, 34 
—, colloidal, nature of, 32 
—, definition of, 31, 34 
—, influence of close packing, 32 
—, — mechanical effect, 33 
—, — particle size, 33 
—. measurement of, 34, 1358 
—, of amorphous materials, 31 
—, of crystals, 81 
—, of glass, 81, 32 
of metals, 31, 32 
—, of methyl rubber, 178 
—, of paints, 35 
—, of pitch, 32 
—, of shellac, 32 
—, of solids, 31, 34 
—, of urea resms, effect of pH, 606 
—, —, — of water, 619 
—, of viscous liquids, 81, 34 
—, of wax, 3,1 

—, principle of conformation in, 38 
relation to thixotrophy, 32 
thermal, 31, 82 
Plastieiaer, for sulphur, 1231 
Plastioiaere, see aUo Softening agents 
—, determination of, 1261 
—, effect in laoquers, 827, 959 
, for alkyd reeins, 942, 960, 986 
—, for arafteial attks, 1158 
—, for butadienol-eeter polymers, 152 
—, for cellulose acetate, 320, 717, 719, 720, 896, 970. 
1231 

—, for cellulose acetate-sulphonamide aldehyde 
mixtures, 717, 718 
Tor cellulose esters, 719, 896, 1281 
for oelluloie ethers, 112. 890, 998, 1281 
for chlororubber, 965, 1118, 1119 
—, for cumarona reetna, 120, 187 
—, for nitrooellulose, 886, 909, 966, 970, 963, 1209, 


—. for pbenol^aldehyde reebuh 288, 844^ 886, 387. 
W, 4M, 4a, 446, 447, 468, 476, IM, 888, TOi, 6a 
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PlasticiMfs, for shellac. 1335 

for sulphonamide-aldehyde resms, 718 
for urea resins, d82> 633 
—, for wood pulp plastics, 748 
—use in molding compositions, 1276, 1277 
Plastic material, process of formma, 33 
strength of, 21 , 22 
Plastic sulphur, 1162 

combination with coal tar, 1163 
—, combination with paraffin wax, 1163 
metallisation retarders, 1162 
—, incorporation with cumarone resins. 1162 
—, stobilisers for, 1164 
stable form, 1168 

—, temperature of crystallization, 1162 
Plastics, definition of, 13 
—, effect of working, 1823 
—, mfluence of particle size on, 32 
—, molded articles from, 13, 14 
—pseudo, nature of, 34, 35 
Plasto resins, compatibility with cellulose acetate, 
266 

Plastopals, urea-aldehyde resins. 634 . 635 
Platens, methods of heatmg, 463, 1305 
Plate glass, substitutes, urea-formaldehyde resins, 
600 

Plates, of synthetic resms, use of, 1248 

—, from hgnite phenol resins, 275 

Platmum, catalyst, aoetylene-aniline condensation, 

704 

—, —, cumarone polymerization, 118 
—, —, drying oil polymerization, 1228 
—, —, hydrogenation of esters, 807 
—, —, oxidation of phenol. 271 
Platmum black, preparation of, 1065 
—, raducmg agent for rubber, 1065 
Platinum dichloride, reactions with acetone, 541 
Platmum oxide, catalyst, hydrogenation of fur¬ 
fural^ 516 

Plumbing fixtures, from urea resins. 627 
Polarity, in gelation of drymg oils, 1226 
m polymeric chams, 41 
—, of alkyd reams, 868 
—, of phenol-aldehyde resms, 313 
—, of polystyrene, 236 

Polarized light, use of, photo-elasticity tests, 488 

—, —, testing resins, 1262 

Polislies, from amides of esterified waxes, 815 

—, from chioronaphthalenes, 1153 

—, from ester gum, 827 

from fat-resm-wax mixtures, 1251 
—, from montan wax, 814 
—, from phenol-aldehyde reams, 284, 367, 447 
—, from polyvinyl ethers, 1011 
—, from vinyl ester-aldehyde resins, 1065 
, polyethylene oxide m, 668 
Polishing, of chlororubber pamts, 1120 
—, of moldingSi 1316, 1330 
—, of molds, 22, 1304 
—, of urea resin lacquers, 634 
“Pollopas,” molding composition, ujw 629 

Polyacenaphthalene, from acenaphtlialene, 260 
Polyacraldehyde, reduction of, 1M2 
Polyacrylates, as dispersing agent, 1075 
—, sound records from, 1078 
Polyacryhc acid, preparation of, 1066, 1072, 1075 
—, reaction with orgamo bases, 1072 
—, — thionyl chloride, 1075 
—, solvents for, 36, 1071, 1072 
—, stability of, 1072 
—, structure of, 1066 
—, water-soluble salts, preparation, 1075 
, uses, 1072, 1076 

Polyacryhc acid chloride, reaction with amhue, 

Pob^crylic acid derivatives, as adhesives, 1077 
—, coatings from, 1078 

compatible with chlo^bber, 1119 
—, molding composition from, 1078 
Polyacryhc anhydride, , 1,70 

Polyacryhc esters, as *dheai^, 1077. 1078 
—. from polymeric adds, 1076 
—, glaM iubstitute, 1078 
—, uiftabiUty of high polym«rs» 1073 


Polyester-polyamides 

Polyacryhc esters, rubber substitutes from, 1078 
—.solvents for, 1071, 1073 
Polacrylic ester sheets, plasticizers for, 1078 
Polyacrylonitrile, hydrolysis of, 1072 
Polyacrylonitrile, reaction with alkaUes, 1075 
Polyalcohols, branched-cham resin freun, 263 
of phenols, 333 
—, reaction with rosin, 802 
Polyalkylene glycol aryl ethers, modifiers, phenol- 
aldehyde resins, 430 

Polyalkylene oxalates, formation of, 871 
Polyamides, binding units of, 1000 
—, comparison with polyesters, 666 
—, distillation of, 1000 
effect of heat on, 1000 
—, fibers from, 1000 
—, from acrylic acid derivatives, 1076 
—, from e-aminocaproio acid, 696 
—, physical properties of, 1000 
structure of, 996 

Polyaminocaprylammocaproic acid, pr^aration, 
996 

Polyanethole, from anethole, 261 
trans-Polyanhydnde, from cis-p-hexahydrotereph- 
thalio acid, 699 

Polyanhydride of adipic acid, reaction with ani- 
hne, M 8 

— of sebacic acid, preparation of, 697 
Polyanhydrides, from cyclic dibasic acids, 996 
—, polyesters from. 999 
—, reaction with benzene, 998 
—, structural unit of, 997 

Polybasic acid poly-ester resins, constituents, 1257 
—, uses, 1256 

Polybasic acid poly-esters, anaMical scheme, 1256 
Polybasic acid-polyhydrio alcohol esters, modi¬ 
fiers, urea-aldehyde resins, 665, 666 , 668 
Polybasic acids, alkyd resms from, 10 
—, as polyfunctionai derivatives, 862 
—, condensation with carbohydrates, 877 
—, — polyhydric alcohols, 876 
—, estenfication with monohvdric alcohols, 862 
—, organic, urea-formaldehyde condensation, 611 
use m hydrolyzing drying oils, 928 
Polybromoprene, density of, 159 
—, formation of, 159, 160 

Polycarboxyhc ketones, modifiers, for ester gum, 
805 

Polychlorinated paraffins, reaction with alkalies, 
1178 

a-Polychloroprene, /x-polychloroprene from, 166, 
157 

—, isolation of, 156 
—, production of, 157 
—, properties, 157, 158 
uses, 157, 159 

/3-Polychloroprcne, constitution of, 173, 174 
—, preparation, 173 

a-Polychloroprene, from a-i>olychloroprene, 156, 
157 

—, structure of, 156, 174 

di-Polychloroprene. resemblance to methyl rubber 
H. 177 ^ . 

Polycumarone, modifier, for phenol-aldehyde reein, 
397 

“Polycumarones,'' 96 

Polycyclopentadicne, applications for, 188 
—, effect of chemical reagents on, 188 
—, effect of drying on, 188 
—, formation in gas* mams, 183 
—. from cyclopentadiene, 187, 188 
—, oxide of, 188 
—, resemblance to rubber, 188 
—. solubility relationships of, 58, 188 
—, structure of, 58, 188 
—, x-ray studies of, *6 
Poly cyclorubber, formation of. 1689 
Polymmethyleneurea, hydrogenation of, 580 
—, struotuie of, 580 

Polydivinylbensene, coating oorapositio&s from, 849 
Polyester fatty acid glycerides, from estolides of 
castor oil, 1222 
—, uses of, 1222 

Polyester-polsramides, preparation of, 999^1000 
—, physical properties of, 1000 
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Polyesters 

Polyetters, decompoaition of, 999 
—, extrusion of, 998, 999 

filaments from, 998. 999, 1000, 1003 
from glycol‘polybasic acid reaction, 998, 999 
—, from hydroxy acids, 999, 1000, 1001 
from polyanhydrides, 999 
—, of pofymethylenes, properties, 873 
—, physical properties of, 999 
structure of, 1000, 1002 
Polyethylene acetate, preparation of, 990 
Polyethylei^lyool acetate, modifier, phenol>alde« 
hyde resins. 480 

Po^ethylen^lycol cresyl ether, modifier, 430 
preparation, 430 

Polyethylene glycols, cleansing agents from, 993 
foaming agents from, 9M 
—, preparation of, 990 

—, reaction with non-carbohydrate compounds, 993 
—, wetting agents from, 993 
Polyethylene oxide, properties of films, 991 
solubility of, 990, 991 
—, structure of, 74, 75, 990, 991, 992 
—, viscosity of, 74. 75, 991 
—, x-ray studies of, 75, 991 
—, yields of, 991 

Polyethylene oxide chlorohydrate, preparation of, 992 
Polyethylene oxides, acetylation of, 992 
—, as dispersing agents, 993 
—, as dyeing assistants, 993 
—, as pastes, 993 • 

—, as plasticiser, 993 
as wood filler, 903 
—, derivatives of, 992-994 
—, fractionation of, 991 
—, in dye strippers, 993 
—, in lacquers, 998 
—, in piclding agents, 993 
—, in varnish remover, 993 
—, melting point of, 991 
—, molding of, 998 
—. preparation of, 991, 902 
Polyethylene succinate, properties of, 872 
Polyfunctional reactants, 1129 
Polyfurylethylene, preparation of, 243 
—, uses, 243 _ 

Polyglycerol esters of rosin, iiTlacquers, 822 
Polyglycerol resin, properties of, 998 
—, viscosity of, 995 
Polyglycerols, as plasticizers, 896 
condensation of glycerols to, 705 
effect on rosin ester coatings, 796 
—esterification with a-pinene-maleate, 845 
— rosin, 796 

—, preparation of, 995, 996 
—, reaction with polycarboxylio acids, 428 
rubbery product from, 996 
—, types of, 995 

use in alkyd resins, 864 
Polyglyddols, preparation of, 994 
Polyglycols, preparation, 895 
Polynydric alconol-carbohydrate resins, 760 
Polyhydric aloohol-cresoxyacetic-formaldehyde com¬ 
position, 938 

Polyhydrio alcohol esters, from tall oil, 756, 757 
—, reaction with sulphur ‘chloride, 815 
Polyhydrio alcohol mineral esters, action on oellu- 
losic matter, 749 

Polyhydrio alcohol-monobasic acid esters, modi¬ 
fiers, urea-aldehyde resins^ 666 
Polyhydrio alcohol-polybasic add esters, modifiM's, 
for urea-aldehyde resins. 665. 666, 668 
Polyhydrio alcohols, alkyd resin from, 10 
—, as poly-functional derivatives, 862 
autooondensation. 896 
—, condensation witb ketone-adds, 894 
—, condensation with oxidised glyceride oils, 1387 
—, cyclic ethers of, 888 

—, esterification agents for loiin, 792, 798, 792, 796, 
797 

aderification of fossil resin-rosin mixture with, 

—t esterificailoo with monobaaic. adds, 862 
-^polybasto addC «.|78, 879, 898 ^ ^ 

hai^enated, modifiers* urea-akubyde redns,^ 

•97 
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Polyhydric alcohols, in vinyl resin manufacture, 1088 
—, mcklifiers, phenol-aldehyde resins, 427, 428, 429, 
480 

-~, preparation, 1062 

—• reaction with ether-carboxylic adds, 894 
—, reaction with titanium tetrachlonde, 1289 
Polyhydric ester, of montan wax, 828 
Polyhydrio phenols, reaction with alddiydes, 810, 
811, 893 

Polyhydroxy acids, esterification with alcohols, 911 
—, preparation of, 910, 911 
—, use of, in alkvd resins, 910 
Polyhydroxy alcohols, esters from, 1224 
Polyhydroxy-carboxvlic aliphatic acids, esterifica¬ 
tion of copal with, 810 

Polyhydroxy fatty acids, shellac substitutes from, 
1006 

Polyhydroxy rubber compounds, 1093 
Polyindenes, character of. 58, 193, 104 
depol}rmerisation of, 104, 105 
—, dimdene from, 104 
—, from indene, 100 
—, hexahydropolyindene from, 105 
—, h}rdrojKenation of, 105 
injection molding of, 1324 
solubility of, 102 
—. unsaturation in, 100, 104 
—, use of, in lubricating oil, 200 
Polyisobutylene, compared with hydrorubber, 167 
—, effect of chemical reagents on, 166 
—, from isobutylene, 166 
—, physical properties of, 167 
—, solvents for, 166, 167 
Polylactones, formation of, 1000 
Polymer homologues, formation of, 72 
Polymenc acids, from polyacnlonitrile, 1075 
Polymeric adipic anhydride, structure of, 996 
Polymeric cis-anhydride, from cis-p-hexahydro- 
terephthalic acid, 999 

Polymeric carboxylic acids, use with polyacrylic 
acid derivatives, 1078 

Polymeric modifications, of ethyl acrylate, 1073 
Polymeric peroxides, from polystyrenes, 239 
Polymeric resins, examples of, 15 
Polymeric trimethylene carbonate, nature of, 870 
Polymerization, absence of lower polymers in, 48 
accelerated by irradiation, 547 
—, additive, definition of, 42 
—, —, of acetylene, 142 
—, —, of olefins, 104 
—, as unimolecular reaction, 49 
—, by glow discharge, 280 
—, by mercury light, 230 
—, catalysts for, 207, 258, 349 
—, catalytic, of styrene, 238-242 
, chemical considerations of, 975 
—, classifications of, 42 
—, commercial, of allylene oxides, 992, 993 
—, definitions of, 42 
—, degree of, in urea resin, 587 
—, —, in vinyl ethers, 1011 
—, free radicals in, 48 
—, inhibition by groups, 46, 47 
—, mechanism, 48 
, nature of, 48 
of acenaphthalene, 360 
of acetaldehyde, 496 
of acetylene, 142, 148, 144, 146, 147 
—, of acetylene homologues, 161, 163 
—, of acetylene pol 3 aners, 148, 144, 146 
of acroto, 501, 602, 508, 504 
, of acrylic acid, 1070-1072 
—, of acrylic acid derivatives, 1074, 1075 
—, of aorylidene-glyoerol, 508 
—, of aldehyde-acids, 606 
—, of aldehydes, 605 
of aldols, 498, 499 
—, of anethols, 261 

of aromatic aldehydes, 607, 608, 609, 610, 611 
—, of atropio acid, 1084 
—, of bsnAdshyda, 607, 608 
—, of o-bromocthylstyront, 269 
-‘•t of bromostyrsUM, 266 
of butadims, 168* 178 
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Polymerisation, of butadiene derivatives. 109 170 
171, 173, 1130 ' ' ' 

—, of butadiene homologues, 168, 160, 176. 170 
—, of carbon euboside, 1014, 1016 
—, of oaehew-sheli oil, 1200 
—, of cedrenene, 783 
—, of p-ohloroetyrene, 269 
—, of chloroprene, 166, 166, 167 
—, of chloroprene homologues, 166, 150 
of cinnamic acid, 1082-1084 
—, of Congo resin, 811 
—of conjugated diolefins, 168, 169 
—, of copal resins, 807, 808 
—, of cracked distillates, 226-220 
—, of cracked gasoline, 190-193, 199, 201 
—, of crotonio acid, 1081 
—, of C-stage phenol-formaldehyde resins, 296 
—, of cumarone, 04, 96, 106, 107 
—, of 1,3-cyclohexadiene, 167, 185, 188, 189 
", of oyclopentadiene, 186, 186, 187, 188 , 266 
of diacetylene, 162 
—, of dichlorobutadiene, 170 
—, of 1,3-dienes, 176, 180 
—, of duodomethyldiphenylmethanes, 299 
—, of dimethylbutadienes, 169, 172, 175, 176, 177, 
170 

—, of dimethylolurea, 581 
—, of 2,4-dimethylstyrene, 269 
—, of diolefins, 174, 175, 170, 184, 185 
of asym-diphenylethylene, 59 
—, of dipropargyl, 162 
—, of divinylacetylene, 162, 163 
—, of p-divmylbcn*ene, 241 
—, of divinylhexenyne, 162 
—, of electropyrolysis products, Ifco 
—, of eleostearic acid, 860 
, of emulsions, 246 , 246 
—, of p-ethoxy-propylbensene, 258 
—, of ethyl acrylate, 1073 
—, of ethyl itaconate, 1085 
—, of ethylene, 166 
—, of ethylene oxide, 990-992 
of p-ethylstyrene, 259 
—, of eugenol, ^0. 261. 262 

of formaldehyde, m, 330, 342, 394, 511-516, 767 
—, —, m alkali solutions, 342, 343 
—, of furfural, 518, 621 
—, of furylbromoethylene, 243 
—, of furylethylene, 243 , 620, 522 
—, of glycerol phthalate resins, x-rav studies In, 
87 

of glycidol, 904 

—, of nalogenated aldehydes, 606 
—, of halogen-substituted vinylacetylenes, 160 
—, of heavy acetylene, 144 
—, of 1-heptyne, 161 
—, of 1,6-hexadiyne, 162 
—, of hydrogenated divinylacetylene, 154 
—, — vinylacetylene polymers, 160 
—, of hydroxy aldehydes, 606, 507 
—, of hydroxybensyl alcohol, 349 
—, of o-hydroxystyrene, 260 
of mdttie, 06, 100, 104, 258 
—, —, in carburetted water gas, 257 
—, of isobutylene, 166, 167 

•», 174, 17J. 178, 179 
—, of isoptene derivatives, 172 
, of isopropylbensene, 268 
—, of iso^role, 261 ^ 

—, of itaoonic acid, jW, 1086 ^ 

—, of ketone-formaldehyde piquets, 663 
— of mercury-substituted vmylawtylenes, 160 
—, of p-methoxy-propylbeiwene, 268 
—. of methoxystyrenee, JW 
—, of methylacetylene, 161 
—. of methyl acrylate, 

—, of methylcumaroiiee, M, 96 
—, of l.methyM»3-cyclohexadiene, 180 
—, of methyleneurea, 678 
of methylmeuretlMm, 682 
—, of methylolurea, 678 • 

=: Sf 

taa 

—» of methylvlnyliodoaoetylene, 131 


Polymerization, of mouolefins, 226 
—, of nitrostyrenes, 269 ' 

—of 1-octyne, 162 

of olefins, 164, 165, 167 
, catalysts for, 166, 176 
—, effect of electno discharge, 164, 166 
—, —, effect of temperature on, 164, 166 
—, —, lubricating oils from, 166 
—, of ozomdes, 166 
—, of paraformaldehyde, 616 
—, of phenol-formald^yde resins with ethylsul- 
phomc acid, 320 
of phenolphthalein, 1262 
—, of phenolic resins, 368 
—, —, x-ray studies m, 87 
—, of phenolic styrenes, 260, 261, 262 
—, of phenylbutadiene chloride, 1263 
—, of l-phenylpenta-4-ene-l-yne, 162 
—, of phenylpropadiene, 166 
—, of piperylene, I69 

of propyl acrylate, 1073 
—, of propylbenzene, 268 
—, of regenerated rubber, 1116 
~, of refining residues, 227 
of safrole, 260, 261. 262 

of styrene, 164, 232, 234, 236, 238, 239, 240, 241, 
242, 243, 244, 246, 248, 240, 267 
—, of styrene derivatives, 257, 258. 260, 260, 26f. 262 
—, of tall oil, 766 
—, of thiofurfural, o38 
—, of trimethylethylene, 167 
—, of tung oil, 40. 401, 1216, 1216, 1217 
—, of unsaturated hydrocarbons, 164, 216 
—, of vmylacetylene, 160, 163 
—, of vinyl-acetylene homologues, 160 
, of vmylacrylic acid, 1084 
—, of vinyl derivatives of phenols, 260 
—, of vinyl esters, 164, 1064 
—, of vinyl ethers, 164, 1010-1012 
—, of vmylethinyl carbinols, 16I 
—, of vinyl halides, 164 
- •, of vmylhexenyne, 162 
—, of vmylnaphthalene, 164, 243 
—of wood oils, 780 
—, of wood tar, 761 
—, premature, m urea resins, 610 
—, relation to chemical structure, 43, 46 
—, — dipole moment, 46 
—, reversible, of lactones, 1001 
—, spontaneous, of cyclic anhydrides, 008 
—, thermal, of isoprene, 170 
—, —, of vinyl acetate, 1020 
—, types of, 42 

—, vectorial and crystalUzation, 30 
Polymerization apparatus, description of, 179 
Polymerization stages, in urea ream condensation, 
686, 587 

Polymeiization tendency, of olefins, 168, 169, 170, 
171 

Polymerisation velocities, of butadiene derivatives, 
169, 170, 171 

Polymenzed ^-bromoacrylic acid, sU^ucturs of, 1080 
Polymerized carbon suboxide, structure of, 1014, 
1015 

Polymerized diolefins, in urea resin coatings, 637 
Polymerized diphenylolmethane, 299 
Pd^enzed formaldehyde, molded insulation from. 

Polymerized glycerol, 994 

Polymenzed hydrocarbons, added to lubricating 
oils, 227 

Polymerised indene, bromine absorption of, 103 
—, solubiU^ of, 101 

Polymerised isoprene, x-ray patterns of, 89 
Pol^srised lactams, fcnnation of, 999 
Polymerised petroleum distillates, ehiorination of, 
1167 

Polymerised styrene, analogiee to rubber, 61 
Polymerised ^ung oil, with eumarone reriii, 137, 138 
Polymerising oil, in eold-molding oompositioo* 1286 
Polymers, alteniative polarity in chains of, 41 

=:SSSS^iiT>t<l'. , ^ „ 

—, ^aiB, \irireifi]ar ancangemMit of units hii 174 
—, dilute imrutioiii of. Mure, 76 
—, effective volume of, 76 
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Polymen, from bensyl chloride, 1129, 1130 
—, from glycine, 66 
—from methylindenee, 105 
Urge ring formation of, 58 
—, molecuUr weight determination of, 72 
of acrylic acid, 1073 
of crotonio add. 1081 
—, of di-alcohol of dmhenylmethane, 399 
—, of ethyl acrylate, l078 
—, oi ethylene, 164 
—, of ethyl^e oxide, 093 

of formaldehyde, condensation with thiourea, 
617 

—, —, condensation with urea, 616, 617, 623 
—, —, in ream production, 326, 327 
—, of styrene, classification, 234, 235 
—, structure of, 55 
—, three-dimensioiml, 59 

—, types of, from butadiene and homologues, 170 
—, vmyl, rosiu m, 1047 
Polymethaorylates, uses of, 1078, 1081 
Polymethaerylic acid, properties of, 1080 
Polymethylene polyeeters, properties of, 872 
Polymethyl^eurea, reaction with halogens, 579 
Polsmaphthenes, oxidation of petroleum, 208, 209 
Polynaphthenio adds, oxidation of petroleum, 208 
Polynit, pr^aration of, 178 

Polynuclear compounds, from phenol-formaldehyde 
reaction, 306 

Polynuclear hydrocarbons, reaction with aralkyl 
halides, 1131 

Polynuclear phenol, modifier, phenol-aldehyde 
resin, 408 

Polyol^ns, chlorination of, 1158 
Polyoxymethylene, phenol resins with, 331 
x-ray studies, 56, 90, 91 
a-Polyoxymethylene, from formaldehyde, 512 
^-Polyoxymethylene, from formaldehyde. 512 
^-Polyoxymethylene, use of, 330 

7 - Polyoxymethylene, from formaldehyde, 513, 5l4 
—, use of, 330 

8- Polyoxymethylene, from formaldehyde, 513. 514 
eu-Polyoxymethylene, from formaldehyae, 5i3, 514 

formation of, 578 

Polyoxymethylene hydrate gel, x-ray pattern of, 91 
Polypeptide chams, in musde, 68 
—, m wool, 68, 69 
Polypeptide, nature of, 66, 67 
Pol^henols, reaction with croton alddiyde, 392 
Polyphenyls, production of, 1142 
Polypropylb^sene, crackmg of, 259 
—, 1,4-diphenylbutadiene from, 259 
—, structure of, 258, 259 
—, viscosity of, 258 

Polypropylene oxidee, properties of, 991 
Polyiid^l chloride, use with cellulose, 1222 
Polysaoebarides, formation in pUnts, 992 
Polystyrene, analogies to rubber, 62 
—, bensaldehyde mm, 239 
—, chain length of, 75 
—, chlorinated aa soldering flux, 247 
chlorination of, 287 
—, colloidal elassincation of, 235 
—, coloring agents for, 237 
—, dmlymemation of, 284 
M-d^eosrlpropane from, 232 
—, distyreoe from, 232, 236 
effect of acids, 841 
-, — heat, 836, 888 
—, — hydrofluoric acid, 287 
—, — water, 887 

—, extniskm molding of, 849, 260 
—, from cracked petroleum, iS4 
hydrogenatioii of, 287 
injection molding of, 850, 1328 
-~, isolation from aohition, 248 
—, isomer of, 1141 
geUtinisatioii of. 284 
—, ^ycerol-fi^ifled, 846 
—, Ui^t^aboorptiQn of, 888, 888 
nmatfon of^ 97 ^ 

^hyaieal propertiee of, 886, 886, 888, 819 
—, pUstieUefs for, 837, 861 - 

—, polyinsde pefokldei from, 888 


Polystsrrene, preparation of, 284, 888, 239, 240, 241, 
842, 848 

pyrolysis of, 288, 233 
—, racking of, 62 

Raman spectrum of, 232, 233 
resistant to bromine, 284, 236, 237 
solvents for, 58, 285, 236. 238 
spongy masses from, 237 
—, spraying lacquer from, 247 
—, structure of, 58, 282-29 
—, styrene from, 282, 286 
—, sulphonation of, 237 
—, 1,3,5-triphenylpentane from, 233 
—, tristyrene from, 233 
—, used as glass substitutes, 252 
—, — impregnsnt, 248 
—, — rubber plasticizer, 237 
—, use in abrasives, 251 
—, — antiparisitic layers, 246 
—. — coatmg compositions, 244, 246-261, 821, 943, 
961 

—, -- color printing, 245 
—, — dentures, 250 
—*,* ~ dyeing, 245 

—, — dectneal insulation, 108, 245, 248, 249, 251 
—, — germicides. 245 
—. — laminated glass, 251, 252 
, — lubricants, 200, 249 
—, — luminous paints, 247, 248 
—, — oilcloth, 249 
—, — vulcanization of, 195 
Polystyrene emulsions, artificial latex from, 234 
—, precipitation with methanol, 245 
—, use in molding, 250 

Polystyrene ream, use in sound recording, 248 
Polystyrene solutions, streaming double refraction 
in, 70, 233 

—, viscosity of, 73, 75, 235, 236 
Polsrstyrenes, x-my diffraction patterns of, 236 
Polysulphides, modifiers for syntaiis, 420 
Polyterpenes, from acetone-vinyl bromide reaction, 
1258 

Polythioformaldehyde, pr^aration, 1180 
Pol 3 rthiofurfural, preparation, 1181 
Polythionates, as vulcanizing agents, 1206 
Polyvalent phenol-formaldwyde resins, chemical 
resistance, 371 
uses of, 371, 372 

Polyvalent phenols, in urea-phenol-aldehyde resins. 
677 

—, reaction with aldehydes, 371. 372, 373 

Polyvinyl acetal, of acrolein, 1061 

—of formaldehyde, 1061 

Polyvinyl acetals, preparation, 1060, 1061, 1062 

—, modifiers for, 1063, 1064 

—, molding, 1062 

—, use as celluloid substitute, 1066 
—, — siBing agents, 1058 
—. use with cellulose seetgte, 1063 
— viscose, 1062, 1068 
—, visooeity of, 1061 
vulcanisation of, 1061 
Polyvinyl acetate, effect of moisture, 1048 
—, elastic properties, 1021 
—, dsotrioal insulators from, 1029 
—, emulsions, 1027 

—, u-impermeable sheets from, 1078 
—, hardemog agent, acetaldehyde resins, 493 
—, hydrot^m of, 1064, 1066, 1066, 1057, 1058, 1059 
in iMiherives, 1028. 1029 
in artificial silk, 1030 
in cellulose nitrate films, 1029 
, incorporation with lubricating oils, 1031 
—, incorporation with manlla copal, 1082 
—, incorporation with phenol-formaldehyde resin, 


—, incorporation with rosin, 1088 
—in lacquers, 1035, 1087, 1033 
—, in safety glass, 1038 
—, intaglio ink from, 1037 
—, preparation, 1069 
—, purification of, 1034 
—, with oiMio addi, 1081 

, eoliibUlty tOSi 
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Polyvinyl acotate, specific viacocity of. 76 
—, structure of, 58, 75, 1021 
varnish from, 1032 
—, x-ray examination, 1021 
Polyvinyl acetate-chloroaoetate, hydrolysis, 1057 
Polyvmyl acetate-modified alkyd resins, 942- 
Polyvinyl aceUte-oleate, reaction with butyralde- 
hyde, 1062 

Polyvinyl acetate-rubber, resistance to gasoline, 

Polyvmyl alcohol, acetals of, 1056, 1060. 1061. 1062 
acylation of. 1055, 1057. 1050 
—, alkylated, 1067 

by hydrolysis of polyvinyl esters, 1060 
—, colloidal properties, 1056 
—, companson with starch, 1054, 1055 
—, effect of borax, 1058 
—, — heat, 1056, 1059 
—, — pressure, 1056 
—, — tannin, 1050 
—, ethers from, 1060 
—, gels from, 1056 
halogenated. 1056 
—, lactic acid-modified, lO'iS 
—, methyl ether of, 1055 
—modified, 1058 

—, modifier in resm syntlieses, 665 

—, oxidation, 1056 

—I polsrvinyl acetate from, 1056 

—, preparation, 1054, 1055, 1056, 1057, 1058 

—, protective colloid, 1056 

—. reaction with aldehydes, 665, 1056, 1058-1062 

—, — alkylene oxides, 1060, 106? 

—, — boron compounds, 1057 

—, — carboxylat^ phenol-aldehyde resins, 427, 429 

—, — chlorobenzene, 1069 

—, — ethyl chloride, 1059 

—, — halo-alkyl ethers, 1067, 1068 

—, — ketones, 1063 

—, — urea, 665 

—, rubber-Uke material fiom, 1060 
—, sheets of, 1056 
—, solvents for, 1064, 1066 
—, structure, 58, 1054, 1055 
—, use with alkyd resins 938 
—, — cellulose esters, 1058 
—, -i* foods, 1068 

— safety glass, 1067 
—, vulcanization of, 1056, 1060, 1207 
—, water-resistance of, 1068, 1059 
—, wat«r solution of, 1067, 1058 
Polyvinylammonium base, preparation, 1034 
Polyvinylbenzene, co-polymerization with diolehns, 
198 

Polyvinyl bromide, properties, 1041 
Polyvinyl butyrate, m safety glass, 1028 
Polyvinyl but 5 Tate, preparation, 1024, 1057. 1059 
Polyvinyl chloride, celluloid substitute, 1037 
—, chlorination of, 1048 
effect of heat, 1048 


—, — iron, 1048 
—, evaluation. 1048, 1044 
—, incorporation with alkyd resins, 1044 
—, phenol-formaldehyde resins, 1044 

—, — rubber, 1048 
—, in photographic films, 1048 
—, in eoldering flux, 1030 
plastic masses from, 1038 

—I miSion^with*nitro aromatics, 1044 

Polyi3Kl°iiKoao(Ste!^preparatio^ 1024, 1084 
—, properties, 1024, 1034 

SlySnyl'Steatef^/f^ acetate, 1^ 

Polyvinyl compounds, hardening materials for 

Po^a^^'oSi^SSuttds, reactions with aldehydes, 

piyviayl 

mim, *%•***** ‘*®’'***"’ 


Polyvmyl esters, combination with stand-oil ex¬ 
tract, 1033 
—, extruding, 1021 
films from, 1029 
hardemng catalyst, 1029 
—, hydrolysis, 1032, 1059, 1069 
—, hydrolyzed, reaction with aldehydes, 1065, 1066, 
1067 

—, impregnation of wood pulp, 1030 
—, in chlorinated rubber, 1033 
—, m dyes, 1026 

—, in safety glass, 963, 1016, 1067 
—, m sizing agents, 1056 , 

—, iBobutyl phthalate with, 1028 
—, mixed, 1026, 1057. 1059 
—, modifiers, for phenol-resin varnishes. 445 
, molded products from, 1021 , 1029 
—, polyvmyl acetals from, 1061 
properties, 1025 
—, reaction with acetals, 1065 
—, — boron compounds, 1023, 1067 
—, — ethylidene diacetate, 1066 
—, — ketones, 1068 
—, resistance to acids. 1016 
—, sapomfication, 1046 
—, solubility, 1025 

—, transmission of ultraviolet, 1025, 1052 
—, use with Tekaol, 1227 
— yacca gum. 1067 

Polyvinyl ethers, adhesives from, 1011 
—, bromine absorption of, 1011 
—, in lubricating oils, 1011 
—, polishing agents from, 1011 
—, polymerization catalysts, 1011 
—, preparation of, 1011 
—, reaction with boron compound^, 1057 
—, structure of, 990, 1011 
Polyvinyl ethyl ether, oxidation of, 1011 
—, structure of, 1011 

Polyvmyl halide plastics, sgu-resistance, 1044 
Polyvmyl halides, hydrolysis of, 1056 
—, incorporation with Ditrocellulo.«(c, 1043 
—moorporation with rubber, 1040 
—, use in alkyd resins, 942 
Polyvmyl inorgamc esters, 1035 
Polyvinyl lactate, 1032 
Polyvinyl propionate, 1024 
Polyvinyl resms, hardenmg by hght, 1022 
—method of spinning, 10 (M 
—, use with amine-ald^yde resins, 1027 
—, — ohlororubber pamts, 1119 
—, — phenol-aldehyde resins, 1027 
Polyvinyl stearate, in lubricating oils, 1031 
Polyvinyl tartrate, from pol 3 rvinyl acetate, 1082 
Polyvmyl xanthate, in rayon, 1030 
Pontianao copal, esterification of, 807, 808, 809, 814 
Pontianak rubber, with cumarone resin, 184 
Poppy seed oil. m cumarone resin varnishes, 181 
—, oxidation of, 1225 
—, polymerization with zinc oxide, 1227 
Poroelam, gildmg agent for, 1200 
Porcelain-like material, from sulphur and ohloro- 
naphthalene, 1104 
from urea resins, 899 

Porosity, of phenol-resin impregnations, 486, 487 
of varnishes, tests for, 1877 
Porous bearinM, preparation of, 487 
Porous materials, coating with ehlororubber, 1123 
—, from phenol resins, 4l7, 488 
—, from urea resins, 896 
Portland cement, in cumarone resin paint, 129 
—, in molded iniralation, 986 
—, in phenol-aldehyde adhesive, 487 
—, in road-makixtf composition, 199 
sulphur in, nW 

Positioning rods, in molding, 1826 
Positive molds, operatioa of, 1294 
—, measuring ^args for,. 

Posters, backed with resms, 1248 
Potassium, catalyst, polymcriiatkm of dienes, 182 
—, —, — ethylene oxide, 999 
—, reaction with isoprene sulpl^e, 172 ., , , 

Potassium acetate, catalyst, kstens-bensald^ds 
reactiont 884 

nltrobsnialdehyds-furfural rsaetion, 884 
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Potassium add oxalate, buffer, dimethylolurea 
polymerisatioii, 614 
catalyst, urea-aldehyde reaction, 569 
—f —• glycerol-dimethylolurea reaction, 669 
Potassium add sulphide, reaction with olefin 
halides, 1170 

Potassium add tartrate, catalyst, urea-aldehyde 
reaction, 689 

, in marble-like resins, 468 
Potassium adipate, reaction with ethylene di- 
bromide,' 892 

Potassium alkyl amidines, resins from. 731 
Potasdum alloys, catalysts, for polymerisation of 
M-dienes, 183 

Potassium amide, reaction with furine, 520 
—, ~ vinyiacetylene, 151 

Potassium bicarbonate, in rubber chlorination, 1111 
—, catalyst, polymerisation of l-nitro-l-propene, 
726 

Potassium bisulphate, condensing agent, phenol- 
alddiyde redn, 290 

reaction with ngaiol and carbon dioxide, 560 
Potassium bromide, catalyst, phenol-aldehyde re¬ 
action, 359, 869 
use of, dispersing agent, 675 
Potassium carbonate, catalyst, acetone-aldehyde 
reaction, 543, 544 

—, —, phenol-aldehyde reaction, 279, 281, 290, 343, 
382, 415, 528, 529 

, phwol-glycefol reaction, 313 
phenol-sulphur reaction, 1190 
polymerisation of acrolein, 501 

— lactic acid lactide, 1001 
-- a-n-propyl-5-valerolactone, 1001 

— trimethylene carbonate, 870 
, urea-furfural reaction, 670 

, modifier, phenol-aldehyde resins, 438 
Potassium chlorate, catalyst, furylethylene poly¬ 
merisation, 522 

—, —. oxidation of acetaldehyde resin, 492 
—, filler, phenol-aldehyde resin, 460 
Potassium chloride, accelerator, gelatinisation of 
urea-formaldehyde rosins, 597 
Potassium chloride-cuprous chloride solution, cata¬ 
lyst, acetylene polymerisation, 147 
Potassium cvanide, action on di(bromoethyl)- 
bensoic acid, 1156 

, catalyst, for phenol-formaldehyde reaction, 281, 
343, 345 

—, —, condensation of 3,3,4,4-tetraphenylcycIobu- 
tane-l,2-dione, 553 

Potassium dichromate, action on sulphite waste 
liquor, 754 
—, — turpentine, 781 
—, as dritf, 787 

Potassium farrieyanide, action on phenol, 270 
Potassium ferroeyamde, catalyst, phenol-formalde¬ 
hyde reaction, 356 

—, effect on resinification of isoeuf:enol, 262 
Potassium hexachlorostannate, action on phenol- 
sulphur resins, 1192 

Potassium hydroxide, action on anise oil, 1353 
, — ethylene dichloride, 1085 
' natural oils, 1253 
’ 1,2,2,3,4-p6ntachlorobutane, 160 
, — polyvinyl bromide, 1041 
catalyst, acetald^yde resinification. 490 
, acetone-aldehyde reaction. 544, 547 
, acetophenone-formaldehyde reaction, 557 
, alfylation of phenols, 411 
, aniline-formaldehyde reaction, 697 
, condensation of acetaldehyde, 491 
, — acetylpyrroles, 740 

, — cydohexenylaoetone, 560 ^ 

, —' cuacetone alcohol, 549 
, — 3,8, 4,4 -tetraphenyleyelobutane -1,3 - dione. 


553 


eydohexanone oondenaatioAf 558 
cyciohexanone-oyclohoxanQl reaction, 558 
formalde^de-cyclohexanol reaction, 877 
pheM-iOiBhyde reaeOnb* 891, 340, 368, 498, 

fMiiyiiierisatloii of aerpteln, 509 
— {-met^Ut-indone. 556 . 
pMpyisbe oxide, 961 


Potassium hydroxide, catalyst, pyruvic acid- 
benialdehyde reaction, 542 
—, —, thiourea-trioxymethylene reaction, 594, 658 
—, urea-furfural reaction, 670 

—, effect on polymerisation of phenylaoetylene, 102 
—, modifier, phenol-aldehyde resins, 438 
—, reaction with ohloroacetone, 542 
—, — rubber hydrochloride, 1116 
—, use in alkyd resin emulufication, 946 
—, — in stabilising chlororubber, 1111 , 1112 
Potassium hydroxide solution, solvent for phenol- 
aldehyde resins, 319 

Potassium iodide, removal of cloudiness by, 597 
Potassium nitrate, in absorption tests, 1344 
Potassium nitromethane, reaction with diasotised 
amline, 784 

Potassium oleate, use of, 355 
Potassium oxide, modifier, phenol-alddiyde resins, 
438 

Potassium palmitate, use of, 355 
Potassium pentasulphide, reaction with ethyl bro¬ 
mide, 1170 

Potassium permanganate, catalyst, phenol-formal¬ 
dehyde reaction, 348 
—, effect on polyisobutylene, 166 
—, oxidation of rubber by, 1093 
—, reaction with o-nitrobenzylmalonate, 725 
—, — indene, 98 

—, use of, purifying benzene, 121 
—, —, — resins, 336 

Potassium persulphate, effect on chloroprene-rub- 
ber latex. 157, 158 

—, oxidation of 3-hydroxybenzoic acid bv, 375 
Potassium phenate, reaction with monochloro- 
dimethyl ether, 280 

Potassium phosphate, hardening agent, urea- 
thiourea resins, 657 

Potassium pyrosulphate, dehydrating agent, 5 - 
methylketobutanol, 550 
Potassium resinate, from rosin, 770 
—, use of, 355 

Potassium salts, of symmetrical trihalogenated 
phenols, decomposition of, 379 
Potassium stearate, use of, 355 
Potassium succinate, reaction with vinyl chloride. 
1019 

Potassium sulphate, accelerator, gelatinization of 
urea-formaldehyde resins, 597 
Potassium sulphide, reaction with ethylene di- 
chloride, 1169 

Potassium tetroxalate, hardening agent, thiourea 
resins, 654 

Potassium ^ thiocyanate, aeoderator, gelatinization 
of urea-formalddiyde redns, 597 
oils resinified by, 229 
Potassium urea, preparation of, 571 
Potassium zincate, resin purification with, 337 
Potato flour, infusible products from, 760 
Potentiometers, carbonized phenol resin in, 488 
Potentiometnc titration, acid numbers by, 1260 
Pots, for centnfugal apparatus, from rubba*. 1248 
Pour point, of lubricating oil, improving, 

Powder distempers, from urea redn, 631 
Powdered charcoal, filler for phenol-aldehyde ^ 
resin, 461 

Powdered fillers, use of, 1275 
Powdered metals, filler for phenol-aldehyde resin, 
862 


—, — sulphur castmgs, 1166 
Powdered molding material, advantages of, 1320, 
1321 

—, preparation of, 1328 
use of, 1321 

Powdered stone, filler for phenol-aldehyde resin. 


Powders, granulation of, 1319 
molding of, 1296, 18M 
Power-aremg, tests for, 1847 
Power factor, determination of, 1364, 1843, 1849, 
1350, 1875 

of alkyd-cemented mica, 982 
-r, variation with temperature, 1846 
Po-^mak oi), botgnioal source of, 861 
Pl;^itate, frm aoetaldehyde-phonol main aolu- 
tions^ extracticMi of. 288 
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Precipitated soaps, 784 

Precipitation, in varnishes, 20 , 35 

—, of phenol-aldehyde resins, from hydrocaibon 

oils, 362 

—, of resins, by acidification, 320, 321, 457 
—, of rosin b 3 r aluminum salts, 771 
, of urea resins, 635 
—, of wood resins, 749 

—, purification of phenol-aldehyde resins by, 337 
Procuring, effect on molding properties, 612 
Preforming, use of, 1317, 1318, 1310 
—, volume reduction in, 1318 
Preforming presses, types of, 1319 
Preforms, adapting to inserts, 1319 
—, advantages of, 1821 
—, ball-shaped, use of, 1319, 1321, 1332 
—, preheating of, 1321, 1322 
—, shapes of, 1318 

Preheater, use in continuous resin production, 334 
Preheating, of molding material, 1321, 1322 
Premature polymerisation, of urea resins, 619 
Preservation, of methyl rubber, 178 
Preservative coating, cumarone resin in, 141 
Preservative composition, 732 
Preservatives, termite repellent, for test panels, 
1868 

Pressboard, from copal, 470 
—, from shellac, 470 
—, impregnation with resins, 5245 
—, laminated, preparation of, 1282 
—, oil-treated, dielectric strength of. 1348 
phenol resins in, 470, 471 
—, surfaced with synthetic icdn, 1245, 1246 
Presses, angle, construction of, 1307 
—, arbor, for opening molds, 1321 
automatic, operation of, 1312 
—, coohn^, use of, 1328, 1329 
—, for injection molding, 1325 
—, for sound r^rds, 1337 
—, hydraulic pressure systems for, 1308 
—, inverted-ram type, 1305 
—, mechanical power, 1311 
—, methods of opening, 1305 
—, multiple-platen, operation of, 1306 
—preforming, types of, 1319 
—, reoordmg instruments for, 1312 
tilting-head, operation of, 1307 
—, timing mechamsm of, 1812 
Pressure, effect on cracking, 222 

— formald^yde-aryloxyaliphatio acid reaction, 

875 


—, — gelation of oils, 975 
—, — hydrogenation of esters, 807 
—, — phenol alcohol resms, 287 
—, — phenol-aldehyde resin formation, 317, 335, 
361, 365, 870 

—, — phenol-aldehyde resins, 285, 346 
—^ — phenol-formaldehyde-tung oil reaction, 403 
^ polycyclopentadiene formation, 188 
—, — polymerisation, 49 
—,-of indene, 104 

— polymerisation temperature, 104 
—I — pol^inyl alcohol, 1056 

—, — reactions, 760 
—, — resin solidification, 845 
—, — sticking of moldings, 1327 
—, — vinyl acetate, 184 

for phenolic resin molding, 463, 464 , 465, 470 
—, for polystyrene molding, 249 
—, in hydiogenation of rosin, 769 
—, molding, for reactive resins, 1319 

use in acetylene-pmpylene rf otion, m 
—, — alkyd resin production, 982, 933 

— ethyl abietate preparation, 798 

— formaldehyde-o-ethoxybensoio acid condensa¬ 


tion, 874 . . iw- 

—, — hardening of rosin, 776 

--hySS^ttlo *cid.»<»told*yde reaction, 

874 

^ oondeneation, 


m 


mddatkm of ottgrl .^yhok* ?,, 
poiymeritation of butadiene, JW 


Pressure, use m polymerization of butadienol 
esters, 152 

-of chloroprene, 156 

—.-of cumarone, 117, 118 

-of dicyclopentadiene, 188 

,-of isoprene, 176 

—,-of olefins, 184, 185 

—»-of styrene, 184, 240, 248, 246 

—, — pyrolysis of polystyrene, 232 
—, — rosin ester formation, 793, 797 
—— rubber chlonnation, 1110 ^ 1111 , 1116 
—, — urea-formaldehyde reaction, 663 
—, — urea manufacture, 567 
Pressure vessel, for styrene polymerisation, 246 
Prevention, of molding difficulties, 1326, 1327, 1328 
Pre-vulcanization, of rubber, 985 
Primary amines, reaction with carbon disulphide 
and aldehydes, 1197 

Primary aromatic amines, oils polymerized with, 
1219 

Primary valence, and gelation. 39 
Priming coats, for test panels, 1368 
—, alkyd resins m, 967, 969, 

—, from Bulphunz^ blown linseed oii, 1207 
Primuhne, preparation of, 1196 
sulphonation of, 1196 

Principle of conformation in plasticity, 33 
Printer's rollers, from aniline-formaldehyde resins, 
691 

f^rinting, of floor covermg, 984 
—, of oilcloth, 136 

—, photomechanical, use of resin coatings, 1251 
Printing blankets, chlororubber in, 1128 
—, ream coated, 1246 
—. rubber-impregnated, 1246 

Printing blocks, use of phenol-formaldehyde resin 
in, 348 

Printing colors, composition of, 962 
—from tar, 273 

Pnntmg compositions, use of aldehyde-ammonla- 
urea resms, 684 
—, — polyvinyl acetals, 1061 
— urea-alcohol reams, 665 
—, — urea-ketone resins, 665 
Prmtmg enamel, drying alkyd resins in, 979 
Pnntmg ink alkyd resins m, 962, 979, 1079 
—, composition of, 827 
—, cumarone ream in, 123, 139 
—, ester gum in, 826 

—, from distillation residues of ricinoleic acid, 


—, from tall oil, 755 
—, from terpenes, 781 
—, metallic soaps in, 790 
—, oxidizing Rezyls in, 956, 973 
, polj/hydrio alcohol ester of 9,11-octadecadiene- 
1-carboxyUo acid in, 962 

Printmg-matnces, phenol-aldehyde moldings, 459 
Printing plates, construction of, 1297 
—, furiural resin in, 530, 588 
—, molding of, 464 

Prmtmg rolls, use of alkyd lesins in, 969 
Prmting surfaces, use of phenol-resin veneer, 477 
Pnnt-resistant films, formation of, 924 
Pnsms, from poljrstyrene, 252 
|9,ff(4,4'-dihydroxy-8,3' -dimethyldiphenyl) Propane, 
reaction with formaldehyde, 410 
Propane-1,2-dioi, condensation with phthalio anhy- 
dnde, 8 W , , . . . 

Propargylphenyl ethers, msthyl-substituted, poly¬ 
merization of, 162 

p-PropcnylanisoIe, oxidation of, 725 
Propenylbensene, polymerisation of, 258 
Propionaldehyde, leaetipn with amines, 707 
—, — mfMQOchlorourea, 574 
—, solvent for polyvinyl acetate, 1025 
Propionic acid, ct^ensing agent, urea and for- 
maldehjrde, 610 s ^ 

-, solvent for polyvinyl aceUte, 1025 ^ ^ 

Proijionylaoetone, reaction with salkylic aidcliydc» 

Propyl acrylate, polymariaation of, 1078 
Propyl alcohol, uae of, 389 , ^ 

n-PEOpylaminc, catalyist, for cresol oondensatton* 

847 
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n>Propylaniline 


il'Propylanilinei condensation with formaldehyde, 
087 

Propylbenaene, reaetion with iaoprene, 198 
r^n from, 268 

Pkopylene, reaction with bensene, 884 
—, — carbaaole, 744 
—, — cyclohexane, 194 
—, — sulphur dioxide, 107 

— sulphur znonochloride, 1179 
styrene from, 254 

use in imlishinfl: wax, 194 
Pi^ylene chlorohydrin, reaction with aniline and 
phenol, 1188 

reaction with sodium carbonate, 886 
rosin esters with, 797 

Propylene glycol, reaction with ethyl oxalate, 871 

— phenols, 898 

—, — phthalio anhydride, 898 
in allord resins, 907 

1,2-Propyrene glycol carbonate, preparation of, 886 
Propylene glycol-glyoerol-glucoBe, glasses from. 27 
Propylene ^col monoacetate, rosin esters with, 801 
Propylene oxide, esterifying agent, for shellac, 813 
—, fractionation of pol)rmer8 of, 991 
—, poi3rmerisatioD of, 991 

tetramer, preparation of, 991 
, triether, preparation of, 991 
Propylene oi^ate, polymerisation of, 885 
—, reaction with pentaerythritol, 899 
Propylene sulphide, 1169 
Propyl iodide, use m alk^d resins, 950 
n-I^pyl-isopropyl sulphide, reaction with cyano¬ 
gen bromide, 1179 
—, resinilication of, 1179 
n-Propyl isourea, preparation of, 671 
n-Propyl phenyl ketone phenylhydrasone, con¬ 
densation of, 555 

a-tt-Propyl-8-valerolactone, polymerisation of, 1001 
n*Propylvinylcarbinol hydrogen phthalate, alkaloid 
salts of. 745 

Propime, polymerisation of, 161 
Protective agents, for decorated phenol-resin mold¬ 
ing, 4M 

Protective coatings, alkyd resins in, 959 
—, sulphur compositiona, 1166 
Protective colloid, lactic anhydride as, 1004 
Protective colloids, from urea resin, 649 
—, m linseed oil, 86 
in paints, 35 


—, use of, 824 

Pi^tective films, of rubber, 1091 
Proteins, compared with urea resin, 587 
—, films of, 41 

hydrolysis of, 68, 69 
—, in crude rubber, 1087 
—, modifiers, urea-aldehyde resins, 078, 679, 688 
—, phenol-fonnaldehyde resins, 414, 415, 416, 

417, 418 

—, molecular weights of, 67, 68 
musde, nature of, 68 
—, nature of hydrols^ic products, 66 
—, polyacrylio add as analogue for, 1069 
solubility of, 298, 414 
—, Structure of, 56, 66 
use in alky<f resins, 644 
—, — bonding rubber to supports, 1247 
—, gals envelopes, 1247, m 

variations of molecular weights in, 67 
—, x-ray studies of, 70 
Pt^berberioium chloride, resins from, 745 
Prussian bhis, irigment in chlororubber paint, 1120 
Pseudaconine, resins from, 745 
Pseudaconitine, resins from. 745 
S^PssttdocUQ^laostone, condensation, 555 
PiMudo-ptasm. ngture of, 84, 85 ^ 

Pidefooe, reaction with o^gen, 558 

Pttlpt inuMegnation with aniline-formaldeliyde 


748, 7^, m, 718, 784 
board., fMittAiinprstnated, use. 1246 
IBhm tnaitttfiietavs, resinous by-products, 758^-* 


Piunioe stone, catalyst, polymerisation, 226 
Pumps, centrifugal,, use of, 1809 
, for hydraulic presses, 1308 
Purification, alcohols, contaminated with alde¬ 
hydes, 698 

—, of coal tar fractions, 860, 861 
—, of coal-tar naphtha, 114 
—, of phenol, with sodium bisulphate, 336 
—. of phenol-aldehyde resins, use of fillers, 296, 335, 
386, 887, 838, 839 
of resins, 835, 386, 887 
—, of rosin, 765-767. 768 
—, of shellac. 28, 24 

—, of p-toluenesulphonamide-formaldehyde resin, 
714 

—, of urea, 567 

—/ of water, polyhydric phenol-formaldehyde res¬ 
ins in, 311 

—phenol-aldehyde resins, 427 
Pyranhydrone, from 7 -methylenepyran and 2,6- 
diphenyl-4-methylpyrilUum, 561 
—, resinincation, 561 
Pyrasolealdehydes, resins from, 787 
Pyrethnim emulsion, triethaiiolainine abietate os 
emulsifying agent, 829 
Pyridine, as homogenizing agent, 970 
—, catalyst, condensation, urea and formaldehvde, 
590 

—, —, oresol condensation, 847 
—, —, formation of acetaldehyde resin, 490 
—, —, lignm-furfural condensation, 748 
—, —, phenol-alcohol resins, 332 
—, —, phenol-aldehyde condensation, 345, 347, 362 
—, —, phenol-carbohydrate resins, 759 
—, —, phenol-ketone resin formation, 388 
—. —. polynwization, p-nitrophenylcarbamide, 727 
—> polyvinyl-alcohol alkylation, 1060 
—, —, reaction of phenols with unsaturated alde¬ 
hydes, 398 

—, —, tar fraction condensation, 347 
, —, with copper halides, 1139 
—, condensation with ketene, 554 
—, dehydrogenation, 737 

—, effect on furfural-acid amide condensation. 535 
—, — rubber hydrochloride, 1112 
—, estenfication of cherry gum with, 814 
—, from ammonia and ald^ydes, 686 
—, in esterification of cOrk meal, 750 
—, oxidation, 787 

—, reaction with bensoyl peroxide, 737 
—, — lignite, 274 

—, — methylacetylene oarboxylate, 850 
—, — polyvinyl chloroacetate, 1034 
—, — rubber hydrochloride, 1116 
—, — thionyl chloride and furyl alcohol, 520 
—, reduction, nascent hydrogen, 737 
—, resins from, 787 

—, solvent, acetylene-carbon monoxide reaction, 
101 

, —, for vinyl glycolate, 1057 
Pyridine compounds, removal from coal-tar naph¬ 
tha, 107, 108 

Pyridine hydrobromide, catalyst, formation of 
metaldebyde from acetaldehyde. 489 
Pyridine hydrochlorides, styrene from chloroethyl- 
benxene witl^ 252 

Pyridine-modined phenol-aldehyde resin, use in 
dyeing, 425. 420 

Pyndine perborate, catalyst, formation of metal- 
dehyde from acetaldehyde, 489 
PyridiDce, halogenated, catalysts, > formation of. 

meialddbyde from acetaldehyde, 489 
Pyrillium compounds, from aromatic ketones and 
ethers, 560 

Pyroabietio add, esterification of phenol-alcohols 
with, 390 

Pyroborio acetate, ai anaolvo add, 194 
Pyrocateohol, condensation with formaldehyde, 371 
—, use, hardening phenol-aldehyde reatna, 372 
polymeriaation of l|l-dienee, 180 
Pyrooatechol ethera« rethii from, 714 
P^ocgtechol-formaldehydc r«^, In water pui^ca- 
tinn, 811 

Pyrbcatechol-furfrtral reaction, redn from, IH 
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P 3 ^atMhplmo^oac«tlc acid, condeiwation with 
fonnaldehyde, 37ft 

PswgalUc add, action of air on alkaline solution 

—, reaction with aldehyde -ammonia, 278 
Pyrogallol, anticatalyst, polymerization of sul- 
phones, 1178 
—, antiseptic from, 277 
—bromination of, 1154 
—, oondensation with diphenylformamidine, 3&5 
—, —* paraform, 372 

—, effect on chloroprene polymerization, 156 
—, ^Ivceride oils modified with, 1227 
—, inhibitor, polymerization of styrene, 242 
—, modifier, urea-aldehyde resms, 874 
—, oxidation inhibitor, 501 
—, reaction with acetylene, 383 
—, — bcnsaldehyde, 277, 278 
—, — crotonald^yde, 392 
—— formaldehyde, 279, 280, 371 
—, syntan from, 419 

Pyrogallol-bensotnchlonde condensation, 1135 
Pyrogallol dimethyl ether, condensation with tiglic 
aldehyde and guaiacol, ream from, 280 
Pyrogallol-furfural reaction, resin from, 525 
P5rroMllol-parafoim condensation, use irum 
arable, 372 


Pyrogenous dissociation, of aromatic hydroc^Xr- 
bons, 270 

Pyroligneous acid, absorption ot vapors, 751 
—, composition of, 751 
—, dyes from, 761 
—, methyl alcohol from, 75? 

—, reaction with phenols, 751 
—, resins from, 751 
—, sodium acetate from, 751 
Pyrolusite, pigment, 1276 
Pyrolysis, ot aldehyde reams, 1068 
—, of cumarin, 94 
~, of chloroethylbenzene. 252 
—, of 1,3,5-dimethylethylbenzene, 263 
—, of ethylbenzene, styrene trom, 242, 253, 254 
—, of ethylnaphthalone, 254 
—, of natural gas, 96 
—, of olefins, 164 
—, of polystyrene, 232 
—, of vinyl resms, 1068 
—, of xylene, styrene from, 253 
Pyrolytic products, of acetylene, 256 
—, of acrylic acid, 1072 
of styrene, 232 

Pyromuoic acid, modifier, phenol-aldehyde resins, 


Pyrones, catalyst, formaldehyde polymerization, 612 
IVrotechnics, metallic soaps in, 791 
Pyroxylin, as adhesive, 989 
—, in coating compositions, 663, 965 
—, incorporated with nitro resins, 729 
—, m rubber ooatmg composition, 1092 
ketone resins, coating compositions, 549 
—, use with vmylethinylcarbinol polymer, 151 
Pyroxylin lacquers, curaarone resin as substitute 
for, 129 , 

—, destructively-distilled castor oil condensation 


product in, 826 

—, ester gum m, 826 . i • / 

Pyroxylin plastic compositions, non-discolormg, ei- 
fect of alkyd reams, 977 
Pyroxylin plastics, production of, 12 
Pyroxylm-resin mixtures, solvents for, 31 
Pyrrole, condensation with acetaldehyde, 741 
—, — acetone, 541 
—, aniline, 741 

— formaldrfiyde, 741 

— methylcydohexanones, 741 
—, — methylethirl ketone, 741 
—, o-naphthylamine, 741 

—, oxalyl chloride, 742 

— phenylethyl ketone, 741 
—, oxidation, resin formation, 

reaction with fonnlo acid, 740 

— hydrochloric add, 740 

*** anhydride, 847 

Wp-trlpheiiyUnithyl. 847 


740 


Pyrrole, tripyrrole from, 740 
Pyrrole blacks. 740 

Pynrole-N-carboxylic acid, resinification, 740 
Pyrrole denvatives, condensation with aromatic 
aldehydes, 741 

Pyrrole-2,6-dipropionio acid, formation of, 847, 848 
Pyrrole-a-ketomethylcarbinol, resmification by, 
hydnodic aad, 742 
Pyrrole red, from pyrrole, 740 
Pyrrole resm, light sensitivity of, 530 
Pyrrolidine, condensation with formaldehyde, 741 
I.2-PyrroIiclone-5-carboxyaniIide, preparation, 690 
Pyrrohndmomethyl alcohol preparation, 741 
Pyruvic acid, condensation with anilme, 690 
—, — benzaldehyde, 542 
—, — formaldehyde, 642 
—, Dobner’s reaction, 690 

irom /3-bromoacryho aad, 1080 
—, polymeiization, 542 

—, sodium salt, leaction with hydrogen, 542 
Q 

Quantitative tests, for resins, 1260 
Quartz, powdered, aqueous suspensions of, 32 
use of, 450, 477, 960 
use in chlororubber paint, 1125 
Quartz lamps, discoloration tests with, 1378 
—, transformation of isoprene sulphone with light 
from, 172 

Quebrachamme, resins from, 746 
Quebrachitol, estenfying agent, 1233 
—, use with alkyd reams, 924 
Quebracotannm-formaldehyde resin, for water pur¬ 
ification, 311 

Quick-drying paints, 973 
— varnishes, 1365 

Quicklime, use in chloi mated rubb<ir paints, 1125 
—, catalyst, for rosih esterification, 794 
—, —, phenol-formaldehyde reaction, 281, 848 
Quxnme, reaction with carbon suboxide, 1015 
reaction with polyacrylic acicC 1072 
Qumme sulphate, gels from, 38 
Qumme-amme denvatives, resmification of, 745 
Qumine-amme phthalate, lesms from, 1254 
Qumoidal nature, of maleic anhydride, 881 
Qumol, bromination of, 1154 
—, condensation with formaldehyde, 871 
—, modifier, urea-aldehyde reams, 674 , 

oxidation inhibitor, 501 

Qumoline, condensation with epichlorohydrin, 739 
—, reaction with barium oxide, 739 
—, reaction with lignite, 275 
—, reduction, resin fonnation, 739 
Qumohne- 7 -carboxylic acids, from pyruvic acid. 
690 

Quinoline-sulphur system, 1160 
^-2-Qumolylpropane-o-7-diol, alkyd resins from, 
904 

Qujnone, from acetylene and carbon monoxide, 161 

—, from phenanthrene, 269 

—, reaction with ammonia, 661 

Quinone immes, polymenaation, 739 

Qumones, as haidenmg agents, 858 

—, effect on chloroprene polymerization, 156 

—, polynuclear, 1140 

—, reaction with cyclopentadiene, 830, 881 

—, reaction with diazomethane, 832 

—, reaction with methyleneanthrone, 884 

ijmnotoxineoxime, resimfication of, 745 

R 


, 1313 


Ladio cabinets, molding of, 1267, 1300, 1332 
ladio parts, from rubbtr, 1098 
Ladio transformers, mounting of, 

Ladio-tube bases, moldmg, 1382 , j 

Ladium emanations, effect on phenol-aldehyoe 
reams, 434, 438 , ^ 

Ladon, use in acetylene polymerization, 144 
Lag filler, phenol-aldehyde resins, 365 
LaUroad ties, impregnants for. 1155 
Laman spectra, polystyrene, 233, .233 
silieio acid esters, 1236 
:amie, study of, by Spierer lens,. 64. 
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Ramified chain structure, urea resin, 5fil, 583 
Rancidification of oils, prevention of. 909 
Rapeseed oil, combination with olefin-sulphides, 
1171 

reaction with acetone, 541 
—, with chlororubber, 1124 
Rapeseed oil acids, lacquer substitutes from, 803 
—, U8e in alkyd resips* 984 
Rare earths, oxidation catalysts, 497 
Rate of absorption in laminated materials, 1343 
Rate of condensation, of phenols, 847 
Rate of polymerisation, of acrylic acid, 1071 
—, cumarone, 118 
—, ethylene oxide, 991 
—, itaconic acid esters, 1085 
—, styrene, 235 

Rayon, dyeing, use of cellulose-modified syntans, 
421, 422 

resins incorporated, 548, 639 
a-Rays, effect on olefins, 164, 165 
—, effect on vinylacetylene, 140 
—, polmerisation of acetylene, 144 
7 “lUy 8 , polymerisation of acetylene, 144 
Reaction control, in continuous processes, 334 
—, m one-stage wet process for resins, 322 
Reaction rate, rosin esterification, 704, 795 
Reaction-time, effect in acetylene polymerisation, 
145 

effect of hydrog^ ion concentration, 612 
effect on polymers of allyl dnnamate, 1088 
Reactivity of phenols, effect of substituents on, 366, 
367 

—, order of, 347 

RMirangement of eleostearic acid, 858 
Reciprocating pumps for hydraulic press, 1308 
Recording instruments on presses, 1312 
Recovery of glycerol, 994 
Recovery of resins from waste liquor, 754 
—, from wood,* 74fr 

R^uciiig agents, use in polymerisation of 1,3- 
dienes, 180, 181 

Reduction^ bensene, resin formation in, 268 
—, |SI,/2,-dihydroxydinaphthylmethane, 270 
—, mdene, 97 

—, vinylacetylene poisoners, 160 
R^uctone, polymerization, 519 
Reeds, impregnated, artificial wood, 1245 
Refining, chloronaphthalene waxes, 1152 
cdal-tar fraction^ 108, 361 
—, lubricating oils, 227 
—, naphtha, 237 
—, phenols, 819 

vapor-phase, cracked qasoline, 226 
Refining residues, polymensation of, 227, 228 
Refraction, polystyrene solutions, 233 
Refractive index, phenol-formaldehyde resin, 312 
in polsonerization studies, 50, 312 


phthalate resins, 957 
—, polymerised indene, 108 
pol^yrene, 236 
-, resina, 1258p 1262 

R^ractory articles, from synthetic resins, 1250 
Refractory materials, cold molded, 1317 
Refrigeration, in rosin purification, 768 
Refrigerator lining, all^d resins in, 964 
Relented cellulose, Arodor resins in, 1150 
Re^erated cellulose films, effect of suiphonamtde- 
aldehyde resin, on 721 
Reimer-Tiemann reaction, velocity of, 366 
formation of resin, 299 

**Retoforced** oil, from vegetable drying oil, 1233 
Reinforcement for ceramic articles, urea-aldeliyde 
redo, 685 

Rmects, remolding of, 1133 

R^tionshsps, among alkyd resins, 

R^^ve ku^^i^^j|^Mting laminated materials, 

Relative determination of, 74 

rdatlon to d^eeific, 74 ' 

R4^ pfittti from vinjd redM, Sfi53 
Rcm^&t of fiadi, mt/m 

Re«& moiains of, 1125 
of 1304 


Resene, influence in rosin, 764, 765 
—, separation from rosin, 766 
Residues, glycerol distillation, 994 
—, waste liquor fermentation, 754 
Resin acids, from waste liquor, 758 
—, in tall oil, 755 

modifiers, phenol-aldehyde resins, 487 
—, reaction with hydroxyalkyl esters of drying 
oil acids, 803 

—, — phenol compounds, 798 
—, — ricinoleic acid, 803 
Resinamines, character of, 276 
Resinate driers, action of, 784, 976 
Resmates, amino alcohols, • 827 
—, from waste liruor, 753 
—, in limed rosin, 771, 788 
, reaction with glycerol, 794 
—, stabilizers, vinyl resins, 1048 
Kesinenes, character of, 275 
—, mellitic acid from, 276 

Resin esters, modifiers, phenol-aldehyde resins, 
397, 400 

—, reaction with boron tnfluoride, 804 
—, use in carbon paper, 827 
—, use in cellulose lacquers, 822 
—, use in solubilizing pitches, 1251 
Resm formation, condensation, 862 
—, nature of, 42, 44 
—, use of molecular still in, 872 
Resm glycerides, from lixiseed oil with metallic 
resmates, 803 

—, use in tung oil coatings, 1216 
Resmic acids, action of sulphonio acid chlorides 
on, 1206 

—, reaction with aromatic sulphonylchlorides, 723 
—, reaction with drying oil acids, 803 
Resmification, control of, by modifying agents, 
10 

—, formation of solid solutions in, 44 
physical aspects of, 43, 44 
Resm-nitrocellulose films, properties of, 822 , 826 
Resmogen, definition of, 45 
Resmoic acid, properties of, 276 
Resmoids, definition of, 14, 291 
—, structure of, 291 
Resin oils, plasticizers, polystyrene, 247 
Resmolio acids, definition of, 1007 
—, chlorination of, 1006 
Resmols, phenolic, from tar, 275 
—, properties of, 276 
—, shellac substitutes from, 1139 
Resinophore groups, 45, 562 
Resmotannol esters, composition of, 1193 
Resinotannol-formaldehyde resins, 700 
Resinous state, nature of, 27 
Resin production, contmuous processes for, 334, 
335 

Resin-pyroxylin mixtures, choice of solvents for, 
39 

Resins, acid numbers, 1266, 1260 
—, analogies to rubber, 62 
—, analytical methods, 1256 
—, ash tests, 1261 
—, by three-stage condensation, 358 
—, classification of, 14 

colloidal phenomena in, 36-41, 1268 
, colloidal solutions, stabilising of, 1351 
color tests, 1259, 1262 
, convertible by heat, nature of, 863 
decoration of, 1333, 1384 
—, definition of, 11, 12 
—, density determinations, 1358, 1262 
—, differentiation of natural from synthetic, 310 
—, double refraction. 1262 
electrical propertiee, 1265 
eleotrioal tests, 1256, 1264, 1266 
extrusion of, 1333 
—, Ihioreioenoe, 12tt 
foasil, 18, 19 
—, hardnees of, 60, 61 

heat*hardening ffi siiit, 1245 
—, ideatifioation methods, 1256 
ia photography, 741 
liquid, uaa ae adhaeiv«B> 1246 
rr, meltiag pointe, 1861, 1364 
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RflBins, a-mesomorphic state, 62 
metallic coatings on, 1251 
—, natural, see natural resins 
—, nature of, 63 

noU’Convertible by heat, 863 
~, optical properties, 1262 
—, physical tests, 1256, 1264 
—, plasticisers, chlororubber, 1119, 1123 
—, purification by adsorption, 336 
—, quantitative tests, 1260 
—, refractive index, 1258, 1262 
—, relation to glass, 29 
—, relation to rubber-hke substances, 1087 
—, saponifiable, use with cumarone resin, 139 
~, saponification numbers, 1260 
—, softening interval in, 29 
—, softening points, 1283, 1264 
—, solubility tests, 1261 
—, structure of, 83 , 34 , 63 
—, S3rnthetic, miscellaneous uses for, 1243-1251 
—, temperature effects, 1263 
—, thermosetting, fiow of, 1329 
, transparency to ultraviolet, 1263 
—, viscosity, 1264 
—, x-ray study, 78, 79, 1263 
R^in samples, purification, 1258 
Resm scrap, recovery, 629 
Resm soaps, from wood, 753 
Resm varnishes, comparison with cellulose lacquers, 
832 

Resistance, Aroclor varnishes, 1146 
—, electrical, of synthetic resins, 476, 367, 868, 
1250 

—, water, of phenol-carbohydrate lesins, 760 
Resistance wires, imbedded lu molding, 1334 
Resistivity, electrical, tests for, 1350 
—, varnishes, effect of humidity, 1374, 1375 
—, varnishes, tests for, 1373-1375 
Resists, from polyvmyl alcohol, 1057 
Resiles, branched-chain macroinolecules, 307 
—, condensation with dihydroxybiphenyl, 408 
—, conversion of resitoU to, 444 
—, definition of. 315 
Uesilois, couveibion to lesites, 444 
. definition of, 307, 315 
Resoglas, polystyrene, 232 . 961, 1119 
Resoline, preparation of, 1223 
Resols, composition of, 307 

condensation with tung oil, 405 
—, conversion to resitols, 444 
—, definition of, 306, 315 
—, spirit-varnishes from, 443, 444 
Resolving agents, use of alkyd resins as, 907 
Resonio acid from tars, 275 
Resorcinol, action on chitin acetate, 1255 
—, antis^tic from, 277 
—, color reactions, 1259 
—, condensation with castor oil, 406 

— cyclohexanone, 560 ... 

— 2,7-N-diacetyldiaminodiphenic anhydride, 
732 

—, — paraformaldehyde, 371, 373, 405 
—, — paraldehyde, tung oil monoglywnde, 405 
—, effect in phenol-aldehyde resins, 373 
—, esterification with copals, 810 
—, in purification of rosin, 768 
—, molded products frora» 

—, reaction with acetaldehyde, 278 
—, — acetone, 373, 387 
—, •— acetylene, 256, ^ 

—, — bensaldehyde, 277, 278 

chlonu,.!. 

—, — crotonaldehyde, 3M 
—, — diphenio anhydride, 891 
—, — diphenylfonnamidme, 394 

z; z 

zzsssa,a,.« 

— Unseed 98 A 

—, — monoohlorodto^yl ^ 

— p-nitiobenmjdi^de. 383 
—, — olefin dihaUdes, 419 

—, —. phenol aioohols, 419 


Rigid 

Resorcinol, reaction with phthalic anhydride, 957, 

—, — unsaturated ketones, 390 
—, — urea and aldehydes, * 677 
—, resmification with carbon dioxide, 374 
syntan from, 419 

—, use m polymerization of dienes, 180 
Resoremol-acetone resin, lignite-extract-modified,. 
427 

—, preparation, 373, 387 
Resoremol alcohols, isolation, 371 
Resoremol-aldehyde resins, molding of, 373, 1320 
R^rcinol-benzaldehyde resm, preparation, 277, 

—, resm, tanning agent, 419 
Resoremol-ciesol mixture, condensation with for¬ 
maldehyde, 372 
Resoremol dialdehyde, 395 
Resorcinoldiphenein, 891 
Resoremol ethers, resins from, 371, 714 
Resoremol-formaldehyde resm, ligsiite-extract- 

modified, 427 

~ , preparation, 343, 371-373 
—, usejn water purification, 311 
Resoremol-furfural reaction, resin from, 525 
Resoremol-isosuccmic acid resin, 1255 
Resoremol monomethyl ether, resmification, 510 
Resoremol-^-naphthol-formaldehyde resm, 406 
Resoremol-phenol mixture, condensation with for¬ 
maldehyde, 373 

Resorcinol-rosin esters, preparation, 800 
Resorcinol tests for phthalate resms, 957 
Resoremol-urea-aldehyde resm, preparation, 674 
i3-Resorcylaldehyde, preparation of, 394 
Itetene, from rosm, 1205 
—, from rosin-maleic anhydride adduct, 856 
Retention of solvents by varnish films. 19 
Retentivity of plasticizers m actiyl c^ulose, 719, 
720 

Reversible and irreversible colloids m paints, 35 
Reversible gelation, 39, 869 
Reversible polymerization of lactones, 1001 
Reversible reaction, styrene polymerization with 
light, 240 

Revolving cylinders, use m treatment of moldmg 
compositions, 1278 

Rezyl balsams, compatibility with cellulose acetate, 
966 

Rezyls, alkyd resms, 955, 972 

—, classes of, 956, 966 

—, compaiibihty with Aroclors, 1149 

—, — chlororubber, 1119 

—, — other reams, 956 

—, exposure tests of, 959 

~, m oaints, 973 

—, nitrocellulose with, 966, 967 

-propoition of nitrocellulose with, 956, 959 

—, solvents for, 966, 973 

Hhut vemicijera, Japanese lacquer from, 25, 1205 
Ribbons, polyvmyl alcohol, 1068 
Hice flour, ingredient of mastic composition, 1205 
Rice hulls, furfural from, 517 
Ricineiuidin, preparation of, 908 
Ricmoieic acid, by hydrolysis of castor oil, 1221 
catalyst, rosm ester formation, 802 
—, chlorinated, 1158, 1220 ^ , 

combmation with polyvmyl acetate, 1082 
—, condensation to diricmoleio acid, 1224 
—, dehydration of, 910, 1224 
—, distdlation product, 12M . 

estenfleation of distillation product, 1224, 1225 
—, linoleio acid from, 1224 
—, modifier, acetaldehyde r^, 492 
—, —, dicyanodiamide-fommldehyde resins, 680 
, polyhydric-aloohol-esterified-carboxylated 
phenol-aldehyde reshis, 427 
octadecadienoic acid from, 1224 
—, reaction with naphthalene-sulphonio acid, 1222 
—, reaction with rosin, 808, 910 
—, Boftoung agent, phenol-aldehyde resins, 

—, structure of, 1221 _ 

use in alkyd resins, 905. 908, 911, 986 
Ries-Gilbert glossmeter, 1856 • 

Rigid gels, 37 
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formation, dimerixation of a-methylttyrene, 
. 284 

polystyrtne ohaina, 288» 284 
tim r«uxi» 580, 582, 588 
Rings, highly-mambered, nature of, 54, 806 
Ring struotures, effect on speciflo viscosity, 74 
Rippled surface, on moldinn, 1329 
Road'building materials, from aldehyde-tar'scid 
resins, 862^804 
from sulphite liquor, 754 
—, from sulphurised tars, 1204 
Road construction, use of chlororubber, 1120 
Road-making compositions, chlorinated products 
in, 1150 

—, cumarone resin in^ 180 
», synthetic rubber m, 199 
vulcanised asphalt in, 1203 
Road-paving blocks, mtro resins, 729 
Rockwell hardness machine, in cold flow test, 1354 
Rod double-refraction, nature of, 38 
Rodless press, operation of, 1805 
Rod press, use of, 844, 1305 
Rods, alkyd resins, 878 
—, extrusion of, 1323 * 

—, phenol-aldehyde resins, 470, 475 
—, urea resins, 621 

—, variegated, of synthetic resin, 1314 
Roller barings, use of resins, 1248 
Rolling of modified phenol-formaldehyde lesin, 432 
Rolls, comparison of masticatois with, 1279 
—, heated, blending of phenol-aldehyde molding 
powder, 455 

Ronisol, moldmg of, 1325 
Roofing compositions, cumarone resin m, 138 
—, from acid tar, 121 
—, from aldehyde-tar acid resins, 362, 303 
—, rosin in, 777 

Rosemary oil, combination with polyvinyl chloride, 
1088 

Rosin, abietio anhydride from, 767 
—, acidity of. 20, 772 
—, addition to sulphur, 1104 
—, adhesive from, 1004 

—, alkylated with methyl-p-toluenesulphorfate, 805 
alkyl esteia of, 797, 798 
—, bleached. 770, HO 
—, blooming in, 771 
—, eastor oU modified with, 1228 
chlorination of, 777, 8^, 804, 1139 
—, color bodies in, 770 
—, color tests, 1259 

—, combination with camauba wax and sulphur, 

1104 

—’ molasses. 790 

— vinyl esters, 1082, 1088 
comparison with ester gum, 810 

—, comparison with glass, 20 
constituentf of, 7M 
crystalline esters of, 805. 800 
—, dralorinating agent, 220 
—, deoolorisation of, 707-770 
distillation of, 767 
-, double bonds in, 704, 705 
—, sffeot in rasins, as shown by x-rays, 87, 88 
—, offset on sstenfleation of copal, 810 
—. — Unseed oiL 818 

= ,.in, 426 

— tuttg oil, 10, 771. 818, 1218 
—, electric properties of, 775 
—, sstsr gum from, 791-796 

, sstsrincation of, 7tt-801 

catalysts lor. 794*790, 799 
—, —, 3ect of drying oils, 795. 801-808 
ssti^cation with castor oil, $10 

— esters, 80$, BOl 

-* etbyisos tncid^lOO, 797 

— phenols. 799, f$i. 799-801 

—, •WfcoW# 7«, 795-797 

-n « 9 l«es from 704. 791 

ffil foiBiarion m vanOsiies from,* 771 


Rosin, gloss oil from, 778 
—, halogenated, resins from, 804 
—, halogttiation of, 777 
—. hardened, 771, 776, 778 
—, — oxidation, 774, HO 
—, — sulphur, 1205 
—, hydrogenation of, 769 
—, incorporation with coal-tar bitumen, 860 
—, — cyclohexanone - cresylio acid - formaldehyde 
resin, 559 

—, — furfural-acetone resins, 587 
—. — glycerol a-terpmene-maleate-linoleate, 844, 
845 

—, — phenol-acetylene resins, 400, 401 
—, — phenol-aldehyde resins, 897, 898 
—— TOlystyrene. 248 
—, — Resyls, 978 
—, — urea resins. 632 
—, — vinyl oo-pol^ers, 1047 
—, inhibitor, geiatmisation of lung oil, 1216 
—, mter-esterineation with drying oils, 802, 803 
—, i.^mers in, 765 

—, luned, moldmg composition from, 438 

—, liming of. 771 

—, linseed-oil substitute, 778 

—, mechanical devices for esterification, 794 

—, modification of properties, 775-777 

—, modified lignite wax with, 805 

—, modifier, for coating composition, 404 

—, —, phenol-aldehyde resins, 397-898, 417, 426 

—, modifying agents for, 777 

—, molding of, 1814 

—, molten, condensing mediums for urea rcsiiiu, 
617 

—, neutralising agent, 319 
—, nitration of, 730 
—, oxidation of, 767, 775 

—, oxidised, reaction with castor oil acids, 803 
polyglycerol ester of, in lacquers, 822 
—, powdered, 774 
—, production of, 764 
—, purification of, 765-768, 770 
—, reaction with acetylene, 804 
—, — aoomtio acid, 804, 856 
—— alkyl sulphates, 798 
—, — aniline, IW, 805 
—, — bensal chloride, 1134 
—, bensyl alcohol, 799 

—, — castor oil, 803 
—, — ohlorosulphonie acid, 1205 
—, — citric acid, 857 
—, — cresol, 799 

—, — dichlorobensenesulpbomc acid, 805 
—, — dihydroxyabietic acid, 808 
—, — diisopropylcarbasole, 805 
—, — drying oU acids, 803 
—, — dtying oils, 802, 808 
—, — ethyl alcohol, ?99 
—, — formaldehyde, 769, 776 

—, — glycerol and dihydroxydiphenylmethane di- 
oarboxyUo acid, 374 
—, — hexamethylenetetramine, 769 
—, — hypochlorous acid, 804 
—, — maleio anhydride. 765, 304 
—, — mesityl oxide, 808 
—, ^ naphthenic acids, 803 
—, — 9-naphthol-3,6,8-tri8Ulphonio acid, 805 
' naphthylamine, 799 
—, — nitric aeid, 780 
—, — phenols, 777, 799*801 
—, — phorone, 803 
^ polyalconols. 802 
—, *- rioinoleie aad, 910 

— salicylic aeid, 808 

—, suIphosalioyUe add, 805 

— sulphur jQOiapoands, 1205 

— p-toiusnesulphonyl chloride^ 805 
—, — irihydrospethylowt* 904 

— tung oil,^ 

—, ssisetivf nitration of, 790 
—, shdlae iaoorpomtsd with, 818 
diellao substittriM from, 779 
—I itd^ility of. 775 

ftsim<3ii^tion of, 797 
^ tsrpstoes tn, 770 




1S83 


SUBJECT INDEX 


Rubber 


Rosin, use m fluxmff agent. 031, 982, 033 

use in alkyd resms, 557. 005, 015, 035-03S, 040, 

043 

—, amine-aldehyde condensations, 702 

— box-toe composition, 778 
—. — cementing compositions, 780 
—, — core oil, 821 
—, — flooring compositions, 084 
—. — impregnation of asbestos, 482 
—. — msulatmg varnish, 819, 1205 
—. — intaglio printing colois, 062 

— Imoleum, 108, 646, 777, 780 
—, ^ mastic compositions. 1205 

—— metallic paints, 060 

— molding compositions, 778 

—, — oxidising alkyd resins, 081-033 
—, — paper siting, 771 
—, — rubber, 042 

— rubber varnishes, 1091 
, — sanding sealers, 070 

—, — sealmg wax, 1150 
—, — sound records, 1336 

_^ — sulphonamide molding compositions, 

—, — tm-can coatmgs, 820 
— — tung oil varnishes, 26, 773, 819 
—, — varnish, 771-774, 777, 816, 1205 
—^ — waterproof sandpaper, 1248 
vsicuum distillation of, 769 
—, vapor-phase cracking of, 770 
—, vulcanisation of, 777 
Rosin acids, conversion to esters, 792-796 
—, displacement of fatty acids of glycerides with, 
803 

Rosin-aldehyde condensations, 776, 805 
Rosm-alkyd-xylenol-aldehyde ream compositions, 

938 

Rosm-ammonia soap, 775 
Rosin-casern compositions, 778 
Roem-copal mixtures, eatenftcation of, 810, 811 
Rosm crystallization, prevention of, 771 
Rosin derivatives,^ sulphonation. 777 
Rosin esters, acid numbers of, 793-796 
—catalytic preparation of, 794-798 
—, effect m lacquer films, 806 
—, effect of silent electric discharge, 806 
—, formation of, 792-796 
—, hardening of, 400 
—, hydrogenation of, m 
—, modification of,* 

oxidation of, 806, M7 
—, removal of water from, 79^-794 
use in alkyd resins, 915 
—, — chicle substitutes, 828 

— _coatings for concrete, 820 

_ - oostinga for aoor o,, 

_ - lommoted papor compositions M9 
- nitrocellulose lacquer-, 7OT. 

— — phosphorescent cunf^ngs, 823 
—, — plastic compositions, 8^ 

—, — transfer compositious, 829 
—, — waterproofing fabrics, 827 

— vacuum distillation of, 793 j.-ma «nlv- 

aisin-etMene oxide resms, use with diene poly 

Rosin-maleio anhydride adduct 87, 888, 

onT?r^“^loride reac’tion with tung oil, 

*1218 

—, oxidation of, 780 
—, preparation. 778-780 
—, use in binders, 777 
—, use in insulative varnishes, 819 _ 

Rosin-oil pitch, 780 1*83 

Hoain-phenol i?i,^»,5^ttaM, #M 

IU»ta-ft,«no!-foniiaIdeh3;d.-alkydcom^tio 

Roain-phenol resin. »>'iP''X™«ttoii 
Rosin phthaltc flyewid*. preparation or. 

—, use in lacquers, Ow 
—, x-ray studies of, 87 
SM also TMte 

Roidii pitoli, 770 , . ■ __i ifAK 

Rosiii sise, use to flhsrboard, Iw 


Rosin soaps, 753, 764, 767, 775, 779 
Rosin sorbitol ester, reaction with maielo anhy¬ 
dride, 857 
Rosm spirits, 770 

Rosm substitute, resin composition, 1250 
Rosm-sulphur mastic, 1164 

Rosm-xylenol-aldehyde-idkyd resm compositions, 

938 

Rotary driers, use of, 1280 

Rotating molds, use of, 464 

Rotten stone, filler, 1275, 1336 

Rouge, filler, in sound records, 872 

—, use m fimshmg moldings, 1881 

Rough surface of lacquers causes of, 061 

Rubber, acetone extracted, lOW 

—, action of amphoteric metals on, 1102 

—, — benzoyl chloride on, 1100 

—, — carboxylic anhydrides on, 1100 

— cathode rays on, 1104 

—, — chlorostanmc acid on, 1102 
— — fluorides on, 1102 
—, — metallic salts on, 1101-1108 
—, — non-metalhc halides on, 1100-1101 
—, — oxygen on, 53, 1003 

— phthalyl chloride on, 1100 
—’ — sulphur dioxide on, 1100 
—^ — sulphur halides on, 1101 
—, - sulphuric acid on, 1116^^, 

—. addition compounds of, 1087, 1100-1102 
—, adhesive from, 1092, 1100, 1104 
—, aging of, effect of fatty acid salts on, 1102 
aldehydic resm from, 1098 
—. a Ikah-resistant coating from, 1102 
—! a mesomorphic state, 62 »o ao ee 

—, analogies to other natural polymers, 52, 62, W, 

71 

—, aqueous dispersions of, 1001 
aromatic compounds from, 160 

— attachmg to metal, 200, 436 , 646, 1103, 

1200 

, attachmg to resins, 1247 
—, bandage impregnant frorn, im 
. benzyhdene, properties of, UOU 
coatmgs for, alkyd reams m, Oil, 024, 965, 078, 

985 

- , —, ferric linoleate m, 789 

^ ^ polymethsci'ylic esters m, 1081 

—’ —, phenol resin m, 453 
—, —, Thiokol as, 1176 
—, cable coatmgs from, 1092 

celluloid substitute /rom. 1093 

- , cements for, 1101, ”03. 1200 

Cham structure of, 75, 174, 1089, 
cobalt hnoleate m oxidation of, 1093 
colloidal changes on vulcanisation, 1087 

— color stabilisation of, 1102 i v. _ «ita irq 

«mpari»on w.th eWoropren. rubber, 158, 189 

a!^nipo°>™n*'^ductB of, 1087. 1089 

th"en".Lf of 

—, depolymenzation of, 1002, 1W» 

_ deposition from aqueous dis^rsions, 1094 

—, dispersions of, 1090, 1091 

distillation of, 1J87-10M, JOW 
dressing-assistants from. UOO 

Z’ dyStu^ ^erivativ^’ 

- effect of alkyd reems om 085 

z’zzrXiA .000 

no8, no. 

—; — oxygen on, lOfi®, 

_ — ultraviolet light, JOO 

effect on viscosity ind«x. lOW 
—, electrical insulation from, 1103 
enzymes in, 10^ 
extrusion of, ^ 13 m 

- filler, 317, 318. 1275 
—’ fillers for, 1002 
—, films of, 
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Rubber, fiaoline-resistact, 1187 
—, halogenation catalysts for, 1100 
hard, relation to resins, 1109 
—, solubilities of, 1102 

—, varnishes from, 1091 

—, hardening of surface, 1128 
honing composition from, 1213 
—, h>drogenat^, use in lubricating oil, 200 
—, —, uae in submarine cables, 198 
—, hydrogenation of, 109>5>1097 
—, improving stren^rth of, 1196 
impurities in, 1087 

—, incorporation with aldehyde^polysulphide res¬ 
ins, 1182 

— alkyd resins, 436, 646, 892, 900, 908, 942, 943, 
947, 948 

— amine-aldehyde resins, 693, 696, 704 
—— asphalt, 1091 

—, — bitumen, 360, 1092 

— , — butadiene polymers, 197-200, HOO 

—, — cashew products, 1232 

—, cellulose esters, 1102 

—, — chlorinated oils. 1127 

—, — chlorinated rubber, 1127 

—, — chloroprene rubber, 159 

—, —• cobalt linoleate, 1102 

—, — cresol-aldehyde resins, 369 

—, — cumarone resins, 123, 131-133 

—, — cuprene, 147 

—, — de^lorinated oils, 221 

—, — ester gum, 827, 828 

—, — ethylene polysulphide, 1172, 1175 

—» — glycol esters, 942 

—, — gutta-percha, 1091 

—, — lignite-phenol resin, 275 

—, — metallic alkyl phthalates, 991 

—, — naphthalene-formaldehyde resin, 264 

—, *— natural resins, 1092 

—, — paraffins, 1101 

—, — phenol-aldehyde resins, 434-436, 450, 484, 
485, 1108 

~, — phenol-carbohydrate resins, 760 
—, — phenol-furfural resin, 530 
—, — phenol-sulphur resins, 1186 
—, — pine tar, 1098, 1200 
—, polystyrene, 198, 251 

—, — resins, 1246 
—, — rosin, 942 

—, — synthetic rubber, 159, 197-200, 1100 

—, — urea resins, 624, 646, 647, 948 

—, — vinyl resins, 1030, 1031, 1040, 1043, 1052 

—, —■ waxes, 1091, 1101 

—, injection molding of, 1323 

—, insulating coatings from, 1092 

—, insulation from, 1091, 1098 

—, a-isocaoutchouc from, 1089 

—, isoprene units in, 169, 174, 1090 

—, levulinio acid peroxide from, 1093 

—, liquefication of, 1092, 1099 

—, masticated, chlorination of, 1111, 1112 

—, mastication of, 1093, 1099 

—, mechanism of halogenation of, 1105, 1106 

—, — vulcanisation of, 52 

—, metallic soaps in, 789 

—, milling of, 1081, 1095 

—, mixing rolls for, 1099 

—, modider, formaldehyde-acetone resin, 435 

—, furfural resins, 435 

—, phenol-alddiyoe resins, 847, 428, 432-486 

—, —, rosin ester, 805 

—, molding material from, 1097, 1098, 1102, 1125, 
1199, 1201, 1316, 1319, 1323 
—, molds for, 1827, 1828 
—, molecular disnonmetry in. 45 

molecular w^gh4 of, 68, 75, 174, 1090, 1096 
—, nitration of, 1094. 1095 
oils from, by reduction. 1097 
oteflnio Itokages in, 1095 
—, omamentatipp of, 1333 

oxidation of7l098, 1094, llOl, 1102, 1109 
—, oxidi^, uses of, 1093 
pionolysts of, 1088 
—, phenoMilpbonic acid with, 7098 


Rubber, plasticiser, modified dicyanodiamide-form¬ 
aldehyde resins, 680 
—I phenol-aldehyde resin, 285, 486 
—, polystyrene, 237 
—, polycycio-, formation of, 1089 
polyhydroxy compounds of, 1093 
—, powdered, 1110 
—, precipitation of, 1088, 1091 
—preservatives, 708 
—, preventing oxidation of, 1128 
—, protection against sunlight, 1094 
—, protective colloid for phenol-resin suspension, 
445 

—, purihoation of, 1087 
—, racked, 62 

—, reaction with acetyl peroxide, 1093 
—, — acetylsulphuric acid, 1100 
—, — aldehydes, 436, 1100 

— bensoylperoxide, 1093 
—• benzyl chloride, 1133 

—, — formaldehyde, 1100 
—, — halogens, 1105-1111, 1113. 1114 
—, — hydrogen halides, 1105, 1112, 1113, 1114 
—, — hypochlorous acid, 1113, 1114 

— nitric acid, 1094 

—, — nitrosobenzene, 1095 
—, — oxygenated phosphorous halides, 1116 
—, — peracetic acid, 1093 

— phenols, 1103. 1104 

—, — sulphonyl chloride, 1097, 1104 
—, — sulphuric acid, 1097 

— thioglycolic acid, 1104 

—, — p-toluenesulphonio acid, 1097 
—, — trichloracetic acid, 1104 
—, — urea-nitnc acid mixture, 1094 
—, reclaimed, 827, 1199, 1316 

—, removal of nitrogenous material from, 1096, 
1097 

—, resins from, 1092 
—, restoration of elasticity of. 1101 
—, shellac substitutes from, 1093, 1097, 1101 
simultaneous oxidation and chlorination, 1109 
—, sizing agents from, 1100 
—, sodium, preparation of, 1089 
—, solvents for, 39, 1092, 1093, 1094 
—, sound records from, 1098 
source of, 1087, 1090 
—, specific viscosity of, 74, 75 
—, stabilizer for resin suspensions, 965 
—, stereoisomerism in, 52 
—, streaming double refraction in, 70 
—, structure of, 51, 56, 169, 1087-1092 
—, sulphonation of, 1097, 1100 
—, swelling of, 38, 52 
—, synthetic, adhesives from, 200 
—, —, coating compositions from, 199, 200 
—, —, commercial production of, 176, 177 
—, —, from petroleum, 211 
—, —, hydrogenated. 198, 200 
—, —, lampblack filler for, 193 
—, —, latex from, 198 
—, milling of, 174 

, molding of, 198 

—, pine tar as softener for, 195 

—» —» preservatives for, 196 
—, —, structure of, 174 

use as floor-covering, 199 
—, use as insulation, 1091 

—, —, use in rpad-building. 199 
—, —, uses for, 197-200, 1246-1248 

—r vulcaniiation of, 181, 195-200 

—, —, x-ray patterns of, 174 
—, tanning ai^ts from, 1100 
—, tetraphenos^-dihydroxy derivative of. 1114 
—, textile agent from, 1100 

themial decomposition of, 109 
thermoplastics from, 1098, 1099 
—, transformation of. during stretching, 51 
—, use in abrasive wheel binders, 1100 
—, — **Acidseal** paints, 1098 
—, — anti-corrpaive p^ta, 1203 
—, — diewing gumi 1053. 1153 
—, — chicle aubstitutea, 388 

— elastic fllling comi^tions, 1246, 1247 
-V — laoquerf, 1081, 1008 
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Rubber, use in laminated stock, 1099, 1102 
—, lubricating oils, 1097 
— Bon-caking coatings, 979 
—, — sboe>sole compositions, 828 
—— spinning pots, 1248 
—, — synthetic-resin compositions, 1246, 1247 
—, -*• textile industry, 1100 
—, varnishes, 1091, 1092, 1095, 1200, 1201 

— vat-lining compositions, 1247 
—, — waterproofing compositions, 432 
—, — wood reconditioning agents, 1204 
—, vulcanisation of, 62, 1087, 1092, 1094, 1102, 1104 
—, vulcanised, adhesives from, 827, 1104 
—, —, chlorination of, 436, 1103, 1115, 1116, 1126 
—, coated with chbrorubber, 1128 

—, —, depolymerisation of, 1092 
—, —, effect of solvents on, 158 
—, filler for phenol-aldehyde resin, 459 

, moldmg on copper, 1326 
—, —, nitration of, 1094 
—, —, oxidation of, 1093 
—, —, plasticisers for, 1115 
—water resistant paint from, 1098 
—, x-ray studies m, 70, 71, 89, 174 
Rubber accelerators, acetylene-aniline resins, 703 
—, aimne-aldehyde products, 704, 705, 707 
—, amine-sulphur-formaldehyde product, 1197 
—, dithioaniUne, 704 
—, from carbon disulphide, 1197 
—, mercaptobenzothiasole, 727 
—, sulphurised turpentine, 1200 
—, thiourea-aldehyde-ammonia product, 646 
—, unsaturated aldehydes, 706 
—vinylanilme, 704 . . , i 

Rubber antioxidants, acetone-a-naphthil and sul¬ 
phur, 1198 

—, amine-aldehyde resins, 708 

—, carbon black, 1094 

—, diphttsylamine, 1194 

—, phenol-formaldehyde-amine rc^ins, 377 

—, phenol-sulphur resin, 1192 

Rubber articles, polishing of, 1101 

—, stabilization of color of, 1102 

—, surface hardening of, 1097, 1101 

Rubber bearing plants, names of, 1090 

Rubber cements, cumarone resin in, 132, 133 

—, for attachmg resins to metals, 480 

—, from rubber isomers, 1103 

—, preparation of, 1092 „ iaqo 

Rubber distillates, in coating compositions, 1092 

—, reaction with chlorine, 1107 

Rubber-ferric chloride product, properties ot. 

Rubber flooring, preparation, 1246 

Rubber footwear, varnish for, 1209 _ 

Rubber-formaldehyde compound, adhesive from, 

Rub^r, hydracid, a-isocaoutchouc fiom, 1089 
Rubber, hydrobutadiene, preparation of; 

Rubber hydrochloride, chlormation of, 1113 

!S'Xra^n'rh Tnol-rubber product. 1104 
—, preparation, 1112, . 

—, reaction with bases, 1U6 

Ru^er*”h5^drofluoride, plastic body from, 1112, 

Rubber hydroiodide, instability of, 1114 
Rubber hypochlorite, chlorination of, 11 w 

Rubber iodination. effect of sunlight, 1114 
Rubber isomers, action with lead oleate, 1103 
—, bromination of, 1113 
—, chlorination of, lUo 
—, definition of, 1091 
—, uses of, 1098, 1100 
Rubberised fabrics, coatings for, 978, 

—, preparation, 220 

Rubberiikl paint. olg 966 , 985 

Rubber latex* alkyd resins with, 948, 9W, 
artificial, from chloroprene. 157 
from <^vtayUce 2 ^ene, 

Rubber UiUngi for chemical apperaiuo, 


Rubber-like matenab from acetylene, 142, 147 

— acetylene-ethylene reaction, 184 

— bromoprene, 170, 171 

— butadiene, 169 

— butadiene derivatives, 168-170, 172-174, lW-196 

— butadiene-styrene copolymerisation, 192, 193, 245 
~ butadienol esters, 152 

— cashew-shell oil, glycerol, 1231 

— castor oil with selenious acid, 1223 

— chlorinated derivatives of oils, 1220 
chloroprene, 156-167, 160, 170* 171, 178 

— l-chloro-l,3-propadiene, 155 
creosote oil and copal, 810 

— l.d-cyclohexadiene, 189 
~ cyclopentadiene, 188 

— dichlorobutadiene, 170 

— 2,3-dimethylbutaciiene, 173, 175 

— diolefin-aromatic hydrocarbon condensation, 194 

— diolefins, 164, 168, 169, 175, 179-185 
—- ethylene, 165 

— fatty acids of waxes, 815 

— gutta-percha hydrohalide, 1115 

— halogenated butadiene, 170 
halogenated vmylscetylene polymers, 160 

-isoprene, 169, 173, 174-176, 178, 184, 200 

— 1- and 2-methylbutadienes, 169 

— olefin dichlorides, 1169 

— ol^na, appheations for, 197-200 

— oxidized urea-phenol-aldehyde resins, 675 

— petroleum, 191, 211 

— protein-modifi^ phenol-aldehyde resins, 417 

— r^uced vinylacetylene polymers, 160 

— sandal seed oil and sulphur, 1233 

— styrene, 184, 245 

— sulphur and resin, 1164 

— terpenes, 1247 

— vinyl acetate, 184 

— vmyl butyrate, 1067 

— vinyl esters, 1084, 1044 > 

— vmyiethinyl carbinols, 151 

~ vulcanized polyvinyl alcohol, 1060 
Rubber-like substances, relation to resins, 1087 
Rubber, ozomde of, 1088 
Rubber paints, antioxidants for, 1102 
Rubber scrap, utilization of, 778, 1091, 1098 
Rubberseed oil, use in alkyd resms, 925. 

Rubber softener, cumarone ream as, 132 
Rubber soles, from s^mthetic rubber, 197 
Rubber BolutiP*«t w anti-fouling paint, 820 
—, low viscosily, 1095 
—, metallic soaps in, 780 

reduemg viscosity of, 1108, 1109 
treatment with sulphur chloride, 1101 
Rubber-stannic chloride product, formula of, 1101 
Rubber substitute, alkyd resins, 906 
—, factice, 1210 

—from amber with castor oil, 1223 
—, from divmylacetylene, 154 
—, from drying oils, uses of, 1228 
—, from fusel oil, 495 

from modified fatty oils, 1227 
—, from oils polymerized with diamines, 1210 
-- from phosphorous nitrile chloride, 1240 
—[ from plant matter, 760 
—, from seaweed, 1207 
—, from thiogylcerols, 1177 

—, nitrocellulose-alkyd resm compositions, 913 
—, nitro resins, 7^ 

olefin-polysulphide resins, 1174 

**l*S^dtaethyI -1,3 - oyolooeUdieo., 

1088 

—, sulphurised oils* 1204 
—, Toron, 1199 

'^r-Sd«hyd« rwiM, 1W» 
vulcMiiMd polyviiyl ^hol. IW 

Rubb«r-sulphonic «cid Pr°duc^ 

Rubber-sulphomc compounds,, Theymoprene fiom, 

Rubber-sulphuric arid products, 1097-1100 
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Rubber tetrabromide, reactioUi with phenol, 1114 
—, preparation, 1114 
Rubber threads, preparation of, 1101 
Rubber tiles, bonding to wheels, 1347 
Rubber tires, cumarone resin in, 182 
Rubber undercoatings, for cellulose esters, 1090 
Rubber vulcanisation, use of amine-aldehyde prod¬ 
ucts, 430 

—, use of aniline-sulphur chloride product, 1194 
use of chloronaphthalenes, 1152 
, use of selenium sulphide, 1103 
Rubber^vuloanisation molds, from phenol-aldehyde 
molding powders, 459 
Rubbone, drying resin, 1093 
Rubrene, preparation of, 269 
—, resin from, 269 
Rue, oil of, resin from, 1253 
Rupture, modulus of, determination of, 1342 
Russian peat, resins from, 274 
Russian turpentine, modifier, phenol-aldehyde 
resins, 419 

Rust-preventing paints, alkvd resins in, 976 
—, chlorinated rubber m, ll21 
—, ester gum in, 818 
—, preparation of, 915 
sulphurised oil in, 1208 
Rust rmovers, cumarone resin in, 141 
Ruthenium chloride, reaction with phenol resins, 
310 


S 


Sabinol, derivatives of, 788 
Saccharides, condensation with amines, 710, 757 
Saccharification, of peat, 749 
Saccharin, catalyst, polymerisation of methylolurea, 
618 

—, preparation of, 712, 713 

Safety glass, preparation of, 1283 

—, use of alkyd-chlorinated biphenyl composition, 


—, — Aroclors in, 1150 

—, — castor oil, maleic anhydride and 1,3-buty¬ 
lene glvool product, 855 
—, —- cellulose derivatives in, 480 
—, — chlororubber, 1126 
—, — ester gum, 827 
—, — factice in, 1212 
—, — gelatin-modified alkyd resins in, 944 
—, — hydrorubber, 1096 
—— phenol-formaldehyde resin, 484, 485 
—, — polymerised phenylacrylic acid esters in, 1083 

— sulphonamide-alddiyde resins in, 718, 719 
—, — terpinene derivatives, 788, 844 

—, — urea resins, 484, 689 
—, vinyl resins in, 1016, 1028, 1051 

Safrole, polymerisation olf, 260-262 
Salicylacetic acid, 8^, 894 

Salicylaldehyde, condensation with 4,6-dinitro-m- 
sylene, 726, 741 
—, mod^er, ^tans, 431 
—, reaction with aoetylbensoyl, 551 
—, — butyrylacetophenone, 557 
—, — phenol, 278 

— pnmionylfuietone, 557 
—, rasmifitttion of, 510, 1188 

Salicylates, modifiers, urea-aldehyde resins, 678 
Salicylic add, anh)^drides of, 875 
—, eatal^t, darkening resins, 1244 
film-haraening agent, 638 
in acetaldehyde resins, 492 
in allvd resins, 911, 986. 981 
—, in carbofaydrats reeins, 758 
—, in dri«s, 787 
—, in linssed oil paint, 976 
—, in phenol-aMenyde resins, 489 
—, in urea^fbnnatoehytie condensation, 610, 668, 
678 


preparation of, 874 

reaction with aniinee and aldehydes, 707 

— aralfcyi^ halides, 1188 * 

- bensahlidiyda, 174 

hwmetbylsneteiramine, 800, 875 


Salicylic acid, reaction with mercuric oxide, 

875 

— phoegene. 875 

— rosm, 808 

—, reduction with sodium amalgam, 37T 
saliretin from, 277 

Salicylic esters, phenol-aldehyde resins, solubility, 

432 

Salicylic-sulphonated rieinoleio acid-formaldehyde 
resm, use, 420 

Saligenin, reactions of, 281, 282, 288, 292, 294, 206- 
m, 299, 801 
—, preparation of, 281 

relation to Novolak, 809 
—, resms from, 287, 810, 832, 479 
saliretone from. 282, 291 

Saliretasine, preparation and properties of, 282, 288 
Saliretins, nature of, 291 

preparation of, 277, 281, 282, 291, 292, 200 
Saliretm-type resins, from cresols, 867 
Saliretone, preparation and properties of, 282 
Salol, melts, nature of, 29, 30 
Salt-linkages in wool, 08, 09 
Salt water, tests for varnishes, 758, 1808 
Salts, as aggregators, 69 
—, as anti-timing agents, 858 
—, in amme-aldehyde resins, 696 
—, in anilme-formaldehyde condensation, 695 
—, m glycerol resinification, 428 
—• m light-fast resin solutions, 1250 
—, in phenol-formaldehyde condensation, 352-857 
—, in styrene polymerization, 242 
—, m urea-aldehyde condensation, 590, 593, 594, 
616, 621, 623 
—, of alkyd resins, 945 
—, of castor oil-phthalic acid, 909 
—, of styrene-maleic anhydride, 244, 245 
—, preparation m gelatinous form, 80, 31 
Sand, abrasion resistance tests for varnish with, 
1306 

as filler, 349, 352, 480, 481, 1165, 1166 
Sandal-seed oil, factioe from, 1212 
—, polymerization, 1238 
Sandarac, m phenol-aldehyde resin, 358, 426 
—, in urea resm lacquer, 632 
Sandarac gums, esterification of, 814 
Sanding s^ers, production of, 912 
Sandpaper, use of alkyd resins in, 986 
—waterproof, preparation, 1248 
Sandpaper belts, use, finishing molduigs, 1381 
Santolites, compatibility with odlulose acetate, 966 
Saponification numbers, resins, 1260 
Saponm, use as protective colloid, 245, 826 
Sapropel, formolites from, 213 
Satin-like finish, sheet material, 1325 
Sawdust, in amine-aldehyde resins, 692, 696 
—in cold-molding composition, 1287 
—, in hnoleum, 195 

—, in phenol-aldehyde resins, 373, 373 
—, in sulphur castmgs. 1166 

in tar acid-aldehyae resins, 361 
—, ream from, 748, 749 
—, resin purification with, 338, 339 
Schiff's bases, 688 
Schist, use in bearings, 461, 486 
Schultz's 'base, 689 
Scorch-retarders. 789, 985 

Scorching, of chloroprene-rubber compounds, 159 
Scrap resm, conversion of, 840 
—, recovery of, 629 
—, remolding of, 1385-1338 
Scrap rubbtf, utilization of, 1091 
Scratch hardness tests, for laminated materials, 
1851^ 

—, for varnishes, 1871, 1872 
Screen analysis, of molding materials, 1857 
Screen, coating with butadiene Mlymer, 199 
Screw inserts, for moldings, 406 
Screws, of synthetic reeins, 1248 
S. D* O. definition of, 158 
Sealing, with resins, 1818 
Sealing compositions, from tihsnol-aldshyde resins, 
414 

—, from sulphur, 1166 

from sulphur and eumarone resia, 1168 
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SoOi^ wax, unine-aldehyde ream, 700 
biphenyl reeins in, 1150 
ohloronaphthalene in, 1153 
—, naphthalene-formald^yde resma in 264 
Hea water, coating, resistant to, 1248 ' 
effect on cumarone resin paints, 129 
—, — chlorinated-rubber paint, 1128 

ethylene glycol, 

8m, 999 

—, — glycerol, 892 

—, in alkyd resms, 883, 892, 908, 936, 937, 941 963 
—.in Teglaea, 915 

Sebacic aldehyde, polymerization of, 507 
Sebacic polyanhydride, preparation of, 996 997 

Secondary valence and gelation, 39, 975 
Secondary valence foices, m alkyd resins, 869 
Sedimentary rocks, catalyst, polymerization, 226 
Seeduig, nature of, m varnish films, 36 
8eed-lac, nature of, 23 
Selenious acid, reaction with castor oil, 1223 
Selenium, in electiical insulation, 1168 
—, in fireproofing compounds, 1147 
~, m tung oil, use. 1209, 1217 
in varnish making, 1205 
—, modifications, 1160 
—, reaction with dextrin, 1168 
—, ~ phenols, 1193 
—, — it>8ui-maleic adduct, 856 
—, — sulphur, 1163, 1168 

Selenium chloride, reaction with phenol resins, 310 
Selenium oxychloride, reaction with phenol, 1193 
Selenium sulphide, propeities, 1163 
Selenium tetrachloiide, leaction with etlg'l nialon- 
ate, 1241 ^ 

Selenob«ixaldehyde polymers, 1180 
Selenoglycerols, 1177 

Selenonium chloiide, preparation and. properties 
of, 1193 

Self-lubricating bearings, preperation of, 460 
Self-lubricating gears, manufacture of, 473 
Semi-automatic presses, 1312 
Semi-drying alkyd resins, 874 , 875 
Semi-drying oils, chlorinated, use, rubber com¬ 
pounding, 1127 
—, from Qilaonite, 274 
—, oxidation of, 1223 
S«ni-rotten wood, examination of, 64 
Sensitizer, for phenol resins, 453 
Separators, for electiical accumulators, 485 
Serioin, from silk, 69 
Sesame oil, with cumarone resin, 135 
Sesquiterpenes, formation of, 1089 
S^tmg-t^e, of molduig material, 1358 
—, of varnishes, 1362 
Shale oil, extraction of phenols from, 364 
Shape, of molded material, influence of, 1320, 1321, 
1325 


—, of preforms, 1318 

Shark-liver oil, paint from, 1208 

Shatterproof glsM, see Safety glass. 

Shearing stress, nature of, 34 
Sheeting, of phenol-formaldehyde resins, 432 
Sheet metal, decorating, use of resins, 1247 
Sheets, extrusion of, 1323 
—, of alkyd resms, 873 
molding of, 1320 
—, perforated, preparation, 1334 
Sheet-stock, preparation of, 1280 
Sheet-stock molds, operation of, 1296 
Shdf driers, use of, 1280 
Shellac, and alkyd resins, companwn of, 905 

SheUao, »rtiaci«l, JIO, 10 p 4 - 10 «, 10 « 

—, compatibility with nitrocellulose, 24 
—, estemoation of, 813 
—, for sheet veneer, 447 
—, from eomposite resins, 1M3 
—, hardenint of, 702, 708, 1280 

incorporation into alkyd resms, 918, 91 , » 

948, 948, 982, 988 
—, in eteetrioal 

—, in mktt eompositoons^ 982, 988, 1274 

—, use with cumarone resin* IM. iw 
—% —^ phenoUaldel^de resins, 415, 428, 486 


Shellac, use with rosin, 777, 813 

molding of, 1286, 1287, 1314, 1815, 1317, 1327, 
1331, 1335 
—, origm of, 12 
—, plasticity of, 32 
—, pressboard from. 470 
—, production of. 18 

—, properties and nature of, 28-25, 1000, 1004-1006 
—, reaction with ethylene oxide, 993 
—, reconditioned, 778 
—, solvents for, 12^ 

—, sulphuiization of, 1206 

Shellac-bonded slieets, phenolic-resin veneers for, 
476 

Shellac-like resins, preparation of, 286, 347, 778, 
914, 1006, 1099 

Shellac substitute, from alkyd resins, 902 
from benzyl chloride, 1130 
", from cashew-shell oil, 1230 
—, from fatty acids, 1139 
", from phenol alcohol resins, 287 

fioin phenoi-aidehyde resm, 284, 330, 331, 8^, 
364 367. 369, 417, 432 

—, fiom phenol-sulphur chloride resin, 1188 
—, from roein, 775, 803 

from rubber, 1093, 1097, 1100, 1101 
—, from vmyl resms, 1065, 1067 
—, m record manufacture, 1335 
Shellenediolcarboxylic acid, structure of, 1005 
Shellolic acid, isolation and properties of, 1004- 
1006 


Ships, coatings for, 154, 1126, 1248 

Shock-insulating medium, cumarone resin in, 136 

Shock-resistance, molded products, 1269 

Shoe filler, coal tar bitumen in, 360 

Shoe Iming, cloth, cumarone resm m, 188 

Shoe-upper stiffener, ester gum in, 829 

Shore elasticity, of cured flexible alkyd resine, 873 

Shore hardness, of cured flexible alkvd resins, 878 

Short-drymg alkyd resins, properties of, 874 

Short oil varnish, defined, 

—, from Albertol-tung oil, 402 
", from Aroclors, 1146 
-, from cumarone resm, 125, 128, 129 

Short-time test, for dielectric strength, 1345 
Sbrmkage, of moldmgs, 249, 606, 1299 
Shrmkmg of textiles, effect of resms, 639 
Siberian fir on, 782 

Siccative alkyd i^m>is, rosin in, 931, 932, 983 

Siccatives, preparation of, 207, 412, 953 

Sienna, pigment, 1276 

Signal devices, on presses, 1312 

Silent electric discharge, use as catalyst, 143; 161, 


162, 165, 335, 806, 1013 
Silex, filler, 1126, 1275 
Silica, plastics from, 32 
Silica black, preparation and uses of, 1235 
iiilica gel, action on glyceride oils, 1227 
— — mazout, 203 
— ozocerite, 203 
as xerogel, 87 

catalyst, alkylation of aniline, 704 
—, amrooma-rosin reaction, 804 
—, polymerization, 185, 226, 991 
—, styrene separation, 254 
extractant, petroleum resins, 203 
preparation of, 1235, 1236 
—, properties of, 1235 

Siliceous earth, m rosin oil manufacture, 779 
Silicic acid, in diene rubber, 195 
Silicic acid esters, gelling of, 1235 
—, Ramon spectra for, 1236 
—, reactions of, 1287 
Biilicio acid gels, nature of, 37, 1235 
Silicon dioxide, as filler, 460, 683, 961, 962, 1147, 
1106, 1888. 1889 
gelatinixation of, 1285 
—, in rubber purification, 176 
—, reaction with coal, 1285 

Silicon carbide, in shock-resistant coatings, 1248 
Silicon esters, nature and uses of, 1286, W 

ruiintji. nreoaration ai^ DrODertiea Of. 


1285-1287 

Silicon resins, nature of, 1235,^ 1289 
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Sllloon tetrachloride, alkyl orthosilicates from. 
]28e>ia38 

—, reaction with linaeed oil, 1229 
Siliootungstic acid, in alkyd resms, 980 
Silk, artificial, creasing, 639 
—, —, from alkyd resms, 878, 965 
—, from polyesters, 1000 

—, —, from styrene, emulsions, 246 
—, —, from 83 mthetio resins, 1244 
—, —, from urea and formaldehyde, 647 
as a mesomorphic state, 62 
—, as xero^, 37 
—, degumming agent for, 1210 

impregnation with thiourea resins, 640 
—, ornamenting with urea resins, 641 
—, reactions of, 69, 70 

relationship to cellulose, 71, 72 
—, — rubber, 52 
—, structure of, 69 
~, tensile properties of, 71, 72 
—. x-ray studies of, 70 
Silk cloth, in adhesion tests, 1367 
Silk fiock, filler, 1274 
Silk dressing, from linseed oil, 1228 
Silk sencin, colloidal nature of, 69 
Silk-weigfating, use of urea-phenol-aldehyde resin, 
678 

Silting, nature of, in varnish films, 36 
Silver, action on bensyl chloride, 1130 
—, catalyst, cumarone polymerisation, 118 
—, colloidal, as coloring agent, 237 
—, powdered, in metallic paint, 960 
Silver derivative, of vmylacetylene, 149 
Silver fumarate, renction with ethylene dibromide, 
889 

Silver halide, in urea resin, 648 
Silvering, resin surfaces, 1251 
Silver isatin, reaction with benzoyl chloride, 744 
Silver maleate, reaction with ethylene dibromide, 
889 

Silver oxide, catalyst, cumarone resins, 106 
, —, diene polymerization. 180 
—, reaction with acrolein, 503, 1069 
—, — a-bromopropionaldehyde dimethyl acetyl, 
1070 

—, — ethylene dibromide, 990 
Sliver succinate, reaction with ethylene dibromide, 
887 

Silver triiodophenylate, decomposition of, 379 
Sisal, fiber structure in, 64, 65 
Size of colloidal resin particles, 33, 811 
Sizing, paper, cumarone resin, 139 
—, —, resin, 777 

—, textiles, rosin compositions, 827 
Sizing agents, from p^roleum resins, 204 
—, from rubber, 1100 
—, from tall oil, 757 

from vinyl resins, 1027, 1045, 1058-1061, 1067 
Skatole, resinifieation of, 743 
Skin formation, of varnishes, tests for, 1372 
Skinning, of varnishes, 785 
—, prevention of, 408 

Slabs, for tils flooring, from tung oil, 1218 
Slag, as filler, 461, 1275 

Slaked lime, catalyst, cresol-formaldehyde reac¬ 
tion, 324 

phenol-formald^yde reaction, 846 
—, —, rosin esterification, 794 
—, hardening ngent, olefin polysulphides, 1174 
Slate, as fiUerrm, 1275, 1286, im 
Sliduig-clasp fasteners, molding on fabric, 1834 
Slime, use. with resins. 1250 
Blotters law, variation of viscosity with tempera¬ 
ture, 812 

Sludge, phracumarone, ash content of, 118 
Sludge, sulphuric add, chlorination of, 1187 
Smalt, incorporation in urea resin paste, 641 
Smectic state, nature of, 62 
(hnokeless powder, rosin esters in, 824 
Sc^, ca^tt, i^lyhydrie alcdiol*add esterifica¬ 
tion, 980 

—« phenol-elcohol rsdns, 882 

—, —, phepol-fotmaklehyde leactiott, 866, 4|8 
extrug&im of, 1828 
—. fhim rodn, 767, 778, 1205 
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Soap, in alkyd roidn einuldfication, 946 
—, lubricant for molding composition. 463, 1276, 
1827, 1328 

—, metallic, as flatting agent, 787 
—, —, from tall oil, 755 
—, —, in lake pigments, 790 
—, —in nitrocellulose lacquers, 788 
—, —, in toxic coatings, 7w 
—, reaction with oleone chlorohydrin, 551 
Soap rancidification, effect of aldehyde-amine res¬ 
ins, 702 

Soda lime, as absorb«it in dielectric compositions, 
1151 

Sodamide, condensing agent, cyclohexanone, 558 
—, reaction with crotonaldehyde, 501 
— vinylacetylene, 160, 151 
Soda test, for esterification of rosin, 793 
Soda waste liquors, reams from, 753 
Sodium, action on chloroepoxypropane, 1141 
—, — coal-tar, 99 
—, — diphenyl ether, 1253 
—, — halogenated benzenes, 1141 
—, catalyst, diene polymerization, 174-179, 181-183, 
193-194 

—, — ethylene oxide polymerization, 990 
—, polymerizing agent, 221 
—, reaction with benzaldehyde, 508 
—, — chloroacetal, 1007 
—, — chloroacetophenone, 555 
Sodium acetate, condensing agent, 785 
—, in glycerol polymerisation, 796, 995 
—, in phend-aldehyde condensatlbn, 281, 343, 415 
—, in rosin wterification, 795 
—, in urea-aldehyde resins, 581, 590, 593, 597, 657, 
658 

—, preparation of, 751 

Sodium-acetone-bisulphite, as hardening agent, 392, 
759 

Sodium acetylide, reaction with alkyl iodide, 162 
Sodium acid phosphate, catalyst, for ethylene- 
caibon dioxide reaction, 1070 
Sodium acid sulphide, reaction with ethylene 
chloride, 1172 

Sodium acrylate, reaction with phosphorous oxyl- 
(^loride, 1074 

Sodium adipate, reaction with a-monoohlorohydrin, 
668 

Sodium alcoholate, catalyst, phenol-formaldehyde 
condensation, 354 

Sodium aluminate, catalyst, cresol condensation, 
354 

Sodium aluminate, resin purification with, 837 
Sodium amalgam, as catalyst, 181, 182, 198 
—, as reducing agent, 277, 375 
Sodium anilide, reaction with trichloroethylene, 
1138 

Sodium aniline-ethane-a-sulphonate, condensation 
with crotonaldehyde, 708 

Sodium anilinemethane-o;-sulphonate, condensation 
with formaldehyde, 708 

Sodium benzenesulphonate, in phenol-aldehyde 
resins, 372 

Sodium berylate, catalyst, aoetaldol formation, 498 
Sodium bicarbonate, catalyst, phenol-aldehyde re¬ 
action, 420 

—, —, urea-paraformaldehyde condensation, 616 
Sodium bisulphate, catalyst, dioxane preparation, 
998 

, hvdrocarbon-aldehyde resin, 265 
—, pk#ol-glycerol resin, 898 
—, in als^ Iresins, 911 
—, in paper-impregnation. 1828 
phenol purification, 886 
—, reaction with phenols, 422 
Scklium bisulphite, as reducing agent, 180, 181 
—, gtyoeride oils modified with. 1227, 1228 
—, m purification of resins, 1186 
Sodium borate, in phenol-aldehyde rerins, 824, 437 
—ketone-aldehyde condensation, 559 
—, suppression of gelation, methylolureas, 597 
Sodium brpmide, catalyst, phenol-foitnaldehyde 
reaction, 157 

Sodium bromoethanesulphmiate, reaotioh with 
abiftic arid, 806 

So^um-btttadiene rubber, treatment of, 195, 196 
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Si^ium butyl glycerol phthaUte. in cellulose esters 
952, 953 

S<^um butylnaphthalenesulphonate, uses of, 179 , 

Sodium carbonate, action on wood, 763 
—, in aldehyde-ketone condensation, 545, 859 
—, in bromination of phenols, IIW 
, in chloronibber, 1111, 1125 
in diene pol 3 unensation. 182 
—, in furfural resins, 528, 529, 670 
in phenol alcohol resins, 3^ 

—, in phenol-aldehyde condensation, 281. 324 . 343 
347, 849, 852-354, 359, 417, 429, 437-439, 673 
—, in rosin punfication, 770 
—, in rubber latex, 181 
—, in urea resins, 617, 623, 640, 670 
Sodium chloride, diluent for sodium catalyst, 182 
—, m absorption tests, 1344 
—, in acetylene polymerisation, 147 
—, in phenol-aldehyde reaction, 372, 424 
in rosin esterification, 800 
—, in rubber latex, 181 
—, in urea-formaldehyde condensate, 616 
Sodium chlonde solution, surface testing with. 406, 
407 

Sodium 3-chloro-2-hydroxypropanesulphonatc, re¬ 
action with abietic acid, ^5 
Sodium chromate, resin purification with, 336 
Sodium citrate-citric acid, condensing agent, urea 
and formaldehyde, 589 

Sodium cresylate, catalyst, phenol-formaldehyde 
reaction, 352 

—, reaction with bensoyl chloride, 1254 
Sodium cyanide, catalyst, phenol-formaldehyde 
reaction, 353, 357 

Sodium dibutylnaphthalenesulphonate, ea.talyst, 193 
Sodium diohromate, vat dyeing, 1057 
Sodium dihydrogen phosphate, catalyst, 635 
Sodium disulphide, reaction with dibromoanthra- 
cene, 1202 

Sodium ethoxide, catalyst, ketone condensation, 551, 
557, 563 

—, in lubricating oil, 1158 
—, reaction with ethylidene dichloride, 1035 
—, — rubber tetrabromide. 1114 
—, — titanium tetrachloride, 1239 
Sodium ethyl, catalyst, diene polymerisation, 182 
Sodium ethyl sulphate, catalyst, urea resins, 618, 
621 . . . , 
Sodium fluosilioate, in cresolsulphonic acid-formal¬ 
dehyde resin, 421 

Sodium formate, catalyst, cresol condensation, 354 
—, —, phenol-sulphur reaction, 1191 
Sodium fusion, resins, 1258 . 

Sodium glycerate, in phenol-aldehyde resins, 429 
Sodium nydracrylate, preparation of, 1070 
S^ium hydride, in diene polymenaation, 182 
Sodium hydro-bisulphite, reducing agent, 180, 181 
Sodium hydrogen phosphate, in latex coagulation, 
181 

Sodium hydrogen sulphate, m ”rea®21, W4 
Sodium hydroxide, action on acetaldehyde, 493, 
1082 

—, — Aroclors, 1146 

, — chlorinated oils, 1220 

, —chloroprene rubber, 169 

, — halogenated rubber, 1112, 1114, 1116, 1121 
■ isoprene sulphcme dibromme, 171 

• squalene polymer films, 199 

, catalyst, scroll polymenaation, 502 
—, —, aldehyde-ketone condensation, 587, 545, 540, 

— ^beniSesulphonylchloride reaction, 

dicyatmdiamide-formaldehj^e^^^ «80 

-I furfural resini, 521 ,.527-529, 582, 585 
—, —, glycerol polymeniation, 796 
—, —, phenol-awhol teems, 388, 893 

“ "• 

428 487, 488. 504 ^ ^ 

_ ’ uti-aWebyde ccmdeMation, 592, 598, w, 

616, 681, 689, 669,-671 
—, in ali^d reeUw, 

—, in erode beneene, 120 


Sodium hydroxide, in gas-punfication extract, 122 
in phenol extraction, 862 
m resin-impregnation, 1245 
—, m resin pyrolysis, 1068 
—, in tar oil resins, 122 
", m vinyl resins, halogenated, 1056 
Sodium hypochlorite, action on rubber, 1109 
—, as chlorination medium, 1156 
, bleaching agent, for tanning compounds, 750 
—, in rubber-chlorination, 1108 
Sodium hyposulphite, in phenol-sulplmr prepara¬ 
tion, 1185 

Sodium indene, preparation and properties of, 98, 
99 

Sodium isopropylnaphthalenesulphonate, uses of, 
246. 1076, 1079 

Sodium lactate, reaction with water, 1003 
Sodium malonic ester, catalyst, styrene polymerisa¬ 
tion, 242, 250 

Sodium methoxide, in methanol-vinylacetylene re¬ 
action, 149 

—, in styrene polymerisation, 259 
—, reaction with l,4-dibromoi8oprene, 170 
— monomethylolurea-glyool, 666 
Sodium d-naphthoxide, hardening agent shellac, 
703, 1287 

Sodium nitrate, catalyst, phenol-formaldehyde re¬ 
action, 357, 358 

Sodmm m-nitrobenezenesulphonate, in vat dyeing, 

Sodium p-nitrodiasobenzenesulphonate, resin from, 
734 

Sodium oleate, action' on chloroprene rubber, 157 
", as emulsifying agent, 157, 158, 179, 180, 183, 184 
", catalyst, ketone resinification, 549 
", ", phenol-aldehyde condensation, 355 
Sodium oxide, in phenol-alddiyde resins, 438 
Sodium perborate, bleaching agent, 339 
Sodium perchlorate, uses of, 1068 
Sodium peroxide, action on phenol, 271 
—, catalyst, phenol-aldehyde reaction, 416 
", in rosin purification, 770 
Sodium persulphate, reaction with civetone, 1001 
", " tall oil, 755 

Sodium phenoxide, as catalyst, 393, 420, 562, 1135 
—, reactions of, 3M 

Sodium nhenylethylsulplionate, from styrene, 242 
Sodium phosphate, in urea resin, 589, 616, 641 
", uses of, 178, 336, 631 

Sodium polyacrylate, preparation and properties of, 
1072 

Sodium polysulphide, as an impregnating agent, 
1168 

—, reaction with aldehydes, 1181 
", " ethylene dichloride, 1174 
", oxidation of tall oil, 765 
. vinylethinylcarbinol polymerization, 151 
Sodium resinate, reaction with acetyl chloride, 799 
", ~ olefin dihahdes, 797 
—, — glycerol dichiorohydnn, 797 
Sodium rubber, preparation and properties of, 1080 
Sodium salicylate, dehydration of, 277 
—, in phenol-aldehyde reaction, 863, 854, 372, 417 
Sodium salts, of polymerized tung oil fatty acids, 
1219 

Sodium silicate, in fireproofing fibers, 416 
", in phenolic resirt, 449 
”, removal of cloudiness by, 597 
Sodium sebacate, use of, 355, 469 
Sodium stearate, condensation catalyst, 192, 198, 
439, 469 
", use of, 355 

Sodium sulphate, addition during resin separation, 
590 

", resins from isoeugenol, 263 ., . ^ 

Sodium sulphide, catalyst, phenol-foriaudehyde 
reaction, 854 . . 

", in alkyd resm Mnulsification, 917 

reaction with halogenated eompounde, 1169, 
1176. 1177, 1182 

Sodium sulphite, catalyst, aldohiation^ 497_ 

", phenol-aldehyde condensation, 290, 858, 855, 
372, 65, 420 

", in mordants. 1192 ^ ^ , ,„o —* 

—, reaction with caibphydrates, 758, 762 
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Sodium Btannate, action on phenol-sulphur reein, 

im 

Sodium tetrasulphide, reaction with alkyl halides, 
1170. im 

Sodium thiocyanate, in alkyd resins, 080 
—, in vinyl resins. 1008 
—, silk disf^rgation by, 69 

Sodium thiosulphate, catalyst, phenol-formalde¬ 
hyde reaction, 354-350 
—, effect on urea-thioaldehyde resins, 083 
reaction with ethylene dichloride, 1170 
—, — phenols, 336, 432 

Sodium trichloroacetate, diene polymerisation^ 180 
Sodium trihalogen-phenoxides, decomposition of, 
370 

Sodium triphenyl methyl, diene pol 3 rmeriRation. 182 
Sodium tungstate, catalyst, phenol-formaldehyde 
reaction, 354 

Sodium vinylacetyhde, reactions of, 151 
Sodium sincate, catalyst, acetaldol formation, 408 
—, —, creeol condensation, 354 
—, —, resins from malt, 702 
—, parchmentiain^ cellulose, 434 
—, resin purifioation with, 387 
Soft pitch, reaction with aromatic sulphonyl- 
chlorides, 722, 728 
Softening, of varnish films, 19 
—. nature of, 20 

Softoning agents, for alkyd resins, 905, 910, 913 
—for oumarone resin. 140 
—, for lacquers, 081, 823 

—, for phenol-aldehyde resina, 423-426, 440, 441 
—, for polystyrenes, 234 
—, for urea resins, 595, 001 
Softening interval^ in resins, 29 
Softness of materials, nature of, 34 
Roil profiles^ preservation, urea resins, 649 
Sol. conversion, bydrophuic to hvdmphobic. 596 
Soldering flux, from chlorinated biphenyl, 1151 
—, from chlorinated polystyrene, 247 
—, from rosin, 777, 8^ 

Sol-gel transformation in alkyd resins, 869 
Solid phase, in gels, 37, 88 
Solid solutions, nature of, 44 
Solids and liquids, nature of, 27 
—, transition of, 27, 31 
Solids, plasticity of, 31, 34 
Solids, precipitation in films, 20 
Soligen driers, 785 

Sols, copper oxide, coagulation of, 311 
Sols, of alk^d resins. VJh 
Sols, of drymg oils, 975 
Sols, resins as, 37 

Sols, steaming double refraction in, 70 
Solubility and swelling in solvents, relationship 
between, 88 

Solubility of alkyd resins, classification by, 875 
Solubilisation, of insoluble urea-formaldehyde res¬ 
ins, 681 

—, of resins, 1188 
—, of. steai^ pitch, 1251 

Solvent extraction, of phenol-formaldehyde resins, 

293 


—, of waste liquor, 758 
Solvent naphtha, in cumarone production, 93 
—, in rubber recovery, 1001 
Solvent retention, of Teglaci, 060 
Solvents, evaluation of, In vamishea, 1800 
—, in aunrd resin production, 025 
in biraenyl chlorination, 1148 
—in cold-molding, 1317 

—^ to phenol-aldehyde reain production, 328, 820, 

—, to reain purification, IM, 336 . 

to rpcin-aldeh^e oondensationi, 770 
—>proportion of to ooId-moldhMi compositions, 

selective lor rosin impuritieii 708 
—V test for, to lamtoatsd maternd, 1344 
Sorbaldehyde. ifrom acetMdilivde« 400 

, reaction wttii Dutaoicne, 83# 

Sotbto^^J ^l^yl ketonti to polymerliiiioii el 


d-Sorbitol, in Toyon berries, 895 
Sorbitol, m alkvd resins, tt4, 000 
—, in phenol-aldehyde resins, 428 
—esterification with liiiieed oil acids, 815 
—, — montan wax acids, 815 
—, — oleic acid, 1200 
—, — rosin, 700 
—, — tung oil acids, 815 
—, reaction with, methylcyclohexanone, 558 
—, synthetic drying oil from, 1200 
Sorbitol acetate, gels from, 38 
Sorbitol hydroxyethyl ethers, plastics from, 800 
Sorbitol polyhydroxy ethyl ether-succinic acid 
compositions, 938 

Sound-absorbency, use of alkyd resins in, 874 
Sound-insulating medium, cumarone resin lu, 136 
Sound Tccords, Composition for, 1008 
flexible, preparation of, 371, 372 
—, from all^d resins, 088 
—, from creosote resins, 303 
—, from phenol-carbohydrate resins. 750 
—. from phenol-sulphur chloride resin, 1188 
—from polyaorylates, 1078 
, from resorcinol-aldehyde resins, 371, 372 
—, from urea resins, 024, 043 
—, from vmyl resins, 251, 1030, 1048, 1002, 1006, 
1067 

—. molding of, 1334-1339 
—, non-breakable, 1835, 1836 
~, plasticizing agents for, 372 
Soya-bean oil, addition to rubber. 1211 
—, chlorinated with calcium hypochlorite, 1221 
—, drying oil fromi 1225 
—, in body enamel, 074 
—, in core oil, 

—, in oumarone iMn varnishes, 131 
Soya-bean oil acids, in alkyd resins, 921. 067, 084 
—, esterified with sorbitol, 815 
Soya-bean protein, condensation with formalde¬ 
hyde, 782 

—, in phonograph records, 416 
in rubber, 1110 

—, in urea-phenol-aldehyde resin. 683 
Soya oil, dechlonnatmg agent, 220 
Spar, heavy, m hnoleum, 198 
Spark plug cores, cold-molded, 1280 
Spiarteine. resins from, 745 
Spar varnish, as primer coat, 075 
—, ester gum m, 816 
—, from cumarone resin, 127 
from phenol resins, 451 
Specifications, for wood flour, 1273 
Spedfio gravity, determination, molding materials, 
1357 


—, of resins, change by heat and pressure, 602 
—, of volatile matter in varnish, tests, 1863, 1364 
Specific gravitpr floats, preparation, 1251 
Specific viscosity, discuMion of, 72-75 
of alkyd retina, 800 

Specific-viscosity-molecular weight-determination of 
long-molecules, 72-75 
Speehnens, tsat, preparation of, 1840 
Rpectroaobpic examination, of tung oil adda, 023 
Sperm oil, aleohola from, 004 
Spenngeeti, to alkyd reains, 915 
to phenol-aldehsrde retina, 426 
"Spidert,'* use, opening molds, 1321 
Spierer lena, in study of natural products, 64 
SpinDtog-nooslea, manufacture of, 088 
Spinning of filamenta and molecular weight, cor¬ 
relation of, 872 

Spinning pots, rubber oompoaition to, 1248 
Spirits of tur^ttoe, from crude gum, 700 
Spirit vandthei. eeter gum to, 816 
—, from ahellae, 24 
from resola, 444 
—, nature of, 10 

Split miea, eompoeite eheets froQi, 062 ^ 

Split molds, use of, 1007 

Sponge materials, from reem emulsioiii, 1834 

Sponge rubber, from latex. 1134 

Spools, textile^ eoated wHh re^, 1341 

Spny irriat, ot W 
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Spr»^n|, of %^d resin solutions, 956, 960 961 
—, of dlororubber paints, 1118 
—, of pol^rstyrene solutions, 247 
of resin solution, 619 
Spruce, resins from, 749 
SQualene, nature of, 199 
—, source of, 1209 
—, in paints, 199, 1209 
Stability, of lubricating oil, improving, 200 
Stabilisation of drier solutions, 787 
Stabilisers, for chlororubber, 1111, 1112 
Stacol, marketing of, 1285 
Stainmg, of moldings, 22, 608, 1326-1328 
Stainiitf wlutions, from ooel-tar extiacts, 275 276 
Stained glass, from urea resms, 649 
Stainless steel molds, 007, 628, 878, 1296 
Stamps, for regenerated cellulose. 200 
Standard for driers, 786 
Stand-oil, chemical reactions in, 875 

compatibility with cumaione ream, 117 
from linseed oil, 199, 1220 
—, from' penlla oil, 1226 
from tung oil, 1216, 1221 

—, polymerisation with vinyl derivatives, 199 , 550. 
loss, 1045, 1228, 1229 
vamiah from, 1091 

Stand-Oil formation, nature of, 859, 860 
Stannic acid, geU, 37 

Stannic bromide, action on lubricating oils. 215 
Stannic chloride, action on acrylic acid, 1071 
, ~ indene, 102, 103 

— isopropenyl methyl ketone, 551 

— petroleum, 214 

— pme oil, 782 

— pine tar, 215 

— rubber, 1101 

— tung oil, 1219 

catalyst, aniline-formaldehyde condensation, 695 
—, cumarone polymerization, 05, 107, 109, 117 
—, diene polymerisation. 170, 172, 175, 183 
—, ethylene oxide polymerisation, 990 
, glycidol polymenzation, 994 
hydrocarbon polymenzation, 990 
isosafrole polymensation, 261 
isopropylbensme polymerization, 258 
olefln polymerisation, 106 
phenol-formaldehyde reaction, 356 
polyeyclopMitadiene, 187, 188 
propylene oxide polymerization, 991 
ricinoleic add condensation, 1224 
-, styrene polymerisation, 241, 258 
vinyl chloride preparation, 1087 
vinyl ether polsmicrization, 1010, 1011 
, nature of polymerisation catalyst, 50, 227 
Stannic oxide-cuprous oxide, catalyst acetylene 
polymensation, 146 

Stannous chloride, as dehydrating agent, 405, 723 
as haiogenatmg agent, 804 
as i*educmg agent, 181 
catalyst, hydrocarbon-aldehyde resin, 285 
—, phenol-formaldehyde leaction, 356 
—, polymerisatioo, 23S 
, phenol-sulphur resin, 1186, 1192 
Stannous sulphate, reaction with turpentine, 
Starch, comparison with polyvinyl alcohol, 

1055 

—, in diene polymerisation, 176. 182 
—, in phenol-aldehyde resins, 317, 818, 414 
in rubber, 1178 

Statistic mechanios and resin formation, corre¬ 
lation of, 42 

Steam, aotioii on acetylene, 275 
—, — ehbionibber 
—, in heating molds, 1295, 1320 
—, in solvent extraction, W5 
Steam plate, in m<^ding, 

Steam pcssiurs pumpi um of, 884 
Stm pump for hydi*®”® ‘IS 

StaMMUp attlncii. Birth produeh. «« 

MMmtM, Id rti«wint-«<n»> !••• 


1103 

lOM, 


INDEX Stript 

Stearic acid, as mold-lubricant, 1062, 1175, 1276, 
1327, 1328 

chlorination of, 1158, 1220 
in alkyd reams, 157, 662, 905-907, 914 
—, m amme-aldehyde condensations, 702, 707 
—, in chloronaphthalene compositions, 1163 
. in cuprene-formation, 146 
in dicyanodianude-formaldehyde resins, 680 
in phenol-furfural resin, 532 
—, in rubber coinpo.mtion8, 195, 198, 435, 1098 
—, in sanding sealer, 970 
—, m urea resins, 611, 662, 674 
m vinyl resins, 10;^ 

—, reaction with castor oil, 1222, 1224 
•— montan wax alcohols, 814, 815 
Stearic acid-aniline-aldehyde resin, uses of, 425. 
1328 

Stearic anhydride, use of, 328, 439 
Stearic glycerides, in tung oil, 1215 
Stearin, m thermoplastic compositions, 826 
estenfied with copal, 801 
—, — rosm, 801 

—, plasticizer, synthetic resins, 1246 
Stearin pitch, m cold-moldmg compositions, 1203, 
1285, 1286, 1289 
—, m cumarone resin, 131 
—, in phenol-aldehyde resins, 426, 487 
—, solubilizing. 1251 

St^ryl alcohol, esterification of colophony, 799 
Steati4^), incorporation into resins, 624, 1166 
Steel, in low-temperature tar treatment, 272 
ir. molds, 607, 1326 
—, m phenol-aldehyde resins, 460 
—, in rosm estenhcation, 796 
—, plasticity of, 34 

—, protection with chlororubber, 1121 
Steering wheels, vinyl resins, 1269 
Stencil sheet, composition of, 962 
from phenolic resm, 424, 452 
—, fioin vinyl resins, 1050 
—, metallic soaps m, 791 
Step-by-step procedure in dielectric tests, 1345 
SttTculux foeixda^ oils from, 1282 
Stereochemistry, and ring formation, 42, 997 
- , in aminoarylsulphonamide-aldehyde resms, 61 
Stereoisomenc forms, of cyclopentadiene poljnnnerB, 
187 

Stereoisomerio stmeture, of tung oil, 1216 

Sticking to mold, nature of, 1315, 1326-1328 

Sticklac, nature of, 23 

Stiffening agents, urea resin, 080 

Stilbene, dunenzation of, 260 

—, formation of, 1197, 1254 

—, nitro compounds, resins from, 726 

—, reaction with maleic anhydride, 200, 854 

—, —• nitrogen pentoxide, 724 

—, resins from, 724 

Still-residue, treatment of, 121, 147, 229 

Stirnng, aggregation by, 311 

Stone, artificial, rosm in, 778 

—, coating with alkyd resin emulsions, 949 

—, penetration by silicon esters, 1236 

Stone impregnant, of vulcanized asphalt, 1203 

Stumte, vinyl ream coating, 1048 

Stoppers, alkyd resins for, 906 

Storage battery material, 1205, 13l5, 1816 

Storax, styrene from, by distHlation, 255 

Stove polish, silica black in, 1285 

Stoving, of cold-moldinga 1291 

Strains, rehevmg, urea-formaldehyde resins, 604 

Straw, cereal, resins from, 762 

Straw fibers, in polystyrene solutions, 248 

Streamiug double refraction, natuie of, 70 

Streaming liquid, position of molwules in, 70 

Strength, compressive, determination of, 1342 

—, of cold-moldings, 1317 

—, of textile fibers, 71 

—, tensile, tests for, 1340 

Stress, fiber, determination of, 1342 

Stresses, in resins, 588 

Striated articles, molding of, 1320, IWl 

Strippiiig enamels, composition of, 978 

Strips, sxtniiion of, 1823 
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Strontium hydroxide, catalyst, phenol-fonnalde» 
hyde reaction, 84S 

Strontium oxide, resin purification with, 837 
Strontium aoaps, in phenol-aldehyde resms, 438 
Structural unit, of polyanhyd rides, 997 
—, in proteins, 63 
Structure, of cellulose, 66 
of urea resin, 381-587 
—, of wool, 68, 69 

lamellar, nature of, 32 
Stryohnidme, methohalides, resins from, 745 
Styrene, autoxidation of, 240 

by decarboxylation of acids, 255, 256 
—, by dehydration of alcohols, 254 
—, by dehydrogenation of ethylbensene, 235 
—» by pyrolysis of bensene homologues, 253 
—I by pyrolysis of chloroethylbensenes, 252 
-’t by pyrolysis of ethylbensene. 253, 254 
—, by pyrolysis of polystyrene, 232 
—, catalysts for separation of, 255 
—, co-polymensation, with acrylates, 1075 
—, with acryhc acid, 1075 
—, —, with acrylic acid derivatives, 244, 1075, 1079 
—, —with a,/9-dicarboxylic acids, 244 

with diolefins, 25, 192, 193 , 244 , 251 
—, —, with ketones, 244 
—, —, with substituted benzene, 61, 242 
—, —, with vmyl compounds, 244 
—, emulsions, artificial silk from, 240 
—, —, latex from, 245 
—, —, pol 3 rmerization, 245, 246 
—I preparation of, 245 
—, ethylbraseue from, 242 
—, eucolloidal polystyrene fioin, 235 
—, formaldehyde from, 239 
—, from acetylene, 150, 256 
—, from bensene-ethylene mixture, 253 
—, from bromoethylbMizene, 253 

from carburett^ water gas, 97, 257 
—, from chlorinated hydrocarbons, 252, 253 
—, from chloroethylbeneene, 252, 253 
—, from cinnamic acid, 255 
from coal gas, 97 
—, from coal tar, 256 
—, from Dragon’s blood, 255 
—, from drip-oil, 97, 257 
—, from ^,/3-ethoxyphenylethyl bromide, 255 
—, from ethylbensene, 242, 252 
—, from hydrocarbons, 258> 254, 256 
—, from natural gas, 96 

from petroleum distillates, 254 
—, from p-phenylethyl alcohol, 254 
—, from /9-phenylethyl phenylacetate, 255 
from polystyrene, 236 
—, from storax, 255 
—, from stsnyl dibromide, 253 
, hemioolloidal polystyrene from, 235 
—, lacquer from, 241, 242 
—, metastyrene from, 232, 234, 235, 238, 240 
—, in^yiation of, 260, 261, 262 
—, miscellaneous sources of, 266, 237 
—molded products from, 249, 280, ^251 
—, moloxide of, 240 
—, naphthq^ena from, 238 
— oxi dftti< 7 n qf, 239 
—, phenolic, resins from, 260, -261, 262 
—, polymerisation, 49. 164, 176, 184, 198, 232, 284, 
238, 288, 239, 240, 241, 242, 243, 246, 999, 1020 
—, catalysts, 176, 234, 238, 289, 240, 241, 242, 

248, 990, 1020 



effect of anthracene, 289, 
effect of carbonyf compounds, 241 
effect of mercuiy' are, llff 
effect of ultraviolsl iii^t, 240 


, inhibitors, 242 
, in solvent, 2H, 242, 248 
r photocatalysti for, 240 
, with oeUitlos^ dertvOfdvqi, 248 
. x*v%y stildiis of, 10 , 


prc^miei, 282 . 

reectioa, with ^elohmnDl, 144, 248 
—, with flyoMnol md anhyiMe, 898 
wm wMe khhyildde, 1<8, 244, 248, 984, 
M, 811^ 1084 


Styrene, reaction, ‘with enethylene ketones, 850 
—, —, with nitrogen peroxide, 727 
—, —with vmyl acetate and maleic anhydride, 
1084 

—, Aesoglas from, 232 

—, separation from mixtures, 99, 236, 283, 254 
—, sodium phenylethylsulphonate from, 242 
—, structure of, 92 
—, substitutions, 257 
—, use of inhibitors with, 242 
—, Victron from, 232 

with cellulose ester plastics, oilcloth from, 
249 

Styrene analogues, from chlqroethylbensene deriv¬ 
atives, 253 

Styrene compounds, in cellulose ester plastics, 248, 

249 

Styrene derivatives, polymerization of, 257, 258, 
259, 160 

Styrene homologues, from dieihylbenzene, 254 
—, from ethylbiphenyl, 254 
—, from ethyltoiuene, 254 
—. from isopropylbenzene, 254 
—, from propylene-benzene reaction pioduct, 254 
Styrene-maleic acid, co-polymers, leact on wiiii 
organic bases, salts, 1072 
Styrene-maleic anhydride resin, solvents fur, 244 
—, textile dressing from, 244 
Styrene polymers, classification, 234 , 235 
—, effect of organic chlorides on, 246 
—, hydrogenation of, 249 
—, properties of, 288, 257 
Styrene resms, light-stability, 1269 
—, tiansparency, 1269 
—, with phthalide, 942 

Styrene-vmyl halide co-polymers, liydiolysis, 1057 

Stvryl dibiomide, from ethylbenzene, 253 

—, styrene from, 253 

Styryl ketones, 562 

—, phenyl methoxy-resin ification, 563 

Styryl methyl ketone, reaction with phenols, 391 

—, i^uctions, 563 

Subdivision, of phenol-formaldehyde reaction 
products, 291 

Suberic acid, use m alkyd resins, 908 
—, structure, 888 

Suberic anhydride, properties, 996 
Suberic diamide, reaction, with formaldehyde, 685 
Submarme cable, msulations, 193, 197, 198, 1091, 
ff096 

Succinic acid, catalyst, phenol-aldehyde condensa¬ 
tion, 869 

—, modifier, phenol-aldehyde resins, 489 
—, reaction with castor oil, 909, 910 
—, reaction with cellulose, 904 

reaction with ethylene glycol, 869, 870, 871, 999 
—, reaction with ethylene oxide, 898 
—, reaction with glycerol, 886, 887 
—, reaction with glycerol i8-hydroxyethyl ether, 
899 


—, reaction with hydrasine hydrate, 736 
, reaction with mannite, 886 
—, reaction with pentaerj^ritol, 901 
—, reaction with polyfaydrie alcohols, 428 
-r-, reaction with polyhydroxy acids, 910 
4 -, reaction with sucrose, 880 
4. use in all^d resins, 876, 907, 9M, 931, MS, 936, 
1988, 941, 967, 976 

>4 use in amine^aldehyds eondsnsations, 702 
Sucejnio acid-glyoerol trihsrdroxyethyl ether compo¬ 
sitions, 938 

Siflceinio acid-sorbitol polyhydroxyethyl ether com* 
pontion^ 968 

Suecinie aldehyde, reaction with methylamine and 
ajpetoaoetio esters, 660 

Su^inle glyoeride, plasticiser, alkyd resins, 882 


Suobinin, from sucemio add and glyeerol, M 
Sud^, oondsnsation with suceinie acid, 886 
affect on urea-fonnaldch 3 rde condensation, 616 
—, 4 , phsnot-aldehyde resins, 439 
—, 4 i tursa-fonnalddiyde issins, 661 
SuotMe octa-acetate, adhsslva, 38 
gum tdMititles, 38 
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i Sugars, ooadeiisation with formaldehyde, 758 
, — phloroglucinoi. 761, 762 
, — polybaaio acid*, 761 
, furfural from, 517 

, m resorcmol-formaldehyde condensation 372 
, in tanning agents, 267 
Suint, use, with chlororubber, 1123 
m-8ulphaminoben*amide, condensation with alde¬ 
hydes, 715 

p-Sulphaminobensamide, reaction, with formalde¬ 
hyde, 684 

Sulphates, accelerators of gelatinization, 597 
reaction with glycerol, 445 
Sulphite liquor, acetaldehyde from, 380 
—, alcohol from, 754 
—, chlorination of, 754, 1157 
~, fermentation of, 754 
—, filler, molding composition, 463 
—, lignin sulphonic acid from, 753 
modifier, for syntana, 421 
—, resins from, 752, 753, 754 
—, tannmg agents from, 754 

treatment with hydrogen sulphide, 754 
—, •— naphthylamine hydrochloride, 753 
, — potassium dichromate, 754 
—, — water glass, 754 

Siilphites, mc^ifiera. phenol-aldehyde resins, 420 
—, reaction, with formaldehyde and phenols, 420 
Sulphoacetic acid, catalyst, preparations of vinyl 
acetate, 1018 

—, in reaction of vinylacetylene and carboxylic 
acids, 151 

Sulpho-add eaters, in acid tar, 121 
Sulpho-acida, use, m phenol-aldehyde reaction, 415 
Sulphobensoic acid, action on rubber, 1100 
o-Sulphobenzoic anhydride reaction with hydro- 
quinol, 723 

Sulphonamide-aldehyde reams, compatibility with 
cellulose estera. 713, 714 
—, condenamg agents for, 714, 715 
—, idoitification, 1258 
—, insulating materials from, 721, 722 
lacquers from, 718, 714, 717, 718 
modified, 714, 715, 720 

—, plasticizers for cellulose acetate cements, 722 
plastics, 719, 720, 721 
—, preparation, 714, 716 
—, properties, 713, 714, 715, 1258 
—, spun materials from, 722 
—, with cellulose estera, 719, 720, 721 
—, with vinyl resins, 718 ... 

Sulphonamide derivatives, plasticizers, vinyl resms, 

, reaction with acetylating agents, 722 
Sulphonamides, condensation with aldehydes, 61 
—, miscellaneous reactions, 722, 723 
—, molding compositions with shellac, 719, 720 
, of aromatic ethers, uses of, 714 
with resins, 644 x u 

Sulphonated anilme, condensation with formalde¬ 
hyde, 6W 

Sulphonated castor oil, emulsifying agent, 1076 
Sulphonated compound*, catalyete. Ml. 

—, m cumarone polymerisation, 109, 111, 112, 118, 

Sulphonated cottonseed oil, reaction with chlori- 
nat^i hydrocarbons, 1158 
Sulphonated cumarone re^, 140 
Sulphonated fats, reaction, with formaldehyde 

SuIphonaSS^SaUy acids, catalyst, in formation of 
phenol-glycerol resins, 898 
Sulphonated hydrocarbons, reaction with carbo¬ 
hydrates, 760 .... <ui 9 

—. reacUon wiUi formaldehyde, 267 
Sulphonated methylenediphenols, alkylation, 421 
foaming agents, 422 

Sulphonated-mineral-oil »»«*’**• niodifiem, 

phenol-aldehyde resins, 419, 4M 
«idpl.on*t»d mln«r«l oU.-«l«i<^U condeniatKMi 
Diodueti, muWfymf ngato, iw . , 

Mphth*. untolyrt. for phonol-for- 
mald^de reactioii« Wl 

modifier, phwI-aldAyde rSS&is, 419 


Sulphonated naphthalenes, condensatioii with 
acetone, 541 

Sulphonated oils, m polyvinyl alcohol al»ng, 1058 
—, saponified, emulaitymg agent, 417 
Sulphonated oil, sunflower, modifier, phenol-alde¬ 
hyde reams, 419 

Stdphonated phenols, reactione, with ald^ydes, 
267. 418, 419, 420, 421 

Sulphonated resins, treatment with aminos, 426 
with gums, 426 
, with waxes, 426 
Sulphonated rosin, 777 

Sulphonated waxes, reaction with formaldehyde 
and phenol, 426 
Sulphonates, driers, 219 

—, emulsify mg agents, styrene emulsions, 245 
—. mineral oil, mold-lubri^nts, 1827 
Sulphonation, of abietene, 730 
—, of benzene, phenol from, 860 
—, of castor oil, 910 
—, of cumarone, 95 
—, of Oilsonite, 274 
—, of hydroxy acids, 910 
—, of mineral oils, 851 
, of naphthenes, 217, 871 
—, of paraffins, 217 
—of phenol, 677 
—, of phenol-acetone resin, 420 

of phenol-ald^yde resms, 840, 418, 419, 421, 445 
—, of phenol-aralkyl halide resins, 1188 
—, of polystyrene, 287 
, of reams, 829, 907 
—, of rosm derivatives, 777 
—, of tell oil esters, 756 
—, of tall oil ream acids, 755 
—, of tar oils, tanning agents from, 861, 362 
—, of toluene, 712, 713 
—, of urea-phenol-aldehyde resin, 676 
Sulphone, from cyclohexene. 167, 168 
Sulphones, from olefins and sulphur dioxide, 1178 
Sulphonic acid salts, catalysts, for phenol-foimal- 
dehyde reaction, 351, 852 
Sulphonic acids, as lubricants, 219 
—, catalyst, rosm esterification, 798 
—, classification of, 218, 219 
—, effect on alkyd resins, 880 
—, from acid sludge, 217, 218, 219 
—, from thiols, 1178 

—hardening i^eDol-aldehyde resins, 869 
—, oxidation catalysts, 210 
—, reaction with glycerol, 445 
—, reaction with rubber, 1097, 1098, 1099, UOO 
—, removal from acid sludge, 228, 229 
Sulphonic acid chloride, action on resin arid'i. 1203 
Sulphonyl chloride, action on rubber, 1097, 1104 
Sulphimyl halides, in acylation phenol-aldehyde 
resins, 422 

Sulpho^i^lio acid, reaction with rosin, 805 
Sulphur, action on cumarone resin, 181 
— drying oils, 1209 
—, — metals, 1161 
—, — molds, 1165 
, — petroleum residues, 216 
—, shellac, 24 
—, as binding agent, 1164 
—, as coatmg, 1161, 1167 
—, at impregnant, 1167, 1168 
—, castings, 1160 

castor oil modified with, 1228 
—catalyst, glycerol and acids, 209 
—, cement with, 1163 
—, colored, 1161 

—, crystallisation retarders, 1163. 1186 
—, diatomaoeous earth with, 1168 
—, dust explosions, 1164 
effect of air on, 1161 
—, emulsions, 1166, 1168 

ethylene pobMphide, witli, 1174 
hydrogan abospii^i 854 
—, in as^altenss, 304 
—, in chewing gum, 1168 
—, in oolfi-molding qonmositton, 1386 
in cumarone resin, 96 _ 

—, in gypsum plattsr» 1168 
in Japans, 1304 
in mmo composition, 1306 
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Sulphar, in 1161 

in petroleum resine, 201, 202, 203 
in Plaster of Paris, 1168 
—t in Portland cement, 1168 
in synthetio rubber, 196 
in varnishes, 821, 1161 
in wood preservativeffi^ 1165 
inhibitor, polymerisation of styrene, 242 
—, vinyl ester-aldehyde reaction, 1064 

—, insecticide from, 1164 
, insulating qualities, 1160 
—, introfiers for, 1165 

, phenol-aldehyde resins, 430 
—, modifiei', urea-aldehyde resins, 682, 683 
—, phenol-aldehyde resins, with, 1168 
—, pitch, with, 1162 

—, plastic, properties of. 1162, 1163, 1164 
—t polyacryuc esters with, rubber substitute, 1078 
—, polymerisation catalyst, 210 
polymerisation inhibitor, 1080 
properties of, 1160, 1162, 1168, 1164 
—, reaction with acetone, 54l 
—, — acetone-a-naphthil, 1198 
—, — aniline, 704, 1196, 1197 
—, — aniline and formaldehyde, 701 
—, — aromatic hydrocarbons, 1201-1203 
—, —• camauba wax and rosm, 1164 
—, — cashew-shell oU, 1164 
—, — coal tar, 1163 . 

—, — cracked petroleum, 1177 
—, — cuprene, 147 

— fatty oils, 1211 
—, — hexylene, 213 

—, — hydrocaioons, 215, 1183 
—, — 3-hydroxy-6-bensalaminotoluene, 1196 
—, — lins^ oils, 1207 
~, — nitrobenxene, 1197, 1198 
—, — octane, 215 

— olefins, 223 

— phenol, 1189-1193 

—, — phenol-aldehyde resins, 420, 1192 
—, — polyvinyl alcohol, 1060 
—, — rpsiB, 1205 

—, — siuts of unsaturated fatty acids, 1210 
—, — selenium, 1163, 1168 
—. — tall oil distillation residues, 757 
—, — p-toluidine, 1195, 1196 
—, — triolein, 1211 
—, — tung oil, 1217 

— turpentine, 1199 

■»-, — sine butyl xanthate, 1103 
—, removal, from vulcanised rubber, 1115, 1116 
—, resistance to corrosion, 1165 
—, retarding agent, drying of tung oil, 1217 
—, rosin, with, 777, 1164 
—, nibber-like substance from, 63 
—, siccative for montan wax, 814 
—, solubility in carbon disulphide, 1163 
—, stabiliser, vinyl esters, 1025 
—, test for, in resms, 1258 
—use in alkyd resins, 911, 924, 929 
—, use in ohlorination of rubber, 1115 
—, — polymerisation of 1,2-dienes, 180 
—tung oil isomerisation, 923 
—, ~ vulcanisation of oils, 1124 
—, — vulcanisation of rubber, 482, 434, 435 
—, — vulcanisation of synthetic rubber, 195, 196, 
197, 198, 199, 200 
vulcanisiM agent, 1093, 1281 
—, with coal-tar bitumen, 860 
—, with oumarone resin, 183, 186 
with paraffin wax, 1163 
—, wood resins with, 749 
Su^hur-atdline resin, preparation of, 1195, 1197, 


Sulphpr riilorkto, aetioo on alkyd resins, 1206 
—, ctunarone resin, 181 

oils, 216. 1200, 1207. 1210 
—, ^ phenol-formaldehyde resins, 441, 1189 
-> — sheUaO, 24, 1206 
<—*, — vinyl reeina 1081' ' 

catalyst, ojddAtkm of tar, 278 

Aml-ald^y^ i^ioiis, 857, 182, 898 
-T, hardenfog agent, 646, 061 

:;rSS5.:a W—“ 


Sulphur chloride, reaction witii aromatic amines, 
1193, 1194, 1197 
—, — furfural, 1181 
—, — hydrocarbons. 215, 216 
—, — hydroxy sulphonio acids and phenolic resins, 
421 

—, — olefins, 216, 1179 

— phenols. 672, 1162 

—, — polycyclopentadiene, 188 
—, — residues from refining processes, 1204 
—, — thioamides, 1198 
—, — tung oil, 1217 
—, — tuipentiiie, 1200 

—, restoration of elasticity to rubber by, 1101 
—, use ill alkyd reams, 924, 929 
—, — chlormation of rubber, 1115, 1116 
—vulcanization of oils, 1124, 1210, 1211 

— vulcanization of rubber, 188, 200, 426, 485, 
1101, 1224 

Sulphur chloride containers, phenol resin coatings 
for, 450 

Sulphur chloride-drying oil product, drying of. 
1209 

Sulphur chloride-phenol ream, see phenol-sulphur 
chloride resin, 1183 

Sulphur compounds, m polypheny! production, 1142 
—, effect on chloroprene polymerisation, 156 
—, removal from coal-tar fractions, 361 
—, removal of formaldehyde by, 599 
—, source of asphaltenes, 204, 2^5 
Sulphur-contaming resms, x-ray patterns of, 88, 89 
Sulphur-cresol-azobenzeiie reaction product, vat 
dye from, 1198 

Sulphur-cumarone resins, uses of, 136, 1318 
Sulphur dichlonde, action on polymerized buta¬ 
diene, 199, 1101 
—, rubber, 1101 

—, reaction with amides, 1194 
—, — diphenylamine, 1194 
—, — phenol, 1183, 1187 
—, use m pieparation of factice, 1213 
Sulphur dioxide, action on chlororubber-oil var¬ 
nish, 1123 

—, — chlororubber paints, 1121 
—, — drying oils, 1210 
—, — rubber, 1100 
—, — waste liquors, 753 
—, catalyst, drymg oil polymerisation, 1228 
—, —, ethylene-carbon dioxide reaction, 1070 
—, —, phenol-formaldehyde reaction, 849, 350 
, styrene polymerisation, 241 
—, from acid tar, 121 

—haidenmg agent, urea-formaldehyde resins, 598, 
634 

—, in rosin purification, 769 
—, m varnishes and lacquers, 1210 
—, leuction with carbon suboxide, 1015 
—, — cyclohexadieno, 1178 
—, — ethyhdene diacetate, 1019 
—— isoprene, 171 

— 2-nitro-6-methyldipbeDylamiiie-6'-artunic 
acid, 727 

—, - olefins, 167, 168, 1173 
—, reduction of oxidised ^m-xyleiiol by, 871 
Sulphur dioxide treated oils, linoleum from, 1210 
Sulphur dyes, properties of, 1188 
Sulphuric acid, action on acetylene polymers, 164 
—, "7 bensyl alcohol, 267 
—, — chloroprene rubber, 159 
, — chlororubber paints, 1121 
—, •— cracked distillatea, 224 

~ cumarone, 02, 94, 95, 114, 167 
—, — wclohexane-l,2-diol, 1254 
—, — dicyolohexadiene, 189 
—, — 2,4-dimethyl-3^carboxyUo acid, 241 
fatty oUs, 1207, 1217 

— formolites, 212, 218 
—, — furfural, 581 

—, — o-hydroxystycene resin, 260 
—. - indenes, 98, lOO, 101, 105, 167 
—, — Ugnocelluloee, 750 
—, — olefins, 167, 201 
—, — pentametKylbeni 0 n% 266 
—, — petiuleum hydroeitbons, 217 

^ peirolfutii residues end oils, 818, 874 
^ jpeiroleuin reeme, 802, 808 
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Sulphuric acid, action on rubber. 1097 Ills 
—-sugar, 517 . * « 

— turpentine, 781 

— vinyl compounds, 149, 150, 167 

— o-vinylphenolj 255 

f aryl esters, modifiers, for phenol-aldehyde res¬ 
ins, 4ol 

catal^t, acetaldehyde resin formation, 493 
—, aldehyde-amine condensations, 706. 707 
—, algmate esterification, 1254 
—, alkyl-Mrbasole-aldehyde condensation, 744 
bensaldehyde-naphtha condensation, 265 
—, bensaldehyde-xylene condensation, 268 
—, bensyl alcohol condensation. 1007 
—» *^*yl chiloride-trioxymethylene condensa¬ 
tion, 299 

, carvacrol-malic acid reaction, 1254 
, ■, chlorinated anthracene-formaldehyde con¬ 
densation, 266 

chlorohydrin-phenol condensation, 1138 
, cumarone polymerization, 106, 107, 109, 110. 
Ill, 112, 113, 114, 116, 118, 120 
—, cyclohexadiene poljonerization, 189 
—dicyanodiamide-formaldehyde condensation. 
SO 

—, l,2-dihydroxy-5-hexanone, condwisation, 542 
—, diolefin polymerization, 175, 185 
—, esterification of fatty oil acids, 755, 1224 
—, ethyl alcohol-abietic acid condensation, 798 
. —, ethylene glycol-phthalic anhydride, conden¬ 
sation, 897 

—, ethyl hydracrylate, dehydration, 1074 
—, fatty oils, oxidation, 1225 
—, formaldehyde-benzene condensation, 263 
. , formaldehyde-o-methoxybenzoic acid con¬ 

densation, 374 

—, formaldehyde-o-toluidine condensation, 686 
. —, furfural and cracked petroleum condense- 
t’on, 527 

—, furfural-phenol, condensation. 526 
—, furyl alcohol resmification, 522 
—, glycerol condensation, 428 
, hardening urea resins, 598, 662 
—, hydrocarbon-formaldehyde condensations, 264 
—, ketene pol^erization, 553 
, —, /3-naphthalene sulphonic acid, benzoin con¬ 
densation, 268 
—, ngaiol condensation, 560 
—, olefins polymerization, 166, 167 
—, paraldehyde from acetaldehyde, 489 

phenol-acetylene condensation, 384, 385, 389 
, —, phenol-aldehyde condensation, 231, 280, 285, 
343, 345, 349, 350, 357, 361, 363, 366, 369, 380, 381, 
‘73, 394 , 406, 418, 420, 430, 437, 438, 439, 674 
—, phenol-amylene reaction, 411 
—, phenol-o-benzoylbenzoic acid condensation, 
376. 433 

—, phenol-glycerol condensation, 392 
—, phenolic digestion of wood, 748 
—, phenol reaction with essential oils, 383 
—, phenol-tung oil condensation, 1216 
—, polyvinyl acetals, preparation, 1061 
polyvinyl-acetate hydrolysis, 1059 
—, polj^inyl alcohol-ketone condensation, 1063 
—, pyrrole-formaldehyde condensation, 741 
—, resorcinol-acetone condensation, 378 
—, Tesorcinol-benzaldehyde reaction, 277, 278 
—, resorcinol-isosuccinic acid condensation, 1255 
—, rubber-aldehyde reaction, 436 
—, styrene polymerisation, 241 

sulphonamide-aldehyde condensation, 714, 
718 

—, sym-trimethylstyrene polymerization, 259 
urea-acrolein condensation, 670, 671 
urea-alcohol condensation, 665 
—, urea-formaldehyde condensation, 589. 899, 
m, 612, 640 

—urea-phenol-aldehyde condensation, 676, 677 
—, urea-sugar condensation, 788 
—, vinyl-acetate hydrolysis, 1088, 1087 
o-vinylphenol polymerisatioa, 1081 
precipitant, ai^ajtenee, 208 
'preventiott of yellowing in varoisiies, 1378 


acid, reaction with acetone cyanohydrin, 

— chloroethylbenzene, 258 

— jS-chloropropiomc ester, 1074 
—, — dextrose and phenol, 421 

—, ethyl a-^ano-/3-imino-a-phenylvalerate, 733 

—, — ethyl a,p-dibromopropionate, 1074 

— furfural, 1181 

— humic acid, 1254 

— pemitrosoketocmeole, 727 
—, — phenol and colophony, 420 

— sodium hydracrylate, 1070 
—, —- tai oils, 122, 361, 362 

— timg oil, 1217 

—. — vinyl acetylene, 549 
—, removal from acid sludge, 228, 229 
—, use in alkyd resin production, 922 
—, — oxidation of phenol, 272 

— oxidation of rosin, 774 

—, parchmentizing paper, 1245 

» — preparation oi leather-base lacquer, 1255 
—, — refimng coal tar fractions, 109, 114, 120, 
121 

—, saliretin preparation with, 281, 282 
Sulphurized copal, gutta-peicha substitute, 1205 
Sulphurized hydrocarbon resin, incorporation with 
phenol-formaldehyde resin, 1202 
Sulphurized bnseed oil, action of sulphuric acid 
on, 1207 

Sulphurized oils, in coatings, 1208, 1209 
—, in cold-moldmg compositions, 1280 
Sulphurized oleic acids, formation of, 1211 
Sulphurized reams, varnishes from, 1210 
Sulphurized rosm, soap from, 1205 
Sulphurized stearin pitch, uses of, 1203 
Sulphurized tars, uses of, 1204 
Sulphur monochloride, catalyst, reaction of phe¬ 
nol and carbohydrates, 759 
—, reaction with cuprene, 147 
~, ~ 2,3-dimethylbutadiene, 1179 
—, — divinylacetylene, 160 
—— fatty acids of waxes, 815 
—t — glycerol, 1176 
—, — linseed oil, 1208 
, — naphthalene, 1202 
—, — polyvinyl alcohol, 1080 

use in glycerol phthalaite-cottonseed oil acid 
resin, 906 

—, — preparation of factice, 1210 
Sulphur monochloride-phenoi products, action on 
olefin polysulphides, 1178 
Sulphur-nitrobenzene resin, preparation of, 1198 
Sulphur-nitrobenzene resin, reaction of furfural 
with, 1198 

Sulphur-phenol-formaldehyde resins, use, 441 
Sulphur-phenol resins, incorporation with, alde¬ 
hyde-polysulphide resins, 1181 
Sulphur-phenol resin, see Phenol-sulphur resin 
Sulphur plastics, rosm in, 777 
Sulphur resins, hardened by benzyl chloride, 1132 
Sulphur thiocyanate, factice with, 1212 
Sulphur-treated glycerol phthalate oleate resins. 
905, 906 

Sulphuryl chloride, catalyst, phenol-formaldehyde 
reaction, 357 

—, —, polycyclopentadiene formation, 187 
—, —, polymerization of diolefins, 188 
—, reaction with acetylene polymers, 160 

— cracked petrol^m, 1178 
—, — m-cresol, 985 

—, use in chlorination of rubber, 1108 
Sunlight, action on benzene, 269 
, — Ai^lor lacquers, 1148 
—, — cinnamic acid, 1082 

— indene, 101 

—, — isosafrole, 261 
—, — safrole, 261 

—, catalyst, condensation of oinnamylidene-m-ni- 
troacetophenone', 856 
—, — dibenaylidene-acetone, 662 

—, —, — styrylketones, 668 
Supercooled liquids, formation of, 44, 812 
Supercooled melt, transfoimatfon to crystals, 19 
Si 4 »erla wax, insulating compound of, 1091 
Super-polyestefs, nature and preparations of, 872 
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Surface leeistivity, of vamishee, teets for, 1874, 

1878 

Switch plates, use of alkyd resins in, 988 
Ssmtans, preparation of, 418, 419, 420, 421 
—, testi^ off 420 

uses of, M 419, 420 421 421 
Synthetic fibers, from alkyd resins, 89, 90 
—, from e-aminocaproic acid, 90 
from ethylene sebacate, 90 


T structure, glyceride oils, 860 
Table tops, laminated board, 9 
Tablet*molds, 12M 

Tablets, molding compositons, 1817, 1818, 1821 
Tableware, urea resins, 627 
Tackiness, molding powders, 456 
—, rosin esters, 793 
—varnish filius, 20 

Talc filler, chloronaphthalene compositions, 1153 
, ohlororubber cement, 1126 
—, cold-molding compositions, 1289 

—I phenol-aldehyde resins, 318, 449, 459 
—, —, ssmthetic rubber, 196 
Tall6I, see tall oil 
Tallblein, 755 

Tall oil, preparation and uses, 754-757 
reaction with alkali polysuiphides, 1172 
—, residues, use with phenolic resins, 487 
—, synthetic drying oil, 1209 
Tallow, fatty acids, alkyd resin, 945 
Tank lining, hard rubber, 12CNB 
Tanks, finiuiing with resins, 1818 
—, manufacture, 9 
—, minded, 1382 

Tanned leather, treatment with urea resins, 647 
Tannio acid, catalyst, phenol-formal^hyde reac- 
tion, 849, 854 

. urea-formaldehyde reaction, 610 
cold-molding compositions, 12^ 

—, emulsifying agent, linseed oil, 1210 
gutta-percha substitute, 1205 
Tannin, albumin-ethylene oxide reaction product, 
998 

—, condensation product, 289 
—, effect on polyvinyl alcohol, 1059 
—hardening phenol-ald^yde resins. 872 
—, modifier, urea-aldehyde resins, 678 
Tannins, rdation to terpene resins, 1258 

"" . 1192 

resin, 1182 
residues, 750 

, 6,8-bischlorbmethylbeDi-l,8-dioxane, 378 
—, 8,5-bisohloromethyi-p-ore^, 3TO 
—, cellulose, 750 
—, chlorinated products, 1157 
—, condensation products, carbohydrates, 267 
—cumarone resin, 140 
—, increasing strength, protein coatings, 200 
—, modified polsr^rinyl acetals, 1064 
—, naphthalene, 1202 
—, phenol-aldehyde rOsitt, 840, 420 
—, phenol-sulphur resin, IIN, 1185, 1186, 1187, 
1189, 1192, 1198 
idithalic anhydride, 750 
—, polyvalent phsnd-aldehyde resins, 419 
—, rosm derivatives, 777 
—, rosin-disnol ream, 829 
—, sulphite waste liquor, 754 

sulphonated resins, 267, 885, 418^421, 676-678 
sulphonated tar oils, SOL 862 
sulphurised coal-tar. 1208 
sulphurised phenol-fonnaldshycUksulphite res¬ 
ins, 420 

—syntans, 420 

tsrpent smulttonsi 1247 
ursaophendtaldehyde resins, 677 
Tantahnnp caws^^dymeriSatimi of glyesrd, 005 

--V Vdehssadlsae, 129 


aromaiio hydrooar- 


Tar, by-product, decomposition of penta and 
hexametnylbensene, 266 
furylangehc acid, 520 
—, —, oxidation of acetaldehyde, 495 
—, —, polyglycidol, 994 
—» —» pyrolysis of olefins, 164 
—, cumarone resin, 186 
—, definition, 18 
—, dielectric strength, resins, 862 
—, filler, 852 
—, mdene from, 96 

low-temperature fractions, condensation, 347 
—, masout, 203 
—, oxidation, 273, 278 
—, ozokerite, 208 
—, printing colors, 278 

—, raw material, phenol-aldehyde resins, 860-864 
—, reaction of furine and potassium amide, 520 
—, — thionyl chloride, furyl alcohol and pyridine, 
520 

—, reaction with aldehydes and vegetable oils, 274 
—, resinified with unsaturated hydrocarbons, 229 
—, resins, 274, 275 
—, sulphurized, 1204 
—, use, chloronibber, 1126 
—synthetic rubber, 198 
—, vulcanised, phenol-aldehyde resins, 426 
—, wood, 751, 752 

Tar aeid-ald^yde resins, 851-863, 869, 870 

Tar acid-furfural resin, 869 

Tar acids, cold-molding binder, 1286 

—, composition and properties, 861, 366, 869 

—, condensation with aldehydes, 861-364 

—, disinfectants, 866 

—, low-tempers lure tar, 861 

—, removal, coal-tar naphtha, 107, 108, 114 

—, —, cumarone polymerization. 111 

—, use, ooal-tar-pitoh paint, 860 

Tar distillates, 278 

Tar formation, bensal chloridO, 1184 

—, benzotriohloride, 1186 

—, fluorinated compounds, 1156 

—, wood distillation, 751 

Tar-forming impurities, removal from benzene, 
121 

Tar oils, acetone resin, 275 
—, indene, 99 

lubricating and therapeutic oils, 275 
—oxidation, 209, 273 
printmg colors, 278 
—, reaction with acetaldehyde, 407 
—, — acetylene, 275 
—, — benzyl chloride, 1181 
—, — paraldehyde, 862 
—, — sulphur, 1208 
—, •— sulphur and cuprene, 147 
—, — sulphuric acid, 861, 862 
—» — vegetable oils, 274 
—, removal, aldehyde-tar-acid «^in8, 868 
—, resins, 122, 274 

—use, cellulose-ester varnish. 1246, 1247 

—, vulcanised, phenol-aldehyde resins, 426 

Tar pitch, resins, 204 

Tars, coke-oven gas, 727 

—, composition, 18 

—, phenolic content, 360, 861 

—, resin-forming, 8o7 

Tarry material, biphenyl chlorination, 1142 
—, hydroquinol reaction with o-sulphobensoic an¬ 
hydride, 728 

—, thnmal pol^erlsation, noetylene, 142 
Tartaric acid, buffer, dimethylolurea, 614 
—, catalyst, a-naphthol-fonnaldehydie resin, 284 
—» i^sDol-fonnaldehyde resin, 284, 849, 854 
, urea-formaldehyde rerin, 589, 610 
—, condensation with glycerol, 888 
—, — polyvinyl acetate, 1082 
—, — triethylene glwti 898 
—, from furfural, 888 
—, modifier, ph^-alddhyde reslae, 489 
purification of reiifns, 180 
, eupeiaaturated eolutione, 19 
use in alkyd reeins, 870 
Taiftrate,^ polyvinyl alc^h 1009 




1697 


SUBJECT INDEX Tertiary 


modified urea-aldehyde rea- 

inSy v7v 

Tautomario form of p-aaligenin, 208 
Tautomerio aubatanoee. effect on polymeriaation of 
lyS-oienes, 184 

Tsutomerism, carbamide system, 669 
—, methyleneuriea, 578 
Tear-resistaJice, chloroprene rubber, 158 
vulcanised sodium-butadiene rubber, 196 
Teglao, incorporation of non-drying oil acids, 916 
—, increasing water-resistance, 913 
—, lacquers. 956 

modified with alcohols, 914, 915 
—, oxidation, 914 

—, preparation and properties, 912-916 
—, trade name, alkyd resin, 955 
use, mtrocellulose, 912, 913 
—, use of aliphatic dibasic acids, 915 
—, x-ray study, 88 
—, see also rosm glycerol phthalate 
Teglac-drying oil alkyd compositions, 912 
Tekaols, from linseed oil, 1227 
Telephone mouthpieces, forming threads, 1821, 1322 
Telephone poles, impregnants for, 1155 
Tellurium chloride, reaction with cresols, 1193 
—, — ethyl acetoacetate, 1241 
Tellurium sulphide, properties, 1164 
Telluroglycerofs, 1177 

Temperature, condensation, phenol-aldehyde resins, 


—, effect on capacity of chloronaphthalene waxes, 

• 1152 

' chlorbiphenyl production, 1143 
chlorination of rubber, 1106, 1108, 1110, 1111 

— chloroprene rubber, 158, 159 
, — coagulation of synthetic rubber, 181 
, — conversion of o- into /x-polychloroprene, 157 
, —• crackmg, 222 

— oumarone resins, 112 

— cuprene formation, 146 

— dehydration of sahgenin, 282 

— dielectric stiongth, 1347 

— formaldehyde-aryloxyaliphatio acid reaction, 
375 

• formation of /J-poIychloroprene, 173 
, effect on polymerization of acetylene, 143, 144 

■ acrylic acid, 1071 

■ chloroprene, 156 
, — cumarone, 107, 112 
, — cyclohexene, 167 
, — cyclopentadiene, 186 

— diacetylene, 162 
' 1,3-dienes, 181, 185 

■ ethylene, 165 

— isobutylene, 166 

— olefins, IM, 166 
~ tung oil, 1215, 1216 
effect on pyrolysis of polystyrene, 232 

^ — reacTion of vinylacetylene and caiboxylic 
acids, 152 

— rasiiufication of acetaldehyde-resoir.nol, 278 
resins, 1263 

— separation of styrene, 254 

— solubility of acrylic ester polymers, 1073 

— specific gravity tests for varnishes, 1861 

— spray-drying, 340 

— sticlmig of moldings, 1327 

— two-stage process, phenol-aldehyde resins, 
817 

— urea-furfural reaction, 670 
, — water absor^on, 1344 

formation, biphml, 1144 
—, chloroprene, 154, 185 
—, lactic lactide, 1068 
hardening, urea «»»». 
molding, injectmn, 

—, phenohc remns, 470 

—, reactive reeini» 1315, IWO, 1820 
polymerisation, awtjrlene, 148, 149 
—, chloroprene, 157 

effect of pressu^lOl 
, rosin esterification, 798 

I asys’S&S 


Temperature control, cumarone polymerization, 
109. no, 114-117, 119 
—, polycyclopentadiene formation, 188 
-™, polymerization of 1,3-dienes, 179 
Temperature-reversible gels, 88 
Temperature tests, resins, 1355, 1356 
Templates, construction, 1801 
Tennis courts, cumarone resin, coating for, 136 
Tennis-racket strings, varmsh for, 1244 
Tensile properties, cellulose and silk, 71 
Tensile strength, acetyl cellulose films with plasti¬ 
cizers, 719, 720 
—, airplane coatmgs, 1378 
—, chloroprene rubber, 159 
—, cumarone resm, 134 
—, ester gum lacquer films, 827 
-, impregnated wood, 481 
injection moldings, 1323 
—, moldmgs containing asbestos, 1273 
moldmgs, determination, 1358 
—, phenol-aldehyde resin, 328 
—, polyester fibers, 1002 
—, polystyrene, 236 

resins, determination, 1264 
tests, 1340 
—, unit, 1341 

Tension machine, use in adhesion tests, 1367 
Terazzo floors, polystyrene and cumarone resin 
coating for, 248 

Terephthalaldehyde, condensation with benzidine, 
688 


—, -cyclohexyhdene-cyclohexanone, 560 
Terephthalio acid, use in alkyd re8in8,925 
Terpene alcohols, 780 
Terpene derivatives, alkyd resins, 908 
Terpene emulsions, tanning, 1247 
Terpene hydrate, reaction with phthalio anhy¬ 
dride, 903 

Terpene hydrocarbons, condensation with acetone 
and formaldehyde, 548 

—, polymerized, use in submarine cables, 198 
—, thermal reactions, 51 

Terpene-like substance, from 1,8-cyolohexadieiie, 
189 

Terpene resins, polymerized, use in alkyd resins, 
910 

Terpenes, acetone-vinyl bromide reaction, 1253 

Terpene sulphide, from pmene, 1200 

Terpene sulphides, formation of, 1199 

—, aluminum chloride, polymerisation of, 100 

—, balsam-bke substances, 160 

—, blown, effect on chloronibber, 1118 

—, chlorinated, 788 

—, gum-forming hydrocarbons, 228 

—, in rosin, 770 

—, in turpentme, 780 

—, reaction with furfural, 528 

—, — sulphur compounds, 1199 

—, resinous substances, 

—, rubber-like material, 124’’ 

—, use, adhesives, 781 


, ink, 781 

—, —, rosin substitute, 1250 
lerpenic alcohol, phenol-formaldehyde reaction 
With, 407 • 

a-TerpineoI, pine oil, 780 
—, use m castor oil-maleic compositions, 909 
Ferpineol, printing ink, 827 
—, solvent for cumarone resin, 139, 140 
rerpineol esters, 783 

lerpineol-furfural reaction, resin from, 588 
a-Terpinene, 783 
Terpinene, from wfxid, 

Terpinene-maleic anhydride, adhesive, 781 
—, formation from terpenes, $44 
B-Terpinene-maleie anhydride reaction product, 844 
Terpinolene, from wood, 780 . 

reaction with maleir anhydnde, 845 
Terra alba, use, alkyd resia compositiottf, 981 
—, —, chlororubber, 1108 . , ^ ^ 

Tertiary amines, reaction with sulphur chloride, 
IIM 

Tertiary bases, catalysts, alkylation of polyvIM 
aloohm, 1067 

—, reaction with oatixni auboxide, lOU 
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Tertiary phosphines, resins from, 1241 
Tesla diseharge, effect on bensene and toluene 
vapor, 268 

Test panels, Amberol spar varnish, 278 
—, oxidising alkyd resins, 978 
specifications, 1845, 1847 
~, wcod, 1868 

Tests, abrasion resLtanoe, varnishes, 1866 
accelerated weathering, varnishes, 1870 
—, adhesion, lacquers and varnishes, 1867 
—, chlorinated rubber, 1121, 1122 
—, dielectric strength, varnishes, 1372, 1378, 1375 
—, discoloration, lacouers, 1378 
durability, varnishes, 1367, 1868 
—, embrittlement, arc-lamp irradiation, 1868 
exposure, varnishes, 1868, 1369 
fillers, 1275 

—, flash-pomt, varnishes, 1362 
—, flexibility, varnishes, 1370 
—, gloss, varnish, 1870, 1871 

hardness, varnish films, 1871, 1872 
—, heat tfidurance, varm^^s, 1365 
—, kauri-butanol, varnish, 1369 
—, kauri reduction, varnishes, 1867, 1368 
—, non-volatile matter, 1363, 1364 
—, oil resistance, varnish^ 1365, 1366 
—, porosity, varnishes, 1877 
—power factor, varnish films, 1375 
—, resins, 1256 

—, resistivity, varnishes, 1873, 1875 
solvent, 1363 

—, specific gravity, varnishes, 1861 
—, surface resistivity, varnishes, 1874, 1375 
—, time of curing, varnishes, 1862, 1368 
—, — drying, varnishes, 1864, 1365 
—, volatile material, 1844 
—, water absorption, varnishes, 1875-1377 
Tetra-acetylpropane, reaction with thallium eth- 
oxide, 1242 

Tetra-amino-ditolyl-furyl-methane sulphate, con¬ 
densation of furfural and m-tolylenediamine sul¬ 
phate, 519 

Tetra-amyloies, from trimethylethylene, 165 
Tetrabmsoylethylene, condensation, 556 
TetrabenxylsiUcane, formation, 1288 
Tetrabromoeleostearic acid, formation, 858 
Tetrechlorobutane, preparation of dichlorobuta- 
diene from, 170 

a,/8,fl,^-TetTachlorodiethvl ether, /3,/3-dichlorovinyl 
etner from, 1010 

Tetrachloroethane, softening agent, phenol-alde¬ 
hyde resins, 428 
—, solvent, 1187 
Tetrachloroethylene, 1140 
—reaction with formaldehyde, 516 
Tetrachloronaphthalene, retarder, alkyd resins, 881 
—, soldwing flux, 1154 

Tetrachlorophenol, softening agent, phenol-alde¬ 
hyde resins, 428 

Tetracyclic structure, urea resin, 581 
Tetradecadiyne, bromination, 1156 
Tetraethylammonium iodide, electrolysis, 781 
Tetraethylammonium trichloride, catalyst, metal- 
4elwde from acetaldehyde, 489 
a,a'-Tetraethyldiaminoadipic add, polymerisation, 
781 

Tetraethyl lead, catalyst, polymerisation, vinyl 
chloride. 1040 

Tetraethylene glycol, condensation with dtric acid, 
891 

—, preparaiicii, 898 

Tetm^cerol hexa-aeetate, preparation, 995 
^’-Tetmydrobeiisalddiyde, preparation, 881 
A*‘Tetrahydrobensaldebyde-2,5-sndomithylcne, for¬ 
mation, 884, 885 

^s-TcirsliydrobeiisaMehyde-O-xnetliyl, pre^wiatkm. 


penta- 


A^-Tctrahydrobensaldehyde-S-plieoyi, 881 
Twahydmb^^ ojUde, li^ctlon with 

tfj^^^mhydro - 6 - (s - ebloromethylnnphtltalene# 

Tgmhydiofman, from tetraniethylene carbonate, 

^ ^ ‘ ■ reaction, with fdienylhydrasine. 


Tetrahydrofurfuryl alcohol, solvent, polyvinyl 
chloride, 1088 

Tetrahydrofurfuryl glyceryl ether, condensation 
with phthalic anhydride, 900 
Tetrahydromethyl -bensalacetone, formationj^888 
Tetrahydronaphthalene. action of air on, 270 
, condensation with butadiene, 194 

— paraformaldehyde, 265 

— sulphonated ehloroaoetone-phenol resin, 421 
fluxing agent, 837 
halogenated, 1136, 1187 

, resins from, 270, 510 

, solvent, amine-aldehyde condensation products, 
700 

—, sulphonation, 871 

Tetrahydronaphthalene sulphonamide, reaction with 
formaldehyde, 712, 713 

Tetrahydronaphthol, reaction with abietio acid, 800 
ar-Tetrahydronaphthol alkyl ethers, preparation 
and condensation, 871 

Tetrahydronaphthonio acids, substitute for shellolic 
acid, 1006 

^v.tf.Tetrahydro- 1,4-naphthoquinone, preparation, 
832 

Tetrahydro-normethylmorphinethine, resinous prop¬ 
erties, 745 

Tetrahydrophenanthrene, from phenanthrene, 268 
Tetrahydrophthahc acid, 884 
A^-Tetrahydro-o-phthaUo anhydride, reaction with 
glycerol, 832 

A*-Tetrahydrophthalic anhydride-8,6-endomethy- 
lene, preparation, 885 
Tetrahydroquinasarine, preparation, 884 
Tetrahydrostyrena, solvent for butadiene polymer¬ 
isation. 188 

Tetrahydroxysteario acid, use in alkyd resins, 910 
5,6,5',6' -Tetrahydroxy-3,8,3' ,V -tetramethylbis-1,1'- 
spirohydrihdene, preparation, 887 
Tetramdene, from mdene, 100 
Tetraldan, from acetaldol, 408 
Tetraldehyde, reaction with phenol, 880 
Tctralin, combination with polyvinyl chloride, 1088 
—, drying reein from, 269 
—, solvent for furfuxid resin, 520 
Tetramers, acetylene polymerisation, 147, 148 

2,3,6,7-Tetramethyl anthraquinone, formation, 838 

2.3.6.7- Tetramethyl anthron^ formation, 8^ 

1.2.4.5- Tetramethylbensene, TH 

1.2.3.4- Tetramethylbutadiene, 169 

p ,p'-Tetramethyldiaminodiphenylmethane, formal - 
dehyde and dimetbylamline, 687 
Tetramethylene carbonate, decomposition, 870 
Tetramethylethylene sulphide, polymerisation, 1170 

2.3.6.7- Tetramethyl-A*'*’’bcxanydro-9,10-anthra- 
hydroquinone, structure, 888 

2,8,6,7 - Tetramctt^l - A*’* -’Octahydroanthraquinone, 
isomerisation. Sit 

2.2.6.6- Tetram^ylol-cyolQhexanol, alkyd resins 
from, 904 

Tetramethylol-cyolohexanol, from cyclohexanone 
and formaldehyde, 559 

Tetramethy 1 quinoUsine -1,2,8,4 - tetracarboxylate, 

formation, 850, 851 

Tetramethy Ithiuram disulphide, softener, olefin- 
polysulphide rubber, 1174 
Tetramethylthiuram monosulphide, action on rub¬ 
ber, llCtt 

Tetra-m-nitrotetraphenylsilicane, formation, 1288 
Tetraphenoxy-dihydrozy-rubber, 1114 

1.2.8.4- Tetraphepyl bensene, formation, 842 

1.1.3.8- Tetraphenyl-l-butene, from asym-diphenyl- 
ethylene, 259 

8.8.4.4- Tetraphenylcyolobutaae-l,2-dione, from hm* 
sytio acid and sodium carbonate, 558 

Tetraphenylcyclopentadicsione, reactkm with maleie 
anhydride, 842 

8.4.5.6- Tetraphaiyl-1 ^dihydrophthalio anhydride, 
formation, 842 

Tetraphenyidhaethyl ether, treated wHh hydro¬ 
chloric add, 1158 

2,2,]|,6*Tetraphenylhydrindooe, 042, 848 

TelnH;>biiiylaiUegDe, m 

Tctn^heuyHhiophene, lormadon, 1197 
T^UwmMyhM, mm formalmydef 518 
TeitilO dtoMing, styrcae^nialeie anhydride resin, 144 
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Textile fabnos, coated with resm globules, 1247 
—, UM of polystyrene solutions, 248 
Textile finishes, carbohydrates, 758 
Textile impregnant, sulphurized steann pitch, 1203 
Textile materials, impregnation with alkyd resin 
emulsions, 947 

Textile oils, from tall oil, 756 
Textiles, affinity for dyes, effect o£ lesins, 642 
impregnation, urea resins, 660 
, treatment with Aroclor resins, 1147 
uso of alkyd resins, 910, 911 
, — chlororubber, 1127 
—, — phenol and urea resins, 639 
Textile sheets, use, laminated insulation, 1249 
Textile webbing, impregnated with cumaioiie icsiii, 
136 

Textured floor covering, preparation, 984 
Thallium, stabilizer, plastic sulphui, 1164 
Thallium compounds, resmous, 1235 
Thallium ethoxide, reaction with tetia-acetylpio- 
pane, 1242 

Thallium oxide, stabilizer, plastic sulphur, 1164 
Thallium phenolates, reaction with aldehydes, 438 
Thaihum trichloride, catalyst, 1131 
Therapeutic agents, from copal, 810 
from ethylene oxide, 993 

Therapeutic propeities, modified tuniaione lesiiis, 

118 

Thermal conductivity, shcpt inateiial. 1354 
Thermal decomposition, acetylene and methane, 162 
—, divmylaoetylene, 152 
Thermal economy, urea manufacture, 568 
Thermal-hardenmg properties, ^-eleosteann, 1216 
Thermal insulation, modified phenol-aldehyde resin, 
441 

Thermal plasticity, 32 
Thermal resistance, cuinarone resms, 115 
Thermal synthesis, biphenyl, 1143 
Thermolyzed tung oil, 1217 
Thermoplasticity of Aroclor resms, 1150 
Thermoplastic materials, coiiaiitueuls, 826 
—, decorating, 1333 
—, definition, 14 
—, flow, 1330 

- , from rubbei, 1098, 1102 
—, heat marks, 1329 , . . 

Thermoplastic molding, methods of, 1314-1316 
Thermoplastic moldings, 1265, 1266 
Thermoplastic resms, from methyl methaciylatc, 
1081 

—, injection molding, 1324 
Thermopolymerization, indene, 100 
Thermoprene, preparation and properties, 1099, 1100 
Thermoreactive resins, 1266 , , , , ooo 

Thermorigid resins, from phenol alcohols, 332 
Thermosetting materials, definition, 14 
flow, 1329 
heat marks, 1329 

Thermosettmg resms, urea resins, oo4, ooo 
—, uses, 11, 1265 

Thermostatic control m dielectric tests, 1347 
Thialdines, preparation, 1181 
Thianthreile, formation, 1201 
Thickening, wash-oil, 122 
Thickening agmts, for hydrocarbon oils, 1137 
—, from alkylated polyvinyl alcohol, 1067 
—. polyvinyl ethers, 1060 

Thidcn^, films, effect on water absorption, 1377 
—, laminated material, variation of dielectric, 1346 

<»^d< 9 Mation with phenol, 378 

r. .a*, 883, 

, * Iifin 

Thioaldehydes, polymerisation, 1180 

Thioamides, conden»tio;» with nitriles, 6o» 

— sulphur chloride, 1198 
—, use with resins, W4 
Thioaniline, formation, 1194 
from, aniline and 
ThiobenianiUde, formatioh. 1197 
Thiobensophenone, autoxidation, iiw 

with met.1 *lt.. 580 


Thiocarbanilide, diphenylisothiohydantoin from, 575 
—, formation, 1197 

—, from aniline and carbon disulphide, 652 
—, glyceride oils modified with, 1227 
—, plasticizer, 447 

—, reaction with chloracetic acid, 575 
Thiocresols, reaction with aldehydes, 377 
Thio-p-creeol, reaction with divinylacetylene, 152 
Thiocyanodianudme, preparation, 681 
Thiocyanometry of tung oil, 861 
Tluodicyanodiamidine, reaction with foimalde- 
hyde, 681 

Thiodiglycolic acid, 894 

—, reaction with cellulose, 904 

—, use m alkyd resins, 883 

Thiodilactylic acid, 894 

Thioethers, thermal decomposition, 230 

Thioformaldehyde, condensation with phenol, 378 

— urea, 1182 

-r-, polymerization, 1179 
Thiofuial, preparation and propeities, 538 
Thiofurfural, from reaction of furfural and ain- 
inonium sulphide, 536 
Thioglycerol resins, 1177 

Thioglyverols, piepaiatioii and properties, 1176, 1177 

Thioglycohc acid, action on rubber, 1104 

Thiokotones, polymerization, 1180 

Tliiokol, use with chlororubber, 1128 

Thiokol A, olefin-polysulphide product, 1174 

", pieparation and properties, 1175, 1176 

Thiolactic acid, reaction with cellulose, 904 

Thioiite, preparation, 1189 

Thiols, sulphonic acids from, 1178 

Thiony Ian lime, reaction with malonic acid, 119S 

Thionyl chloride, action on metliyl lupmate, 746 

—, — rubber, 1101 

—, — triphenylmagnesjum bromide, 1142 
—, catalyst, condensation 3,3,4,4-tetraphenylcyclo- 
butane-l,2-dione, 553 
—, —, phenol-acetaldehyde i-caction, 381 
—, —, phenol-unsaturated aldehyde reaction, 392 
, chlorination by, 1009 
—, reaction with cresol, 1187 
—, — cresotinic acids, 1187 
, cyclohexanonebenzil, 560 
, — esters, 1188 

—, — furyl alcohol and pyridme, 520 
—, — m-hydroxybenzoic acid, 1187, 1188 
—, — methyl salicylate, 1188 
—, — N-phenylpyridone, 738 
—, — polyacrylic acid, 1075 
—, — rosm, 1205 

—, reduction to sulphur mono- and dichlondes, 
1188 

—, use, vulcanizmg agent, 426 
TWphene, condensation with aralkyl halides, 1132 
—, use m polymerization of l,3-diene8, 183 
Thiophenol-aldehyde resins, preparation and uses, 
377, 378 

Thiophenols, fonnation, 1201 
—, removal from coal-tar fractions, 361 
Thiophosphoryl amide, condensation ^ith alde¬ 
hydes, 1241 

a,/3-Thiopropane, 1169 ^ 

Thiorubber, olefin-polysulphide pro&uct, 1174 
Thiosemicarbazide, reaction with knibne, 1198 
Thiosulphates, vulcanizing agents, 1206 
Thio-p-toluidine, preparation, 1196 
Thiourea, accelerator, urea-aldehyde moldings, oW 
—, action on steel molds, 607 
— aryl, condensation with aldehydes, 658 
—, compound with ci^prous chloride, 580 
—, condwsation with acetaldehyde, 657 
—, — acrolein, 670 , 

—, — alcohols, 663, 664 

_, — ald^yde-ammooia, 646 

—, — aromatic aldehydes, 575 
—, — crotonaldehyde, 657 

—, — formaldehyde, 692, 598, 608, 0t, 612, 644, 
658-658, 673 

—, — furfural, 658, 669 

— glycols, 659 

—, — ketones, 675, 663 
—, — meroapto oompounds, 647 
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Thloum. oondeniation with parAfomuild^yde, 
Mi. 688. 845. 6M. 668 
—»petroleum eldeh^ee. 871 
oonvereion of oole by, 696 
deoompoaitioo. 678 
—, effoet on ehellao, 84 

— v^ter resiftenoe. urea resins, 631 

—, fixation of foimaldfehyde, 436, 691, 698, 618 
***, fluxing agantf 887 
—, from ammonium thiocyanate, 660, 669 
—V from calcium cyanamide, 661 

from carbon disulphide and ammonium car¬ 
bonate, 660 

—from mustard oil and diarylfuanidine, 6f3 
incorporation in sulphonamide-aldehyde resins, 
739 

—, methylolthiourea from, 693 
modifier, syntans, 430 
—, preparation, 660, 661, 662 
—, retarder, aUcyd resins, 881 
—use in resins, 690 

— sulphonatM phenol-aldehyde reaction, 676 
—, — urea-formald^yde-alkyd resins, 940 
Thiourea derivatives, from amine salts and alkali 

thiocyanates, 668 

iso-Thiourea ethers, from mercaptans and cyana- 
mide, 668 

Thiourea-formaldehyde condensation, with alkyl 
lactate, 688 

^ with monoalkyl ether of ethyleneglycol, 683 
Thiourea-fermaklehyde resins, 668 
—, alkyd^’toodified, use of phthalide, 668 
—, ehrandion-plat^ molds, 1837 
, comparative strength, 607 
—, effect on steel molds, 1836 
, electrical properties, 668 
—, film-hardening agents, 688 
—, hardening agent, varnish, 683 
—, hicorporation with cellulose derivatives, 668, 
686 

—, <- wattf-soluble alginates, 681 
—, -- wood flour, 664 
manufacture, 650 
—, modified casein, 680 
—, dievanodiamide, 680 
—. plastioser, ureide-aldehyde resins, 679 
—, rate of cure, 607, 660 
, reaction with sulphonated phenols, 677 
—, reactive, preparation, 688 
—transparency to ultra^olet, 608 
treatment of cotton, 640 

— silk, 640 

—, water-resistaQt premerties, 660 
—, with urea resins, 660 

Thiourea-guanidine mixtures, reaction with for¬ 
maldehyde, 681 

Thiourea rera films, effect of solvents, 664 
Thiourea-urea rssiwsi 'Ml M8^ M7 
^ioxyleiiola» r si Mt^ ^narBd^ S77 
Thiuxnm dsdvi^^; resinifisatkin, 1181 
Thixotropy, nature, 83 

—^Osborne Reynold's effect, relationship between, 
—, paints, 36 

Thoria, catalyst, styrene from phenylmethylcar- 
binol, 366 

Thorium, catalyst, polymerisation of glycerol, 996 
Thorium oxide, catalyst, ammonm-rom reaction, 
804 

—, —, ursa-aldehyde oondensatioiis, 616 
—, plasties from, S3 

Thorium |>henolatss, reactioa wHh aldshydes, 488 
Thorium salts, varnish, prevmtkMi of ysUowing, 
1178 

Thrsads, from cslluloss esters and ursa resins, 688 
tnm ehloroprsoe rubber latex, 168 
—, from oo-pol&mers^ with aenriic acid. 1076 
—, from mo^ed polyvinyl gleolidl, 1067 

z:ps.^&ilSS5i,%)m 

from synthstle terins, InllMd of spinning, 1068 
—, hopregnatlQii, rsalnout wdOTt 1388 
—, thiouraa tngiiis, 118 ' 

—. of chtMorulte, fIM 
of poIrWnyi MM, tm 


Threads, of rubber, 1101 ^ 

—, use, decorating moldings, 1831, 1833, 1881 
^ use of all^d resins in preparation, 060 
Three-dimensional polymerisation, tung oil, 61 
—^^^polymers, glycerol phthalate condensation, 

—, x-ray studies, 60 

Three-dimensional structure, /i-polyohloroprene, 
166 

—, urea resin, 684 

Thus, incorporation into alkyd resins, 948 
Thymol, effMt on polymerisation of tung oil, 1317 
—, electrochemical oxidation of, 373 
—, gum inhibitor, 334 
—, melts of, nature, 39, 80 
—, reaction with formaldehyde, 876 
—o, —> p-nitrobensaldehyde, 888 
—, resins from, 2^, 281 

Th 3 rmol-formaldehyde, use in modified alkyd res¬ 
ins, 986 

Thymol-furfural reaction, resin from, 636 

Tiglio aldehyde, acid radical in, 280 

—, reaction with phenols, 280 

—, — phenylhydrasine. 604 

Tiles, composition, alkyd resin coating for, 988 

—erased effect on, 1348 

—, floor, cumarone resin, 128, 187, 188 

—, from synthetic reeins, 1248 

—, impregnation with chloroprene, 169 

Tiltmg-head press, 1807 

Time of curing, effect on molded article, 1367 
—, reeins and varnishes, 1863, 1868 
Time of drying, vamishee, tests for, 1364 
Tune of heating, effect on esterification of copal, 
808 

—, — esterification of rosin, 798 
—, — oil-soluble phenol-aldehyde resins, 897 
—, — phenol-aldehyde cast reain, 386 
—, phenol-formald^yde condensation, 819, 320 
—, phenolic resin molding, 463, 464, 466, 470 
Time of molding, reactive resins, 1830 
Timing mechanism, presses, 1812 
Tm, catalyst, polymerisation of furfural, 621 
—, —, rosm esterification, 796, 799 
—, use of salts of, 864 
Tin cans, alkyd resina, coatings for, 962 
Tin chloride, catalyst, phenol-lignin condensation, 
747 

—, —, polymerisation of indene, 100 
—, —, reactiem of acetylene and hydrogen chloride, 
1086 

—, mordant from, 1193 

—, reaction with phenol-sulphur resins, 1187 
use in alkyd resins, 917 

Tm compound, phenol-sulphur resins, mordant 
from^ 1193 

Tin monoalkyi phthalic acid, preparation, 960 
Tinned vessels, use with phenol-aldehyde resins, 
319 

Tin olsate, solubility in transformer oil, 787 
Tin oxide, effect on castor oil, 1338 
Tin-plate containers, cumarone rosin ooatings, 139 
Tin salts, phsnoi-rerin fabric impregnation, 462 
—, resins, treatment of textilea, 640 
Tin sulphate, use of, 484 

Tm sulphide, catalyst, naphthalene-sulphur reac¬ 
tion, 1303 

Tires, from stvrene-diolefin eo-polymer, 198 
—, methyl rubber, 178 
Titanium, use of salts of, 864 
Titanium chloride, aetkm on indent, 103 
—, — lubricating oila, 316 
—, catalyst, cumarone polymeriMtioo, 116 
, polyoyelopentadi^ fo^pation, 187 
—, —, polymerisation of 1,8-«isa, 178 
—, linseed oil treatM with, IWO 
—, reaction with^ fmcool raiini, 810 

—! rosin juS^ipated wl^ 804 
—, use in au^ roihia, 317 
Titanium olirale, eatabrit, phenot-formaklehyde 
reactiott, 884 

, ui«a**loniMhlihyde oondsmatioii, Oil 
Titimium compduntf*, ottanio, 1818 
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TiUnium-glycerol products, preparation, 1239 
Xit»ntQm>glyool products, preparation, 1239 
roujtiwi catalyst, phenol-formaldehyde 

Z'/ ; ^^rea-formaldehyde condensation, 611 

Titanium linseed diglycende phthalate, prepara¬ 
tion, 951 

Titanium oxide, ^talyst, condensation urea and 
formaldehyde, 591 

—, —, crotonaldehyde formation, 500 

—, —, dehydration of benzyl alcohol, 146 

—, ehloronibber paint, 1124 

—, from titanium glycolate, 1239 

—, incorporation with polyvinyl chloride, 1042 

—, plastics from, 32 

—, silicon-eater paints, 1236 

—stabilizer, vinyl-ester co-polymers. 1087 

—, use of, 407, 483 

Titanium salts, resins, treatment of textiles, 640 
Titanium sulphate, catalyst, pol 5 mierization of 
glycerol, 996 

Titanium tartrate, catalyst, phenol-formaldehyde 
reaction, 354 

—, —, urea-formaldehyde condensation, 611 
Titanium tetrahalide, catalyst, polymerization of 
1,8-dienes, 183 

Titanox, chlororubber paint, 1120 
—, gloss-white enamel, 967 
—, molding composition, 988 
To^ie presses, uses of, 1311 
Toilet preparations, from tall oil, ^^5 
Tolane, reaction with 4,5-dipheaylcycfopentenolone, 
168 

Tollens reagent, reaction with dnuHhylolurea, 592 
p-Tolualdazine, pyrolysis, resin formation, 735 
p-Tolualdehyd^, reaction with .7ydjogen sulphide, 
1180 

Toluene, action of aldehyde^ on, 263 

— oxygen and peroxides on, 269 
alkylation of. 194 
bibenzyl from, 288 
diluent, 446 

—, butadiene polymerization, 183 
—, chloroprene polymerization, 157 
—, polymerization of l,3-diene8, 182 
—, — methyl ethyl vinylethmyl carbinol, 151 
—— styrene, 242 

—, vinyl ester-aldehyde reaction, 1065 
effect on resinification of isoeugenol, 262 
from by-product coke ovens, 860 
from cumarone resm, 95 
reaction with chlorosulphonic acid, 712, 7ld 

— isoprene, 193, 194 

— maleic anhydride, 839 
resinous product from, 268 , 269 
saocharm from, 712, 713 
solvent, 402, 412 
—, alkyd resins, 956, 963, 966 
—, butadi«ie polymers, 184 
—, chlororubber, 1118 

ester gum, 822 

—-, hydrogMiation of esters, 807 
—, lacquers, 247, 825 

_ nhenol resm varnish, 446 ^ _ 

_* polyvinyl compounds, 1024, 1025, 1042, 1047 

sulphonation of, 7l2, 713 
thinner, gloss-white enamel, 967 
toluene o-sulphomc acid from, 712 
toluene o-sulphonyl chloride from, 712, 713 
use, laminated glass adhesive, 718 

_Purification of coal-tar resins, 380 

alcohol solvent, i^uence on vis- 

eositv of nitrocellulose lacquers, 966 

p.tolueD*di«nine-furfuraI, Ught-.m«t.ve 

p-^l^e wSyi ^Iphonamide plarticiwr, acetyl 

T^SoMoimSldakyde reain, propertiro. . 

Tdluane-iaopraoe condetwation, aodium catolynt. 

p-’-Muana methyl nilphonamide, plaaticiaer, acetyl 

p-^riSSiullAiiSui. from ^tolueaeauJphtoyl chio- 
*^ricU» hud «thyl alcohol, 723 


p-Toluenesulphinyl chloride, reaction with l,2-oc- 
tanol, 723 

p-Toluenesulphochlonde, purification of reaiM 
with, 336 

Toluenesulphonamide, condensation with formalde¬ 
hyde, 712, 1258 

— urea and formaldehyde, 638 
—, plasticizer, alkyd-modihed urea-aldehyde res¬ 
ms, 663 

—, production, flow sheet for, 713 
—, use, urea-alcohol reactions, 664 
Toluene o-sulphonamide, 712, 713 
p-Toluenesulphonamide, by-product, preparation of 
saccharin, 712, 713 

—, fixing agent for formaldehyde, 425 
—, gelatinizmg agent, 718 

modifier, urea-phenol-aldehyde resins, 676 
—, reaction of alkyl derivative, 716 
—, reaction with benzenediazonium chloride, 722 
—, use, cellulose derivatives, 719, 720 
—, —, polystyrene, 249 
—, —, urea-aldehyde resin, 683 
, uses of, 718 

Toluenesulphonamide derivatives, manufacture of 
laminated glass, 963 

Toluenesulphonamide-formaldehyde resm, adhesive, 
safety glass, 718, 719, 1067 
—, artificial silk delustered with, 721 
—, cellulose acetate, lacquers, 717 
—, coating composition, plasticizers for, 718 
, effect of ultraviolet light on, 718 
—, fragile articles remforced with, 719 
—, nitrocellulose, cement, 718 
—, purification, 714 
—, stability, 714 
structure, 716 
—, uses, 714 

—, use with cellophane, 721 
—, waterproofing agents, 721 
Toiuenesulphonamide-furfural resin, cellulose ace¬ 
tate. lacquers, 717 
—, preparation, 535 

Toluenesulphonamide molding composition, vinyl 
acetate resm m, 720 

Toluenesulphonamide-urca-phenol mixture, reaction 
with formaldehyde, 425 

2 - p -Toluene - sulphonamidobipheny I, dibrommation 
of, 723 

p-Toluenesulphonanilide, plasticizer, acetyl cellu¬ 
lose, 719, 720 
—, resms from, 715 

Toluenesulphonchloramide, sodium salt of, 358 
p-Toluene-sulphon-ethy)amide, reaction with 
formaldehyde, 712 

p-Toluenesulphon-hexahydro-sym-trissine, from p- 
toluenesulphonyl chloride and hexamethylenetet¬ 
ramine, 716 

Toluenesulphonic acid, sulphonation of toluene, 
712, 713 

p-Toluenesulphonic acid, catalyst, ethyl alcohol- 
rosin reaction, 798 
—, reaction with formaldehyde, 673 
—, — rubber, 1097 
—, use in isomerization, 845 
p-ToJuraeeulphonic chloride, catalyst, urea-alde¬ 
hyde reaction, 662 

p-Toluenesulphonic esters, of phenol-aldehyde res¬ 
ins, 422 

p-Toiuwesulphonimidc, molding composition from, 
720 


i-Toluenesulphonmethylamide, condensation with 
aldehydes, 716 

-p-Tolueneeulphonmethylamidobiphenyl, nitration, 
tars from, 724 

'oluene o-sulphonyl chloride, 712, 718 
^Toluenesulphonyl chloride, action on phenol- 
sulphur resins, 1196 

esterification of gum acoroides with, 722 
-, reaction with coaNtar pitch, 722 
rosin, 865 

'oluenesulphonyl chloride, lacquers from castor 
oU with, 12^ 




nf nhiMfd-aMihvdA rasttui. 422 
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Toluene vapor, effect ou phenol-formaldehyde 
reein preparation. 200 

Toluidine, condensation with acetaldehyde. 700, 701 
—, ~ aldol, 700 
—* — crotonaldehyde. 700, 701 
—, — formaldehyde, 800, 702 

— furfural. 584, 702 
—, — lignin, 748 

—, polymerisation of tung oil with, 1210, 1220 
—. solvent, alkyd resins, 880 

use in alkyd resin production, 014, 025, 081 
—, use with chlororubber, 1111 
ni>ToluicUne, condensation with formaldehyde, 687 
o-Toluidine, condensation with n-butyraldchyde, 
707 

— chloroacetal, 732 

—, — formaldehyde, 680, 687, 008 
—, — sulphur chloride, 1103 
—.pickling inhibitor, 1103 

p*Toluidme, condensation with acraldehyde, 688 
—, — formaldehyde, 687 
—, — heptaldehyde, 705 
—, modifier, urea-furfural resins, 660 
—, reaction with sulphur, 1105, 1106 
Toluidine-aldehyde resins, fluidity, 605 
Toluidine red, chlororubber paint, 1120 
Toluidines, softening agents, phenol-aldehyde les- 
ms, 424 
—, use of, 347 

Tolbidine toner, chlororubber paint, 1124 
Toluquinones, condensation with phenyl hydrasine, 
561 

Toluylbensoic acid, condensation with glycerol, 804 
—, use in alkyd resms, 014 

Toluylchlonde, reaction with sodium salt of phe- 
nolphthalein, 1252 

m-Toluylenediamine, reaction with furfural, 534 
Tolv chloride, rosin esters with, 700 
m-Tolylene-diamme sulphate, condensation with 
furfural. 519 

o-Tolylguanidine, condensations of, 652, 707 
Tolylidene toluidines, resins from, 690 
3-p-Tolyl-6-methyl-3,4-dihydroquina2oline, fiom 
formaldehyde and p-toluidine, 687 
dl-Tolylolphorone, preparation, 387 
di-Tolylolphorone ether, preparation, 387 
N,N'-di-o-Tolyl-N^'-phenylthiocarbamidoguani- 
dine, preparation, 652 
Tolyl phosphate, safety glass, 644 
Di-o-tolylthiourea, condensation with formalde¬ 
hyde, 040 

Tonsil earth, catalyst, carbazole-olefln condensa¬ 
tion, 195 

—, —, Friedel-Crafts. 1137 
Tooth strength, test for gear stock, 1352 
Tomesit, electrical properties, 1121 
—, form of chlororubber, 1117 
—, introduction in coating industry, 11 
—, properties, 1118 
—, see also Chlorinated rubber 
Toron^ preparataon and properties, 1190, 1200 
Tortoise shell, imitation, from phenol-aldehyde 
resin, 285 
—, substitute, 501 

Toughness, acetylene pol 3 rmer films, 153 
—f chbroprene rubber, 158 
—, phenol-formaldehyde resins, 414 
—, varnish films, 10 
Toxic agents, 451 

Toxic coatings, for ship bottoms, 154 
—. metal soaps in. 780 
Toxicity, chloronaphthalene waxes, 1152 
—, varnish solvents, 21 
Trade Name Index. 1880 

Tragaoanth, protective colloid, for phenol-aldehyde 
resins. 320 

—, UM in emulsification. 045 
Train oil. oxidation of. 1225 
Ttahsfer composiiioas. constltusnts of, 820 
eumarone tmiA in» 140 
Trangfer ink. eumarone reein in, 140 
Tiansfer molding, eea Injection molding 
Tranefttr poper, coating with phenol min. 452 
from oellnloM daHvativec. 1248 


Transformer oil, anthracene oil, 200 

—, cumarone-resin by-products, 112 

—, oxidation of, 210 

—, varnish tests with, 1365, 1306 

Transformer requirements, in dielectric tests, 1345 

Transformers, cores for, 1240 

Transition between liquids and solids, 27 

Translucency, urea resins, 11, 606, 021 

Translucent moldings, 1267 

Translucent paper, alkyd resin in preparation of, 
060 

Translucent resins, 588 

—, from phenol-aldehyde condensation, 467 
Transparency, eumarone resins, 114 
—, effect of dehydration, 616 
, glycerol phthalate resins, 057, 058 
—, m ultra-violet region, influence of excess uiea, 
600 

—, resms, effect of uncombined reagents, 467 
Transparent paper, phenol resin, 451, 452 
—. urea resins, 643 

Transparent plates, urea-formaldehyde resins, 619 
Transparent resins, by acidification, 468 
by addition of salts, 597 
—, phenol resins, 467 
—, sugar, 761 

“, sulphonamide resins, 720, 721 
- , urea resins, 616, 680 

Tiansverse loading. Young's modulus for, 1342 
Treating conduit, ‘use of, 335 
Triacetm, from glycidol acetate, 994 
—, plasticizer, 378, 447, 718, 913 
—, —, alkyd resins, 882 
—, —, molding composition, 720 
—, —, vinyl resins, 1050 
safety glass, 1028 
—, solvent, alkyd resins, 880 
«ym-Tnacetone dialcohol, from acetone, 540 
Tnacetylcelhilose, 75 

Tri-alcohols, from phencl-formaldehyde reaction, 
302 

2,4,4'-Tnaminodiphenylamine, formation, 1195 
Tii-p-ammophenvlacetonitnle. resins from, 733 
Tnarylmethane dyes, use with resins, 1250 
Tnarylmethanes, from polyvalent phenols, 294 
Triaryl phosphates, plasticizers, synthetic lesins, 
1247 


— . use with nitrocellulose, 1243 
Tnazole derivatives, formation, 846, 847 
Tnbasic malomalic acid, from malic acid, 888 
Tnbenzylsilicyl oxide, formation, 1238 
Tribiphenylene-cyclohexane, from diphenylene-eth- 
ylene, 250, 260 

Tribromophenol bromide, resinification, 1140 
Tnbutyl phosphate, plasticizer, 1050 
Tri-n-butylphosphine, reaction with mercuric chlo¬ 
ride, 1241 

Trichloroacetate, effect on styrene mixture poly¬ 
mers, 246 

Trichloroacetic acid, action on rubber, 1104 

catalyst, urea and formaldehyde, 610, 611, 662 
—, varnish, prevention of yellowing, 1378 
o-Trichloroacetylpyrrole, action of potassium hy¬ 
droxide, 740 

2,4,5-Trichloroaniline, tars from, 730 
Trichloroaniline hydrochloride, incorporation with 
rubber-phenol product, 1104 
Trichlorobenzene, paper impregnant, 1150 
1,2^3-Trichloro-1,3-butadiene, 160 
Tnchlorocholestane. formation, 1240 
Trichloro-cyclohexanoxysilicon, formation and 
polymerization, 1237 

^./^'.^'''-Triohlorodivinylarsine, preparation. 1012 
Tricbloroethane, vinyl chloride from, 1035 
Trichloroethylene, condensation with formaldehyde. 
516 

- 7 , — sodium ftnilide, 1138 
—, — vinyl acetate. 1034 
—. diluent for phenol-aoetgldehyde reaction. 381 
solvent, amine-aldehyde resin, 700 
—» polyvihyl acetate, 1024 

Tridbloroethylsne-phenol condensation, 1118 

-Tricluoroethyl ether, action of sino on, 1610 
m-Triehloromathyl-diphanyldichlotoinatliaiia. 1115 
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Triphenylmethana 


Trichlorophenol, oxidation, 1140, 1141 
—, reaction with sulphur dichlonde, 1184 

condensation product, oxi- 

Tricrwyl phosphate, adhesive, safety glass, 719 
effect on shellac, 24 
—, plasticizer, 447 , 646 

—, alkyd resms, 964, 969 
~, —, chlororubber, 1123, 1126 
—, lacquers, 1240 

—, —, nitrocellulose, 970 
—, —, phenol-resin varnishes, 445 
—, polystyrene, 247 
—, —, synthetic resins, 1246 
—, —, vinyl resins, 1050 
—, reaction with calcium oxide, 1240 
—, resin from, 1240 

, retarding combustion of celluloid, 1240 
solvent, alkyd resins, 880 
—, use, parchment-like paper, 989 
Tricrotonylidenetetramine, preparation, 501 
Triethanolamine, adjusting pii of formaldehyde 
solutions with, 613 

—, catalyst, cresol condensation, 347, 348, 369 
—, —, urea-phenol-aldehyde reaction, 675 
—, condensation with acids, 892, 904 
—, —, phenyl-a-nuphthylamine, 732 
—, control of pH with, 353 
—, esterified fatty acids with, 1233 
—, use, emulsifying agent, phec^l-formaldehvde 
resin, 417 

—, use ill urea-forrnaldehyde-alkyds, 940 
Triethanolamine abietate, emu/sifier m pyiethrum 
emulsion, 829 

Triethylarnme, catalyst, cresol fM.indcnsation, 347 
Triethylene glycol, condensation with acids, 898, 
899 


—, reaction with ethylene oxide, 899 
—, use in alkyd resins, 898, 914 
Triethylenetetramine, catalv.st, acrylic acid chlo¬ 
ride polymerization, 1075 

Tnethyl-lead acetate, catalyst, polymeiization of 
acid esters, 1076 

Tnethyltrimethylenetnamine, rubber accelerator, 

707 

Trigger catalysts, 49 
Tngger molecules, 173 

Triglyceride, 9,11-octadecadienoic-l-acid, with 

tung, linseed oils, 1225 
Tnglycerol, preparation of, 994, 995 
Tnhydrophenol, anti-agmg, ester gum varnishes, 
821 ^ , 
2,4,2'-Trihydroxybenzophenone, reaction with sul¬ 
phur, 1190 

2,4,2'-Trihydroxybenzosulphone, preparation, 1190 
Tnhydroxybenzyl alcohols, resins from, 333 
Trihydroxyethylamine. reaction with josin. 804 
Trihydroxystearic acid, reaction with chloroabietic 
acid, 804 
—— copal, 810 
—, — polyvinyl alcohol, 1057 
—, shellac substitutes from, 1139 
Tnhydroxytrimethylamine, from oxidation oi hex- 
amine, 809 

reaction with phenol, 309 
Triindene, from mixture of dimdene and indene. 


167 

105 


992 


105 

Tiiindole, preparation, 743 
Tri-isobutylene, from isobutylene, 160, 

Tnmelhtie acid, from methyl indene, 

Trimeric acid, formation, 1002 
Triraers, from acetylene, W 
Trimethylamine, catalyst, 347 
—cresol condensation, o47 
— — pStaerization of ethylene oxide, 990, 

—* polyvinyl-alcohol alkylation, 

—, condensation with <*““®*'*?'!iu“®l,^vlane 1*2 
effect on polymensation of phwlscetylene, Wi 

2 8.4-Trimethyl-l-a»t)Oxiio acid, IWI 

TrimetM 8 . 4 -dim.tho*y-l,l'-<^^<«y •«>er.5.«,» 

trioarbojcylate, jwnous pro^rti^ 

Trimethylene. reaction with isoptene, liw 

—, solvent, phenol 
Trimethylene carbonate, 870 


Trimethylene glycol, ethyl oxalate, polymeriaation 
products, 871 

—, polyester-polyamides from, 1000 
—, reaction with adipic acid, 999 
—, — hexadecamethylene dicarboxylic acid, 998 
— phthalic anhydride, 898 
Trimethylene glycol ester, hexamethylene dicarbox- 
yhe acid, x-ray pattern, 89 
Trimethylene oxide, constituent of polishing wax, 
993 

Trimethylene sulphide, polymerization, 1170 
Trimethylethylene, polymerization and products, 
165, 167 

Tnmethvlhydroxycaproic acid, resin from, 1002 
Trimethylhydroxycaproic lactone, formation, 1002 
Trimethylolamine, from ammonia and formalde¬ 
hyde, 686 

Tnmethylol lactic acid, from pyruvic acid and 
formaldehyde, 542 

Tnmethylol-bisacetophenone, from acetophenone 
and formaldehyde, 556 

Tnmethyiolethylmethane, alkyd resins from, 904 
—, trinitrate, resinous properties, 725 

2.3.6- Trimethylphenol, isolation from, coal tar, 881 

2 .4.6- Trimethylphenol, see Mesitol, 302 

2,4,8-Trimethylpyridine, lodination, reduction, 787 

2.3.4- Tnmethylpyrrole, reactions, 848 

2.4.5- Trimethyl8tyrene, polymerization of, 259 
sym-Trimethylstyrene, polymerization of, 259 

3.3.5- Trimethyl - A*-tetrahydro -1,2-pyridazme-1,2, - 
carb fxylate, preparation, 831 

Tnnitroabietic acid, 731 

2.4.6- Trinitrobenzaldehyde, reaction with benzyl 
chloride, 509 

Tnnitrobenzene, inhibitor, polymerization of sty¬ 
rene, 242 

sym-Tnnitrobenzene, resms from, 725 
Trinitrocresol-trinitrotoluene mixture, resinification. 


727 

Trmitrophenol condensation with diphenylcarba- 
inide chloride, 727 
—, lacquers, 1033 

Triolein, reaction with sulphui, 1211 
Tnolith, presei valive. test panels, 1368 
Tnoxymethylene, condensation with benzyl chlo¬ 
ride, 299, 516 
- phenol, 398. 415, 416 
—, — polyvinyl alcohol, 1062 
—, — thiourea, 594 , 658 
—, — urea, 568, 612 
—, — wood tar, 751 
—, formolites from, 212, 213 
—, from formaldehyde, 513 

—, haiden»ng agent, phenol-aldehyde resins, 423 
—, methylal from, 496 
—, tncresyl phosphate resin, 1240 

use, resinification of triphenyl phosphate, 432 
—» —» resins, 590 

__ urea-guanidine-formaldehyde reaction, 682 

—, use of, 326, 327, 330 
—, see Paraformaldehyde 

Tnoxvmethylone-phenol resin, shellac substitute, 
330, 331 , 

Triphenylacetonitrile, nitration, tars from, 720 
Triphenylallene, oxidation, 1253 
sym-Triphenylbenzene, from phenylacetylene, 162 
Tnphenylcarbinol, 1135 

nitration, tars from, 725 . , 

—, with phenol, triph.nyl-p-hydroxyphenylmBthaoe 
from, ill 

Triphenylchlororaethane, 1142 

action on cellulose and starch, 760 
—, reaction with phenol, 411 
Tnphenylguanidme, fomiution, 

— from aniline and carbon disulphide, 668 
Kenmg agent, shellac, 702, 1286, 1287 
—, resm from, 578 v * i, * 

Triphenyl-p-hydroxy-phenyl-methane, from tn¬ 
phenylcarbinol and phenol, 411 
Triphenylroagnesium bromide, tar fcrmation fiwn, 
1142 


Triphenylmethwe, 1131 

effect on siiiphur transitioti, 1160 
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Triphenytmethyl, catalyst, styrene polymerisation, 

<140 

, reaetion with iaoprene, 8S4 
—, — pyrrole, 847 

l,l,3>Tripheoyl-S>methylbydrindine, from aeym- 
diphenylethyiene, 259 

l^riimenylolmethaiie, from phenol and formalde¬ 
hyde. 294 

l,8.o-Triphenylp«itane, from polystyrene. 233 
Triphenyl pho^hate, plasticiser, 447 
—, —, alkyd resins, 962 
—, —; chloronibber, 1128, 1128 
—, —, diphenylolpropane-formaldehyde resin, 388 
—, —, lacquers, 1240 
—» polystyrene, 247, 251 

—, —, urea resins, 595 
—, —, vinyl resins, 1048, 1050 
—, resinification of, 432 
—, sulphonamidee, with acetyl cellulose, 719 
Tripoli, use. hller, sound records, 1336 
—, —, finishing moldings, 1331 
Tripropylamine, eatal}^, cresol condensation, 347 
Tripyrrole, reaction with osone, 740 
—, resinification, 740 
Triquinoyl hydrate, resinification, 501 
Trisodium phosphate, catalyst, condensation of 
aldehydes and ketones, 546 
—, —, phenol-alcohol resins, 332 
—, —, phenol-formaldehyde reaction, 354 
—, contipl of pH with, 353 
—, neutralising agent, urea resin, 646 
Tristyrene, from polystyrene, 233 
a-Tnthioaoetaldehyde, preparation, 1180 
1,8,5-tri-p-toluenesulphon-hexahydro-8ym - triasine, 
from p-toluenesulphonamide-formaldehyde reac¬ 
tion, 716 

Tritolyl phosphate, solvent, 412 
Tritolyl, plasticiser, polystyrene, 251 
n-Tiyptamine hydrochloride, resinous properties, 
745 

Tsugio acid, nitration, resins from, 731 
Tubes, cellulose acetate, use, multi-colored mate¬ 
rial. 1314 

—, extruded, urea resins, 621 
—, from phenol-renn laminated sheets, 470, 475, 
476 


—, impregnated with synthetic resins, 1247 
—, of polyvinyl ao^ls, 1062 
Tubing, extrusion of, 1323 
Tumbli^ barrel, use, finishing moldings, 1331 
Tung oil, action of sulphur chloride on, 1208 
—, — sulphur dioxide on, 1210 
—, anti-congealing agents, 1209 
—, bleadiing, W 

—, bodied, plasticiser, chloronibber, 1119 
—, —, use of, 403 

—, bodjring at high temperatures, 1207 
—, catalyst, rosin esterification with glycerol, 801, 
802 

—, cementinfr composition, 989 
—, chlorination of, 1221 

—, constituent of rubber laminated stock, 1099 

—, diving properties, 1235 

—, eDset on esterification of rosbi, 785 

—, — fume-loss, 801 

—, ensymatic hydrolytis, 980 

—, ester gum, rate of polsrmerisation, 818 

—, —, varnishes, 816, 828 

—, friction blocks from, 1216 

—, gelation, 1315, 12M 

—, —, effect of eumarone resin, 126 

—f —» prevented by rosin, 26 

—, —, retardation, 1316 

—, gelled, reclamation with cashew-shell oil, 1231 
—, haJogenat^, 1154 
—, heated, 1215, 1216 

—, hydrogenated, use of pobrmers, 1217, 1318 
—> insulating va^tiidi, 819, 1301 
isomerisation, 933 
linseed oil, vamisbes, 817 
linseed oil and triglyceride of 9,n-oetadecadie« 
iioie*l-aefd, 1335 
tineeed stand oil, 1316 


Tung oil, liquefaction of gelled, by fusion with 
rosin, 803 

—, modification, 1227 
—, modifier. 405, 407. 410, 411 
—, —, crei^lio acid-formaldehyde reein, 408 
—, —, p-hydroxybiphenyl-formalin reein, 409 
—, ~, oil-soluble phenol resins, 402 
—, —, phenol-formaldehyde resins, 414 
—, —, urea-furfural resins, 670 
—, non-dicing oil from, 1209 
—, oxidation, effect of eumarone reein, 126 
—, plastidxer, vinyl halide reeihs, 1042 
—, poi 3 rmeriBation. 40, 1215-1217 
aqueous solution, 1219 
—, —, catalysts for, 401 
—, —, change of refractive index, 50 
—, —, chloroprene, 157 
—, —, cyclisation phenomenon, 1210 
—, —, effect of ^-naphthol and thymol, 1217 
—, —, —* pressure, 49, 50 
—, —, linear polymers, 61 
—, —, x-ray studies, 50 
—, polymerised, acetone peroxide, 1219 
—, —, aromatic amines, 1219, 12^ 

—, —, eumarone resm, 137 
—, —metallic chlorides, 1218, 1219 
—, prepared, varnishes, 817 
—, raw, use of, 412 
—, reaction at high temperature, 860 
—, reaction during polymerisation, 1216 
—, reaction under ultraviolet light, 1217 
—, reaction with acids, 1217 
—, — Amberols, 401 

—, — anilme and aniline hydrochloride, 693, 1219, 
1220 

—, — dechlorinated mineral oil, 1221 
—, — iodine, 1217 
—, — metallic chlorides, 1218 
—, — ozone, 1217 
—, - phenols, 1216, 1217 
—, — phenols and formaldehyde, 402-404 
—, — polynuclear methylenio compounds of aro¬ 
matic amines, 1219 
—, — resol, 405 
—, — rosin, 26 
—, — sulphur, 1217 
—, — sulphur chloride, 1217 
—, reduction of iodine number, 1217 
—, Re^l 110, varnish base from, 973 
—, rosin, varnish, 773 
—, rosin esters, varnish, 801 
—, rubber substitute from, 1204 
—, rubber vamidi, 1091 
—, slabs for tile, 1218 
—, sohdification, anhydrous solvents, 1218 
—, solubility of Aroolors, 1146 
—, solubilisation with sulphur dioxide and alkali, 
1219 


—, solvent, 410 
—, stand oils, 1210 
—, structure, 857, 858 
—, sulphurised, blistering tendency, 1208 
—, thermolysed. 1217 
—, thermoplastic compositions, 826 
—, thickening oil from, 1217 
—, use as softener in adhesives, 989, 1100 
—, use in alkyd resins, 157, 925, 920, 929, 981, 
932 935 986 978 

—, aqueous’ colloidal solution, 1217 
—, — o-oresol-formaldehyde resin molding com¬ 
position, 367^ 

—, — polymerisation of M-dieneSr 180 
—, use with asphalt, 1218 
—, — chlororubber, 1123. 1124 
—, — eumarone resin, 117, 126, 131, 185 
—, — formaldehyde-creeylie-aetd resin, 365 
—, — phenol-carbohydrate resins, 759 
—, — phenol-furfural resin, 533 
—, — polynlivinylbenseae, 249 
—, — resin from cracked gasoline, 192 
—, water solubilised, 1220 
ff-Tung nil, formation, 923 
resin from, 1217 
—, stand oils, 1216 
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Tum oil aads, esterified with sorbitol, 815 
l««quer mibstitutes from, 803 
—, polymerised, classification of, 1219 
—, reMtion with glycerol and dihydroxy diphenyl* 
methane dicarboxylic acid, 374 
aolidified with metallic chlorides, 1218 
—, ‘u8e in alkyd resms, 919, 922, 923, 924, 930 
—, with raw tung'oil, solidification, 1218 
Tung oil>aroine resins, properties of, 1220 
Tung oil-ester gum-nitrooetlulose lacquer, prep¬ 
aration of, 825 

Tmig oil-ester gum varnishes, waterproof qualities, 

Tung oil-glycerol phthalate-phenohc varnish, re¬ 
sistance to salt-water, 958 
Tung oil-linsoed oil mixture, polymerization with 
sine oxide, 1327, 1228 

Tung oil-modified alkyd resin, nitrocellulose lac¬ 
quers, 967 

Tung oil monoglyceride, condensation with resor¬ 
cinol, paraldehyde, 405 

Tung oil oxyns, treatment with sulphur dioxide 
and alkaU, 1219 

Tung-oil-phenol-formaldehyde resin, testing with 
sodium chloride, 406, 407 
Tung oil substitutes, 861 

Tuhg oU-toluidine resins, use of phthalide with. 


of 


Tung oil varnishes, binder for cold-molding c 
position, li^ 

—, preparation of, 401 
—, use of resin glycerides, 1216 
—, use of rosm in, 26 

Tungsten carbonyl, catalyst, polymerization 
1,8-dienes, 184 .. 

Tungsten chloride, reaction with phenol reams, 
310 

Tungsten oxide, catalyst, dehydration of benzyl 
alcohol, 146 

—, —, separation of styrene, 254 
—, —, styrene from phenylniethylcarbinol, 255 
—, plasrics from, 32 

TungstiO acid, catalyst, sulphur-anilme reaction, 
1197 

Turbidity, chlororubber paints, 1125 
Turbine oil, oxidation of, 209 
Turkey red oil, use in methyl poly-acrylate emul¬ 
sions, 1079 

Turkey red oil substitute, from tall oil, 755 
Turnery resins, definition, 316 
—, dry process, 326 , ^ aut 

Turnery stock, from phenol-aldehyde resins, 467 
Turpentine, crude, ester gum from, 795 
distillation of kaun gum with, 1867 
—, effect of iron on, 783 ... , * 

effect on solubility of polyvinyl acetate m 

•—fwUaifliit^n with polycarboxylic anhydrides, 

814 

—, from crude gum, 766 
—, from pine tar, 752 
—, gum rosin from, 764 
—modifier, phenol-aldehyde resins, 419 
oxidatioi of, 782 
paint vehicle from, 781 

=: 

—, — formaldehyde. 782 
—— nitric add, WW 
—, — oxalie acid, 1201 
—, — polyidnyl chloride, 1^ 

—, — stannous 

.cid products, 

-!*!iSution 2* 

MM solvent, ^190, 402, 408 

__la.eyclohexadiene polymer, 189 

—I furfural redns, 520 
linseed oil lwQ^» ^ 

__ natural reeins, 808, 827 


548 


Turpentine, solvent, phenol-aldehyde resins, 367, 
397, 400, 443 
—, —, Rezyls, 973 
—, —, rubber, 1092 
—, thickened, 780 

—, use as diluent in polymerization of 1,3-dienes, 
182 

—, use with lubricating greases, 249 
—, varnish thinner, 817 
Tiirpentme gum, crude, constitution of, 766 
Turpentine resin, decomposition of, 1283 
Turpentine substitute, from batata and gutta¬ 
percha, 1092 

—, from hydrogen and carbon monoxide, 1265 
—, from reaction of acetylene with propylene, 161 
—, from rosin, 778 

Two-hour varnish, phenol-formaldehyde ream, 10 
Two-stage dry process, 326 
Two-stage resins, dehydration of, 339 
Two-stage wet processes, phenol-aldehyde resin 
production, 316-822 

Type-impressible stencil sheet, preparation, 962 
Tyrosine, from silk hydrolysis, 69 

U 


1124 


Ultracentrifugal molecular weight determination, 
64, 67, 75 

Ultracentrifuge, optical system, 70 , 

Ultramarine blue, chlororubber paint, 

—, polyvinyl lacquers, 1026 
Ultramicro-crystals, formation, 30, 31 
Ultramicroscope, detection of colloidal resin par¬ 
ticles, 311 

Ultraviolet light, accelerator, condensation, 590 
—, —, curing, 591 
—, —, gum formation, 230 
—, —, oxidation, 228 
—, cloudmg reduced, 591 
, darkenmg resms, 1244 
—, decomposition of acetaldehyde, 494 
—effect on ahphatic aldehydes, 494 
—, — cholesterol, 1255 
—, — color of synthetic resin films, 1378 
—, — ester gum lacquer films, 826 
—, ■— indene, 101 
—, — olefin polymerization, 164 
—, — polymers of acrylic acid chloride, 1075 
—, — resins and plasticisers, 988 
—, — rubber, 1109 
—, — styrene polymerization, 240 
—, — p.toiuenesulphonamide resm, 718 
—, — vinyl chlonde, 1087 
—, — vinyl ethers, 1010 ^ 

—, hardenmg agent, polymerized acryUc ester films, 
1077 ^ 

—, isocrotonio acid from crotonic acid, I’isl 
—, polymerization of acetylene, 144 
—, — cellulose tricrotonate, 1081 
—, — cinnamic acid esters, 1082 
—, — vinyl ethers, 1012 
—, protection of cellulose esters, 

—, reaction of tung oil, 1217 
—, reduction of transmission, 950 
—, — transparency, 951 

resmification of acetaldehyde, 494 
—, resmifymg agent, 229 
—, resistance of lacquers, 788 
—, transmission by polyvinyl esters, 1052 
—, transparency of resins, 1268 
Undccamethylene carbonate, monomer, 87U 
Undecatrione, 1089 

Undecoate, castor oil fatty acids, 1324 
Undecylenic acid, 829, 1^ • ozs 

Undercoats for automobiles, oxidizing Rezyls, 986 
Unimolecular films, ethylene glycol succumlw, 872 
Unimolecular reaction, polymerization of indene, 
104 

Unit of tensile strength, 1341 
Unit resistivity, films, 1874 
Unsatursted adds, petroleum wax, 911 
—, reaction with glsroerol, 12W 
Unsaturated aldehydes, condensation With phenol, 
295 


alkyd resins, 977 





Unsaturated 
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Unteturated distillates, reactions with oxides of 
nitrogen, 728 

Unsaturated ethers, 1007, 1008, 1010 
Unsaturated fatty acids, chlorination, 1006 
—, drying, 974 

—, treatment with sulphites and oxidising agents, 
1228 / 

Unsaturated grouping, Bakelite A and B, 300 
Unsaturated hydrocarbons, polymerisation, 216, 990 
—, reactions with nitrogen peroxide, 727 
—resinified with tar, 229 

UnsaturatecT ketones, condensation with phenol, 295 
Unsaturated monobasic acid, oxidation in alkyd 
resins, 864 

Unsaturated petroleum hydrocarbons, solvent for 
nitrocellulose, 966 

Unsaturated solvents, effect on chloroprene rubber, 
158 

Unsatiiration, 45 
—, ciimarone resins, 125 
—, dehalogenated paiaifin, 1158 
diindene, 105 
—, polymdenes, 100 
—, rubber, 1113 
—, urea resin, 586 
Unyte, urea resm, 627 
—, urea resin molding composition, 565 
Uranium bisulphate, varmsh, prevention of yel- 
lowmg, 1378 

Uranium nitrate, catalyst, hardenmg alkyd res¬ 
ins, 980 

—I —I polymerization of vinylethinyl carbinols, 151 
—, —, vmyl-chloride hydrolysis, 1056 
—, reaction with phenol resins, 310 
—, varnish, prevention of yellowmg, 1378 
Uranium oxide, .catalyst, separation of styrene, 
254 

Uranium phenolates, reaction with aldehydes, 438 
Uranium salts, catalysts, polyraeiization of vinyl 
chloride, 1038 
Urea, acid amides, 570 
—, autoclave in manufacture, 566, 567, 569 
—, bromalurea, 576 
—, calcium cyanamide, 681 
—, catalyst, butadiene polymerisation, 176 
—, —, formaldehyde polymenaation, 512 
—, —, ketone-formaldehyde’ polymerization, 663 
—, —, manufacture of, 566 
~, —, phenol-formald^yde reaction, 345 
—, chrome steel equipment, 566 
—, condensation with acetaldehyde, 642 
—, — acrolein resins, 671 
—, — alcohols, 663-666 
—, — aldehyde-poly thionate, 1182 

— aldehydes and hetones, 573-576, 663-665 
—, — aldehyde-thiosulphate, 1182 

—, — aJdol, 672 
—, — aldoses. 710 

, — benzalaehyde and ethyl acetoacetate, 576 
—, — bromal hydrate, 576 
—, — carbohydrates, 757 
—, — cinnamic aldehyde, 576 
, — disacryl, 671 

— formaldehyde, 565, 574, 576-594, 596-601, 604, 
607, 609-619, 628-625, 631, 639, 642-644, 647, 648, 
654-658, 660, 673, 681 

—, — furfuramide, 6M 

— glycerol-acetaldehyde acetal, 665 
—» — glycols, 659 

— gum accroides and aldehydes, 675 
—, — heptaldehyde, 705 

—* hexamethylenetetramine, 632, 649 
—, — ketoses, 710 

— 5-mhthyl-7-aminoindazol, 084 

—, — m-nitrobensaldehyde and aeetoacetio ester, 
576 

—, — paraformi^ldehyde, 604, 612, 615, 616, 645, 658 
—, — petroleum ald^ydes, 671 

thioaldefayd^s, 682, 683, 11^ 

—toluene eulph'onamide and formaldehyde, 688 
eonversion of sols by, 596 
—, cresot-aldehsrde condensation, 869 
deoDinpositi^^566, 569 
dim^thylolurea, 592, 693 


Urea, effect on cellulose, 749 

— phenol-formaldehyde resins, 468, 469 
—, — shellac, 24, 25 

—, — transparency in ultra-violet region, 600 
—, — weathering resistance, 600 
—, electrical insulation, 666 
—, fixation of formaldehyde, 426, 591, 618 
—, fluxing agent, 887 
—, hardening agent, 1230 
, hydrated forms, 509, 570 
—, impregnation, paper, 042, 643 
—, manufacture. ^-568, 661, 679 
—, modifier, polyvinyl acetals, 1064 
—, —, syntans, 420 
—, monomethylolurea, 592 
—, raw material, resin production, 9 
—, removal of free formaldehyde, 598, 600 
—, retarder, alkyd resins, 881 
—, separation of heavy metals, 507 
—, substituted, decomposition, 572 
—, temperature of formation, 566, 570 
', use, alkyd resins, 914 
-casein molding composition, 678 
~, —, chlororubber, 1111 
, —, leather-base lacquer, 1255 
—, —, purification of m-cresol, 668 
—, —, sulphonamide-aldehyde resin, 714, 720 
Urea-acrolein resins, 670, 671 
Urea-alcohol resins 664, 665 

Urea-aldehyde-ammonia resins, printing composi¬ 
tions, 684 

Urea-aldol resins, 684 
Urea-carbohydrate resins, 760 
Urea-casein mixture, artificial horn, 679 
Urea-cyclohexanone resin, condensation with for¬ 
maldehyde, 664 

Urea derivatives, film-hardeiung agents, 633 
Urea-formaldehyde-alkvd resins, preparation and 
uses, 939, 940, 942, 948 

Urea-formaldehyde-ammonium sulphide resin, 877 
Urea-formaldehyde cellulosate, 620 
Urea-formaldehyde condensation, find catalysts, 
631, 663, 67.3 

—, alkaline catalysts, 579, 631 
—, chemistry, 576-587 
—, colloidal properties, 62 
—, early investigation, 577 
—, elunmation of methylol group, 583 
—, factors influencing, 613 
—, formation of formaldehyde, 582, 583, 586 
—, formation of water, 582-585, 586 
—, hydrogen-ion concentration, 681 
—, in alcohols, 635-637 
—, in molten solid, 684 
—, nature of, 565 
—, salt catalyst, 682, 685 
—use of pressure, 663 
—, with butanol, 6M 
—, with glycerol, 631 
—, with glycols, 636, 678, 684 
—, with halogeiiated aromatic alcohols, 686 
Urea-formaldehyde hydrosol colloid, phenol-alde¬ 
hyde resitiB, 326, 675 

Urea-formaldehyde mixture, ammonia and carbon 
monoxide, 684 

Urea-formalddiyde molding compositions, 11, 564, 
1329 


—, decoration, 1838, 1334 
phenol-sulphur resin, 1180 
Urea-formaldehyde resins, acetyl derivatives, 
—, acid hardening agents, 616 
—, acid-modified. 6W, 678 
acoustic diaphragms, 649 
—, adhesives, m, m, 689, 685 
—, alcohol-modified, 665-669 
alkyd-modified, 661-668 
—. analytical scheme, 1258 
arcing resistance, 1847 
—, artificial albumoid, 587 
—, artificial sUk, 647 
—, binding agents, 680 
—, blistering, effect of cellulose, 620 
—, bottle caps, 627 
—, bmke lininje^ 649 
handing, UM 


580 





SUBJECT INDEX 


1607 


com- 

—, buttona, 823/ 627 

catalysts, 581, 586, 671, 675, 678 
—, ohemical composition, 5M 
—, coagulated rubber, 624 
—, coatings, 630-633, 065 
—, colloidal association, 581 
—, color, effect of guanidine, 613 
—, colored, 685 

color lakes, 642, 648 

—, com^panson with phenol-formaldehyde resin, 

Ilf v04f wOu 

—, condensation, 630 

—• —t in glycerol, 635 

—, ~, with alcohols, 630 

—, conditions for formation, 565, 566 

—, cracking, 564, 615 , 620 

—, cured, 585, 628, 1320 

—, decomposition temperature, 565 

~, degradation products, 579, 580, 586 

—, deterioration, hardening catalysts, 617 

—, drying, 604, 605 

—, effect of dry and moist air, 606 

—, effect on crease-resistance of textiles, 639 

, — dyeing of textiles, 642 
—, — fur, 640 

—, ~ shrinking of textiles, 639 
—, — strength of paper, 642 
—, — wet viscose, 641 
—electrical fixtures, 626 , 637 
—, emulsion with cellulose esters, 638 
—, end valencies, 587 

epichlorohydrin as solvent, 631 
—, fillers, 586, 587 
—, film-hardening agents, 633 634 
—, flexibility, 593, 661 

—, flow, effect of alcohols, amines, ketones, 620 

—, —, — water, 619 

—, fluorescence, ultra-violet, 603 

—, foam prevention, chloroacetic acid, 593 

—, formation, concentrated media, 596 

—, —, temperatures. 616 

—, fractionation, 601, 602 

—, frosted glass, 649 

—, gelation of, 587 

—, glass substitute, 599, 600, 610 

—, glazes, 631 

—, hardening catalysts, 644 , 662 
—, heat-hardening, II, 564 , 565, 631 
—, hydrophilic colloid, 5W, 587, 630 
—, hydrophobic form, 565 , 630 
—, identification, 1256, 1258 
—, impregnating agents, 565, 630, 631, 1362 
—, impregnation of leather, 647 


—, — wood, 639 

—, incorporation with cellulose derivatives, 623, 
634-638. 642 , 644 , 645. 647, 685 
—, — oellulosic substances, 564, 616, 620, 623 , 625, 
626, 640, 641, 683. 684 
—, — inorganic substances, 616, 823, 641 
— — natural and synthetic resins, 608, 609, 618, 


646, 650, 684 
—, — peat, 623 

—, — pentamethylenediaminedisulphine, 624 

—, — protein substances, 625, 631, 641, 644, 645, 
678-680, 683, 684, 685 
, infusibility, 22 
—injection molding, 1325 
—, insoluble, solubilization of, 631 
—, —, varnish, 6M 
—, intaglio printing, 648 
—, jar caps, 627 
—lacquers, 565, 631 
—, laminat^ paper, 648 
—, liberation of formic acid, 683 


—, light dispersion, 608 
—, lii^t-fastness, 11, 

linear molecules, 584, 586, 587 


—, linoleum, 646 
—, manufacture, 12, 564, 565 



Urea*fonnaldehyd« 

Ur^-formaldehyde resins, modified, acetaldehyde, 
871 

—, —, acetamide, 683, 684 
—, —, aniline, 678 

—, —chlorinated rubber, 684, 1126 
—, —, dicyanodiamide, 680 
—, —, furfural, 669 
—, —guamdine, 881, 683 
—, —, hexamethylenetetramine, 678 
—, —, d-hydroxytrimethylene sulphide, 684 
itaconic acid polymers, lOW 
—, —. metal lacquers, ^ 

~, —, montan wax, 685 
—, —, naphthylamine, 678 
—, —, phenol, 672, 674, 675, 678 
—, phenol-sulphur resins, 872 
—, —, sahcylamide, 678 
—, —, sulphur, 682, 683 
—, —, urethan, 682 
—, —, uses, 6^ 

—, modifiers, 632 
—, molding, chemical action, 587 
—, —, conditions, 1319, 1320 
—, moldings, 565, 606, 623, 624, 627, 643 
—, —, light-colored, 1332 
—, matching colors, 607 
—, —, translucency, ^1 
—, molecular valencies, 585 
—, molecular weight, 581 
—, nitrocellulose lacquers, 636 
-, optical parts, 598, 603-605 
~, ornamental materials, 641 
—, photography, 648 
—, pickling inhibitor, 649 
pigments, 606, 607, 631 
—, plasticizers, 685 
—, plumbing fixtures, 627 
—, polymerization, premature, 619 
—, —, temperature, 616 
—, porcellaneous products, 699 
—, precipitation, 685 
- , preparation in alcohols, 565, 635 
—, preservation of physiological specimens, 647 
—, printing acetate silk, 641 
—, processing textiles, 639 
—, properties, 1258 
—, raw materials, 664 

—, reaction with sulphonated phenols, 677, 678 
rejections, foreign material, 608- 
—, resistance to water, 606, 621 
safety glass, 639 , 644 , 645 
—, similarity to proteins, 687 
—, softened by heat, 604 
—, — phthalides, 439 
—, soil profile preservation, 649 
—, solidification piocess, 617 
—solubility, 565 
—, sound records, 624 
—, stabilizing agents, 597, 683 
—, stained glass, 849 
—, stiffening agents, 630 
—straight chain polymers, 585 
—, strains in castings, 604 
. structure, 580-587 
—, surfacing of metals, 604 
—, suspension, coatings, 631 
—, swelling, 624 
—, tableware, 627 

—, thiee dimensional molecules, 584 
—, transparency, effect of dehydration, 616 
—» “i ~ guanidine, 613 
—, —, ultra-violet, 602 
—, transparent, preparation, 680, 683 
—, transparent paper, 643 
—, unsaturated valencies, 586 
—, use, alkyd resins, 939, 940 
—, —, carrier substances, 679 
—, —, drying-oil varnish, 636 
—, —, hydrophile stage, 630 
—, —, phenol-aldehyde tanning ageUts, 419 
—, —, phenolic resins, 631 
—, —, thiodicyanodiamidine-fonnaidehyde resln^ 
681 

—, thioglvceniJ lesilis, 1177 

-, uses, 631, 1265 
varnish, 631 
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Urea-£om»ldehyde 

Ureft-foimaldehyde resmsi viscosity of solutions, 

water absorption, 906 
—, water-resistant, 664 
water soluble, 565, 630 
water-vamiahes, 630 
—, window glass, 602 
windshields, 604 
with thiourea resins, 650 

Urea-formaldehyde-salicylic acid laequei-s, natural 
reains, 682 

Ursa-formaldehyde syrups, 637 
Utea-furfural resins, 669, 670 
—k impregnation of paper, 643 
Urea hydrochloride, catalyst, luetaldehyde from 
acetaldehyde, 489 
Urea-ketone resins, 665 
Urea manufacture, 566-568 

Urea nitrate, catalyst, polymerisation, diiiieth>lul- 

urea, 646 

—, —, solidification of urea resins, 617 
—hardening agent, urea-phwol-aldehyde resins, 

674 

Urea-nitric acid mixture, action on rubber, 1094 
Urea-phenol-aldehyde resins, adhesive, safety 

gla^ 484 

—, binders for mica, 1274 
—, prepmtion, 672-678' 

—, piotein-modified, 688 

Urea-phenol-ketone resins, reaction with aldehydes, 

675 

Urea resin colloid structure. 580 
Urea resin films, baking, 638 

Urea resin glass, compared with inorganic glass, 

564 

—, cradling, 603 
—, disadvantages, 564 
—, durability, 602, 604 
—, stresses and strains, 603 
—, water resistance, 564 

Urea resin lacquers, blending with Bakelite lac¬ 
quers, 634 
metals. 688 

—, natural resins, 632 
—, plasticisers, 631-688, 636 
—, silicon derivatives, 638 
—, solvents, 686 

—, sulphur dioxide hardening agent, 684 
—, use of, 681' 

Urea resin varnish, preparation, 631, 632 
Urea-sugar resins, 757 
Urea miem, chemistiy, 568-572 
Urea-tmoalddiyde resins, 682, 688 
Urea-thiourea resins, 656, 657, 680 
Ureides, use with resins, 644 
Ureines, use with resins, 644 
Urethan, condensation with formaldehyde, 656, 682 
—, from biuret, 571 
—, modifier, urea-aldehyde resins, 682 
—, removal, urea-alcohol product, 664 
—, use, cellulose derivatives, 682 
Uric acid, reaction with formaldehyde, 573 
urea from, 568 
use, 484 

Urticacene, rubber bearing plant, 1090 
Urushiol, Japanese lacquer from, 1205 

V 


Vacuum chamber in continuous resin production, 

884 

Vacuum-cleaner bags, resins in, 1248 
—, vinyl resins in, 1051 

Vacuum distillation, crude cumarone resin, 116 
—, of roam oil, 779 


—, phenol-formaldehyde solution, 828 
rosiii, 766, 769 
—, roshi esters, 796 
tnH ott, 755 . 

Vacuum drying, 2^. 687 
Vactiuth ittabMtie add attcylatioo. 605 
Vd^ aldefyde, Mlymerisatloh of, 505 
^pVal^piaetona, dsoomposition of, 1001 

—^ fjUniClipU Off Wel 


Vanadium chloride, reaction with phenol rednSk 
310 

Vanadium linseed diglyceride phthalate, prepara¬ 
tion of, 951 

Vanadium pttitoxide, catalyst, oxidation, hydro- 
aromatic alcohols, 891 

Vanadium oxide, catalyst, oxidation, tar oils. 278 
Vanadium salts, catalysts, oxidation, phenolSk 271 
—, —, polymerisation, vinyl chloride, 1088 
Vamllin, condensation of, 509 
—, from isoeugenol, 262 
—, reaction with phenols, 383 
—, S3nithetic, manufacturs of. 262 
Vaporization of Aroolors, 1146 
Vapor-phaae cracking, of petroleum, 254 
—, rosin, 779 

Vapor-phase oxidation of ethvl alcohol, 496 
Vapor-phase gum, action of heat, 727 
in gases, 257 

Vapor-phaae reaction, acetylene and acetic acid, 
1019 

Vapor-phase refining, of cracked gasoline, 226 
Variable speed drives in preform^, 1319 
Variation of melting points of mineral oils, nature 
of, 27 

Variation of molecular weights in proteins, 67 

Varnish, abrasion resistance, 1366 

—, accelerated weathermg, 1870 

—, adhesion, 1367 

—, bakmg of, 955, 1250 

—binder for cold-moldings, 1289 

—, classification of, 40 

—, colloidal chemistry of, 86 

—, comparison of ream with spar, 975 

—, containing alkyd resins, 956, 972 

—— Arociors, 1146 

—, — cumarone resin, 128, 125-128, 133, 138 
—, •— ester mim, 125, 816, 819 
—, — formaldehyde-naphthalene compositions, 261, 
266 

—, — furyl alcohol reein, 522 
—, — gums and cellulose esters, 951, 952 
—, — hydrocarbon-aldehyde resins, 264 
—, — lead phenolate, 273 
—, — manila copal, glycerol estenfied, 817 
, — nitrocellulose, 967 
—, — nilaoreein, 728, 729, 780 
—, — phenol-formaldeh^e, 10, 448, 445, 474 
—, — phenol-formaldehyde, sulphonated, 445 
—, — phenol-formaldehyde-alkyd, 530, 934 
—, — phenol-formaldehyde-furfurai, Ml 
—. — polystyrene, 245 
—, — polystyrene and Cumar, 248 
—, — resin ester, Cetavis, 828 
—, — rosin, 771, 772, 778, 774, 777, 778 
—, - rubber, 1095 
—, — tar oxidation products, 278 
—, ~ Teglao. 912, 956 
—, — Teglae-nitrocellulose, 918 
—, — a-terpinene-abietic acid-maleic anhydride 
composition, 844 

—, *— tung oil and cumarone, 126 
—, — tung (dl-resin composition, 401 
—, — tung oil-rosin, reclaimed, 802 
—, — urea reein, 636 
—, curing of, 1362, 1868 

diele^rte constants of, 1875 
—, dieleetrio strength, liquid state, 1878 
—, drying of, 1864, 1365 
—, durability, 1867, 1868 
—, exposure, 1868, 1369 
—, flash point of, 1862 
—, flatting agents in, 787 
—, flexibility. 1870 
gloes, 1870, 1871 
—, heat endurance, 1865 
—, msulating, 1^, 819 
kauri-butanol test, 1869 
—, long oil, 801, 818 

nature of, 18, 19, 85. 86, 822 
—, non^inflaimnabfe, ^, 446, 1265 
oU rssistim^ 1865, 1866 
—, porosity, 1877 

pfsparfltkm of, 85, 910 
qukic-drybg, 19, bo, 810, 817 
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Varnish, reswlivity of, 1373, 1374, 1375 
"set time" of, 1362 
—, shock-resistant, 1248 
—, short oil, 801 
—, skin formation, 1372 
—, solvent evaluation, 1369 
—, spar, from cuniarone resin, 127 
specifio gravity of, 1361 
—, spirit, ester gurn in, 816 

, from phenol resins, 443 
—, —, vinyl ester-aldehyde, 1065 
—, , nature of, 18, 19 

viscosity of, 21. 1361, 1362 
—, vortex-nng action m, 36 
—, water absorption, 1375, 1376. 1377 
—, water-attractive yrnwer of. ineasureineni of, 859 
- , waterproof spar, preparation of, 801 
—, water-resistant, urea resins, 656 
—, wrinkle-finish, use of cumarone in, 128 
Varnish colorimeter, in discoloration, 1378 
Varnish compositions, exposure tests of, 818 
Varnished paper, breakdown voltage m, 1348 
Varnish films, properties of, 18, 19, 20, 23, 24, 36, 
40, 774, 1371, 1372, 1376 
Varnish for, balloons, 1208 
—, coating leather, 788 , 967 
—, flexible floor covering, 978 
—, metals, 817 

—, protective coatings, specialized tests, 1377 
—, tin cans, 820 

Varnish from, acetylene, 153, 161 
—, acrolein resins, 504 
—, alcohol resins, 1007 
—, alkyd-oxidizing resins, 07,3, 978 
—, alkyd resin, vulcanized, 1^7 
—, alkyd resins, 886, 888. 958 
—, Amberol-linseed (>fl, 401 
—, amine-aldehyde, 697 , 700 
—, aniline-formaldehyde resins, 695 
—, aralkyl-halide resins, 1130 
—, butadienol esters, 152 
—, cashew shell oil, 1230, 1231 
, coal, bituminous, 275 
—, coal-tar-bitumen compositions, 360 
—, coal-tar-pitch resins, 274 
—, copal esters, 807 
—, cresol-formaldehyde, 367 
—, cresol-Wfural, 526 
—, cresol-furfural-phenol, 529 
—, cumarone resin. 112, il5, 116, 118, 120, 127, I3I 

—, dicyanodiamid-formaldehyde, 680 
—, 1.3-dienes, polymenzeii. 185 
—, diolefin-monolefin polymers. 190, 191 
divinyl acetylene, hydrogenated, 154 
—, esparto grass, 753 . 

—, ester gum and oiticica on, ol7 
—, ester gum and tung oil, 816 
—, factice, 1214 

—, fatty acids, unsaturated, 1227 
—, formaldehyde-phenol ether, 371 
—, furfural-acetone e-»* 

furfural-aniline resm, 538, 535 
—, furfuramide resin, 536 
—, gasoline, cracked, 102 
—, hydrogen and carbon monoxide, 1255 

—, inorganic resins, IMO 

—, isomethyleugenol, 261 

—, molding 
—, naphthalene, 

, naphthalene chlonde 265 266 

- naphthalene-fonnaWehyde. 2W, 265. 200 

—, tt-naphthol-formaldehyde, 284 

—, natural resins, 18 
—, oil, vulcanized. 1208 
—, oiticica oil, 1282 
oxidised vaseline, 211 
—, petroleum residues, 227 

. pine oils, 783 007 9 ^ 332 337 , 849, 

*”■ 

4 ph«nol-furfuiia*M, »». »» 

pliMiol-I«d Ogde. »4 
ph^nol-rosin, 800 


Vinyl 

Varnish from, phenol-sulphur resins, 1186, 1191 
polyaciylic acid polymers, 1072 
—, resitols, 444 
rosin oil, 780 
rosin esters, 1134 
rubber, 1200 

rubbei, chlorinated, 1033, 1109, 1115, 1127 
—, rubber, hard, 1091 
rubber, oxidized, 1093 
rubber, synthetic, 199 
—, rubbei, unvulcanized, 1092 
—, rubber-modified resins, 435 
—, shellac, ethylene oxide treated, 993 

- shellac, vulcanized, 1206 

styrene and methyl tetrahydroabietate, 821 
—. sugar-phenol resin, 760 

- , sugar-phenol-aldehyde resin, 429 

—, sugar-phthalic anhydride resin, 758 
sulphurized products, 1210 
—, tall oil, 755 

tar oils, 122 , 273, 276 , 362, 363 
—, thiourea resms, W2, 633 , 654 
—, tnphenyl-phosphate resin, 432 
, ^-tung oil, 1217 

—, tung oil and cashew shell oil, 1281 
—, urea resin, 614 , 631, 632 
—, urea-acrolein, 671 

urea-aldehyde resin, 663, 685 
—, urea-phenol-aldehyde resin, 673, 675, 676 
—, vinyl acetate, polymerized, 1032 
—, vinyl chloride, polymerized, 1039 
—, vinyl ester-acetal polymers, 1066, 1067 
—, vinyl ethinyl carbmol, polymerized, 151 
—, wood tar, 752 ^ 

—, xylenol-formaldehyde resin, 407, 408 

xylose, 763 . 

Vainish method of mixing molding compositions, 
1279 

Varnish oil, containing ester gam, 816 
—, cumarone-indene, 131 

from chlororubber, 1123, 1124 
—, nature of. 18, 19 
—, phenol-aldehvde resin, 871, 442 
Varnish priming coat, 975 
Varnish removei, constituent-s of, 99o 
Varnish solvents, nature of, 21 
Varnish stains, furfural resin, 520 
—, urea resm, 631 

Varnish yellowing, prevention 01 , 1878 

Vaseline, oxidized, varnish from, 211 

Vat colors, m polyvinyl alcohol compositions, 1087 

— urea -aldehyde-ammonia compositions, 684 

Vat dye, from azobenzene, cresol, and sulpnur, 
1198 

Vats. Iming with rubber, 1247 _ 

Vectorial polymerization, application of, to crys¬ 
tallization, 30 t . t 

Veined moldings, manufacture of, looc 
Vegetable albumin, in cold-molding compositions, 

Veg^able ivory, 

Vegetable drying oil, ''rwnforc^ oil from, 1283 
Vegetable oils, alcohols from, m 
—, hydrogenation, 636 

Ill 1,3-dieue polymerization, IW 

— reaction with ethylene glycol, 994 

urea-resin lacquers, 636 

— waten^roofinng leather, iw 

-th fomuad.- 

VelocUy.^'acetylene polymeriiation, 144, 149 
bromoprene polymerization, 
chloroprene polymerize.uon, 155. 156 
isoprene polymerization, 184 
Velvril, uses of, 19J3 
Veneer, from phenol rwin. ««-4W 
Veneerin* glue, preparation uf, IW 

i;rbm«onTffirbiliT;"toP^^ 

of. 10*9. 1949. 1049. 

1057 1067. 1075 1075 * 

- nature of, 1017, 1020. lOM 




Vinyl SUBJECT 

Vinyl acetate, polymensation of, 49, 184, 1018, 1019, 
1020, 1022, 1024, 1025, 1045, 1048, 1054 
—, prepamtion of, 1016-1019 

reaction with acetic acid, 1032 
-- aldehydes, 1084, 1085 
—, - casein, 1038, 1034 

maleic anhydride, 884, 895, 1034, 1088 
, — phenol, 1031 
—, — trichloroethylene, 1084 
—, use in other resms, 457, 402, 729 
—, uses of, 246, 719, 1028, 1087, 

Vinylacetylene, see also Acetylene polymers 
—, dn'ing oils from, 153 
—, polymerisation of, 150, 153 
—f preparation of, 149, 155 
—, reaction with alcohols, 149 
—, — carboxylic acids, 151, 152 
—, — halogens, 150, 160, 181 
—. — hydrogen halides, 149, 154 
—, — sodamide, 150 
—, ~ stand oils. 1228, 1229 
—, — sulphuric acid, dilute, ^549 
—, — water, 149 
styrene from^ 150 

Vmylacetylene homologues, reactions of, 160, 161 
Vinylacetylene polymers, properties of, 150, 160 
Vinylacryhc acid, decu'boxylation of, 834 
—, halogenated. polymerisation of, 1084, 1085 
—, polymensation of, f029, 1084 * 

Vinyl alcohol, nature of, 1007, 1054 
—, polymeria^, reaction with aliphatic aldehydes, 
495 

—, — oyclohexanol, 580 
—, relation to acetaldehyde, 1054 
—, — acrylic acid, 1089 
—, uses of, 246, 1058 

Vinyl alcohol-acetaldehyde condensation products, 

495 

Vinyl al^l halogenated ethers, 1008, 1010 
Vinylamine solutions, use of, 248 
Vinylaniline, preparation and properties of, 704 
Vinylbensene. nature of, 232 
Vinyl brmniae, polymerisation of, 1037, 1041 
—, prepamtion of, 1037 
—, reaction with Mtone, 1253 
—, — hydroxybeni^ alcohols, 1044 
Vinyl butyl ether, polymerisation with acrylic 
acid, linrO 

Vinyl butyrate, preparation of, 1017 
—, polymerization of, 1023, 1024 
reactions of, 1084 

Vinyl chloride, co-pol 3 anensation of, 244, 1045, 
1648 

polymerisation of, 1018, 1025, 1037-1041, 1045, 
1048 

—, preparation of, 149, 1035, 1038, 1037 
~, reaction with benzene, 256, 1045 
—, — maleic anhydride, 1044 
—, — phenols, 1044 
—, — potassium succinate, 1019 
—, — salts of organic acids. 1019 
uses of, 182, 183, 457, 1008, 1043 
Vinyl chloride polymer, uses of, 943, 988 
Vinyl cbloroaoetate, preparation and properties of, 
248, 1017, 1021 

Vinyl oo-polymers. fractionation, 1047 
—, halogenated, 1048 
—, pro);^ies of, 10^, 1047, 1048 
—, uses of, 251, 1016. 1047, 1048, 1052. 1053 
a-Vinyl erotonaldehyde, from acetaldehyde, 499 
Vinyl cyanide, formation of, 1070 
—, heteropolymerisation of, 1045, 1051 
—, reaetk^ of, 1070 

Vinyl cydohe^e, as dimeric butadiene, 172 
Vinyl eyeloheiQrl ether, preparation of, 1008 
Vinylena hom^ogues, of crotonio add esters, poly- 
meriaatioit, 1862 

Vinyl ester-aldehyde resins, prepamtion of, 1084- 
1086 'i ' ^ 

Vinyl ester-ac^Hc ester resin, properties of, 1067 
Vi^ ss^s, co-polymers of» 1018, 1059, 1087, 1075, 

Imts^polymerisatioii of, 1618, 1884 
6»^ymedsatl0n of, 184, 1618, 1028, 1087, 1087 
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Vinyl esters, polymerisation of, by light, 1019, 1020, 
1021, 1024, 1025 

—, polymerized, in styrene, 244 
—, —, m urea resin, 832 
—, preparation of, 1018 

reactions of, 1031, 1032, 1033, 1034, 1084, 1085 
—, stabilisation of, 1025 

Vinyl ether, in polymerisation of 1,3-dienes, 182, 188 

Vinyl ethers, co-polymers of, 244, 1078, 1078 

—, polymerization of, 184, 1010-1012 

—, preparation and properties of, 1007-1112, 1032 

—, reaction with aldehydes, 1084 

Vinyl ethinyl carbinols, preparation of, 150, 151 

—, polymerization of, 151 

Vinyl ethyl ketone, reaction with furfural, 538 
Vinyl formate, reaction, with aldehydes, 1084 
Vinyl glycolate, solvents for, 1057 
Vmyl halides, reactions of, 1008, 1045, 1057, 1064, 
1067 

—, polymerization of, 184, 1038, 1040, 1041 
—, see also Vmyl chloride 
Vinyihexenyne, polymerisation of, 182 
Vinyl hydroxyethyl ether, rearrangement of, 1009 
Vinyl iodide, preparation of, 1085 
—, properties of, 1042 
Vinylite moldmgs^ 1288 
Vinylite resin, o6-polymer, 1045 
Vinylite resins, model apartment from, 1060 
Vinyl-maleio products, color lakes from, 1034 
Vinyl methoxyacetate, polymerization of, 1024 
Vinyl methyl ketone solutions, use of, 248 
N-Vinyl-a-methylindoline, polymerization of 1011 
Vinylnaphthalene, polymerization of, 164 , 243, 246 
—, polymerization with diolefins, 193 
—, — stand oils, 1228, 1229 
—, preparation of, 254 
Vmyl organic esters, preparation of, 1019 
o-Vmylphenol, polymerization of, 1031 
—, preparation of, 255, 260, 1031 
Vinyl phenyl ether, preparation of, lOOS, 1009 
Vinyl propionate, preparation and polymerization 
of 1017, 1024 

Vinyl resins, action of alkali hydroxides, 1046 
—, — amines, 1046 
—, — ammonia, 1046 
, — lubricating oil, 1031 
—, addition of fillers, 1048 
—, adhesives from, 1050 
—, air removal from, 1033 
—, analytical scheme, 1257 
—, appearance, 1016 
—, application to metals, 1067 
—, articles from, 1269 

artificial leather from, 1030 
—, artificial Siik from, 1052 
—, coating agents from, 1050 
, constituents, 1257 
—, doors from, 1031 
—, dyes from, 1053 

—, enect on light-stability of cellulose nitrate, 
1028 

—, extrusion of, 1323 
, flow of, 1330 
—, identification, 1257 

impregnating agents from, 1050 
—, incorporation of aluminum stearate, 1050 
—, — camphor, 1022 

injection molding of, 1323, 1824 
-T, lacquers from, .718, 1023, 1031 
laminated products from, 1045 
—, light filters ffom, 1052 
light-stabiUty of, 1269 
linoleum from, 1048 
modified, 1081 

—, moldings from, 1050, 1833 
—, molds for. 1327, 18^ 

—, SMlds from', 1052 
i^int from, 1048 
—, plasticisers for, 1048, 1050 
—, production of, H 
properties of, 1257 
—, pyrolyris of, 1088 
—, relief print from, 1058 
—, eerap-reoQvWf 1068 
—, sound record from, 251, 1048, 1888 
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Vinyl resint, »tabili»ation agents for, 1048 1050 
transparency of, 1260 

—, vulcanization by sulphur chloride, 1031 
—, water-proof coatings from, 1051 
—, watw-resistant films from, 1033 
—, window glass from, 1052 
vmpping material from, 1048 
Vinyl resms as, coatmg agents, 1016 
—, leather substitutes, 1052 
—, Imoleum substitutes, 1030 
—, paper coatings, 1027 
—, stabilizers, lOW 

wire coatings, 1029, 1052 
Vinyl resins m, aldehyde resins, 1082, 1033 
—, alkyd resins, 942, 1050, 1053 
—, cellulose plastics, 248, 249, 1052 
, chewing gum, 1053, 1168 
cloth, 1051 
—, drying oils, 249 
—, electrical insulation, 1051 
gas masks, 1028 
—, gas-impervious fabrics, 1027 
—, paper, 1047, 1050, 1051 
—, phenol-formaldehyde resms, 1050 
—, rubber, 1030, 1031, 1052 
—, safety glass, 262, 1028, 1051 
—, viscose, 1027 
—, vacuum cleaner bags, 1051 
Vinyl lesorcinol, 384 
Vinyl succinate, preparation of, 1019 
Vinyl tnchloroacetate, properties of, 1017 
Viscose, formation of, 1197 
—in alkyd resins, 965 
—, phenol-formaldehyde rea^ns, 432 , 452 
—, polyvinylacetals, 1062, 1063 
—, resin cements, 718 
—, toluenesulphonamide resins, 721 
—, urea resin coatings, 6^, 641 
—, oxidation of, 1197 
—, regenerated cellulose from, 1243 
Viscosimeters, for varnish testing. 1361, 1362 
Viscosity, Aroclors, 1146 
—chlorobiphenyls, 1145 
—, chlororubber, 1108 
—, cumarone resin, 125 
—, emulsoids, 72 
—, lacquers, 966 
—, lubricating oil, 200, 1097 
—, nitrocellulose solutions, 446, 966 
—, polyethylene oxide, 991 
— poly glycerols, 995 
—. polyisobutylene, 167 
—, polystyrene, 234 , 235, 236 
—, polypropylbenzene, 258 
~ , phenol-formaldehyde condensaU, 312, 367 
—, 1 elation to molecular weight, 72 
—, resins, 1264 

—, rubber solutions, 789, 1108, 1109 
—, suspensoids, 72 
—, urea resin, 587, 599 
—, varnishes, 21, 1361, 1362, 1366 
Viscosity law, Einstein's, 72, 73 
Viscous fluid, plasticity of, 34 
Vitreous and supercooled state, relation between, 
28 . 

Vitreous arsenious oxide, nature of, 27 
Vitreous enameled ware, synthetic resin enamel 
977 ^ 

Vitreous masses, nature of, 27 

Vitreous state, nature of, 28 

Volatile material in laminated produces, 1344 

Voltage breakdown of resins, 348, 1346 

Voltoiiaation process, for thickening oils, 1226 

Vortex-ring action in varnishes, 36 

Volume of cuprene, 144, 145, 146 

^ eumatone resfn, 107 

Volume reduction, preforming, 1318 

Volume resistance of nhns, 1878, 1374 

Vulcanite, imitation, from phenol-aldehyde resm, 

V^InSation, acrylic add polymers, 1076 
redns, IMO 

—, ohloroprene rubber, IM 

fitty oils, 1207, 1208, 1209, 1310 
—, hywocarbons, 1190 
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Vulcanization, latex, 1002 
—, mineral oil, 1212 

mixtures, 484, 485, 479, 
1207 

—» polycyclopentadiene, 188 
—• polyvmyl acetals, 1061 

polymerized isoprene, 175, 106 
—, polyvmyl alcohol, 1056, 1060, 1207 
rosin, 777 

—, rubber, 197, 1102, 1114, 1199 
—, — reversible, 1102 

— synthetic, 195, 196, 197, 199, 200 
—, rubber-like polymers, 195, 196 
—, synthetic resins, 1206 

Vulcanization accelerators, in synthetic rubber, 
106, 197, 198 
from acrolem, 504 
—, — aldehvde ammonia, 196 
—, — metallic soaps, 789 
Vulcanized asphalt, 1203 

— bituminous materials, 1203-1204 

— hber, 625, 1245 

— oil, 136 

— products, 1137, 1199-1214 

— mbber, mgredient of japan, 1204 

— —, reaction with hydrogen chloride, 1116 

— —, use' of alkyd resins m, 965, 985, 8M 

— shf^Ilac, properties of, 1206 

— urushiol, acid resisting coating from, 1206 
Vulcanizing flux, constituents of, 132 
“Vulcone,” in rubber, 706 

W 


Wall panels, lammated board, 9 
—, vmyl resms, 1031, 1269 
Wall paper, washable ooatmgs, 788 
—, waterproof, use of alkyd -earn emulsions, 948 
Wall tiles, phenol resin, 463 
Walnut oil acids, use in alkyd resins, 921 
Washers, use of alkyd resins, 906 
Washing resistance, cumarone resm, 137 
Wash-oil, thicJceiimg of, 122 
Waste distillates, phenol-aldehyde resins, 820 
Waste liquor, sulphite, 753, 754 
—, wood pulp, resms from, 752-754 
Waste lye, sulphite, 1157 
Water, absorption by urea resin, 606 
—, catalyst, chloroprene polymerization, 156 
diffusion through Thiokol A, 1176 
—, effect on alkyd resins, 1876 
—, — chlororubber, 1117, 1119, 1125 
—, — films of squalene polymer, 199 
—, — flow pioperties of urea resins, 619, 620 
— — guanidine-formaldehyde resins, 681 
—, — phenol-hexamethylenetetramine resins, 328 
—, — polymerization of vinyl acetate, 1022 
—, — polystyrene, 237 

—, formation in urea resm condensatiim, 588, 583, 
584, 585, 586 

—, presence, aldolization, 497 
—, purification of resins with, 335 
—, reaction with dimethylketene, 554 
—, — polymers of acrylic acid derivatives, 1075 
—, — polymers of 1,3-dienes, 182 
—, removal from chlororubber paint, 1125 
-, - resins, 368-370, 372, 600, 601, 653, 792-794, 877 
solubility of tung oil in, 1219 
—, solvent for resins, 680, 665, 1054, 1072 
—, — vulcanization accelerators, 196 
—, use, emulsifying 1,3-dieDes, 179 
, phenol resm moldings, 488 
_ refining coal-tar fractions, 361 
_ —^ rubW-chlorinati<m, 1108 
Water absorption, effect of teihperature, 1344 
-, tests for, 1843, 1875-1377 
Water-attractive power, varnishes, 859 
Water faucets, from reams, 1267 
Water-gas, carburetted, compounds, from, 96, 97, 
188, 257 , 

—, polymeriiation of glycerol, 996 
Water glass, action on sulphite waste-hquolr, 754 
—, impregnation of active carbon with, 1074 
—, incorporation with alkyd resins, 943 
—, — urea resins, 648 
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Water glass, use, 354 
—, coating composition, 1251 

—, —, polymerisation of l,3>diene8, 179 
, safety glass, 545 

Water^insoluble modifiers, fatty oils, 1227 
Water mains, molded, 1833 
Water paints, alkyd resins and linseed oil, 977 
Water pressure, effect on varnishes, 1375 
Waterproof adhesive, wood veneerings, 500 
Waterproof cement, phenolic resins, 479 
Waterproof fibers, preparation, 415 
Watwproofing, fabrics, 188, 4^, ,432, 1127 
paper-pulp tubes, 441 
—, urea resins, 506 
—, with bitumen compositions, 350 
—, With paraflSn-algimc acid resin, 1254 
Waterproofing compositions, 788 
—, ammonium polyacrylate, 1079 
—, chlonnated wax, 1158 
—, ooaUtar pitch resin, 350 

—, cumarone resm, 1^, 130, 132, 133, 135, 138, 139 
—, ester gum, 827, 828 
—, rubber, 1100, 1200, 1245 
—, sulphur and resm, 1154 
—, Toron, 1200 
, vinyl resin, 1051 

Waterproof matches, phenol>aldehyde resin, 450 
Waterproof paper, cumarone resin varnish, 138 
—, sulphur, 1158 

Waterproof polishes, chloronaphthalenes. 1153 
Waterproof qualities, ester gum-tung oil varnishes. 
818 

Waterproof sheets, ester gum, 824 
Water purification, with polyhydric phenol-formal¬ 
dehyde resina, 311 

Water-repelling character of phenol-aldehyde res¬ 
ins, 425 

Water-resistance, copal ester coatings, 819 
—, cresol resin, 525 
—, cumarone resins, 125 
moldings, 23, 516 
—, polirvmyl alcohol, 1058 
—, resins, 1254 
—, roam, 25 
—, shellao, 25 

—, tests for varnishes, 1377 
—, urea-aldehyde moldings, 1820 
—, urea resins, effect of thiourea, 521 
—, vaniiah films, 19 
Water-resistant films, alkyd resins, 054 
—, vinyl resins, 1011, 1033 
Water-resistant urea resins, 555, 557 
Water separator, use of, 384 
Water-soluble constituents, rosin, 757, 758 
Water-soluble metallic bases, fillers, 759 
Water-soluble products, tall oU, 755 
Water-soluble resins, 321 
—, phenol-oaij^hydrate, 750 
—, urea-formaldehyde, 555 

Water-soluble salts, phenol-formaldehyde resins, 
488 


Water-vamishes, urea resins, 580 
Water vapor, catalyst, polymerisation of oaibon 
subonde, 1014 

Water-white resins, from sugar, 758 
Wavedength of x-rays, 77 
Wax, artificial gutta-percha. 730 
—, chlorinated, reaction witn naphthalene, 1140 
coal-tar pitch, 274 
montan, hardened, 773 
—, plasticity of, 31 

, polyamide of e-^aminooapn^e acid, 939 
swing, ^loroni^ihalene, 1158 
, pme rosin, lUO 

use, grease-resistiQg box-board, 358 
—, —, timber plastics, 1538 
—, —, rubber-pobrityrene composirioiif 198 
—, —, vinyl lacquersr 1547 
Wax adds, petmisutii, use In alkyd resins, 911 . 

salts, B^ifhm for phenol-hlddwde redne, 427 
wax alOOhols, eeterlf^litg Mgnts, $15 
Wtam xqiiotHig lofveni, 1215 
^rS&dnated, redng, 1155 
—t eUoronbld^Mefif, Itltt, 1152 
Mlimt 153i 


Waxes, esterfisd with monohydric alcohols, 814 
—, plasticisers, vinyl halide resina, 1042 

, reaction with sulphonated ohloroacetone-phenot 
resin, 421 

, synthetic, use in specific-gravity fioats, 1251 
le, chlororubber-oil varnish, 1124 
, cumarone resins, 120 
, impregnants, 1245 
, mtiocellulose, 1243. 1244 
, phenol-aldehyde resins, 320 
, polishing composition, 993, 1251 
. polymerization of l.S-dienes, 179 
, polystyrene, dielectric materials, 251 
, polyvinyl alcohol sizings, 1058 
, rubber composition, 435, 1091, 1101 
. sulphonated resins, 425 
. tall oil, 755 
Wax esters, conversion to amides, 815 
Wax-phenol mixtures, sulphonated, reaction with 
aldehydes, 421 

Wax substitute, amine-aldehyde resins, 702 
Wearmg qualities, Teglac lacquers, 955 
Weather resistance, acetyl cellulose films with plas¬ 
ticizers, 719, 720 
—, alkyd resm paints, 976 
—, chlororubber, 1117, 1120, 1122 
—. oil varnishes, 19, 21 
—, oxidizing alkyd resins, 958, 972 
—, urea resins, 500, 630 
Weathering tests, 1309, 1370 

Webbing, textile, impregnated with cumarone resin, 
136 

—. tung oil films, 40 
Weight tests, hardness of varnish, 1371 
Westphal balance, specific gravity tests, 1351 
Wet plaster, paint for, 1236 
Wet processes, phenol-aldehyde resin production, 
315-322 


Wetting agents, abietenesulphomc acid, 780 
—, acetone and sulphonated naphthalenes, 541 
—, aldol-urea resins, 672, 584 
—, benzaldehyde, 457 
—, benzom condensation product, 258 
—, 1-chloronaphthalene-formaldehyde resm, 255 
esters of abietic acid, 829 
—, furfural, 457 

—, incorporation of filler in phenol resin with, 457 
—, linseed oil, 1228 
—, liquid reactive resin, 455 
—, polyethylene glycols, 993 
—, preparation, 910 
, sulphonated compounds, 257, 268 
—, tall oil, 755 

Whale oil, hydrogmated, dechloriuatmg agent, 221 
—, adhesive, 1203 

Whale oil acids, use, alkyd-modified urea-alde¬ 
hyde resin, 552 
Wheat stgr^, 290, 750 
White adduct, nature of» 851 
White enamel, alkyd resins, 978 
White factice, formation of, 1210 
White lead, alkyd resins, 976 
—, chlororubber paint, 1124 
—, white floor coverings, 984 
White pigments, alkyd resins in paints, 975 
Whiting, filler, chlororubber cement, 1125 
Window glass, vinyl resins, 1050, 1052 
Window wades, chloroprene rubber, 159 
Windshields, urea-formaldehyde rerin, 604 
Wintergreen oil, resin from, 1253 
Wire coatings, alkyd resins, 902, 977 
—, polystyrene resin, 249, 250, 251 ^ 
vinyl resins, 1029, 1052 
Wire, use, decorating moldings, 1838 
—, —, reinforcement of moldings, 455, 465 
Wood, artificial, 12i5 

, butadiene homologue polymera, 198 
—, baking of phenol resin odatings on, 450, 451 
—, coating with alkyd resin emulsi^, 943 
—, — phenol resin, 450, 451 
—, -- polystyrene, 247 
—, — urea rerin, 531, 582 
—, fxmstitution of, 747 
—, fiber structure, $4, 53, 55 
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*“•» furfural, 749 
—, impregnated, Aroclors, 1147 
—, ohloroprene, 150 
—, phenol resins, 481 
—, polymerizing resin, 1245 
sulphur, 1168 
, urea resins, 630 
—, urea-thiourea resins, 657 
lignin content of, 747 
pine, 764, 780 

—, polyallcylene oxide, plasticizer, 003 
—, preparing surface lacquering, 684 
i^*^*****^*'^^^”’ phenol-aldehyde resin and cresote, 

sulphur, 1165 
study by Spierei lens, 64 
substitution of synthetic plastics foi, 9 
treatment with acids and alkalies, 749 

— alkylene oxides, 750 

— phenol, 747, 748 
use, cellulosic fibers, 461 
—, permeability tests on varnishes, 1376 

j waterproofed, toluenesulphonamide ream, 721 
Wood-base Micarta, preparation of, 475 
Wood charcoal, catalyst modifier, 385 
Wood creosote, reaction with gelatm, 732 
Wood fiber, filler, 382 
—, —, phenol-aldehyde resins, 317 
Wood filler, polyethylene oxides, 903 
—, source, enect on cellulose-urea resin products, 
622 

—, urea resins, 620 
—, vulcanized composition, 1904 
Wood flour, filler, 1266, 1272 
—, aldehyde-amine resins, 696, 697, 710 

—, —, aniline-formalcMiyde resin, 692 
—, —, cashew-shdl oil molding composition, 1230 
, —, chlororubber cement. 1126 
—, —, cold-molding compositions. 1287, 1288, 1290 
—, comparison with asbestos, 1273 
—, —, cumarone resin, 137 
—, —flooring composition, 084 
—, —, phenol-aldehyde resins, 318, 370, 437, 461 
—, —, plastic composition, 826 
—, —, purification of resms, 338 
—, —, sulphur castmgs, 1166 
—, thiourea resins, 654 
—, —, urea resins, 618 
—, hydroscopic nature of, 1273 
—, properties, 1273 
Wood oils, adhesive, 1203 
—, ink, 781 
—, pol}rmeriaation, 780 
Wood polish, phenol-aldehyde resin, 426 
Wood pulp, condMisation products, tanmng agents, 
267 

, digestion with phenol. 748 
, impregnation, pob^myl esters, 1030 
—, tall oS from, 754-757 
Wood pulp waste liquors, resms, 753 
Wood reconditioning agent, 1204 
Wood sap, resins, 747 ,. l j 

Wood shavings, filler, resoremol-formaldehyde 
resin, 372 

—, impregnation, 1245 
Wood sUins, aldehyde-tr^ acid resm^ 362 
^ low-temperature coal-tar resins, 276 
Wood tar, 751, 752^ ^ ^ ^ _ 

—, condensation with formaldehyde, 289 
—, nitration, resins from, 726 ausi 

Wood veneer, imiUtion, phenol-rean bmder, 483 
—, impregnated with phenol resm, 477 
—, laminated produi^, 

Wool, flUer, urea rmms, 641, 645 
—, polymikylene oxide, 

—, prbte^on 

similarity to robber, 52, 71 
—, i^idy 

_„ 


X*ray 


Wool-reserves, sulphonated urea-phenol-aldehyde 
resms, 676 

resists, phenol-sulphur riiloride resm, 1188, 

Workuig, effect on plastics, 1323 
Woven fabrics, impregnation, 474, 1245 
Wrappmgs, transparent, rubber hydrochloride, 1112 
, vmyl resins, 1048 

Wrinkled finish, formation from drying alkyds, 622, 

Wrinklmg, alkyd resins, 875 
varnishes, 784 

Writing mk, poly vmyl alcohol, 1060 
Wurtz-Fittig synthesis, 1126 

- , lesin formation, 1141 

Wurtzihte, cold molding composition, 1287 

X 

Xaiithorrhoea gum, phenols from distillation of, 
364 

Xerogels, nature of, 37 

X-ray crystallography, apphed to urea resin, 586 
X-ray determmation, experimental procedure, 80, 
81 

X-ray pattern, amorphous substances, nature of, 
29 

—, broraoprene, stretched, 60 
—, chloroprene, 89, 159 
—, colloids, 76, 91 
—, cresol-formaldehyde resin, 83 
—, crystal structures. 77, 78 
—, cumarone resm, 80, 81, 82 
—, ethylene polysulphide resm, 88, 89 
—, gases, nature of, 76 
—, glasses, nature of, 76 

- glycerol phthalate resins, 84-86 
—, glycerol polysulphide resin. 88, 89 
—, hqmds, 79 

—, natural rubber, 174 
-, phenol-formaldehyde resins, 83-85 
—, phenol-sulphur chloride resin, 88, 86 
—, polymeric trimethyl«ie oarbonatev 870 
—, polymerized isoprene, 86 
—, polyoxymethylene hydrate gel, 61 
, resms, nature of, 76 
—, roem-maleio anhydride adduct, 87 
—, synthetic rubbers, 174 

—, trimethylene glycol hexamethylene dicarbox- 
ylate, 89 

xylcnol-formaldehyde resin, 88^ 84 
X-ray patterns, alkyd resins, 84, 85, 86, 87 
—, comparison of, W 
—, effect of end-groups on, 90 
matching of, 80 
—, of filaments, 699 
—, polystyrenes, 230 

—, structure of polyethylene oxide by, 661 
X-rays, effect on sulphur crystallisation, 1102 
—, resistance of phenol-aldehyde resins to, 434, 438 
—, wave length of, 77 

X-ray shields, from phenol-aldehyde molding 
powder, 460 

X-ray studies, alkyds, 87, 88, 872 
—, catgut ligatures, 71 
—, cellulose, 56, 63, 70 
—, collagen, 71 
—, crystal structure, 77 
—, ester gum, 88 

—, est^ guiiA modified phenolics, 87, 88 
—, gelatin, 38, 71 
gels. 37 
glasses, 28 

—, glycwride oils, 860 
—, polyaoyrlic estew, 1086 
—* polycyclopentadiene, 50 
—, polyethylene oxide, 75 ., . 

—, polymerisation of phoiol-formalddiyde resins, 
87 

—, polymers, 50, 76 
—, p)ob"'xymethylene, 56, 60, 91 
—, proteins, 38, 70, 71 
—, resins, 1263 
—, rubber, 70, 71, 86 
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X-ray 

X>ray studm, transformation of amorphous to 
e^staUine state, 91 
Xym, methylated. 70S 
5&lene, aralkyl haUdea from, 1182 
oonstituent of paint remover. 098 
effect on polymerisation of acetylene polymers, 
ISS 

from by-product coke ovens. 860 
-r. moderator, phenol-aldehyde ream, 828, 889, 440 
—. reaction wim bensaldehyde, 265 

— bensyl chloride, 1137 

— nitrogen tetroxide, 724 

removal of water from alkyd resins by, 877 
V-, resinous material from, 724 

solvent, polymerisation of cumarone, 119 
't* — 1,8-djenee, 182. 185 

-3^, —, reaction of maleic anhydride with 8)rra- 
^diphenylethylene, 168 
—, st 3 Tene from, 253. 256 

-Tf varnish and lacquo’ solvent, 153, 247, 402, 443, 
446. 825. 956, 1118 

m^Xylene, action of oxygen on, 269 
electrolytic oxidation of. 268 
from eronite, 1089 
resin from. 268, 269 

Ayloae-acetylMie tetrabrcmide reaction, 1137 
'!^lene-l>ensald^yde ream, character of, 265 
m-Xylenh bromide, reaction with xylenedipiperi- 
^ide. 788 

mlXylenedipiperidide, reaction with xylene bro- 
* mide, 738 

Xylenedisulphonamides, condensation with alde¬ 
hydes, 715 

Xylene-formaldehvde resin, properties of. 264 
Xylene methyl sulphonamide, plasticiser for acetyl 
fwllulose, 719. 720 

Xylene-parafoimaldehyde-tung oil reaction, tri¬ 
ethanolamine, catalyst, 403 
Xylenes, condensation with isoprene, 193, 194 
Xylenesulphonamide-aldehyde resins, lacquers 
from, 717, 718 

Xylenol, chlorination of, 1154 
—, 2,3-, 2,5-, 3,4-, sym-, position of attack, 292 
p-Xylenol, isolation of, from coal tar, 361 
sym-Xylenol, electrolytic oxidation, 272, 371 
—, methyl and ethyl ethers of, reaction with for¬ 
maldehyde, 407 

—, phenol and m-cresol, similarity in resin forma¬ 
tion. M 

—t velocity of condensation with formaldehyde, 

366 

—, m-xylobydroquinol from, 371 
Xylenol-acrolein resin, 892 

Xylenol-aldeh'^e-alkyd resin compositions, for¬ 
mation of, 988 

sym-Xylenol ether, condensation, with formaide- 
hvde, 371 

X^jwiol - formaldehyde resin, hardening of, 369, 

laminated sheets from, 370 
—, molding, 370 
-r-, preparation of, 938 
—, removal of water, 370 
, solution in drying oils, 370 
—, varnishes from, 370 
—, x-ray pattern of, 83, 84 
^lenol resins, use x>f, 418 
Xylenols, action of moist air on. 270 
—, catalysts for oxidation of, 270 
—condensation, with o-bensoylbetisoic acid. 3Z6 
—, formaldehyde and its polymers, 360| 370, 407, 

468 

—, — furfural, 370 

—, — furfural and formaldehyde, 530 
—, 3,4- and 2,6-dtphefiolmethane from, 292 
dixylsnols from, 272 
in coat, Ut. 366, 369 
-r, inono-imlioliL from, 293 
—, physical properties of, 366^ 
profent in cras^ acid, 359 
—firoinj 270 

of resms from, 270. 271 
Xyw^e, condensation with aldol, 700 
cmtonaldiliyde, 700, 701 
fortnold^yde, 700, 70! 


asym-m-Xylidine, reactions of, 732 
Xylidine-furfural resin, 534 
—, light-s«isitive material from, 539 
Xylidines, condensation with acetaldehyde, 703 
—, eoftenmg agents, phenoNald^yde resins, 424 
—, use of, 347 

m-XylohydroQuiool, from sym-xylenol, 371 
Xylol, solvent, for Resyis, 973 
m-Xyloquinone from m-xylol, 272 
Xylose-aniline condensation, 763 
Xylyl chloride, reaction with naphthalene, 1131 
—, — rosin, 799 

p-Xylylene dibromide, reaction with sodium, 1141 
Xylylene dichloride, condensation with hydrocar¬ 
bons, 1134 

—, resms from, 1129 
Xylylene glycol, monoalkyl ether of, 1181 
m-Xyiyl ethyl ether, use of in cumarone polymeri¬ 
sation, 117 

Xylyloxy-fatty acids, reaction with formaldehyde, 
375 

l-p-Xylyl-l,2,3-triaxole-4,5-dicarboxylic acid, di- 
hydraside, resins from, 786 

y 

Yacca gum, with polyvinyl resins, 1667 
Yeast, aldehydase in, 494 
Yeast-gum derivatives, 768 

Yeast protein, modifier, phenol-formaldehyde resin, 
416 

Yellowing, cumarone resin varnishes, 126, 127 
—, oilcloth, 137 

—, resms and plasticisers, 958 
—, synthetic resin coatings, prevention of, 1378 
—, varnishes, prevention of, 1378 
—, white enamels, 819 

Yellowmg resistance tests, for varnishes, 1377 
Yield value, nature of, 34 
Yoshino paper, 962, 1246 
Young’s modulus of elasticity, 1341 

Z 

Zansibar, urea resin lacquers with, 632 
Zinc, action on rosin, 769 
—, activated with mercury, 1074 
—, catalyst, 1120, 1130 
—, —, acetone-vinyl bromide reaction, 1253 
—, —, dechlorination, 220 
—, esterihcation of copal, 809 
—, etherihcation of polyvinyl alcohol, 1067 

—, ethyl acrylate from ethyl o,^-dibromopru- 
pionate, 1074 

—, —, hardening, alkyd resms, 981 
—, methyl acrylate preparation; 1074 
—, phenol-aralkyl halide reactions, 1133 
—» —» polsonerisation of furfural, 521 
, —, rosin esterification, 794 , 796, 796, 799, 800 
—, urea-guanidine-formaldehyde reaction, 682 
—plasticity of, 31, 82 
—, reaction with bromoacetyl bromide, 552 
— urea-alcohol resins, 664 
—, with cobalt as drier in baking enamels, 976 
Zmc-aluminum foil, catalyst, polymerisation, vinyl 
bromide, 1037 

Zinc acetate, catalyst, phenol-aldehyde condensa¬ 
tion, 369 

reaction of acstylefie and organic acids, 1018 
Zmc alkyls, vulcanisation of rubber by, 1102 
Zinc c nmirioselenophenolate, condensation with 
o-nitrobensoyl diloridc, 727 
Zinc bensencsulphonate, use, with phenol-aldehyde 
resins, 872 

Zinc bensoate, catalyst, reaction, acetylene and 
organic acids, 1018 
Zinc bromide, ketion on rubber, 1102 
Zinc butyl phthalate, preparation of, 952 
Zinc butyl xanthate, reaction with eulphufj 1103 
Zmc buti^te, catalyst, in the conversion ox a«4nto 
A-^polyehloroprene, 157 

Zinc carbonate, catalyst, rosin esteriffontion, 795 
—r tirea-formaldehyde, 591, 616 

modifier, phenol-aldehyde resins, 488 
Zinc chlorate, as an8olvo*>neid, 194 
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Zirconium 


Zinc chloride, action on heptene oxides, I2M 
—’ — in<S»e *102*'^*^°" monoxide product, 1295 

—, — lubricatuifl: oils, 215 
—— olefins, 20l 
—, — turpentine, 781 
—, —• vinyl esters, 1032 
—, as ansolvo-acid, 104 
—, catalyst, aldehyde-amine, 708, 707 
—, ajaenyde-dihydroxybenzophenone, 373 
alkylated phenols, 411 

• » alkylation of phenol-aldehyde resms, 421 

—* > aralkyl halide-hydrocarbon, 1132 

—, —, benzal chloride resins, 1134 
, benzene-formaldehyde, 265 
—, —, benzoyl cyanide-resorcinol, 378, 737 
, , conversion of a-into ^-polychloroprene, 157 

—, —, cresol-alkyl alcohol, 434 
—, —, dicyanodiamide-formaldehyde. 880 
-, —, dimethylamline and /3-ethoxy-acn>lein-ace- 
tul, 600 

—, —, esterification of shellac, 813 
—, ethylene glycol and glutaric acid, 808 
—, —formaldehyde-alkyl salicylate, 374 
—, —, furfural-aniline, 535 
—, —, furfural-phenol, 527 
—, —, hardening, furfural-aniline ream, 533 
—t —» —» phenol-acetaldehyde resins, 381 
—, —, hydrocarbon-aldehyde resins, 265 
, hydrojtytoluic acid-acetaldehyde, 374 
—I —I ^-naphthol ethyl ether-formaldehyde, 407 
—, —, phenol-acroleu?. 391 
—, —, phenol-formaldehyde, 352 , 356 
—, —, phenol-lignin, 747 
—, —, phenylhydraztne and bwizaldehyde, 735 
—, —, poly glycerol formation, 095 
—. —» pol3rmenzation, 117, 166, 183 , 222 , 227, 228, 
553, 900, 1001 

—I —• preparation of polyvinyl acetals, 1060 
—, —, reaction of acetylene and hydrogen chloride, 

1086 

—, —, — allyl esters with phenols, 394 
—, —, — benzaldehyde and hydrogen iierHulphide, 
1182 

—, —, — p-hydroxybenzophenone, 555 
—, , — phenol and vinyl esters, 1031 

—, —, resm esters from benzyl chloride 
—, —, resms from malt, 762 
—, —, reeorcinol-diphenic anhydride, 391 
—, —, rosin-aralkyl halide, 1132 
—, —, rosm esterification, 795, 800 
—, —, styrene from chloroethylbenzene, 253 
—, —, sulphonamide-aldehyde resins, 714, 715 
—, —, synthesis of cumarone, 93 

^ toluidine reaction with tung oil. 1219 
—^ ^ two-stage wet process, for phenol-aldehyde 

resins, 317 

—, —, urea-formaldehyde, 685 

dehydrating agent, 405, 410, 550 
—, har dening catalyst, 357,\980, 1029 
—, preservative, for test jpanels 1368 
production of rosm oil, 779 
—, reaction with acetone, 541 
—, — bomeol. 725. 

—, — oleic amd in acetic acid 1222 
*— tung oil, 1218r 1219 
—, tung oil polyrnwised with, 1219 
—, use, fireproofing fibers, 416 
—» —. in aU^d ««««• 

, with phenol-aldAyde resins. 372 
Zino chromate, catalyst, for hydrogenation 

ZtoSSromate-synthetio resin primer, for airplane 

ctolyit in «thanoI-a«etaldehyde 

___ 


799 

732 


of 


oondenaatiim. 496 . . ... 

Ziae-eopper ooupls, action on beniyl halides, 
—, hydrogenatkm of furfural, 519 


1180 


Zinc dust, action on benzal chloride, 1184 
—, —• benzyl chloride, 1180, 1181 
—, catalyst, 355 

—, —, benzyl chlonde and phenol reaction, 205 
—, —, condensation of urea and formald^yde, 644 
—, —, esterification of tall oil, 756 
, —, phenol-formaldehyde reaction, 281, 843 
—, preparation of phenol-sulphur rc^ns, 1185 
Zinc foil-iion, catalyst, polymerization, vinyl 

bromide, 1037 

Zinc formate, buffering agent, urea-formaldehyde 
condensation, 612 

Zinc hydroxide, modifier, phenol-aldehyde resins, 
438 

—, resin purification with, 887 
Zincke reaction, 1129 

Zinc meta-arsenite, preservative, for test panels, 
1368 

Zinc monoalkyl phthalic acid, preparation of, 950 

Zinc naphthenates, 206, 207, 967 

Zinc nitrate, catalyst, acetylene and aniline, 704 

Zinc oleate, modifier, 400 

Zinc oxide, action in synthetic rubber, 196 

—, action on benzal chloride, 1134 

—, — chloroprene rubber, 157 

™, — 8olidifi6ation temperature, alkyd resins. 881 

—, — wood -iar, 752 

—, antacid for phenol-sulphur resins, 1185 
—, catalyst, acetaFdol formation, 498 
~, —, dechlorination, 220 
—, —, phenol-formaldehyde reaction, 281, 843 
—, —, polymerization of formaldehyde, 394, 516 
—, —, resinification, tnphenyl phosphate, 432 
—, —, roam esterification, 796 
—, —, separation of styrene, 254 

—, solidification of alkyd resins, 980, 981 
-, —, urea and formaldehyde, 616 
filler, chlororubber cement. 1126 
—, —, olefin-polysulphide rubber, 1174 
, phenol-aldehyde resins, 317, 318 
—, m gloss-white enamel, 967 
m hardened rosin, 772 

—, 111 production of low acid number alkyd resins, 
977 

—, m shellac compositions, 778 
—, modifiei, phenol-aldehyde resins, 437, 488 
—, polymerization of Unseed oil-tung oil mixture, 
1227, 1228 

—, reaction with fatty oils, 1213 
ream purification with, 387 
use, ID alkyd resms, 917 
—, —, in insulating materials, 722 
—, vulcanization oi synthetic rubber, 195, 197, 198, 

—f^ith chlorinated rubber, 1107, 1108, 1111, 1120 
—r, with copal esters, 817, 819 
—, with eugenol-formaldehyde resm, 375 
—, with Rezyls, 973 

Zinc resinate as scorch-retarder for rubber, 985 
—, catalyst, rosm esterification, 799 
—, modifier, 400 
—, use in alkyd resins, 932 

Zino salicylate, use, with phenol-aldehyde resins, 
372 

Zinc salts, catalysts, phenol-acetylene resins, 885 
—, —, rosm esterification, 794, 795 
—, neutralizing agents, 344 ... 

—, of raethacrylic add, poymenzatkon of, 1080 

- , with resma, for treatment of textiles, 452, 640 
Zinc stearate, dusting powder, 791 

- sanding sealer, 970 

- mold lubricant. 620. 988. 1827 13M . 

Zino soaps modifiers, phenol-aldehyde resins, 488 
Zinc sulphide, 

Zirconium chlonde, latelyst, 1180 

phenol-formald^yde reaction, 856 
Zirconium oxide, ptoatice from, M _ 

Zircomum »lt«, with iwuM, for trentoiMit of tox- 
tilm. MS. 640 
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